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The increasing importance of retailers’ inventories

Paula R. Worthington

Introduction and summary
Economists and business analysts alike have long 
recognized the central role played by swings in in
ventory accumulation during cyclical contractions in 
the economy The importance of understanding inven
tory behavior cannot be overstated when analyzing 
business cycles. In the United States, for example, 
declines in inventory investment, defined as the 
change in inventory levels, have accounted for 76 per
cent of the peak-to-trough decline in gross domestic 
product (GDP) in the average postwar recession. In 
fact, inventories matter throughout the business 
cycle—although inventory investment has averaged 
less than 1 percent of the level of postwar GDP, the 
change in inventory investment has averaged over 
one-third the size of quarterly changes in GDP in the 
postwar era.

Although it is easy to see how inventories are 
important in cyclical fluctuations, other aspects of 
inventory behavior remain poorly understood. For 
example, to what extent have firms lived up to much- 
lauded “just-in-time” inventory management tech
niques? If inventory holdings truly have fallen, what 
does this imply about the role of inventories in future 
cyclical fluctuations? After all, if inventory investment 
swings are eliminated or lessened by moving to just- 
in-time techniques, then inventories may no longer 
remain a crucial link between negative shocks to out
put and, consequently, employment fluctuations.

Recent research offers several pieces of evi
dence on these issues. McConnell and Quiros (1997) 
argue that GDP volatility declined significantly in 
the early 1980s, and they identify a decline in the 
volatility of durable goods production as its likely 
source. Since they find no commensurate decline in 
the volatility of sales over this period, they conclude 
that changes in inventory behavior are behind their 
result. They also suggest that future work could 
investigate which sectors have used just-in-time

inventory techniques and which have contributed 
the most to the decline in volatility. Ben Salem and 
Jacques (1996) and Hirsch (1996) find that inventory- 
sales (IS) ratios have declined in the manufacturing 
sector, where just-in-time inventory management 
techniques are believed to be more common, but 
that ratios have risen in the wholesale and retail 
trade sectors.

In this article, 1 review recent developments in 
inventory behavior, with the following questions in 
mind. Have the recent, well-publicized changes in in
ventory management techniques affected inventory 
behavior at the aggregate level? In particular, have 
IS ratios declined and, if so, in which sectors? Has 
the volatility of inventory investment declined in re
cent years, and if so, has it declined in those sectors 
in which IS ratios have fallen? Answering these ques
tions is important to policymakers who must estab
lish fiscal and monetary policies for an economy with 
some inherent volatility to the paths of output and 
employment.

My research strategy is to take as given the 
McConnell and Quiros (1997) finding of a one-time 
decline in GDP volatility in 1984:Q 1 and to investigate 
a variety of inventory-related measures, comparing 
the pre-1984 period with the subsequent period. Like 
some previous researchers, 1 find that IS ratios have 
actually risen somewhat in the trade (merchant whole
sale and retail) sectors of the economy but have fallen 
in the manufacturing sector, especially among durable 
goods manufacturers. 1 also find that, by two separate
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measures, inventory investment volatility has de
creased somewhat since 1984. This decrease arises 
from the manufacturing and merchant wholesale sec
tors; in retailing, volatility has risen by one measure 
but fallen, though not in a statistically significant way, 
by another. Overall, 1 find little relationship between 
sectoral changes in average IS ratios and changes in 
inventory investment volatility.

My results point to three main conclusions. First, 
though IS ratios have not, on balance, changed that 
much, inventory investment volatility has declined 
nonetheless. This suggests that recent changes in 
inventory management techniques have affected the 
volatility of inventories at least as much as their aver
age levels. Second, the retail sector has not experi
enced the volatility declines of the manufacturing 
and merchant wholesale sectors. This is important, 
because swings in inventory investment by retailers 
comprise a big part of total business inventory move
ments over business cycles. Thus, analysts studying 
inventories for clues about cyclical turning points 
and the like may wish to focus more closely on the 
retail sector. Finally, sectors in which firms success
fully decrease their average inventory holdings need 
not be the same sectors in which inventory invest
ment volatility declines as well. This suggests that 
new inventory management techniques that focus 
on forcing IS ratios downward will not completely 
remove inventory investment fluctuations as factors 
in future business cycles.

The role of inventories in the
macroeconomy

Economists care about inventory behavior be
cause, historically, swings in inventory investment 
have played a prominent role in cyclical fluctuations. 
In brief, inventory investment is highly volatile and 
contributes significantly to recessionary declines in 
GDP. Figure 1, which plots the ratio of economy-wide 
inventory stocks to final sales of domestic product 
(final sales of domestic product equals gross domes
tic product less the change in business inventories), 
shows that IS ratios are countercyclical, rising during 
recessions and falling in expansions. In fact, inventory 
disinvestment is a central part of cyclical contractions. 
Table 1 reports the average postwar contribution of 
changes in inventory accumulation (“inventory disin
vestment”) to the peak-to-trough decline in GDP. The 
table shows that the decline in inventory investment 
accounted for 76 percent of GDP’s decline in the 
average postwar recession. Panel A of table 1 reveals 
three features of the data. First, the manufacturing 
and retail sectors dominate the wholesale trade sec
tor, accounting for most of the inventory effect. Sec
ond, as Blinder and Maccini (1991) found in their ear
lier survey of research on inventories, finished goods 
inventories held by manufacturers account for little 
of the total contribution (6 percent postwar average) 
despite being the focus of much economic research. 
In contrast, goods in progress and, to a lesser extent, 
materials and supplies held by manufacturers are 

more important. Finally, table 1 shows 
that unsold (final) goods held by retailers 
account for one-third (.26/.76) of the con
tribution of inventories.

Complementary evidence is in panel 
B of table 1, which highlights the impor
tance of durable goods inventories. Of 
the manufacturing sector’s total average 
contribution of 35 percent of the peak-to- 
trough decline in GDP, durable goods 
manufacturers accounted for 28 percent. 
In the wholesale trade sector, durable 
goods firms accounted for the sector’s 
entire share of 5 percent; and in the retail 
sector, durable goods firms accounted 
for 23 percent of the sector’s 26 percent 
contribution. Table l’s evidence, on bal
ance, suggests that durable goods inven
tories held by manufacturers and retailers 
are key to any analysis of the cyclical be
havior of inventories.

Federal Reserve Bank of Chicago 3



TABLE 1

Inventory investment’s share of recessionary 
declines in GDP

(percent)
Panel A

Total change in business inventories 76
Manufacturing 35

Materials & supplies 9
Goods in progress 20
Finished goods 6

Merchant wholesale 5
Retail 26

Panel B

Total change in business inventories 76
Manufacturing 35

Durable goods 28
Nondurablegoods 7

Merchant wholesale 5
Durable goods 5
Nondurablegoods 0

Retail 26
Durable goods 23
Nondurablegoods 4

Notes: Raw data are in billions of chained 1992 dollars. Shares 
are computed by sector for each postwar recession; the mean
over all recessions is reported.
Source: Author's calculations using data from U.S. 
of Economic Analysis.

Bureau

Table 2 offers an alternative perspective on the 
role of inventory investment. The volatility of manu
facturing and trade sector inventory investment rela
tive to GDP volatility was about one-third (.365) over 
the sample period 196O:Q1-97:Q4. By this standard, 
the retail sector is more volatile than the manufacturing

TABLE 2

Volatility of inventory investment

All inventories .365
Manufacturing and trade .342

Manufacturing .191
Merchant wholesale .142
Retail .218

Notes: Raw data are in billions of chained 1992 dollars. 
Volatility of inventory investment is defined as the ratio of 
the mean of the absolute value of the change in inventory 
investment (relative to GDP) to the mean of the absolute 
value of the change in GDP (relative to GDP). Means are 
calculated over the 1960:Q1-97:Q4 period.
Source: Author's calculations using data from U.S. Bureau 
of Economic Analysis.

sector, with inventory investment swings averaging 
21.8 percent of the quarterly change in GDP, compared 
with 19.1 percent for the manufacturing sector. Taken 
together, then, tables 1 and 2 point to the manufactur
ing and retail sectors as key sectors to analyze.

Theories of inventory behavior
Economists have developed several models of 

inventory behavior; a recent review is in Fitzgerald 
(1997). Probably the most familiar model is the produc
tion-smoothing model, in which firms are assumed to 
face increasing marginal costs of production. Under 
this scenario, firms facing variable demand for their 
product draw down and build up their inventories as 
needed, to limit variation in production. Among other 
things, the model implies that production is less vari
able than sales and that sales and inventory invest
ment are negatively correlated. As Fitzgerald (1997), 
Blinder and Maccini (1991), and others have shown, 
simple correlations from aggregate data are inconsis
tent with these implications: In other words, produc
tion is typically more, not less, variable than sales, 
and sales and inventory investment are typically pos
itively, not negatively, correlated. Although modifica
tions to the model, including adding cost shocks or 
staggered price setting behavior, generate predictions 
more consistent with the data, some economists have 
argued that pursuing this line of argument is not like
ly to be fruitful (Fitzgerald, 1997; Hornstein and Sarte, 
1998). In fact, the simple production smoothing mod
el’s poor empirical performance may simply reflect the 
observation that the model is best suited to describ
ing the components of inventories that are least impor
tant cyclically, namely finished goods held by manu
facturers. Consequently, other economists have 
focused on developing models to describe the com
ponents of inventories that seem to pack more of a 
cyclical punch, namely goods held by retailers and 
raw materials and supplies held by manufacturers. 
These two components of inventories have in com
mon that the firms do not “produce” the items and 
then store them; rather, the firms take delivery of the 
items and store them. This leads to the second broad 
class of inventory models, (S,s) models.

In these alternative models, sometime called 
threshold models, firms are willing to let their inven
tories fluctuate between (optimally chosen) lower 
bound s and upper bound S; once stocks break 
through the limits, firms adjust production (orders) 
“all at once” to return inventories to their desired 
range; that is, firms place new orders for goods. These 
models are typically based on the assumption that 
firms face some fixed cost in adjusting their production
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(delivery) levels. Given this fixed cost, the model im
plies that firms will “bunch up” their deliveries, and 
its implications directly counter those of the produc
tion-smoothing models: Deliveries will be more vola
tile than sales, and inventory investment and sales 
will be positively correlated.

Several recent papers develop and test the impli
cations of these models. For example, Fisher and 
Hornstein (1998) embed an (S,s) model into a general 
equilibrium business cycle model and find that inven
tories can propagate certain kinds of shocks, though 
only when the (S,s) model is combined with general 
equilibrium entry of new firms and feedback pricing 
behavior by firms. McCarthy and Zakrajsec (1997, 
1998) present empirical evidence on cost functions 
that is consistent with the use of (S,s)-type invento
ry policies.

Before turning to the data analyzed here, it is 
useful to review recent arguments made in the busi
ness press regarding changes in inventory manage
ment techniques. Many press accounts have centered 
on the manufacturing sector, in which efforts to reduce 
inventories are viewed as part of a move toward “lean 
manufacturing.” In the retail sector, the equivalent 
of lean inventories is often described as a “quick re
sponse” system. According to press accounts, many 
retailers have exploited new technologies, such as 
bar coding and point of sale scanning, which have 
enabled them to cut inventory holdings. Further, more 
coordination between retailers and their suppliers 
based on techniques such as shared sales data and 
business documents has allowed some retailers to 
cut the time needed to restock their shelves. One 
interpretation of these developments is that they de
crease the fixed costs of ordering goods. In the (S,s) 
model framework, developments which lower the 
fixed cost of ordering will tend to smooth out orders 
more, as firms let their inventory levels fluctuate in 
narrower bands than before. If U S. manufacturing 
and retailing firms have truly embraced new tech
niques and “smoothed out” their production and 
restocking behavior, we should see some evidence 
of this in the aggregate data.

Inventory behavior before and after 1984
McConnell and Quiros (1997) offer some evidence 

that the role of inventories in output fluctuations has 
declined since the early 1980s. They present informal 
evidence that postwar GDP volatility declined in the 
early 1980s, and they specifically find evidence of a 
one-time decline in the volatility of postwar GDP in 
1984:Q1. McConnell and Quiros rule out a simultaneous 
decline in the volatility of sales, and consequently

point to a decline in the share of inventory invest
ment in GDP fluctuations as the source of the output 
volatility decline.

Here, I investigate this issue by examining inven
tory and output data for the manufacturing and trade 
sectors between 1960 and 1997. Because manufactur
ing and retail are the key sectors for cyclical purposes, 
and because much previous research has focused 
exclusively on manufacturers’ inventory patterns, I 
consider a fairly detailed breakdown of the retail sec
tor In particular, I first consider evidence on IS ratios 
and determine which, if any, sectors, show declines 
in IS ratios at the point identified by McConnell and 
Quiros (1997). Next, I construct two alternative mea
sures of inventory investment volatility and compare 
the early and later period measures. Finally, I relate 
sectors’ change in IS ratios to their change in inven
tory investment volatility. I find that IS ratios have 
risen in the trade sectors but fallen in manufacturing, 
but I find little evidence that the sectors in which the 
decline in IS ratios is most pronounced are those in 
which inventory investment volatility has declined 
the most. The retailing sector stands out as a cycli
cally important sector in which IS ratios have risen 
and inventory investment volatility has, at best, not 
increased, pointing to a more significant role in future 
cyclical fluctuations.

Inventory-sales ratios
Despite the impression generated by the business 

press, the evidence on declining IS ratios is mixed. 
Figure 1, which plots the economy-wide ratio of inven
tories to final sales of domestic product, shows little 
obvious trend since the 1970s. Figure 2, which plots 
the IS ratio for the manufacturing and trade sector, 
illustrates the importance of using price-adjusted, 
as opposed to nominal, measures of inventories:
The nominal data show a much steeper decline in 
the IS ratio since the 1981-82 recession than do the 
chain-weighted data. In this article, I use the chain- 
weighted data.

The aggregate IS data of figures 1 and 2 mask 
considerable differences across the three broad sec
tors analyzed here, manufacturing, merchant whole
sale, and retail. In manufacturing (figure 3), the most 
dramatic swings have been in the durable goods sec
tor, where IS ratios have fallen sharply since their 
1981-82 peak. In the two trade sectors (figures 4 and 
5), the dominant patterns come from the nondurable 
goods sector, where ratios have steadily risen since 
the 1974-75 recession. Since we know from table 1 
that inventory swings by durable goods manufactur
ers play a prominent cyclical role, it is surely worth

Federal Reserve Bank of Chicago 5



noting that declining IS ratios are most obvious for 
that group of firms. In contrast, inventories as a 
share of sales held by durable goods retailers have 
varied in the same (narrow) range since 1960.

A closer look at the retail sector is presented in 
figure 6. Three of the four groups of durable goods 
retailers (lumber and building stores; furniture and 
furnishings stores; and the residual “other” catego
ry) appear to show declining IS ratios. Though IS

ratios have fallen since 1991 in the fourth 
group (automotive), the decline may be 
more cyclical than secular. Among non
durable goods retailers, the story is quite 
different, as expected given figure 5. For 
example, food retailers and department 
stores have experienced steadily rising 
IS ratios over much of the sample period. 
This seems somewhat at odds with the 
business press view of at least selected 
department store retailers. For example, 
in 1996 the Wall Street Journal (Berner, 
1996) reported that Sears’ IS ratio fell 
from 2.28 months in 1994 to 2.12 months 
in 1995. According to the article, Sears 
management centralized many aspects 
of the ordering and distribution system 
and demanded that suppliers meet Sears’ 
standards for package size, delivery times, 
and so on. Similarly, Wal-Mart has been 
praised for its inventory management 
practices. By the same token, analysts 
have asserted that poor inventory man

agement techniques contributed to the recent demise 
and bankruptcy filing of the venerable Woolworths 
discount store chain.

On the other hand, figure 6 shows that apparel 
store ratios seem to have varied in a lower range 
since the 1981-82 recession, and IS ratios at retailers 
in the general merchandise group (excluding depart
ment stores) have also declined sharply since peaking 
in the mid-1980s. One example from the apparel indus

try is Mothers Work, Inc., which owns 
several chains of maternity clothing shops. 
According to an article in the Wall Street 
Journal (Bird, 1996), this firm closely 
monitors sales on a real-time basis, makes 
quick decisions on restocking, and pres
sures suppliers to respond quickly to new 
orders. As a result, the firm’s supply cycle, 
from design to store shelves, is much 
shorter than those of many of its special
ty retailer competitors. Further, the firm is 
left with less unpopular merchandise to 
discount, keeping profit margins high.

Table 3 on page 9 reports mean IS ra
tios across sectors for three different pe
riods: 1960: Q1-97: Q4, 196O:Q1-83:Q4, 
and 1984:Q1-97:Q4. For the overall manu
facturing and trade sector, IS ratios aver
aged 1.33 months in the early sample 
period and rose to 1.42 months in the lat
ter period, with an overall mean of 1.37. 
Thus, using the break point suggested
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by McConnell and Quiros (1997), we do not see evi
dence of lower IS ratios overall. Of the three sectors, 
only manufacturing shows a decline over time, from 
1.53 to 1.50 months, and that decline is not statistically 
significant. For the detailed retail sector, we do see 
lower mean IS ratios in three of the four durable goods 
retailer groups (all except automotive) and in three of 
the five nondurable goods retailer groups, generally 
consistent with the impressions given by figure 6. 
Overall, though, even durable goods retailers averaged

just slightly higher IS ratios in the later 
period than the earlier period—not sur
prising after seeing figure 5, which sug
gests little overall trend in IS ratios of 
durable goods retailers.

Before turning to the analysis linking 
changes in IS ratios with changes in the 
volatility of inventory investment, 1 wish 
to briefly touch on two aspects of retailing 
that, in principle, offer some perspective 
on recent changes in inventory behavior 
in the retail sector. The first development 
is the substantial industry consolidation 
that has taken place in recent years. Cen
sus data reveal substantial consolidation, 
increased average firm size, and increased 
concentration ratios since 1972.1 For ex
ample, between 1972 and 1992, the 50-firm 
concentration ratio among department 
store retailers rose by 16.1 percentage 
points (from 82.1 to 98.2), while among 
building supplies retailers, that same ratio 

rose from 13.0 to 35.1. Even food retailers have consol
idated significantly, with the 5 0-firm concentration 
ratio rising from 40.8 to 49.9 between 1972 and 1992. 
This increased consolidation among retailers could, 
in principle, increase incentives of retailers and their 
suppliers to invest in the technologies needed to bet
ter track and control inventories, leading perhaps to 
lower IS ratios. However, panels B and G of figure 6 
imply that story is at best incomplete: Though both 
building supplies retailers and department stores saw 

substantially rising concentration ratios 
between 1972 and 1992, their IS ratios 
moved in opposite directions over this 
time period.

A second recent development is the 
increased array of products offered by 
retailers. The Census reports, by sector, 
the share of sales for each of many lines 
of merchandise. From these shares, 1 con
struct a product variety index, defined as 
the sum of squared shares, summing over 
the top five product lines in each sector. 
This index, which in principle ranges from 
0 to 1, takes on large values when a sec
tor is “undiversified,” that is, when most 
of its sales are in a small number of prod
uct lines. Similarly, the index takes on 
small values when a sector sells a large 
variety of merchandise. By this measure, 
product variety increased substantially 
in retailing between 1977 and 1992. For

Federal Reserve Bank of Chicago 7



FIGURE 6

1962’67 ’72 ’77 ’82 ’87 ’92 ’97 1962’67 ’72 ’77 ’82 ’87 ’92 ’97 1962’67 ’72 ’77 ’82 ’87 ’92 ’97

G. Department stores H. Other general merchandise stores I. Other nondurable goods

Notes: Raw data are in billions of chained 1992 dollars. Ratios are scaled to equal number of months. 
Shaded areas denote recessions.
Source: Author's calculations using data from U.S. Bureau of Economic Analysis.

example, the index for building supply stores fell from 
0.43 to 0.29, while that for food stores fell from 0.74 to 
0.53. Again, a simple story relating increased product 
variety to increased IS ratios does not jump out from 
the data, as building supplies retailers show falling IS 
ratios (panel B of figure 6) while food retailers (panel 
E of figure 6) show rising IS ratios.

The volatility of inventory investment
Next, 1 compare inventory investment volatility

measures before and after 1984:Q1, the point at which 
McConnell and Quiros (1997) find a one-time decline 
in GDP volatility. 1 then relate these volatility measures 
to the IS ratios described in the previous section. 1

consider two alternative measures of volatility, one 
based on the absolute value of the change in invento
ry investment and the other based on the unexplained 
variance in the growth rate of inventory stocks.

My first measure of volatility is similar to the one 
presented in table 2. 1 define the volatility of invento
ry investment as the mean of the absolute value of 
the change in inventory investment, as a share of GDP. 
Table 4 reports these figures for the detailed sectors, 
with separate calculations reported for the full sample 
and the two periods used in table 3. The first line of 
table 4 shows that, by this measure, inventory invest
ment volatility was indeed lower in the later period 
than in the early period, falling from .371 to .289.
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TABLE 3

Inventory-sales ratios

196O:Q1-97:Q4 1960:Q1-83:Q4 1984:Q1-97:Q4

Manufacturing and trade 1.37 1.33 1.42
Manufacturing 1.52 1.52 1.50
Merchant wholesalers 1.16 1.08 1.30
Retail 1.25 1.15 1.41

Retail-durable goods 1.95 1.92 2.00
Automotive 1.67 1.57 1.85
Building materials 2.11 2.22 1.90
Furniture 2.18 2.25 2.06
Other durable goods 3.01 3.17 2.73

Retail-nondurable goods 0.92 0.82 1.08
Food stores 0.62 0.52 0.76
Apparel & accessories 2.11 2.17 2.01
Department stores 1.62 1.32 2.12
Other general merchandise 1.69 1.77 1.56
Other nondurable goods 0.68 0.69 0.68

Notes: Raw data are in billions of chained 1992 dollars. Ratios are scaled to equal number of months. 
Source: Author's calculations using data from U.S. Bureau of Economic Analysis.

Volatility fell in the manufacturing and merchant whole- Figure 7 relates table 3’s evidence on IS ratios
sale sectors but rose in the retail sector, especially and table 4’s evidence on inventory investment vola-
among durable goods retailers. This suggests an in- tility. For each sector, 1 compute two ratios. The first
creased cyclical importance of inventory investment is the ratio of the early period’s IS ratio to the later
swings of retailers since 1984:Q1. period’s IS ratio. For example, from table 3, row 1,

TABLE 4

Volatility of inventory investment
1960:Q1-97:Q4 1960:Q1-83:Q4 1984:Q1-97:Q4

Manufacturing and trade .340 .371 .289
Manufacturing .190 .220 .140
Merchant wholesalers .141 .148 .130
Retail .217 .204 .239

Retail-durable goods .189 .176 .212
Automotive .194 .180 .218
Building materials .025 .026 .023
Furniture .018 .014 .024
Other durable goods .041 .044 .036

Retail-nondurable goods .074 .075 .074
Food stores .029 .032 .024
Apparel & accessories .024 .026 .022
Department stores .031 .027 .038
Other general merchandise .019 .020 .018
Other nondurable goods .037 .042 .029

Notes: Raw data are in billions of chained 1992 dollars. Volatility is defined as the mean of the absolute value of the
change in inventory investment as a share of GDP
Source: Author's calculations using data from U.S. Bureau of Economic Analysis.
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I compute this ratio for the manufacturing and trade 
sector as 1.33/1.42, or 0.94. The second ratio is based 
on table 4 and is computed as the early period to later

Volatility of inventory investment
1960:Q1-83:Q4 1984:Q1-97:Q4

TABLE 5

Manufacturing and trade 3.12 2.45
Manufacturing 3.53 2.49b
Mercha nt wholesa lers 6.17 3.93a
Retail 6.27 5.61

Retail-durable goods 11.78 9.40
Automotive 22.94 15.81b
Building materials 9.86 7.27c
Furniture 7.59 7.72
Other durable goods 14.77 7.80a

Retail-nondurable goods 4.43 3.68
Food stores 6.93 5.43c
Apparel & accessories 9.41 7.49c
Department stores 10.62 7.11c
Other general merchandise 15.74 15.11
Other nondurable goods 6.80 5.14C

Volatility measure differs at a statistical significance level of 1 percent.
Volatility measure differs at a statistical significance level of 5 percent.
Volatility measure differs at a statistical significance level of 10 percent.
Notes: Raw data are in billions of chained 1992 dollars. Details of 
calculation are provided in text.
Source: Author's calculations using data from U.S. Bureau of 
Economic Analysis.

period ratio of volatility measures. If the 
sectors whose IS ratios have fallen are 
those whose volatility has declined, then 
we should see an upward sloping rela
tionship in graphs of the first versus the 
second ratio. Figure 7 offers little evi
dence to support this notion. While it is 
true that, at the broadest level, the manu
facturing and trade sectors seem to trace 
out a positively sloped line, the points 
pertaining to the disaggregate retail sec
tors do not follow this pattern. That is, in 
the retail sector, there seems to be little 
relationship between industries whose IS 
ratios have declined and those whose in
ventory investment volatility has de
clined.

My second set of inventory invest
ment volatility measures is obtained in a 
somewhat different fashion. In particular, 
1 start by computing the growth rate of 
inventory stocks for each sector. 1 then 
estimate a simple autoregressive regres
sion model in which the dependent vari
able is the growth rate of inventories (the 

rate of inventory investment in percentage terms) and 
the independent variable is the lagged growth rate of 
inventories. 1 then use the residuals from this regres

sion to compute an estimated standard 
deviation of the growth rate. To see if 
this standard deviation has changed over 
time, 1 simply run a regression of the 
standard deviation on a dummy variable 
which divides my sample into two periods, 
1960:Q2-83:Q4and 1984:Q1-97:Q4. If the 
dummy variable is significantly different 
from zero, then, by this measure, volatili
ty differed in the two periods. The results 
of this exercise are in table 5.

Table 5 shows that, by this measure, 
inventories are more volatile in the trade 
sectors than in the manufacturing sector 
and that inventory volatility is generally 
lower in the later period than in the earlier 
period. In broad terms, these results are 
similar to those contained in table 4. More 
specifically, the decline in inventory vola
tility is statistically significant in the man
ufacturing and merchant wholesale sectors 
and in several of the disaggregate retail 
sectors (automotive, building materials, 
other durable goods, food stores, apparel 
and accessories, and department stores). 
A quick return to table 3 shows no obvious
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relationship between the movement in average IS ratios 
and this decline in inventory volatility: Some sectors 
had rising IS ratios (merchant wholesalers, automo
tive retailers, food retailers, and department stores), 
others had falling IS ratios (building supplies retail
ers, other durable goods retailers, apparel and acces
sories retailers), and manufacturing’s average IS ratio 
was essentially unchanged between the two periods.

Summing up the results of this section, I find that 
IS ratios have risen slightly in the trade sectors but 
fallen somewhat in the manufacturing sector since 
1984:Q1.1 also find that inventory investment volatil
ity for the overall manufacturing and trade sector has 
declined somewhat since 1984:Q1, though the differ
ence is not statistically significant (table 5). In the 
manufacturing and merchant wholesale sectors, the 
decline in volatility is statistically significant (table 
5). In retailing, however, the results are mixed. By one 
measure, volatility has risen (table 4). By another, how
ever, it has fallen (table 5), though the decrease is not 
statistically significant. At a minimum, this points to 
an increase in the relative importance of the retail sec
tor in future inventory fluctuations, and it may point 
to greater absolute importance as well. Overall, I find 
little relationship between sectoral changes in average 
IS ratios and changes in inventory investment volatil
ity. In other words, sectors in which firms successfully 
decrease their average inventory holdings need not 
be the same sectors in which inventory investment

volatility declines. This suggests that new inventory 
management techniques that focus on forcing IS 
ratios downward will not completely negate the role 
of inventory investment fluctuations in future busi
ness cycles.

Conclusion
In this article, I have reviewed recent evidence 

on IS ratios and inventory investment volatility. I find 
that IS ratios have, on balance, not changed that 
much, but that the volatility of inventory investment 
volatility has declined somewhat since 1984:Q1. This 
suggests that the recent changes in inventory man
agement techniques have affected the volatility of in
ventories at least as much as their average levels.
I also find that inventory investment volatility has 
not declined in the retail sector but has declined in 
the manufacturing and merchant wholesale sectors. 
Since swings in inventory accumulation by retailers 
are important factors in business cycles, analysts 
may wish to focus closely on the retail sector, not 
just the manufacturing sector, when looking for evi
dence on cyclical turning points. Finally, since there 
appears to be little relationship between movements 
in average IS ratios and inventory investment volatil
ity, analysts should recognize that new inventory 
management techniques focused on lowering IS 
ratios will not completely remove inventory investment 
fluctuations as factors in future business cycles.

NOTES

'The following two paragraphs are based on data from the 
Census of Retail Trade for 1972. 1977. and 1992 (U.S. Depart
ment of Commerce. 1972. 1977. and 1992).
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Understanding the Asian crisis: Systemic risk 
as coordination failure

David Marshall

Introduction and summary
The vast array of financial regulations in the United 
States and other developed economies is justified 
largely as a way of protecting the public from the 
dangers of systemic risk or systemic crisis in financial 
markets. Even the title of a recent General Accounting 
Office report on financial derivative regulation (“Finan
cial derivatives: Actions needed to protect the finan
cial system” [GAO, 1994]) and images in the popular 
press (a close-up of a snake with jaws wide open on 
the cover of Fortune magazine) appeal to our fear of 
systemic risk. While many different (and often mutu
ally contradictory) characterizations of systemic risk 
have been proposed, it is somewhat disturbing that 
we lack a consensus as to what, precisely, systemic 
risk is.

In its most general usage, the term systemic crisis 
describes a shock to the financial system that impairs 
crucial functions of the system, such as asset valua
tion, credit allocation, and payments.1 This character
ization, however, is not too helpful. What sort of mech
anism can result in this sort of impairment? Economists 
do not agree. Proposed answers include: irrational 
piling-on of debt;2 moral hazard induced by mispriced 
government-provided deposit insurance;3 complex re
lationships among counterparties;4 an unwillingness 
of dealers to trade;5 a failure of the central bank to 
provide liquidity as needed;6 unpredictable adverse 
shocks that come from outside the financial sector;7 
and bank runs.8 Regardless of which characterization 
one prefers, a satisfactory theory of systemic risk 
requires a fully articulated, internally consistent eco
nomic model. A rigorous economic model may leave 
uncertainty as to how the model maps to reality, but 
there can be no uncertainty about what is meant with
in the context of the model itself.

While economists may disagree as to the causes 
and nature of systemic risk, there have been specific

events in history that are generally recognized as 
examples of systemic crisis. The most recent such 
event is the Asian crisis that began in mid-1997. This 
crisis displays certain textbook characteristics gener
ally associated with systemic crisis: It appeared to 
originate in financial markets; it displayed contagion, 
with problems in one country seeming to induce crises 
in other countries; there was clear evidence of confi
dence loss by investors; there were substantial real 
costs in economic output; and the crisis clearly called 
for a policy response. One aspect of the Asian crisis 
that is more difficult to explain using standard theo
ries is that it seemed to emerge almost spontaneous
ly. Although, with hindsight, one can point to condi
tions that may have made some East Asian economies 
vulnerable to economic disturbance, the crisis was 
not forecasted by knowledgeable observers, nor was 
it triggered by any shocks commensurate with the 
scale of the upheaval.

1 argue in this article that the standard neoclas
sical model commonly used in economic analysis is 
poorly suited to explain the sort of crisis in which a 
small impulse induces a large change in economic per
formance. Rather, the Asian crisis is best explained as 
an example of coordination failure. Suppose the eco
nomic performance of a country (or a firm, industry, 
or financial market) depends on large numbers of inves
tors being willing to provide funds. If it is generally 
believed that other investors will withhold funds, it is 
rational for any given investor to refrain from invest
ing. Thus, these beliefs become self-fulfilling. This
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represents a coordination failure because everyone 
would be better off if all investors provided funds to 
the affected country. Unfortunately, there is no way 
to coordinate investor actions in this way.

In this article, I formalize this notion of coordina
tion failure in a simple static model. My model implies 
that, as in the Diamond-Dybvig (1983) model of bank 
runs, some credible insurance mechanism is necessary 
to avoid costly coordination failure. The U S. savings 
and loan crisis shows the danger of government- 
provided insurance without adequate regulatory over
sight. However, it is not obvious how to establish such 
oversight in an international context. The recent events 
in Asia suggest that the world community eventually 
must face this issue.

The Asian financial crisis
Since a detailed chronology and discussion of 

the events surrounding the Asian crisis can be found 
elsewhere,91 summarize only the essential facts in this 
article. The years preceding the crisis were a period 
of exceptional growth in the East Asian economies.
In the months preceding the crisis, no real macroeco
nomic distortions were observed. The economies of 
the five crisis countries (Thailand, Malaysia, Indone
sia, South Korea, and the Philippines) were character
ized by low inflation (less than 10 percent), budgets 
generally in surplus, and declining government foreign 
debt (as a fraction of gross domestic product [GDP]). 
For example, Indonesia experienced 10.4 percent ex
port growth in the year preceding the crisis, its gov
ernment budget was in surplus each of the previous 
four years, and its current account deficit was only 3 
percent to 5 percent of GDP. During the 1990s, these 
governments engaged in responsible credit creation 
and monetary expansion. Unemployment rates were 
low and did not provide an incentive for governments 
to engage in currency depreciation or monetary expan
sion as a short-term stimulus.

However, there were some worrisome signs of 
imbalance that, in retrospect, made these economies 
vulnerable to crisis. First, the ratio of short-term debt 
to short-term assets was high and growing. In partic
ular, the ratio of short-term debt to foreign exchange 
reserves in Thailand, Korea, and Indonesia had exceed
ed 1.0 since 1994. Radelet and Sachs (1998b) show 
that this ratio is positively correlated with systemic 
crises, but does not inevitably lead to crisis. In addi
tion, the crisis was preceded by a large increase in 
foreign bank lending. In particular, lfomyearend 1995 
to yearend 1996 foreign bank lending to the five crisis 
countries increased by 24 percent, with an additional 
10 percent (annualized) increase during the first half

of 1997. Finally, anecdotal evidence suggests that much 
of this expanded credit was invested in real estate mar
kets, rather than increasing productive capacity.

Looking back, it is possible to discern develop
ments in 1996 and 1997 that may have been unfavor
able to these Asian economies. For example, Corsetti, 
Pesenti, and Roubini (1998) point to a fall in the de
mand for semiconductors in 1996 and expectations of 
contractionary monetary policy in Japan and the U S. 
in spring 1997. However, one can always use hindsight 
to point to less-than-perfect business conditions be
fore a crisis. Without a doubt there were also unfavor
able developments during the years of unprecedented 
growth. Why did they precipitate a crisis this time?

The evidence seems clear that the crisis took the 
world completely by surprise. Bond spreads between 
emerging market debt (including that of the Asian five) 
and U.S. Treasury securities actually fell between 
mid-1995 and mid-1997.10 Similarly, syndicated loan 
spreads were generally lower in early 1997 than they 
had been in 1996. Moody’s and S&P’s ratings of sov
ereign debt gave no indication of an impending crisis. 
Long-term sovereign debt ratings for the five crisis 
countries remained unchanged throughout 1996 and the 
first half of 1997, right up to the onset of the crisis. The 
only exception was an upgrade for the Philippines.11

The first events leading to the crisis were failures 
of certain large Korean chaebols (industrial conglom
erates). In January 1997, Hanbo Steel declared bank
ruptcy. This was particularly significant because it was 
the first bankruptcy of a leading Korean conglomerate 
in a decade. This was followed in March 1997 with the 
failure of another Korean conglomerate, Sammi Steel. 
Around the same time, Kia, Korea’s third largest auto 
maker, had difficulty rolling over its debt. (In July, it 
asked for emergency loans.)

Meanwhile, in Thailand, nonbank finance com
panies suffered under the weight of bad real estate 
loans. It was widely thought that the Thai government 
would aid these institutions. In February, Samprasong 
Land, a finance company, missed payment on its for
eign debt. On March 10, the Thai government appeared 
to state that it would buy up to $3.9 billion in bad 
property debt from various finance companies. How
ever, it reneged. The collapse of Thailand’s largest 
finance company, Finance One, on May 23 provided 
explicit evidence that the Thai government would not 
bail out investors in these finance companies.

After repeated declarations that the baht would 
not be devalued, on July 2 the Bank of Thailand an
nounced that it would allow the baht to float. The 
baht fell by about 15-20 percent. Immediately, the 
Philippine peso came under attack, followed a few
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days later by the Malaysian ringgit. The crisis was 
under way The Indonesian rupiah did not come under 
severe pressure until mid-August. (By late January 
1998, it had lost 80 percent of its value against the 
dollar.) By November, currency weakness had spread 
to the Korean won. When the crisis reached its peak, 
foreign exchange rates came close to a “free fall.” On 
several trading days in November and December, the 
Korean won plunged the limit of its trading range in 
the first few minutes of trading. In the first four trading 
days of 1998, the Indonesian rupiah hit four consecu
tive record lows, for a total loss of 27 percent against 
the dollar. On January 8, it lost another 26 percent in 
a single day.

The crisis soon spread to the stock markets. Dur
ing four days in mid-October the Hong Kong stock 
market lost nearly 25 percent of its value. In early 
November, stock markets in Taiwan and South Korea 
plunged. Equity markets elsewhere also posted sharp 
losses. For example, on May 19 (in apparent response 
to the political upheaval in Indonesia), Russian stocks 
plunged nearly 12 percent, with equity markets post
ing smaller declines in Brazil (6.4 percent decline), 
Argentina (4.7 percent), and Mexico (3 percent).

Clear evidence of a collapse in investor confidence 
can be seen in the dramatic reversal of capital flows. 
In 1996, the capital inflow to the five Asian crisis econ
omies was $93 billion. In 1997, the figure was -$12.1 
billion, with estimates for 1998 of-$9.4 billion.12 The 
reversal from 1996 to 1997 represented 11 percent of 
the combined GDP of these five countries. Korean 
firms had great difficulty raising short-term capital 
Part of the collapse of the Korean stock market was 
attributed to selling of shares by cash-short institu
tions in an effort to raise operating cash. Indeed, at 
a meeting of finance ministry officials in November, 
U.S. Deputy Treasury Secretary Lawrence Summers 
stressed that this was not a traditional balance of pay
ments crisis but fundamentally a crisis of confidence.

Asset and foreign exchange prices seemed to 
stabilize in Asia by February 1998. However, the eco
nomic impact of the crisis continued. South Korea 
entered a recession, with a first quarter 1998 decline 
in output of 3.8 percent/annum. (The previous year’s 
growth rate was 4.3 percent.). Korean consumer price 
inflation was 9 percent in March 1998 (year over year), 
compared with 4.5 percent in the previous year. Pro
ducer prices recorded a more dramatic rise: Korean 
producer price inflation was 17.5 percent for the year 
ending March 1998 (versus 3.8 percent in the previous 
year). The Korean jobless rate in March was 4.7 per
cent, compared with 2.5 percent a year earlier. A record 
high 1.2 million people were unemployed.

The real impact of the crisis in Indonesia was 
even worse. By mid-May, the consensus forecast was 
for a 1998 economic contraction of 7-8 percent. 
(Indonesia’s GDP grew at a rate of 5 percent in the 
previous year.) The official data showed an April 
1997-April 1998 inflation rate of 44.9 percent. The 
official unemployment estimate was 10 percent, al
though many analysts regard this as an underestimate. 
Nor were other countries spared. First quarter data 
for Hong Kong reported a 2 percent GDP contraction, 
the first quarterly contraction in Hong Kong in 13 
years. The consensus forecast for GDP growth in 
Thailand was -6.0 percent, compared with a 2.5 per
cent expansion in 1997. The full impact ofthe crisis 
has yet to be assessed. There remains a substantial 
short-term debt overhang that must be renegotiated.

Characteristics of systemic risk
The Asian crisis exemplifies certain characteris

tics that are incorporated in most definitions of sys
temic risk.

A systemic crisis originates in, or is substantially 
magnified by, financial markets. More precisely, sys
temic risk must originate in the process of financing. 
That is, the capital needed by a firm is provided by 
investors outside the firm. According to this proper
ty, systemic risk would not be present if all firms were 
purely financed internally. This characteristic is clear
ly present in the Asian crisis. Prior to the crisis, the 
macroeconomic foundations were strong, with no large 
shocks from outside the financial system.

A systemic crisis involves contagion. Problems 
in one country (institution, firm) cause (or appear to 
cause) insolvency, distress, or bankruptcy in other, 
otherwise healthy, countries (institutions, firms). For 
example, the initial business failures in the Asian cri
sis were in Korea and Thailand, but financial markets 
were roiled almost immediately in Malaysia, Philippines, 
Indonesia, and Hong Kong, and eventually in Latin 
America and Russia.

A systemic crisis involves a loss of confidence by 
investors. Usually this means that investors or finan
cial institutions cut back the amount of liquidity they 
are willing to provide. Furthermore, the withdrawal of 
liquidity is not due to any objective deterioration in 
the quality of the borrower firms but is more a fiinction 
of investor sentiment. This problem was apparent in 
the rapid reversal of capital flows to East Asia.

A systemic crisis involves substantial real costs 
in economic output and/or economic efficiency. For 
example, a stock market crash is not necessarily a sys
temic crisis. If the crash simply redistributes wealth 
from speculators on the losing side (those who sold
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when prices were low) to the speculators on the win
ning side (those who bought low) without affecting 
real economic activity, it would not be a systemic cri
sis. A crisis must hurt Main Street, not just Wall Street. 
The Asian crisis is clearly having a huge impact on the 
well-being of ordinary citizens.

A systemic crisis calls for a policy response. In 
particular, a systemic crisis must result in a subopti- 
mal economic performance that, at least in principle, 
could be improved by government action. According 
to economic theory, government action can be justi
fied if there is an externality, whereby individuals 
do not fully internalize the costs or benefits of their 
actions. For example, some economists associate sys
temic crisis with a wave of bankruptcies (see, for exam
ple, Feldstein, 1991). If a bankruptcy only affects the 
individuals who have a contractual relationship with 
the bankrupt firm (such as the shareholders, creditors, 
and employees), there is no justification for govern
ment action. Presumably, the terms of the original 
contracts between the firm and these individuals 
should have taken the possibility of bankruptcy into 
consideration. However, if a wave of bankruptcies 
affects individuals with no contractual relationship 
with the bankrupt firms (say, because fearful investors 
withdraw funds from healthy firms), then these bank
ruptcies have economy-wide costs that would not 
have been considered in the original contracts. In 
such cases, there may be scope for government ac
tion. More generally, if a particular characterization 
of systemic risk does not imply lost economic effi
ciency, and therefore the possibility of corrective 
policy action, it would not be particularly useful for 
regulatory purposes.

There is one additional characteristic that the 
Asian crisis has in common with many other systemic 
crises—the lack of a clear triggering event. There 
were obvious structural problems in the East Asian 
crisis economies, including a high reliance on exter
nal capital, a poorly developed banking system (with 
an even less well developed regulatory apparatus), 
cronyism between the financial sector and high-rank
ing government officials, and a lack of transparency 
in the workings of financial institutions. However, all 
of these problems were well known before the crisis, 
and foreign investors were perfectly willing to provide 
capital when these economies were performing very 
well. What happened to shatter their confidence so 
dramatically and so quickly? If there was a precipitat
ing event, the economic response seems wholly dis
proportionate to the size of the triggering shock.

Neither the 1929 northe 1987 stock market crash 
had an obvious precipitating event (in contrast to the

sharp market declines in fall of 1973 and 1980, which 
were caused by OPEC’s announcement of its oil em
bargo and the fall from power of the Shah of Iran, 
respectively). Similarly, the 1992 crisis in the Europe
an exchange rate mechanism and the recent Mexican 
crisis did not have clear triggers. In the case of the 
Asian crisis, foreign exchange traders might argue that 
there was a clear trigger: a run on the Thai currency. 
However, a run on the currency is simply a visible 
expression of a loss of confidence, so the question 
of what caused the dramatic drop in investor confi
dence remains.

Why did the crisis happen?
Below, I list some proposed explanations for the 

Asian crisis in increasing order of plausibility. First, 
it is tempting to blame “rapacious foreign exchange 
speculators.” (This was the theme of Malaysian 
Prime Minister Mahathir Mohamad’s well-publicized 
tirade against U S. financier George Soros.) Certainly, 
speculative attacks on the currency of a crisis coun
try are often the first visible evidence that a crisis is 
underway. However, the dramatic falls in foreign ex
change values were actually a symptom rather than a 
cause of the crisis. According to Paul Krugman, “the 
currency crises were only part of a broader financial 
crisis, which had very little to do with currencies or 
even monetary issues per se” (Krugman, 1998). If 
investors doubt the profitability of investments in a 
particular country, they will start withdrawing capital 
This reversal of capital flows causes foreign exchange 
rates to collapse. Of course, astute currency specula
tors may foresee such a reversal and bet against the 
currency. However, the causality runs from the percep
tion of declining profitability to the collapse of currency 
markets, not vice versa.

A second theory, outlined in a recent publication 
of the Organization for Economic Cooperation and 
Development,13 attributes the Asian crisis to “excessive 
optimism, throughout the region itself and in financial 
institutions in Europe, North America, and Japan;” 
“insufficient weighting of downside risks;” a tenden
cy toward “overheating;” and “excessive concentra
tions of capital in particular areas.” These words imply 
investor irrationality. There is a long history of explain
ing systemic risk in this way. Kindleberger (1978), Min
sky (1982), and Feldstein (1991) attribute systemic risk 
to an irrational piling-on of debt. According to this 
explanation, firms become overly optimistic about their 
debt capacity during expansions. They finance capi
tal investment with ever-increasing leverage ratios. 
Eventually, this debt level becomes “unsustainable,” 
leading to an inevitable collapse: “Greed overcomes
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fear and individual investors take greater risks in pur
suit of greater returns. A shock occurs and the market 
prices of assets begin to collapse. Bankruptcies ... 
follow.... The resulting failure of the payments mech
anism and the inability to create credit bring on an 
economic collapse” (Feldstein, 1991).

I regard theories based on investor irrationality 
to be methodologically unsound. While investors do 
not «/w«v.s' behave rationally it is too easy to ascribe 
anomalous events to pervasive and systematic mis
takes by investors who clearly have every incentive 
to avoid such mistakes. However, even if one were to 
accept this idea in principle, the policy implications 
are not credible: Presumably the government should 
impose regulations to keep these exuberant firms from 
over-leveraging. In other words, the firms whose mon
ey is at stake cannot determine the proper level of 
debt, but government bureaucrats can.

A third theory, however, provides an explanation 
for “excessive debt” that is completely consistent with 
investor rationality: the problem of moral hazard in
duced by a mispriced government-provided safety 
net. Moral hazard arises whenever an insured party, 
by virtue of being insured, fails to take precautions 
to prevent the event being insured against. In finan
cial markets, moral hazard can arise if investors or 
bank depositors believe that the government will bail 
them out if their investments (or the bank) fail. They 
have less incentive to monitor the firms or banks to 
ensure that these institutions make prudent decisions. 
In particular, they lend more than they would in the 
absence of the government guarantee.

Under this explanation, “systemic risk” is a state 
of overleveraging due to the existence of the safety 
net, and “systemic crises” occur when, due to an 
external adverse shock, there are excessive defaults 
(relative to the number of defaults one would expect 
in the absence of the safety net). In the context of the 
Asian crisis, foreign investors may have believed 
that they would be protected by Asian governments 
(and perhaps ultimately by the International Monetary 
Fund [IMF]) in the event of a crisis. As a result, lend
ers were less diligent in monitoring their borrowers 
than they would have been if they did not anticipate 
a bailout, and the quality of investment projects cho
sen was poorer with higher levels of risk.

It is easy to demonstrate that an investment project 
is poor once the project fails. However, for a proper 
test of the moral hazard hypothesis, one needs to 
show that, before the failure, investors exercised less 
diligence than they should have in making their in
vestment choices. This is a far more difficult exercise. 
Corsetti, Pesenti, and Roubini (1998) cite evidence

that investment quality was low: A substantial frac
tion of the new investment was directed toward real 
estate, as opposed to increased manufacturing capacity. 
The rate of nonperforming loans before the crisis was 
above 15 percent in Thailand, Korea, Indonesia, and 
Malaysia. In 1996,20 ofthe 30 largest Korean conglom
erates showed a rate of return on invested capital 
below the cost of capital. While certainly not defini
tive, these patterns are consistent with a lack of pru
dence on the part of investors.

The moral hazard hypothesis can explain why ra
tional foreign investors might lend short term to finance 
long-term risky projects. Furthermore, it is consistent 
with the view that the Asian crisis was triggered by 
the Thai government’s unwillingness to bail out failed 
finance companies. However, it still can’t account for 
the rapid reversal in capital flows. Did news casting 
doubt on implicit guarantees arrive so fast that inves
tors executed a 180-degree reversal in a matter of days? 
In the standard model, a gradual inflow of adverse 
news would induce gradual change in the optimal level 
of investment. This is not what happened in Asia.

This lack of a triggering event commensurate 
with the scale of the crisis presents a real challenge 
to theorists. In the standard model, there is a unique 
“fundamental value” of a firm: the present value of 
the net cash flow generated by the firm. The market 
value of the firm should be the best guess, given cur
rent information, about this fundamental value. Simi
larly, the unique fundamental value of a national econ
omy is the present value of the cash flow generated 
by the total economic activity of that country. A coun
try’s currency represents a claim to the current and/or 
future output of that country’s economy. The value 
of this currency should in some sense reflect the fun
damental value of the country’s productive capacity. 
A sudden, precipitous drop in the value of a country’s 
asset markets or currency would then mean that:

■ The market’s pre-crisis assessment of fundamental 
value was too high; or

■ The market’s post-crisis assessment of fundamen
tal value was too low; or

■ The crisis was precipitated by the arrival of new in
formation that caused rational investors to change 
their assessment of this fundamental value.

If, as seems to be the case in many financial crises, 
the third alternative is difficult to sustain, the stan
dard model forces one to choose between the first 
and second alternatives, both of which imply serious 
valuation errors by investors. Otherwise, one must 
abandon the standard model in favor of one in which 
there is no unique “fundamental” value.
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In the next section, I describe a simple 
model that, unlike the standard model, ad
mits multiple fully rational equilibria, with a 
different fundamental value associated with 
each equilibrium. I interpret one of these 
equilibria as a systemic crisis. In principle, 
a very small impulse can trigger a shift from 
the good equilibrium to the crisis equilibri
um, with large consequences for economic 
performance.

Coordination failure, self-fulfilling 
prophecies, and systemic risk
A simple model of coordination failure

Here, I propose an approach to sys
temic risk that builds on Diamond and 
Dybvig’s (1983) idea of coordination 
failure. In my approach, the fundamental 
value of a firm or a national economy 
depends on the state of investor confi
dence. A formal statement of the model is in technical 
appendix 1. Suppose a country’s economy consists 
of a large number of identical firms. In the standard 
model, the output of a firm (or industry, or country) 
displays decreasing returns to scale. That is, as the 
scale of production grows, the additional output 
resulting from one additional unit of productive in
puts (labor, land, capital) decreases. Figure 1 displays 
these decreasing returns to scale. (For simplicity, the 
figure has only a single input, which I refer to as 
working capital, denoted L, for “liquidity.”) To see 
why economists make this decreasing returns to 
scale assumption, consider what would happen if a 
competitive firm operated where increasing 
returns prevailed: The firm could always 
make higher profits by increasing its scale 
of production, since its revenues would in
crease faster than its costs. Thus, a profit
maximizing competitive firm would never 
operate where increasing returns to scale 
prevail. Furthermore, as long as there are 
productive inputs such as land or physical 
capital that are fixed, at least in the short 
run, then a high enough output level will 
be in the decreasing returns range.

While this story is plausible, nothing 
suggests that a firm’s production function 
must have decreasing returns to scale for 
all levels of inputs. In figure 2, there are 
increasing returns to the scale of produc
tion as long as working capital is less than 
the level designated L*. Below this level, 
efficiencies can be captured by increasing

the scale of production. For working capital greater 
than L*, returns to scale decrease, as in figure 1.

For the simple model, I use a rather extreme ver
sion of increasing returns followed by decreasing 
returns, as displayed in figure 3. L* is a fixed set-up 
cost for the firm. If working capital is less than L*, the 
firm cannot be completely set up, so production 
equals zero. If working capital exceeds L*, the firm 
produces according to a production function similar 
to that in figure 1. (All the intuitive results go through 
with the more general function in figure 2.1 use the 
production function in figure 3 for convenience.)
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Now, I make two critical assumptions. The first is 
that inputs must be financed externally.14 That is, the 
firm cannot provide its own working capital but must 
borrow from investors. As is typical in models of this 
type, the return to lenders (denoted r) equals the mar
ginal product of working capital (the additional output 
produced by one additional unit of working capital). 
The marginal product corresponding to the produc
tion function in figure 3 is given in figure 4. Let us 
assume that investors have a choice of assets. They 
can lend working capital to the firm described by fig
ures 3 and 4 or they can invest in a safe low-return

investment, paying a gross return of 1.0. 
This return is the black line in figure 4.1 
also assume that, for any feasible level of 
working capital greater than L*, the return 
r exceeds 1.0. (Note that the marginal 
product schedule in figure 4 lies above 
the black line whenever working capital 
exceeds £*.) If total working capital per 
firm exceeds L*, then every investor would 
prefer to invest in working capital loans 
rather than investing in the low-return 
asset. Of course, if total working capital 
per firm is less than L*, the return to work
ing capital loans is zero, so the low-return 
asset is preferable.

The second critical assumption gives 
rise to the possibility of coordination fail
ure. 1 assume that the minimum financing 
requirement of any given firm is too big 
for any individual investor to provide. It 

requires a large number of investors. What does that 
imply for an individual investor? If an investor is con
fident that a sufficient number of other individual in
vestors will lend sufficient working capital to the firm 
to meet its minimum requirement, it would be optimal 
for the investor in question to lend as well. If all inves
tors think this way, the aggregate working capital will 
exceed the minimum requirement, the return on the in
vestment will be greater than 1.0, and the investors’ 
investment decisions are indeed justified. This is the 
high output equilibrium. In this equilibrium, the opti
mal strategy for all investors is to put all their invest

able wealth in working capital for the 
firm, receiving a return r that exceeds 1.0. 
However, there is another equilibrium 
with an output of zero. If the individual 
investor believes that the number of oth
er investors is insufficient to provide the 
threshold level of working capital, it is op
timal for the investor to refrain entirely 
from investing in working capital, and to 
use the alternative, low-return investment. 
If all investors think this way, liquidity 
equals zero, so the return to the lender 
also equals zero, and, again, the inves
tors’ investment decisions are justified 
ex post. Note that both equilibria are fully 
rational: in neither case do investors have 
any incentive to deviate from their cho
sen investment strategy.

To establish the first equilibrium,
(the high-output equilibrium) all that is 
needed is to have enough investors
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agree to invest all their wealth in the firm. If this could 
be done, then the market return on working capital 
loans would exceed unity, and the remaining investors 
would also invest in the firm. This second equilibrium 
corresponds to a systemic crisis. It represents a failure 
of coordination, since all investors would benefit if 
they could coordinate their actions and invest in the 
firm. The only explanation for the low-output result is 
that each investor believes that other investors do 
not want to invest. In other words, there is a pervasive 
lack of confidence in the ability of the financial markets 
to provide sufficient capital to the firm. This state of 
affairs recalls Keynes’s characterization of the stock 
market as “betting on a beauty contest.” What is im
portant is not the state of the firm’s technology. (In 
this example, the firm’s technology is the same in 
both equilibria and is known to all investors.) Rather, 
what is important is the investor’s beliefs about what 
the other investors will do. Note that, in this model, 
there are no “bubbles,” whereby market values devi
ate from fundamental value. Rather, the true fundamen
tal value of the firm depends on the state of investor 
confidence.

To apply this model to the Asian crisis, I interpret 
the “firm” in the model as a developing country in 
need of dollar working capital loans, the “investors” 
as large western commercial banks, and the alterna
tive low-return investment as western treasury secu
rities. In the high-output equilibrium, sufficient work
ing capital is provided to the developing country for 
it to produce at a high level. In the crisis equilibrium, 
western investors refuse to provide working capital, 
and the output of the developing country falls precipi
tously.15 Under this interpretation, the model can cap
ture the sudden exchange rate disruption that typical
ly accompanies international systemic crises like the 
recent Asian crisis. Assuming that purchasing power 
parity holds and both the money supply and velocity 
are constant in both countries, it is easy to show that 
the exchange rate is proportional to the ratio of the 
real output of the developing country to the real out
put of the western country. The “crisis” equilibrium 
(where the output of the developing country falls to 
zero) is then associated with a precipitous fall in the 
exchange rate.

This model can be interpreted as representing 
other types of systemic risk. If the firms are banks, the 
crisis equilibrium is one where households withdraw 
liquidity from the banking system. This does not nec
essarily correspond to a bank run in Diamond and 
Dybvig’s (1983) sense. If the depositors withdraw 
liquidity from the banking system (as in the Great 
Depression, when the money multiplier fell to a

historically low value), banks need not fail as a result. 
They may be able to accommodate the withdrawals 
by calling existing loans and refusing to make addi
tional loans. Nonetheless, this economy-wide flight 
to currency will starve the productive sector of need
ed liquidity, and the resulting business failures even
tually will take their toll on the banking sector.

One can also interpret the model as a payment 
system. In this interpretation, the threshold liquidity 
level L* for an institution is the amount of liquidity 
it needs to avoid default and possible bankruptcy. 
Suppose an institution counts on receiving cash 
flow during the day in excess ofL* and, due to a dis
ruption in the payments system, it does not receive 
this cash flow. Other institutions act as the “investors” 
in the model. They will only provide the needed 
loans to the stricken institution if they believe the 
total loan provision will exceed L*. Many specialist 
firms on the New York Stock Exchange were in this 
position the day after the October 1987 crash. Spe
cialist firms had purchased stock during the crash 
(performing their designated role as market maker). 
The amount of credit they needed to settle these 
trades at the end of the day corresponds to L* in 
the model. Banks only provided this credit if they 
thought that enough other banks were participating 
to insure that the specialist firm would not end up 
in bankruptcy court, with the attendant costs and 
delays. Coordination failure in this case was avoided 
by the active intervention of the government and the 
Federal Reserve.

Modeling the stock market: A dynamic mode!
The simple model in the previous section did 

not account for the declines in asset markets that 
were a prominent part of the Asian crisis. To incor
porate a stock market into the simple model, I incor
porate the simple model into a dynamic economic 
equilibrium. A formal statement of this model is in 
technical appendix 2. In this model, stock shares are 
thought of as claims to the firm’s physical capital. The 
price of a claim (that is, the price per share) must 
represent the present value of the future dividends 
accruing to the owner of the claim. However, the div
idend in any given period depends on the amount of 
working capital provided by external investors. That 
is, it depends on which equilibrium prevails that 
period. As a result, the current stock price is a func
tion of the probability that a systemic crisis (the bad 
equilibrium) will occur in the future. If this probability 
increases, the stock price falls.16 Furthermore, if the 
future systemic crisis in question is expected in the 
near term, the stock price falls by more than if this
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crisis is expected in the more remote future. In other 
words, current stock values forecast the probability 
of future systemic crises. Note that the declines in 
Asian asset markets started before the actual onset 
ofthe crisis. (SeeKrugman, 1998.)

Contagion
The model developed thus far captures a number 

of the key features of systemic risk. Systemic crises are 
associated with a sudden withdrawal of liquidity (work
ing capital) from productive firms due to a loss of con
fidence that seems unrelated to the state of technology. 
After the fact, this withdrawal of working capital loans 
seems to indicate an over-reliance on debt, in the 
sense that a firm would avoid this problem if it could 
avoid dependence on outside lenders for working 
capital. There are real costs in economic efficiency to 
the crisis of confidence associated with the low-out- 
put state, suggesting a possible role for government 
action to bolster investor confidence. Finally, agents 
in the model are completely rational. Every agent in 
the economy acts optimally, given the actions of the 
other agents and the inability to coordinate.

However, the one element that has not been incor
porated into this model is contagion: the tendency 
for the failure of one institution to precipitate a crisis 
of confidence that harms unrelated firms and leads to 
reduced economic activity. Most discussions of con
tagion involve “cascading defaults.” As well as hav
ing direct exposure to the credit-worthiness of its 
direct counterparties, an institution has indirect expo
sure to the credit-worthiness of its counterparties’ 
counterparties and so on. As a result, it is vulnerable 
to disruptions caused by the failure of institutions to 
which it has no direct exposure. However, properly 
understood, this notion of contagion is ordinary credit 
risk. “Know thy counterparty” requires an assessment 
of all factors that could impair the counterparty’s 
credit-worthiness, including its exposure to other 
firms’ distress. The fact that a bank may have incom
plete information about its counterparties’ exposure 
to other institutions does not change this conclusion. 
Incomplete information is always associated with 
risk. Institutions should manage the risk associated 
with these information gaps in the same way they 
manage other types of risk.

Here, I consider an alternative notion of contagion: 
The failure of a firm provides information about the 
state of investor confidence. As defaults are observed, 
the investor community cannot tell whether these are 
purely due to company-specific weaknesses or to 
individual investors pulling the plug. The default 
thus may give information that the economy is ready 
to shift to the bad equilibrium.

To formalize this idea of contagion, I put the sim
ple model developed earlier into a richer context. Recall 
that the critical determinant of whether a systemic cri
sis occurs is L, the aggregate level of working capital. 
In the simple model, L is observed by all investors. 
Suppose instead that L is not observable. Investors 
then must decide on how much working capital to 
provide based on their best estimate of the state of 
economy-wide confidence, as summarized by L. Any 
information that causes investors to lower this esti
mate will increase the estimated probability of systemic 
crisis and decrease the amount of working capital pro
vided by investors.

One important piece of information with an obvi
ous relevance to estimating L is the failure of an indi
vidual firm. (Recall that the Asian crisis was preceded 
by failures of Korean chaebols and Thai finance com
panies.) In the context of the simple model, a firm “fails” 
if its working capital falls short ofT‘, the threshold 
level. Suppose each firm has a different threshold 
level of working capital. I refer to a firm’s threshold 
working capital requirement as its “technology.” Firm 
technology is not observable to investors. All that 
investors know is the distribution of threshold levels 
across firms. Since all firms look alike to investors, 
each firm simply receives the economy-wide average 
working capital level. A firm can fail for one of two 
reasons: either it has an unusually high threshold 
working capital requirement or the economy-wide level 
of working capital is unusually low. If the former expla
nation is true, the bankruptcy has no implications for 
future systemic crises. The problem is idiosyncratic to 
the firm and does not reflect a weakness in investor 
confidence. If, however, the latter explanation is true, 
the bankruptcy is evidence that investor confidence 
is low. The probability of systemic crisis is now higher. 
Unfortunately, our investor cannot tell which explana
tion holds. The investor must solve a signal extrac
tion problem, attempting to glean information about 
the state of aggregate investor confidence from the 
ambiguous news that a particular firm has failed.

In technical appendix 3,1 formalize this intuition.
I show how the observation of a firm bankruptcy 
causes investors to lower their estimate of aggregate 
investor confidence (as measured by L). If, as is plau
sible, investors’ willingness to roll over short-term 
loans depends on this estimate, the provision of short
term capital will indeed fall following a bankruptcy. 
However, the amount of this fall depends critically 
on the investor’s beliefs before the bankruptcy is 
observed. If investors believe that aggregate confi
dence is strong, observing a single bankruptcy does 
little to change this opinion. If, however, investors
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are less certain that other investors will provide suffi
cient working capital to firms, a single bankruptcy 
could cause investors to substantially revise their 
beliefs about the magnitude of aggregate investor 
confidence. In principle, this could induce investors 
to reduce the amount of working capital provided to 
firms and induce nonproductivity (“bankruptcy”) in 
firms that would have been solvent had no bankrupt
cy been observed. That is, a single bankruptcy could 
tip the economy into systemic crisis.

Note that the source of contagion is not that one 
firm’s bankruptcy directly puts pressure on other 
firms (as in the cascading defaults story). Neither is 
the source of contagion that a bankruptcy conveys 
information about the state of other firms’ technology. 
Rather, the bankruptcy gives evidence about the be
liefs of the other investors. A bankruptcy tells inves
tors that other investors may be less confident than 
previously thought. Applying this logic to the Asian 
crisis, the failure of Korean chaebols and Thai finance 
companies may have induced declines in Indonesian 
equity and currency markets not because it gave in
formation about the state of the Indonesian economy 
per se, but because it gave information about the will
ingness of western investors to lend to Asian emerging 
economies. In equilibrium, of course, the willingness 
to lend has profound implications for the performance 
of these economies.

Conclusion
The framework 1 have sketched for understand

ing systemic risk presents a difficult task for policy
makers. The framework suggests that systemic crises 
of the Asian type must be seen as a problem of coor
dination failure among investors. That is, it is optimal 
for individual investors to withhold liquidity from the 
stricken countries, yet all investors would be better 
off if everyone provided this liquidity. One way around 
this coordination failure is to induce a single large 
investor to provide the needed liquidity. This was 
the solution to the Mexican crisis of 1995. The single 
large investor, of course, was the U.S. government. 
The Mexican government owed $28 billion in dollar- 
denominated notes (tesobonos), but had only $10 bil
lion in dollar reserves. Thus, the Mexican government 
was illiquid. Did this indicate insolvency? Clearly not, 
since the $28 billion represented only 10 percent ofthe 
Mexican GDP. There was enough potential economic 
output to service this debt. Yet, no private creditors 
would roll over the debt. The logic is precisely that 
of coordination failure. The solution was for the U.S. 
government to take over the debt, thereby eliminating 
the problem of coordination. The U.S. government 
was repaid on schedule.

A somewhat similar solution is to have a single 
large private investor provide the needed liquidity to 
individual firms in the crisis countries. If a viable firm 
is starved for liquidity and, as a result, has its equity 
underpriced, this should represent a buying opportu
nity for some large investor. We see some evidence 
that this is happening in Asia. GE Capital, an Ameri
can non-bank financial company, has been taking 
advantage of low Asian equity values to acquire 
Asian companies at fire-sale prices. As of early June 
1998, its acquisitions include Japanese and Philippine 
life insurance firms and several Thai finance companies. 
One analyst forecasts that GE Capital will spend at 
least $20 billion on Asian acquisitions over the next 
three years.17 Presumably, GE Capital has access to 
the needed working capital to make these acquisitions 
productive. Policies that help facilitate acquisition of 
troubled firms by large, cash-rich institutions could, 
in principle, offset the problem of coordination failure.

However, these mechanisms cannot reliably in
sure against the possibility of systemic crisis. Perhaps 
the international community should consider some
thing more formal. Within a domestic economy, the 
way out ofthe coordination dilemma is to designate 
a government institution (usually the central bank) 
as backup provider of liquidity in the event of a crisis. 
To control the problem of moral hazard, this institution 
is given broad regulatory powers over the domestic 
financial services industry. (In the U.S. banking indus
try, the problem of moral hazard is controlled by im
posing capital adequacy requirements and requiring 
prompt corrective action should a bank become un
dercapitalized.)

However, no such institution exists for interna
tional transactions. Perhaps the legacy of the Asian 
crisis will be to encourage the international community 
to consider establishing a backup provider of liquidity 
for international liabilities. Such an institution would 
have to be given regulatory oversight, with the capacity 
to set and monitor capital levels of borrowing institu
tions and the ability to take prompt corrective action.18 
This new institution would set up a source of liquidity 
ex ante (well before any crisis), available to countries 
that agree to suitable financial reforms including 
greater transparency. The institution would need to 
be able to commit credibly not to intervene in a crisis 
unless it had established a prior arrangement with the 
affected country granting it the needed regulatory 
oversight. Note that the IMF is not structured in this 
way. It was created as a source of liquidity to help 
countries adhere to the fixed exchange rates mandated 
by the Bretton Woods agreements of 1944. Since the 
demise of Bretton Woods, the IMF has functioned as
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a source of foreign exchange to be loaned to troubled 
countries on an ad hoc basis. It has no ex ante regu
latory authority, and it does not act according to pre
set predictable rules.

Why would any sovereign country voluntarily 
cede regulatory authority to an international body? 
Quite simply, to reassure potential lenders that a

credible lender of last resort in foreign reserves stands 
ready to step in should a systemic crisis erupt.19 A 
credible structure of this kind would rule out the crisis 
equilibrium. It would also make it difficult for an emerg
ing economy to secure international loans without 
committing to the institution’s regulatory oversight.

TECHNICAL APPENDIX 1

A simple, static model
There are two periods. Agents have perfect foresight. 
There are N identical firms, which behave competi
tively, and there are N identical investors (where N is 
a large number). Each investor is endowed in period
1 withy units of wealth. In this model, it is important 
that a firm cannot be productive unless many different 
investors invest in that firm. For simplicity, I assume 
that investors cannot invest in individual firms. Rather, 
all invested funds from the N investors are pooled 
and divided among the N firms equally. In the follow
ing, all quantities are expressed as per-household or 
per-firm magnitudes.

Let r denote the rental rate on working capital.
The first-order condition of the firm’s profit maximiza
tion problem implies:

f o if z < z*
3) r = F,(Z,Z) =

[/£ (F,Z - Z*) otherwise.

To ensure that r always exceeds unity (the return 
to “storage,” described below) whenever Z > Z", I as
sume that

4) minXE[0,,_i.]/i(F,x)>l.

Production
A firm has a fixed quantity of physical capital K. It 

needs working capital in order to produce. It is assumed 
that the firm has no internal sources of working capital, 
so it must borrow working capital from investors.

Output = F(F,Z), where

Investors
Each investor has two investment options:

1) lend wealth to the firm to provide working capital, 
receiving a gross rate of return r; or 2) invest in a 
storage technology that pays a gross return of unity.

The investor only consumes in the second peri-
K = physical capital per firm
L = working capital (“liquidity”) per firm.

od. The consumption of the zth investor (denoted c) 
satisfies

It is assumed that there is a threshold amount of 
working capital needed to make the firm productive.
This amount, denoted L*, must be paid up front. If 
the threshold is not met, the firm produces zero output. 
That is, F takes the form:

c =rL +y-L

where Z. denotes the amount of wealth invested by 
investor z in working capital loans. Assume that
Z* <y, so there is sufficient wealth in the economy to 
pay the firm’s threshold capital requirement. The zth

f o if l < r
1) F(F,£) = J

[f (K, L - L*) otherwise ,

investor solves the utility maximization problem

max[/(rZ, + y - Z,).Lj 6 [0, V]
where/is a non-increasing-returns-to-scale produc
tion function satisfying

2) /(F.y-Z,)-/i(F.y-Z,)Z>0.
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The first-order conditions are:

U\rLi+ v-2,)-[r-l]
= 0 if 0 < Lt < y 

< < 0 if £,. = 0 . 
> 0 if £,. = v

Equilibrium
If A is sufficiently large, there are two equilibria:

1. £ =y, Vz, /• =fL(K,y - £*) > 1;
2. £. = 0,Vz, z' = 0.

The first is the high-output equilibrium. All in
vestors, seeing a market return to working capital 
loans that exceeds the alternative return of unity, in
vest all their wealth in loans to the firm. The output 
per investor isf[K,y-L*') >y. The second equilibrium 
is the low-output equilibrium. All investors, seeing a 
market return to working capital loans equal to zero, 
invest all their wealth in the storage technology that 
pays a gross return of unity. The output per investor 
is simply v (the output ofthe storage technology).

TECHNICAL APPENDIX 2

A dynamic model
The basic model in technical appendix 1 is incorporated 
into an overlapping generations structure. Each inves
tor lives two periods and consumes in the second 
period only. In the first period of life, the investor 
receives an endowment ofy units of wealth and can 
invest this wealth in three types of assets: 1) lend 
wealth to the firm to provide working capital in the 
current period, receiving a gross rate of return r (paid 
in the following period); 2) invest in shares of stock, 
which give the investor a claim to the profits of the 
firm in the following period; or 3) invest in a storage 
technology that pays a gross return of unity in the 
following period. The first period budget constraint is:

5) £,+J£e, + s=y,

where et = number of shares of stock purchased at 
date Z by the typical young investor, yy = stock price, 
sf = wealth invested in the storage technology at date 
Z by the typical young investor, and Lt = working cap
ital provided at date Z by the typical young investor.

In the second period of life, the investor receives: 
1) the earnings from working capital investments the 
previous period; plus 2) the dividends from her stock
holding; plus 3) the proceeds from selling her stock 
to the current young investors at the current market 
price; plus 4) whatever was invested in the storage 
technology. The second period budget constraint is:

6) c,+1 < e,<+1 + £,;; + pt+iet + s,,

where rt is the return to working capital loans at 
date Z, and dt is the dividend per share at date Z, 
which is given by:

7) d=E(K, Lt)-rft.

Substituting equation 5 into equation 6, evalu
ating both at equality, one obtains

8) c,+, = eM+i +£,+, - A) +£,(7'- !) +T

For simplicity, assume that the investor is risk 
neutral. The investor’s problem is then:

9) max£,[c,+1]
i,,e,

subject to equation 8 and the following short-sale 
restrictions:

10) L, > 0; e, > 0; s, > 0.

The total number of shares of stock per investor 
is normalized to unity, so

ID et=l.

The Kuhn-Tucker conditions for the maximiza
tion problem (equations 8-10), along with the mar
ket clearing condition (equation 11) imply the fol
lowing characterization of the stock price p-

1. If£t > 0, the economy is in the high-output state, 
and
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2. lf£t = 0, the economy is in a state of systemic cri
sis, and

p,(^,+i+A+i) if^,>0 
13)/?,= • , n-[ y ifs,=O

Equation 12 and the top part of equation 13 sim
ply say that the current stock price equals the dis
counted future stock payoff per share t/J+1 + pf+1 (al
though the discount rate depends on whether Lt 
equals or exceeds zero). The case represented by the 
bottom part of equation 13 must be considered be
cause the short-sale restrictions on sf and Lt preclude 
a levered stock portfolio.

Equations 12 and 13 can be solved forward re
cursively to imply that the current stock price pt is the 
present discounted value of the future dividend 
stream:

where 1 use the following notation:

7t,(T + 1) = prob(£i+] > 0 | information at date Z)

[ 1 otherwise

T denotes the first date after Z when both Lt = 0 
ands, = 0.

Note the dependence in equation 14 ofpt on 
for t > Z. If investors’ assessment of the probability of 
a future crisis increases (that is, ji,(t) goes down for 
some future dates t), then the stock pricept declines. 
This effect is more pronounced if the crisis is expected 
in the near term, since Jt,(l) is discounted by the pre
vailing short-term investment rate compounded from 
Z to T. The stock market thus becomes an early warn
ing signal of the market consensus probability of 
future crises of confidence.

14) P, = E,
£,|X+l|4+l >°]

n r.
j=o

t+j

y
T-ln rl+j
j=o

TECHNICAL APPENDIX 3

An example of contagion
The example below illustrates how the failure of 

an individual firm can change investors’ estimates of 
the aggregate confidence level of the economy. In 
this example, there is a continuum of firms, indexed 
by j. The firms differ in their threshold working capital 
requirement, denoted L*. A firm’s value ofL* is un
known to the investors. As a result, investors treat all 
firms alike, and the same amount of working capital 
(denoted L) is provided to each firm. Variable L sum
marizes the state of aggregate investor confidence. 
Finally, it is common knowledge that the cross-sec
tional distribution of'/.* is uniform over [0, 0 ], where 
0 is a strictly positive parameter.

At the beginning of the first period, the Zth in
vestor has a prior belief that L has a uniform distribu
tion on [0,X..], where X.is a positive parameter. In prin
ciple, X. can differ across investors. After L is

determined, but before production takes place, a sin
gle firm is selected at random to be audited. If L<L* 
for this firm, the auditor makes a public announce
ment that a bankruptcy has occurred. Let B denote 
an indicator variable for the event of bankruptcy, so 
this announcement corresponds to B = 1. If L > 0 
the auditor announces that no bankruptcy has oc
curred, in which case B = 0. The investors then up
date their prior beliefs about L using the realization of 
B. In a fully specified version of this model, the in
vestor would be permitted to withdraw working capi
tal from the firm after observing B, but before produc
tion takes place. In this way, the realization of/? could 
affect the actual amount of working capital available to 
firms. However, here 1 only discuss how investors up
date their beliefs about L after observing the realiza
tion of/?. The Zth investor’s prior distribution on /. is:

prob,(X < X) =
A,
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so this investor’s expected value ofL is '/zX.. Using 
Bayes’s Rule, one can derive the corresponding pos
terior distribution conditional on observing B.

X?
' 20-7 A

20-X,.' 7
, if X < 0,

prob,(/. < L\B = 1) = Z(20-Z)
02

, if X > 0 and L < 0,

That is, the event of a bankruptcy shifts probability 
mass to the lower tail ofthe distribution ofX, while 
the event of no bankruptcy shifts probability mass to 
the upper tail. Furthermore, the amount of this shift in 
probability mass is non-decreasing in X.: a higher val
ue ofXi implies a bigger revision ofthe prior distribu
tion when B is revealed.

The zth investor’s expected value ofX, condi
tional onB, is:

1, otherwise.

7 ~ V

£,■(££ = !) = 3(20-X,.)

—,if X,. >0. 
3

A 7
if X < 0,

prob,(X < L\B= 0) =
0(2X,.-0)

if X > 0 and L < 0,
£.(£B = 0) =

— X.,if X, <0, 
3

2X-0 ,
------- =, otherwise.
2X,. - 0

2X,. - 0

Note the chain of first-order stochastic domi
nance: For any L,

prob(L < L\B = 1) > prob(L < L) > prob(L < L\B = 0).

As expected, the mean value of L conditional on 
B = 0 exceeds the unconditional mean, which in turn 
exceeds the mean conditional onB = 1. That is, if no 
bankruptcy occurs in period 1, investors increase 
their estimate ofthe level of investor confidence. If a 
bankruptcy is reported in period 1, they decrease 
their estimate ofthe confidence level.

NOTES

Recently, several efforts have been made to catalogue the 
various proposed characterizations of systemic risk, along 
with the related (and equally ambiguous) notions of “financial 
fragility” and “financial bubbles.” Among these are Davis 
(1992), a collection of essays edited by Kaufman (1995), and 
a special issue of the Journal of Financial Services Research 
(Benston et al. 1995).

2See Minsky (1982), Kmdleberger (1978), and Feldstein (1991).

3See Benston and Kaufman (1995), Krugman (1998), and 
Corsetti, Pesenti, and Roubini (1998).

4See Bank for International Settlements (1990) and Eisenbeis 
(1995).

5See U.S. General Accounting Office (1994).

6Schwartz (1986)

7See Benston and Kaufman (1995), Meltzer (1982), and 
Crockett (1995).

8Diamond and Dybvig (1983).

9See Radelet and Sachs (1998a,b) and Corsetti, Pesenti, and 
Roubini (1998). A detailed chronology of the events in Asia 
can be found on the Web site maintained by Nouriel Roubini, 
Internet at http://www.stern.nyu.edu/~nroubini/asia.

10See Cline and Barnes (1997).

“See Radelet and Sachs (1998a).

12See Institute of International Finance (1998).

“Organization for Economic Cooperation and Development 
(1998), p. 9.

14One could weaken this assumption to “a substantial fraction 
of inputs requires external financing.”

“This working capital shortage in the Asian crisis was profound. 
For example, the Financial Times of March 11, 1998, reported 
that the Indonesian poultry industry was in dire straits due to 
an insufficiency of foreign exchange needed to purchase im
ported chicken feed.
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16A formal statement of this relationship is in equation 14 of 
technical appendix 2.

17See The Economist (1998), pp. 72-77.

18A proposal along these lines was recently made by Mishkin 
(1998). Similar proposals were made by Marcus Noland in his 
statement before House International Relations Committee 
Subcommittees on Asian and Pacific Affairs and International 
Economic Policy and Trade on February 3, 1998, and by Soros 
(1997).

19There is an analogy with countries such as Argentina that 
establish currency boards, thereby relinquishing the right to 
conduct monetary policy. They are willing to do so in order to 
reassure investors that the government won’t expropriate 
earnings via high inflation.
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How does an increase in government purchases 
affect the economy?

Martin Eichenbaum and Jonas D. M. Fisher

Introduction and summary
A classic question facing macroeconomists is: How 
does an increase in government purchases affect the 
economy? Our interest in this question is motivated 
by the desire to evaluate the properties of different 
rules and institutions for setting fiscal policy For 
example, should government purchases vary system
atically over the business cycle? What would the mac
roeconomic consequences of a balanced budget 
amendment be? What would the effect of a perma
nent decline in defense purchases be on aggregate 
employment and real wages? If we had observations 
on otherwise identical economies operating under the 
different fiscal policies that we are interested in evalu
ating, it would be easy to answer these types of ques
tions. But we do not. So we have no choice but to at
tack them within the confines of economic models.

Which model should we use? We have at our dis
posal a plethora of competing business cycle models, 
each of which incorporates different views of the way 
the economy functions and makes different recom
mendations for macroeconomic policy. So one’s views 
about the costs and benefits of different policy pro
posals depends critically on the model being used to 
assess the proposal. In this sense, research aimed at 
assessing the empirical plausibility of competing 
models is a crucial input to the policy process. One 
approach for choosing among competing models is 
to compare their predictions for the consequences of 
a shock for which we know how the actual economy 
responds.1 To the extent that different models give 
rise to different predictions, some will be counterfac- 
tual and can be eliminated from the field of choice.

Shocks to government spending are likely to be 
useful in this regard. This is because many models 
give rise to different predictions for the effects of an 
increase in government purchases on real wages and 
average labor productivity (output per man hour). 
Neoclassical models of the sort discussed in Barro

(1981), Aiyagari, Christiano, and Eichenbaum (1992) 
andEdelberg, Eichenbaum, and Fisher (1998) assume 
constant returns to scale and perfect competition. 
Models of this sort predict that real wages fall after 
an exogenous increase in government purchases, 
that is, after a change in government purchases that 
was not caused by other developments in the econo
my. For reasons discussed below, other models which 
deviate from the assumptions embedded in the neo
classical model generate different predictions. For 
example, models embodying increasing returns and 
imperfect competition of the sort considered by 
Devereaux, Head, and Lapham( 1996) andRotemberg 
and Woodford (1992) predict that real wages ought to 
rise. Which ofthe two predictions is correct?

Competing business cycle models also give rise 
to different predictions for how average labor produc
tivity responds to an increase in government pur
chases. For example, some authors assume that aver
age productivity of firms depends on the level of 
aggregate economic activity (for example, Baxter and 
King, 1992 and Farmer, 1993). Others assume that 
increasing returns to scale occur at the firm level (see 
Farmer, 1993). These models predict that average labor 
productivity should rise after an exogenous increase 
in government purchases. This prediction also emerges 
in models that allow for labor hoarding and variable 
capital utilization rates (Burnside, Eichenbaum, and 
Rebelo, 1993 and Burnside and Eichenbaum, 1996). 
Standard neoclassical models with constant returns 
to scale production functions (Aiyagari, Christiano, 
and Eichenbaum, 1992) predict that average labor

Martin Eichenbaum is a professor of economics at 
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Reserve Bank of Chicago, and a research associate at 
the National Bureau of Economic Research. Jonas 
Fisher is a senior economist at the Federal Reserve 
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productivity should fall. As with real wages, the key 
question is: Which prediction is correct?

The major difficulty in answering this question 
is identifying exogenous changes to government pur
chases. Simply observing what happens to real wages 
and average labor productivity after government pur
chases change does not reveal the effects of the 
changes in government purchases per se. This is be
cause government purchases themselves are affected 
by developments in the private economy, say because 
of attempts to stabilize the business cycle. In these 
cases movements in real wages and average labor 
productivity confound the effect of government 
purchases and the factors that caused those purchases 
to change.

Various approaches for identifying exogenous 
changes in government purchases have been pursued 
in the literature.2 Here, we build on the approach used 
by Rotemberg and Woodford (1992) and Ramey and 
Shapiro (1997) who focus on exogenous movements 
in defense spending as a proxy for exogenous move
ments in total government purchases. To isolate such 
movements, Ramey and Shapiro (1997) identify three 
political events that led to large military build ups 
which were arguably unrelated to developments in the 
domestic U.S. economy: the Korean War, the Vietnam 
War, and the Carter-Reagan military build up. We re
fer to these events as Ramey-Shapiro episodes. As 
inEdelberg, Eichenbaum, and Fisher (1998), our basic 
strategy is to document the behavior of various macro 
aggregates after the onset of the Ramey-Shapiro 
episodes, controlling for other developments in the 
U.S. economy.

Our main findings can be summarized as follows.3 
First, aggregate output and employment rise after an 
increase in government purchases. Second, real wages 
fall after an increase in government purchases. This 
is true across a broad range of real wage measures, 
including the measure used by Rotemberg and 
Woodford (1992) who argued that real wages rise 
after a positive shock to government purchases. Third, 
there is mixed evidence regarding the response of av
erage labor productivity to a positive shock in govern
ment purchases: It falls in the manufacturing sector 
but rises in the private business sector as a whole.

Our first finding is consistent with the predictions 
of all the models discussed above. Our second find
ing casts doubt on the empirical plausibility of the 
class of business cycle models which predict that real 
wages rise after an increase in government purchas
es. Our third finding suggests that it is premature to 
eliminate any of the competing models based on the 
response of average productivity to a shock in gov
ernment purchases.

In the next section, we summarize some compet
ing models and their predictions for the response of 
real wages and average productivity to a shock in 
government purchases. Then we assess the empirical 
plausibility of these models by analyzing what actual
ly happens after a shock to government purchases.

Shocks to product demand
and the labor market

Two of the many dimensions along which com
peting business cycle models differ are their assump
tions about the degree of competition in product mar
kets and the degree to which households internalize 
increases in tax liabilities associated with changes in 
government purchases. These differences give rise to 
different predictions for the response of real wages 
and average productivity to an increase in govern
ment purchases.

Neoclassical models assume that, at least to a 
first approximation, 1) product and labor markets are 
perfectly competitive, 2) if a firm increased the input 
of all its factors of production by a given percentage, 
then its output would rise by the same percentage, 
that is, output is produced using a constant returns 
to scale technology, and 3) in the short run, due to 
some factors of production being in fixed supply, the 
increase in output that results from hiring an additional 
worker, that is, the marginal product of labor, declines 
in the amount of labor hired.4

The first assumption implies that it is optimal for 
a firm to hire labor until the real wage equals the mar
ginal product of labor. This rule gives rise to a demand 
curve for labor of the type labelled DD in figure 1. This 
curve specifies the amount of labor that the typical 
firm is willing to hire at any given real wage rate. As
sumption 3 implies that the demand curve for labor is 
downward sloping: Other things equal, an increase in 
the real wage rate reduces the firm’s demand for labor.

According to models embodying assumptions 
1-3, the only factors that shift the market demand 
curve for labor are those which affect the marginal 
product of labor schedule. An example is a techno
logical improvement that raises the entire marginal 
product of labor schedule. In contrast, an increase in 
government purchases or the demand for goods from 
overseas has no effect on the marginal product of la
bor schedule. So, these types of changes would not 
affect the demand curve for labor.

We now turn to the supply of labor. Many busi
ness cycle models assume perfectly competitive labor 
markets in which workers decide how much labor to 
supply, taking as given the real wage (see King and 
Rebelo, 1998, for a review). The representative labor
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supplier behaves in a way that equates the marginal 
benefit and marginal cost of working. The marginal 
benefit equals the real wage rate times the marginal 
utility of wealth. The marginal cost equals the margin
al utility of leisure. Under standard assumptions, this 
behavior implies that an individual’s supply of labor 
will be an increasing function of the real wage rate. 
This relationship is summarized by the curve, labelled 
55, depicted in figure 1.

Equilibrium in the labor market is depicted in figure 
1 by the point E where the labor supply and demand 
curves intersect. Shocks to the economy affect em
ployment and real wages by shifting one or both of 
these curves. We have already argued that, in the neo
classical model, an increase in government purchases 
does not affect the demand for labor. So to affect equi
librium real wages and hours worked, an increase in 
government purchases must affect the supply of labor. 
It does this by affecting the marginal utility of wealth.

Suppose that individuals are rational, forward 
looking, and understand that an increase in the present 
value of government purchases raises the present 
value of their tax obligations and lowers their after tax 
wealth. Other things equal, this raises individuals’ 
marginal utility of wealth and shifts their labor supply 
curve to the right.5 Put differently, the fact that indi
viduals feel poorer because of the rise in their tax 
obligation causes them to offer more labor at any given 
real wage rate. In Figure 1 the new labor supply curve 
is labelled D'D'. The new equilibrium is depicted by 
the point E. It follows that in neoclassical models a 
rise in government purchases will lead to a rise in em
ployment and output but a decline in real wages and 
the marginal product of labor.6 For many specifications

of technology, the decline in the marginal product of 
labor also implies that average labor productivity falls.

Based on empirical evidence discussed below, 
Rotemberg and Woodford (1992) argue that the pre
dicted fall in real wages is counterfactual. To remedy 
this claimed defect, they abandon the assumption 
that firms are perfect competitors in the goods market. 
Instead they assume that firms have some market 
power and can set price above marginal cost. We 
refer to the ratio of price to marginal cost as the markup. 
With market power, firms will hire labor up to the point 
where the marginal product of labor is equal to the 
markup multiplied by the real wage rate.

Note that variations in the markup will affect the 
demand for labor just as technological improvements 
do. Suppose that a rise in the demand for goods 
drives firms’ markups down, that is, markups behave 
in a countercyclical manner. Then the demand curve 
for labor will shift to the right, say to D'D' in figure 
1, that is, at a given real wage rate firms will now wish 
to hire more labor. Rotemberg and Woodford (1992) 
discuss a variety of models of imperfect competition 
in which markups fall when the demand for goods 
is high.

For simplicity, suppose that consumers do not 
internalize the rise in tax liabilities associated with a 
rise in government purchases. Then, only the labor 
demand curve will shift in response to an increase in 
government purchases. The new equilibrium is depicted 
in figure 1 by the point 0. So here an increase in gov
ernment purchases leads to an increase in real wages 
as well as employment and output. As in neoclassical 
models, the marginal and average product of labor 
falls.7 So the key difference between these models 
lies in their prediction for the response of real wages.

Of course one could allow for labor supply effects 
in models with imperfect competition, as Rotemberg 
and Woodford (1992) do. Under these circumstances, 
both the demand and the supply curve would shift to 
the right when government purchases rise. Real wag
es would rise or fall depending on whether the demand 
or the supply effect dominated. Given Rotemberg and 
Woodford’s (1992) assumptions, the demand effect 
dominates and real wages rise. This situation is depict
ed in figure 1 by the point El which lies at the inter
section of the curves labelled D' D' and S'S'.

Other models exist in which the real wage could 
rise after an increase in government purchases. For 
example, Baxter and King (1992) and Farmer (1993) 
discuss models in which perfectly competitive firms 
produce output using a technology that exhibits con
stant returns to scale in firms’ own factors of produc
tion. But, unlike all of the models discussed above, it
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is assumed that each firm’s output is an increasing 
function of aggregate output. Now suppose that an 
increase in government purchases leads to a shift in 
the supply of labor. Given the assumptions in Baxter 
and King (1992) and Farmer (1993), the increase in 
aggregate output leads to an upward shift in the mar
ginal product of labor schedule. This in turn shifts 
the demand for labor to the right, that is, at every given 
real wage rate firms would like to hire more labor. After 
all adjustments have been made, the net result will be 
a rise in employment and output, and if the externali
ties are sufficiently large, a rise in the marginal product 
of labor, the average product of labor, and real wages.8

Finally, we note that neoclassical models and 
models embodying imperfect competition can be modi
fied to reverse their prediction that average labor pro
ductivity falls after an increase in government pur
chases. For example, Burnside, Eichenbaum, and 
Rebelo (1993) and Burnside and Eichenbaum (1996) 
modify a neoclassical model by allowing for labor 
hoarding and variable capital utilization. In 
their models, labor effort and capacity utiliza
tion rise after an increase in government 
purchases. For example, firms could in
crease line speeds or add extra shifts. The 
result is that in response to an increase in 
government purchases, employment, out
put, and measured average labor produc
tivity all rise, while real wages continue to 
fall. Presumably one could modify Rotemberg 
and Woodford’s (1992) model in a similar 
way to overturn the prediction that mea
sured average productivity falls after a 
positive shock to government purchases.

In sum, competing business cycle
models generate different predictions for 
the effects of a shock to government pur
chases. Next we assess these models by 
analyzing what actually happens after a 
shock to government purchases.

Identifying exogenous movements 
in government purchases

As discussed above, government pur
chases, Gt, respond to many developments 
in the economy. Consequently we must make 
assumptions to isolate movements in Gt that 
were not caused by the response of the 
government to factors affecting the private 
economy. Various authors have argued 
that defense purchases, gt, are less likely to 
respond to private sector developments.

Based on their reading of history and 
contemporary news accounts, Ramey and

Shapiro (1997) argue that they are able to isolate 
three arguably exogenous events that led to large 
military build ups: the Korean War, the Vietnam War, 
and the Carter-Reagan build up. They date these 
events at third quarter 1950, first quarter 1965, and 
first quarter 1980.9

As background to our analysis, panel A of figure 
2 reports the log of real defense expenditures with 
vertical lines at the dates of the Ramey-Shapiro epi
sodes. Panel B of figure 2 reports the share of defense 
spending in gross domestic product (GDP). Note that 
the time series on real defense expenditures is dominat
ed by three events: the large increase in real defense 
expenditures associated with the Korean War, the 
Vietnam War, and the Carter-Reagan defense build 
up. The Ramey-Shapiro dates essentially mark the 
beginning of these episodes.

Various econometric procedures can be used to 
exploit the identifying assumption that the Ramey- 
Shapiro episodes corresponded to the onset of
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exogenous increases in government purchases. The 
procedure that we used is described in box 1. Our ba
sic strategy is to summarize how the economy 
evolves over time using a statistical model which was 
estimated using quarterly U.S. data for the first quarter 
of 1948 through the fourth quarter of 1988. We chose 
this sample period to preserve comparability with 
Rotemberg and Woodford (1992). Edelberg, Eichen- 
baum, and Fisher (1998) present results obtained us
ing data from the first quarter of 1948 through the 
first quarter of 1996.

Given our statistical model, we use a simulation 
procedure to estimate how the economy responded 
to the onset of a Ramey-Shapiro episode. The simu
lated response functions which we report below give 
the impact of an average increase in defense expendi
tures, where the average is taken across the three 
Ramey-Shapiro episodes. Under our assumptions,

these correspond to an estimate of how the variable 
of interest would respond to a similar exogenous in
crease in government purchases. As a matter of termi
nology, we refer to the dynamic response of a variable 
to the onset of a Ramey-Shapiro episode as the re
sponse of that variable to a positive shock in govern
ment purchases.

Empirical results
The response of output and employment

Figure 3 reports our estimates ofthe dynamic re
sponse of real defense spending, total government 
purchases, and aggregate output to the onset of a 
Ramey-Shapiro episode. The black lines display our 
point estimates. The colored lines correspond to 68 
percent confidence interval bands. Consistent with 
results in Edelberg, Eichenbaum, and Fisher (1998), 
we find that the onset of a Ramey-Shapiro episode

BOX 1

Our econometric procedure

The statistical procedure that we used can 
be described as follows. Define the set of WAR 
dummy variables Dp where D = 1 if Z = {1950:Q3, 
1965:Q1, 198O:Q1} and zero otherwise. Denote by 
Xf the time Z value of the set of macroeconomic 
variables that we are interested in studying. We 
assume that Xt consists of a group of k variables 
which evolves over time according to:

1) X^ifX  ̂+ iB^+u,.
z'=l z'=0

Here A and5, i = 1,..., L are sets ofkxk 
matrices and ut is a vector of identically and in
dependently distributed random variables which 
are uncorrelated with A' , Z > 0, and D,, Z > 0. 
Equation 1, which is referred to as the vector au
toregressive representation (VAR) of A), describes 
how the economy evolves over time as a function 
of past history and current shocks to the system. 
Given estimates of A and/?, we can estimate the 
dynamic response of A) to a shock in defense ex
penditures by simulating the system in equation 1 
under the assumption that Df takes on the value 
of one. Under our assumptions we can obtain 
consistent estimates of these matrices using 
equation-by-equation least squares.

Unless otherwise stated, in our analysis the 
vector A) consisted ofthe log level of time Z real 
GDP, the net three-month Treasury bill rate, the

log of the producer price index of crude fuel, the 
log level of Ramey and Shapiro’s measure of real 
defense purchases, gp and the log level of the 
variable whose response function we are interest
ed in. In the case of inflation, we include the time 
Z rate of inflation in A'

We computed standard errors for our estimat
ed response functions using the following boot
strap Monte Carlo procedure. We constructed 
500 time series on the vector A) as follows. Let 
{z?( }(r=1 denote the vector of residuals from the 
estimated VAR. We constructed 500 sets of new 
time series of residuals, {iz,(y)},r=1, j= 1, •••, 500. 
The Zth element of {iifj)}Tt=x was selected by 
drawing randomly, with replacement, from the set 
of fitted residual vectors, {i/,(7)}f=i- For each 
{i/,(y)},r=i we constructed a synthetic time series 
of A), denoted {AT,(y')},r=1, using the estimated 
VAR and the historical initial conditions on A). We 
then reestimated the VAR using {A)(y)}(r=1 and 
the historical initial conditions, and calculated the 
implied impulse response functions fory = 1,..., 
500. For each fixed lag, we calculated the 80th 
lowest and 420th highest values ofthe corre
sponding impulse response coefficients across all 
500 synthetic impulse response functions. The 
boundaries of the confidence intervals in the fig
ures correspond to a graph of these coefficients.
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leads to a large, persistent, hump-shaped rise in real 
defense expenditures. These initially rise by about 
1 percent, with a peak response of 30 percent roughly 
six quarters after the shock. The response of total 
real government purchases is similar to that of de
fense purchases. While the response is smaller, it 
is still substantial: Total government purchases rise 
in a hump-shaped pattern with a peak response of 
12 percent.

Next we consider the response of aggregate out
put to a shock in government purchases. Paralleling 
the rise in defense expenditures, there is a delayed, 
hump-shaped response in real GDP, with a peak re
sponse of about 3.5 percent four quarters after the 
shock. The increase in private real GDP, defined as 
GDP minus federal, state, and local government pur
chases, is much smaller, with a peak response of 
about 1.8 percent. In their analysis, Rotemberg and
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Woodford (1992) measure aggregate output using pri
vate sector value added, defined as real gross national 
product (GNP) minus real value added by federal, state, 
and local governments. From figure 3 we see that real 
GDP, real GNP, and private sector value added respond 
in similar ways to a shock in government purchases. 
However the peak increase in private sector value 
added is considerably larger than the peak increase 
in private GDP.

Figure 4 displays the response of employment to 
a positive shock in government purchases. Notice 
that total private employment rises in a hump-shaped 
pattern which parallels the hump-shaped increase in 
defense and total government purchases. The response 
of employment in the manufacturing sector is qualita
tively similar to the response of total private employ
ment but is larger with a peak increase of roughly 5 
percent. Employment in both manufacturing durables
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and nondurables grows, with the increase in the first 
sector exceeding the increase in the second sector.10 
Consistent with Edelberg, Eichenbaum, and Fisher’s 
(1998) finding that structural investment rises after a 
positive shock to government purchases, we see that 
employment in the construction sector rises. Finally, 
figure 4 indicates that employment by the federal 
government also increases.

We conclude, as do Rotemberg and Woodford 
(1992), Ramey and Shapiro (1997), Blanchard and 
Perotti (1998), and Edelberg, Eichenbaum, and Fisher 
(1998), that a positive shock to government purchas
es leads to a broad-based expansion in aggregate 
economic activity, with private output expanding by 
less than total output. Since this finding is consistent 
with all of the models discussed in the second section 
of this article, we cannot use it to discriminate between 
them. For that, we must turn to the responses of real 
wages and average productivity.

The response of inflation and real wages
All of our measures of the returns to work are 

constructed deflating some nominal measure of wages 
by a price index. Therefore it is useful to understand 
how the different price indexes we use respond to a 
shock in government purchases. Figure 5 summarizes 
the response functions of four price indexes and the 
corresponding inflation rates. These price indexes 
are the GDP deflator, the Consumer Price Index (CPI), 
the Producer Price Index (PPI), and Rotemberg and 
Woodford’s (1992) private value added deflator.11 
The key result here is that all four price levels and in
flation rates rise in response to the shock in govern
ment purchases.

With this as background, we now consider the 
way the return to work responds to an exogenous in
crease in government spending. Figure 6 displays the 
response patterns of eight measures of real compen
sation: compensation in the private business sector 
and in the manufacturing sector, each deflated by the 
four price indexes discussed above. Two key results 
emerge here. First, regardless of which measure we 
use, real compensation falls after a positive shock to 
government purchases. Second, compensation in the 
manufacturing sector falls more than compensation in 
the overall private business sector Therefore compen
sation falls more in the sectors of the economy expe
riencing the largest growth in employment after the 
shock to government purchases.

Next we consider the response of real wages in 
the manufacturing sector. Figure 7 displays the re
sponse of eight different measures of real wages to a 
positive shock in government purchases: before- and 
after-tax real wage rates in the manufacturing sector,

calculated using the CPI, the PPI, the GDP deflator, 
and the private value added deflator, respectively.12 
The key results here are 1) as in Edelberg, Eichenbaum, 
and Fisher (1998), every measure of real wages falls 
after a positive shock to government purchases, and 
2) after-tax real wages fall by more than before-tax real 
wages.13 This second result is noteworthy because it 
is the after-tax real wage rate that is relevant for as
sessing the response of labor supply to an increase 
in government purchases.

It is worth emphasizing that the real wage mea
sure, denoted Manufacturing Wages/Private Value 
Added, is the same as the one used by Rotemberg 
and Woodford (1992). These authors argue that real 
wages increase after an increase in government pur
chases. The only difference between our analysis 
and theirs is the way exogenous increases in govern
ment purchases are identified. Like us, Rotemberg and 
Woodford (1992) seek to identify exogenous move
ments in government purchases with movements in 
defense purchases. But their procedure for isolating 
exogenous movements in defense purchases is differ
ent from ours. Specifically, they identify such move
ments with the error term in a regression of military 
purchases on lagged values of itself and the number 
of people employed by the military. Edelberg, Eichen
baum, and Fisher (1998) argue that there are at least 
three reasons for being skeptical of regression-based 
measures of exogenous shocks to government pur
chases. First, the estimated innovations may reflect 
shocks to the private sector that cause defense con
tractors to optimally rearrange delivery schedules, 
say because of strikes or other developments in the 
private sector. Second, private agents and the govern
ment may know about a planned increase in defense 
purchases well before it is recorded in the data. For 
example, suppose that the government receives infor
mation at a particular date that causes it to commit to 
a stream of defense purchases in the future. The vari
ables used in the regression for military purchases 
may not contain this information. If this is the case, 
then the regression-based procedure would generate, 
at best, a polluted measure of exogenous shocks to 
government purchases. Finally, inference using regres
sion-based measures of shocks to government pur
chases appears to be quite fragile to perturbations in 
the sample period used as well as the list of variables 
used (see Christiano, 1990).

To see what impact adopting the regression- 
based procedure would have on our results, we 
adopted as our measure of a shock to defense pur
chases the error term obtained by regressing gt on 
four lags of the log level of real GDP, the net three- 
month Treasury bill rate, the log of the Producer Price
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FIGURE 5

Response of prices and inflation to an increase in government purchases
(percentage response to WAR dummy)

A. Log of GDP deflator B. Rate of inflation—GDP deflator
percent

C. Log of Consumer Price Index D. Rate of inflation—Consumer Price Index
percent

E. Log of Producer Price Index F. Rate of inflation—Producer Price Index

G. Log of private value added deflator H. Rate of inflation—private value added deflator

Notes: Author estimations are described in the box. Each response is estimated using a five-variable system which includes the 
response variable, the three-month Treasury bill interest rate, defense purchases, real GDP and the Producer Price Index of crude 
fuel in manufacturing industries. The black lines are point estimates of the response functions and the colored lines are the 68 
percent confidence bands computed by the procedure in the box.
Sources: Author's calculations from data from U.S. Department of Commerce, Bureau of Economic Analysis—response variables 
for the GDP deflator and real private value added, defense purchases and real GDP; Board of Governors of the Federal Reserve 
System—Treasury bill interest rate; and U.S. Department of Labor, Bureau of Labor Statistics—response variables for the 
Producer Price Index, Consumer Price Index, and the Producer Price Index of crude fuel.
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FIGURE 6

Response of compensation to an increase in government purchases
(percentage response to WAR Dummy)

A. Compensation—private business/CPI
percent

B. Compensation—manufacturing/CPI
percent

C. Compensation—private business/PPI D. Compensation—manufacturing/PPI

E. Compensation—private business/PGDP F. Compensation—manufacturing/PGDP

G. Compensation—private business/private value added H. Compensation—manufacturing/private value added
percent

Notes: Author estimations are described in the box. Each response is estimated using a five-variable system which includes the 
response variable, the three-month Treasury bill interest rate, defense purchases, real GDP and the Producer Price Index of crude 
fuel in manufacturing industries. The black lines are point estimates of the response functions and the colored lines are the 68 
percent confidence bands computed by the procedure in the box.
Sources: Author's calculations from data from U.S. Department of Commerce, Bureau of Economic Analysis—response variable, 
deflators for PGDP and private value added, defense purchases, and real GDP; Board of Governors of the Federal Reserve 
System—Treasury bill interest rate; and U.S. Department of Labor, Bureau of Labor Statistics—deflators for the Producer Price 
Index and Consumer Price Index, compensation, and the Producer Price Index of crude fuel.
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FIGURE 7

Response of real wages to an increase in government purchases 
Before tax After tax

A. Manufacturing wages—CPI B. Manufacturing wages—CPI

C. Manufacturing wages—PPI
percent

D. Manufacturing wages—PPI
percent

H. Manufacturing wages—private value added

Notes: Author estimations are described in the box. Each response is estimated using a five-variable system which includes the 
response variable, the three-month Treasury bill interest rate, defense purchases, real GDR and the Producer Price Index of crude 
fuel in manufacturing industries. The black lines are point estimates of the response functions and the colored lines are the 68 
percent confidence bands computed by the procedure in the box.
Sources: Author's calculations from data from U.S. Department of Commerce, Bureau of Economic Analysis—response variable, 
deflators for PGDP and private value added, defense purchases, and real GDP; Board of Governors of the Federal Reserve 
System—Treasury bill interest rate; U.S. Department of Labor, Bureau of Labor Statistics—deflators for the Producer Price Index 
and Consumer Price Index, wages, and the Producer Price Index of crude fuel; and Fairlie and Meyer (1996)—taxes.
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Index of crude fuel, andgr14 Figure 8 displays the cor
responding estimated response functions of defense 
spending, total government purchases, and Rotemberg 
and Woodford’s (1992) real wage measure. Three key 
results emerge. First, the new shock measure contin
ues to generate a hump-shaped increase in defense 
spending and total government purchases. Second, 
after an increase in the new shock measure, the before
tax version of Rotemberg and Woodford’s (1992) real 
wage measure briefly falls, but then rises. We conclude 
that the reason for the difference between our results 
and those of Rotemberg and Woodford (1992) is that 
we identify an exogenous increase in government 
purchases in different ways. Third, even with the new 
shock measure, the after-tax version of Rotemberg 
and Woodford’s (1992) wage measure falls in response 
to a rise in government purchases. Viewed overall, we

believe that the preponderance of the evidence is 
clear: Real wages fall, rather than rise, after an exoge
nous increase in government purchases.

The response of average productivity
Figure 9 presents our estimates of the response

of average productivity to a positive shock in gov
ernment purchases. As can be seen, average produc
tivity falls in the manufacturing sector. Interestingly, 
it falls by more in the sector where output and employ
ment rise the most: durables manufacturing. This is 
consistent with models which assume that output is 
produced using a constant return to scale technolo
gy and which abstract from varying labor effort and 
capacity utilization. However, average productivity in 
the business and nonfarm sectors appears to rise. 
This offers support to alternative theories which allow
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for increasing returns to scale, labor hoarding, and/or 
variable capacity utilization. It would clearly be of in
terest to track down the reasons for the difference in 
the response of average productivity in the manufac
turing, business, and nonfarm sectors. Unfortunately, 
the data to do this are, to the best of our knowledge, 
unavailable. Absent a resolution of this puzzle, we are 
unwilling to say which of the competing theories is 
favored by the average productivity evidence.

Conclusion
This article builds on results in Edelberg, Eichen

baum, and Fisher (1998) to characterize the effect 
of an exogenous increase in government purchases 
on output, employment, real wages, and average 
labor productivity. Our results shed light on the em
pirical plausibility of alternative business cycle mod
els. Our main finding is that after a positive shock to
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government purchases, employment rises but real 
wages fall. This is consistent with models that stress 
the effect of higher tax obligations associated with a 
rise in government purchases. It is inconsistent with 
models that stress the importance of increasing re
turns to scale in production and/or countercyclical 
markups. Our results presume that exogenous chang
es in defense purchases are a reasonable proxy for ex

ogenous changes in total government purchases. 
This is an important maintained assumption in much 
of the literature. It is certainly open to challenge. It 
would be interesting to obtain other measures of 
exogenous increases in government purchases and 
aggregate demand to see if they too lead to a rise in 
employment and a fall in real wages.

NOTES

xSee Christiano, Eichenbaum, and Evans (1998) for a review of 
the literature that uses this strategy to distinguish between 
competing models of the monetary transmission mechanism.

2See Edelberg, Eichenbaum, and Fisher (1998) for a discussion.

3Many of the results reported in this paper appear in Edelberg, 
Eichenbaum, and Fisher (1998).

4For a recent review of this class of models, see King and 
Rebelo (1998).

5To simplify the discussion we have implicitly assumed that 
taxes are lump sum in nature.

6See Aiyagari, Christiano, and Eichenbaum (1992) for a formal 
discussion of this point.

7This follows from the assumed properties of the technology 
for producing goods.

8See Farmer (1993) for models of imperfect competition and 
increasing returns to scale at the firm level that generate the 
same set of predictions as the models just discussed.

9See Ramey and Shapiro (1997) for a detailed discussion of how 
these dates were chosen. Also see Edelberg, Eichenbaum, and 
Fisher (1998) for a discussion of robustness of results to per
turbations in these dates.

10This is consistent with results of Eichenbaum, Edelberg, and 
Fisher (1998) who show that output in the durables manufac
turing sector expands by more than output in the nondurables 
manufacturing sector.

"The private value added deflator is constructed by dividing 
nominal value added produced in the private sector by con- 
stant-dollar value added in the private sector.

12After-tax wages are constructed using the annual average 
marginal tax rates reported in Fairlie and Meyer (1996).

"Edelberg, Eichenbaum, and Fisher (1998) show that before- 
and after-tax real wage rates in the durable goods, nondurable 
goods, wholesale trade, and construction sectors also fall.

"Estimated impulse response functions were obtained using a 
vector autoregression assuming military spending does not re
spond within the quarter to the other variables in the system.
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Real-time Taylor rules and the federal 
funds futures market

Charles L. Evans

Introduction and summary
The Federal Reserve Act (as amended by the Full Em
ployment and Balanced Growth Act of 1978) specifies 
that the Board of Governors of the Federal Reserve 
System and the Federal Open Market Committee 
should seek to “promote effectively the goals of max
imum employment, stable prices, and moderate long
term interest rates” (Board of Governors ofthe Federal 
Reserve System, 1994). Maximum employment facili
tates the creation of national income and wealth. Low 
and predictable rates of inflation help ensure that finan
cial resources are allocated efficiently to their most 
productive uses. When long-term interest rates are 
moderate, the interests of borrowers and savers are 
balanced to produce sustained high rates of capital 
accumulation. With these broad objectives in mind, 
the Federal Open Market Committee (FOMC) assesses 
the state ofthe U.S. economy and charts a course for 
monetary policy.

How are these monetary objectives translated 
into month-to-month monetary policy decisions? 
Perhaps the most accurate answer to this question is 
contained in the minutes ofthe FOMC meetings, the 
Federal Reserve Chairman’s semi-annual testimony to 
Congress as mandated by the Humphrey-Hawkins Act, 
and numerous speeches by members of the FOMC 
on an almost daily basis. The sheer volume of this 
material is somewhat daunting, and a more casual 
observer of economic events would almost surely 
appreciate a simpler answer to this question.

This article explores two recent developments in 
attempts to describe by simple means the response 
of monetary policy to changing economic events.
The first development is the introduction in 1988 of 
a futures market for the federal funds rate. Since 1982, 
the primary instrument of monetary policy has been 
the federal funds rate, either directly or indirectly.1 
The futures market data provides a market expectation 
for the future course of the fed funds rate. In principle, 
the market participants have digested a large volume

of material related to the FOMC’s expected future 
actions, so the futures rate reflects this information. 
Of course, moving the question from the FOMC’s 
deliberations to the futures market’s inference about 
FOMC actions is simply trading one black box expla
nation for another.

The second development, however, holds poten
tial for looking into this black box. In 1993, John Taylor 
suggested a simple formula that he believes describes 
how the Federal Open Market Committee has set the 
federal funds rate since 1987.2 This formula has been 
dubbed the Taylor rule, and its predictions matched 
the 1987-92 path ofthe federal funds rate rather well. 
The Taylor rule states that 1) the federal funds rate 
should be increased/decreased whenever real gross 
domestic product (GDP) is above/below its trend level, 
and inflation has been above/below its desired level; 
and 2) that equal weight should be given to output 
and inflation gaps. Taylor finds that his rule’s predic
tions are quite accurate. Consequently, the Taylor rule 
approximately answers the question posed earlier 
about month-to-month monetary policy decisions. 
Further confirmation would follow if the Taylor rule 
predictions roughly matched the predictions of the 
federal funds futures market.

An important caveat, however, has been raised 
by Orphanides’s (1997) analysis ofthe Taylor rule in 
practice. Taylor used final, revised data that were not 
available to the FOMC at the time it set the federal 
funds rate. Orphanides uses the actual data and fore
casts from the FOMC’s staff forecasts to construct 
real-time predictions according to the Taylor rule; the 
results are not as satisfactory as Taylor’s findings.

Charles L. Evans is a senior economist and vice 
president at the Federal Reserve Bank of Chicago. The 
author would like to thank Marty Eichenbaum, Anil 
Kashyap, David Marshall, and Athanasios Orphanides 
for helpful comments and George Essig and Sharon 
Paulus for research assistance.
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In comparing the Taylor rule predictions with the fu
tures market implications, it is important to use real
time data since market participants made decisions 
with the real-time data, not the final, revised data.3

Orphanides’s analysis of the Taylor rule with 
real-time data uses only data through 1992. The fact 
that official Fed staff forecasts are only released with 
a five-year delay limits his data availability. In my 
analysis, I modify Taylor’s rule so that it can be 
analyzed through 1997 using data on the unemploy
ment rate and the Consumer Price Index (CPI).4 It 
turns out that these data are real-time data. Specifi
cally, while real GDP and the GDP deflator are revised 
regularly, the unemployment rate and the CPI do not 
get revised. Of course, additional assumptions must 
be made in order to make the unemployment/CPI Tay
lor rule comparable to Taylor’s original rule. These as
sumptions are spelled out below.

The empirical evidence comparing the modified, 
real-time Taylor rules with the futures market data is 
mixed. The futures contract data do better than the 
unemployment/CPI Taylor rules considered here. From 
1989-97, the standard deviation of the three-month- 
ahead futures forecast error is 28 basis points. The 
Taylor rule forecasts considered in this article have 
standard deviations that range from 100 basis points 
to a low of 42 basis points. The unemployment/CPI 
Taylor rules do not account for the large increases in 
the funds rate in 1989 and the relatively low funds 
rates in 1993-94. The futures market participants per
formed substantially better during these periods.5 
Nevertheless, although the best Taylor rule forecast 
has a standard deviation 50 percent higher than the 
futures data, the overall fit appears good enough to 
justify its use as a rough description of monetary 
policy actions for the purposes of evaluating alterna
tive econometric models of the monetary policy 
transmission mechanism.

Fed funds futures as forecasts of future 
monetary policy shifts

Since the federal funds rate has been the primary 
instrument of monetary policy since 1982,1 use the 
federal funds futures data to produce a market expec
tation for the fiiture path of the federal hinds rate. This 
futures market allows market participants to hedge 
their exposure to a certain type of interest rate risk. For 
example, consider a bank that anticipates the need to 
borrow $ 100 million in the interbank market for a num
ber of weeks. Suppose the current federal funds rate 
is 4 percent and the bank is concerned that the rate 
may increase to 5 percent during this period. If the 
bank is fairly certain about the likelihood of this higher

funds rate path, it may be willing to lock in a 4.5 per
cent interest rate over the next month. If other provid
ers of federal funds expect the funds rate to remain 
unchanged at 4 percent, they may be willing to guar
antee a luture interest rate of 4.5 percent over the 
next month. Consequently, there is an opportunity to 
pool these interest rate risks by using the futures mar
ket. Krueger and Kuttner (1996) found that the federal 
funds futures market is efficient: that is, the futures 
data provide predictions on the future path of the 
federal funds rate that cannot be improved upon by 
considering other financial or macroeconomic data 
available to market participants at the time.6

Figure 1 displays the federal funds rate forecast 
implied by the one-month-ahead and three-month- 
ahead futures contracts, as well as the actual funds 
rate. On the whole, the futures data track the funds 
rate fairly well. However, movements in the actual 
funds rate often precede the expected movement from 
the futures rate data. For example, in October 1990, 
the funds rate was 7.75 percent and in June 1991 it 
was 5.75 percent. Both the one-month and three-month 
futures contracts were surprised by this rapid reduc
tion in the fiinds rate. For each contract, the futures 
data implied a greater likelihood that the current fiinds 
rate (at that time) would be maintained. As the funds 
rate was reduced during this period, the futures mar
ket gradually ratcheted down its own expectation.

Panel C displays the actual forecast error: that is, 
the difference between the futures rate forecast of the 
federal funds rate and the actual funds rate. Three ob
servations are noteworthy. First, the forecast errors 
are larger for the three-month-ahead contract. This 
is not surprising. Movements in the fiinds rate are 
extremely persistent, with the funds rate not chang
ing for long periods of time. Consequently, when eco
nomic developments change sufficiently to warrant a 
movement in the funds rate, the longer forecast hori
zon implies more uncertainty about how interest rates 
will move. Second, there are typically large prediction 
errors around the time that the funds rate path chang
es its tilt; examples of these large errors occur in late 
1990, late 1992, early 1994, and early 1995. Aclosely 
related point is that negative forecast errors tend to 
be associated with a declining federal fiinds path, and 
positive errors with a rising federal funds path. Finally, 
from 1989 through 1997, the standard deviation of the 
forecast errors was 14 basis points and 32 basis points 
for the one-month and three-month-ahead contracts, 
respectively.

Since the federal funds futures market is effi
cient, market participants are using all available and 
useful information in forecasting the future path of
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FIGURE 1

Futures forecasts of the federal funds rate 
A. Federal funds rate and one-month-ahead futures rate

B. Federal funds rate and three-month-ahead futures rate

C. Forecast errors from futures data

Notes: The daily futures rates are averaged over the 
month to construct the monthly data observations. The 
one-month-ahead futures rate for January 1990 is the 
implied federal funds rate composed from the December 
one-month-ahead futures contract data. Similarly, the 
three-month-ahead futures rate for January 1990 is 
computed from October 1989 data.
Source: Board of Governors of the Federal Reserve 
System and the Chicago Board of Trade.

the federal funds rate. As Rudebusch (1997) has 
pointed out, these market forecasts are completely 
flexible in their ability to incorporate new information, 
unlike more rigid highly parameterized and stylized 
statistical models. Consequently, to the extent that 
the futures market is efficient, the standard deviation 
of 32 basis points for the three-month-ahead forecast 
error can be thought of as a lower limit on the ability 
of statistical models to forecast future changes in the 
federal funds rate for the next quarter.

Taylor's rule for monetary policy
In an influential article, Taylor (1993) summarized 

recent evidence on how industrialized economies 
were likely to perform when the monetary authority 
followed simple rules in setting short-term interest 
rates. In econometric simulations, the variability of 
real GDP growth and inflation was relatively low when 
a monetary authority increased short-term nominal 
interest rates in response to strong GDP growth or 
rising inflation. Taylor then asked, could the behavior 
of the Federal Open Market Committee during Alan 
Greenspan’s tenure as chairman be described in terms 
of a simple rule? Interestingly, Taylor’s answer was yes.

Taylor specified the following rule for the setting 
of the federal funds:

1) FF, = r, + rc, i j(v,-y,*) i it*),

where FF is the federal funds rate, r is the real inter
est rate, n is the average inflation rate over the prior 
four quarters, n* is the target inflation rate, y is real 
GDP, andy* is trend real GDP. This policy rule instructs 
the monetary authority to raise the federal funds rate 
by one-half of the output gap (yt - y*) and one-half 
of the inflation gap (Jtf-7t*).

Taylor’s discussion indicates that the numerical 
parameters were selected primarily for illustrative pur
poses. The real interest rate and inflation target are 
both assumed to be 2 percent, and the weights on 
output and inflation are each ’A. However, as figure 2 
indicates, the implied path for the federal funds rate 
during the Greenspan era (at the time of Taylor’s writ
ing in 1992 and early 1993) matched the actual path 
quite well.7 Reconstructing Taylor’s analysis is diffi
cult since the data he used have been revised sub
stantially. Nevertheless, the data in figure 2 are from 
National Income and Product Account releases 
around the time ofTaylor’s 1992-93 analysis. PanelA 
displays the deviation of real GDP from Taylor’s trend 
path estimated over the time period 1984-92. Panel B 
is the four-quarter average growth rate of the implicit 
GDP deflator. Panel C displays the implied path for 
the federal funds rate versus the actual funds rate. 
The Taylor rule picks out the general rise in the inter
est rate from 1987 through early 1989 and then the re
versal through 1992. It is particularly interesting that 
the Taylor rule includes no references to the past his
tory of the federal funds rate. This path of the funds 
rate emerges solely from macroeconomic fundamental 
variables, not simply the past history of the federal 
funds rate.8
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FIGURE 2 FIGURE 3

The Taylor rule and the futures market 
A. The Taylor rule and the one-month-ahead futures rate
percentage rate, annual

2.0 ---------------- 1-------------- 1----------------- 1--------------- 1-----------------1—
1987 ’88 ’89 ’90 ’91 ’92

B. The Taylor rule and three-month-ahead futures rate
percentage rate, annual
10.0 i-

2.0 ------------- 1------------ 1------------- 1------------- 1-------------- 1—
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C. Forecast errors from the Taylor rule and futures data
percent deviation, annual
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Notes: The daily futures rates are averaged over the 
month to construct the monthly data observations. The 
one-month-ahead futures rate for January 1990 is the 
implied federal funds rate composed from the December 
one-month-ahead futures contract data. Similarly, the 
three-month-ahead futures rate for January 1990 is 
computed from October 1989 data.

Figure 3 displays the differences between the 
actual federal funds rate and the implied funds rates 
from my recreation ofthe original Taylor rule, the 
one-month and three-month-ahead futures rate data.9 
The Taylor errors cover his original sample period of 
1987-92, while the futures errors begin in 1989, soon 
after the futures market began. Over the common 
sample period of 1989:Q2 through 1992:Q3, the stan
dard deviations of the Taylor and three-month-ahead 
futures errors were 31 basis points and 34 basis points, 
respectively. In other words, the Taylor rule did slightly 
better than the federal funds futures. The patterns 
indicate that both forecasts were surprised by the

rapidness ofthe policy easing in early 1991. Other 
surprises tended to be more idiosyncratic. The Taylor 
rule overpredicted the funds rate in late 1990 when the 
futures market did not. The futures market was sur
prised by the rate reductions in late 1991 when the 
Taylor rule was not. On balance, for this small number 
of observations, these two simple methods of predict
ing monetary policy performed similarly.

At first glance, the excellent performance of the 
Taylor rule seems amazing. After all, this policy rule 
does not peek at the actual level of the funds rate at
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any time. Furthermore, the Taylor rule performed bet
ter than the futures market. Although the discrepancy 
is small, it is slightly surprising that the futures market 
forecast errors tended to be slightly larger over this 
small number of observations. However, the Taylor 
rule has at least one advantage over the futures market 
participants, and possibly two.10

First, the Taylor rule uses a measure of the out
put gap which is computed from a regression of the 
logarithm of real GDP on a linear trend over the sam
ple period 1984-92. Simply put, this estimate uses in
formation about future movements in real GDP which 
the futures market and other interested parties did 
not have. Second, the real GDP data which Taylor 
used in his study had been revised from the initial 
data releases that futures market participants and 
monetary policymakers had access to. It’s unclear 
how or if this later data helps to better identify the 
policy decisions of the FOMC, but it is a source of 
difference between the Taylor rule and the information 
available to futures market participants at the time of 
the futures contracts. If we implement a Taylor rule 
but restrict the data inputs to information actually 
available, would we continue to see the excellent 
performance of the Taylor approach?

Simple policy rules and real-time data
Orphanides (1997) has investigated the robust

ness of Taylor’s original fed funds projections from 
1987 to 1992. Specifically, Orphanides points out that 
the FOMC and market participants did not have the 
final revised GDP and implicit GDP deflator data that 
Taylor used (as displayed in figure 2). Instead, 
Orphanides uses the actual GDP and deflator data that 
the Board of Governors’ staff presented to the FOMC 
at the time of their meetings during this period.11 To 
compute the output gap, he uses an estimate of poten
tial output, constructed by Board staff, at the time of 
the meeting. In this way, there is no possibility that 
data unavailable to the FOMC are contaminating the 
projected path of the federal funds rate using the sim
ple rule for monetary policy.

Orphanides finds a very different picture than 
the one contained in figure 2. The real-time data do 
imply a general increase in interest rates from 1987 
through 1988 and then a decline into 1992. But the 
implied level of the federal funds rate in early 1987 is 
200 basis points lower than Taylor’s calculation; and 
often the discrepancy is as large as 100 basis points. 
There is also a period from mid-1989 through mid-1990 
when the real-time data indicate a rising funds rate, 
but the actual fiinds rate was falling. As Orphanides

discusses, the real-time data from 1987 through 1990 
suggested smaller output and inflation gaps than 
Taylor’s data; this implied substantially lower projec
tions of the fiinds rate using the Taylor rule. This anal
ysis implies that the federal funds futures market 
projections were in fact much more accurate than a real
time Taylor rule using real GDP and GDP deflator 
data. Orphanides’ analysis highlights an important 
example in which data revisions play a potentially 
important role in the monetary policy review process.

There are two other examples from this period 
that emerge from the U.S. Bureau of Labor Statistics 
(BLS) employment report The first example centers 
on the reduction in the federal funds rate from 3.25 
percent to 3 percent on September 4, 1992. Unbe
knownst to participants at the time, this was the final 
interest rate cut following the initial reduction from 
9.75 percent in 1989. On September 4, the BLS released 
the August employment report. According to reports 
in the New York Times and Wall Street Journal, mar
ket analysts expected the August employment report 
to overstate true employment growth by 100,000 to 
150,000 jobs.12 The explanation involved a seasonal 
adjustment factor that did not accurately account for 
an unusual season of summer jobs programs in 1992. 
The initial data release at 8:30 a m. EDT indicated reduc
tions in total establishment payrolls of 83,000 jobs 
and 167,000 private jobs. These numbers were inter
preted as overestimates of true employment chang
es.13 At 9:00 a.m. EDT, the target federal funds rate 
was reduced by 25 basis points to 3 percent.

One interpretation of this policy move is that the 
normal response of monetary policy to a sharp, unex
pected reduction in employment at this juncture was 
to ease monetary policy. In other words, analysts at 
the time probably did not interpret this as an exoge
nous monetary policy shock to the economy. By the 
time this article was prepared in 1998, however, the 
August 1992 employment data had been revised to 
reflect an increase in total establishment payrolls of 
129,000 jobs. In other words, the data revisions sug
gest that the economy was growing more strongly 
than market analysts and the FOMC anticipated at 
the time of the 25 basis point cut in the federal funds 
rate on September 4, 1992. If the prior easing was 
thought to be a normal response to an employment 
reduction of 167,000 (less another 100,000), then it 
most likely looks now to be an exogenous policy eas
ing relative to employment growth of 129,000. This 
example shows how data revisions can alter every
one’s perspective on the state of the economy after 
the fact, and possibly even the rationale for a change 
in interest rates.
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The second example can be found in the two 
years following the 1990-91 recession, when employ
ment grew slowly. However, part of this perception 
has been altered by data revisions. During this period, 
a common benchmark comparison was to relate the 
current level of employment to the previous business 
cycle peak level of employment in July 1990. Panel A 
of figure 4 shows that as of March 1993, payroll employ
ment had only closed 48 percent of the gap between the 
peak and trough levels of employment. In June 1993, 
the BLS announced its annual benchmark revisions. 
Panel A also displays the revised data as of June 1993. 
The revisions reduced the peak level of employment 
in 1990 and increased the growth in payrolls from June 
1992 through 1993. Suddenly, with the data revisions, 
the March 1993 employment gap was 80 percent 
closed and completely closed with the June 1993 
increase in employment.

Panel B of Figure 4 displays an alternative measure 
of employment, constructed from surveys of house
holds which are used in constructing the unemploy
ment rate. Month-to-month movements in these data 
are more variable than the corresponding payroll em
ployment data. However, this measure of employment

does not get revised. For the 1991-93 period, the 
household survey more quickly made apparent the 
fact that employment regained its prior business cycle 
peak by early 1993. Even though the month-to-month 
movements in the household survey measure of em
ployment are quite volatile, longer horizon movements 
seem to provide useful corroborating information 
about the state of the economy. Consequently, the 
household survey of employment and the unemploy
ment rate are plausible alternative sources of data on 
economic activity that are not subject to data revisions.

Taylor-type rule using unemployment 
and CPI data

The previous discussion has highlighted the dif
ficulties that real-time data considerations pose for 
implementing monetary policy. Specifically, any poli
cy that relies on data that are ultimately revised can 
yield conflicting policy recommendations over time. 
However, policy rules that are based on data that do 
not get revised will not suffer from this. Of course, 
this data must be sufficiently informative about the 
state of the economy to be used in place of real GDP 
and the implicit GDP deflator. Another way to com
pute a Taylor-type monetary policy rule is to use the 
unemployment rate and the CPI. Clearly these data 
are relevant to the setting of monetary policy: In their 
semi-annual report to Congress, the FOMC presents 
forecasts of the unemployment rate and the CPI infla
tion rate. These data do not get revised, except for 
their seasonal factors which presumably do not play 
a large role in the discussion. Since food and energy 
inflation rates tend to be more volatile and transitory 
than other components of the CPI, many business 
analysts and policymakers exclude food and energy 
from their CPI analyses as a better indicator of under
lying inflationary pressures than the total CPI. Here
after, this will be referred to as the core CPI.

Just as Taylor’s rule required additional assump
tions, implementing an unemployment/CPI Taylor rule 
requires additional judgment. Specifically, I consider 
the following rule:

2) FF, = /; i 7t, + I* okun (u*t- uf) i

where uf is the unemployment rate, u* is the natural 
rate of unemployment, and okun is a parameter that 
refers to Okun’s law. As in equation 1, the target infla
tion rate and the real interest rate are each assumed 
to be 2 percent.14 Two new conceptual issues are 
introduced in this formulation of a Taylor rule. First, 
the natural rate is that value of the unemployment 
rate, which if maintained, would forecast no change
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in the inflation rate. In Taylor’s rule, the strength of 
economic activity is measured by the percentage 
points that real GDP is above its trend path. In the 
rule considered here, it is measured by the percent
age points that the unemployment rate is below its 
natural rate of unemployment. Just as trend GDP is 
not observed or reported by a government agency, 
neither is the natural rate; some estimate is neces
sary. The time subscript allows for the possibility 
that the natural rate varies over time. The second new 
concept is Okun’s law which describes the relation
ship between output gaps and unemployment gaps. 
In 1962, Arthur Okun observed that a 1 percent fall in 
the unemployment rate from its full employment level 
tended to produce a 3 percent increase in real GDP 
relative to trend. There is substantial uncertainty as 
to the precise value for Okun’s law. For example, Hall 
and Taylor (1988) cite 3 percent as the value of Okun’s 
law, while Mankiw (1994) uses 2 percent. In any event, 
for the remainder of this article, 1 will assume the Okun’s 
law coefficient to be 3.

The most controversial aspect of this rule is the 
selection ofthe natural rate of unemployment. Until 
recently, many economists argued forcefully that the 
natural rate of unemployment was 6 percent (Gordon,

1997). However, in recent years, the unemployment 
rate has fallen below 6 percent and inflation has con
tinued to fall. Possible inferences are 1) the theory 
is wrong and there is no relationship between unem
ployment and inflation; 2) the natural rate of unem
ployment varies over time and has fallen well below 
6 percent currently; 3) the natural rate was always be
low 6 percent but economists’ inference about its value 
has been wrong until lately; 4) the theory is right with 
6 percent, but our measures of inflation do not proper
ly reflect true inflationary pressures; or 5) something 
else is afoot. Next, 1 consider several alternatives.

Time-invariant natural rates
Figure 5 displays two implementations ofthe 

unemployment/CPl Taylor rule. The natural rate is 
assumed to be 6 percent in one case, and 6.5 percent 
in the other. There is some evidence that the natural 
rate was as high as 6.5 percent in 1987, which is when 
my analysis ofthe unemployment/CPl Taylor rule 
begins (Braun, 1990). Since both rules assume that 
the target inflation rate is 2 percent, the only differ
ences come about due to the unemployment rate 
assumptions.
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Assuming the natural rate to be 6.5 percent results 
in a higher projected path than when 6 percent is as
sumed. For example, the 6 percent rule implies that 
the unemployment rate was below the natural rate 
from late 1987 through late 1990 and thus contributed 
to a higher than otherwise funds rate. However, the 
6.5 percent rule implied a still more contractionary 
policy setting during all of 1987 and into early 1991. 
Nevertheless, neither rule can account for the large 
run-up in the fiinds rate in 1989. Similarly, Orphanides’s 
analysis of the Taylor rule with real-time GDP data 
could not account for the 1989 episode. Apparently 
the initial GDP releases and the unemployment data 
painted a similar picture of the economy. According to 
this analysis using real-time data, the 1989 fiinds rate 
was surprisingly high given the data at the time. 
Recalling that Taylor’s original implementation large
ly accounted for the 1989 period, that success was an 
apparently fortuitous outcome due to either 1) subse
quent data revisions unknown at the time of the mone
tary policy deliberations or 2) the fact that Taylor’s esti
mate of trend GDP assumed knowledge of future GDP.

Figure 5 also shows the 6.5 percent rule matches 
well the reduction in the funds rate from late 1990 
through mid-1992, while the 6 percent rule better 
matches the bottoming out of the funds rate in 1993. 
As the unemployment rate remained relatively steady 
in 1995, the 6.5 percent rule better captured the level 
of the funds rate.

Although these rules do capture some of the 
broad movements in the funds rate path over this 
period, the prediction errors are sizable. Another un
settling fact is that neither of these rules dominates 
the other. The assumption of a constant natural rate 
of unemployment may be the source of this conflict.

Time-varying natural rates of unemployment
An alternative is to allow the natural rate of unem

ployment to vary over time. King, Stock, and Watson 
(1995) study the relationship between inflation and 
the unemployment rate. They specify an econometric 
model that can be used to estimate a time-varying 
NAIRU—that value of the unemployment rate, which 
if maintained, would forecast no long-run change in 
the inflation rate. Their statistical model assumes that 
inflation evolves depending upon its own past history 
and the history of the unemployment gap They model 
the natural rate as an unobserved random walk. I esti
mated their model over the sample period 1970-86 us
ing the Kalman Filter methods they employed.15

Figure 6 displays the unemployment rate and 
two measures of the time-varying NAIRU for the period 
1987-97, using the estimated coefficients from the

1970-86 sample period. The first measure comes from 
the Kalman filter, and is a real-time measure (NAIRU-KF). 
For example, the NAIRU-KF estimate in July 1987 is a 
function of the data known at that date in 1987 and 
no future data. The second measure comes from the 
Kalman smoother (NAIRU-KS). The measure NAIRU- 
KS provides a statistically more accurate assessment 
of the NAIRU, but it is constructed using all of the 
data through 1997. This means that the 1987 estimate 
is a function of 1997 data, and so could not have been 
known in real time. The NAIRU-KS estimates have 
the flavor of historical data that are continually revised 
as new data are released. In this sense, the analysis 
using NAIRU-KS is similar to Taylor’s analysis using 
historically revised GDP data. Notice that the real
time NAIRU is above the smoothed NAIRU; conse
quently, the real-time assessment of the inflation- 
unemployment data suggests more inflationary pres
sures over the 1987-97 period than the full-sample 
Kalman smoother estimate. In the unemployment/CPI 
Taylor rule, this means that the funds rate path will 
be higher using the real-time NAIRU estimates.

Figure 6 displays six alternative settings of the 
unemployment/CPI Taylor rule. Panels C and D of fig
ure 6 use the NAIRU-KS measure for the unemploy
ment gap, while panels E and F use the real-time NAI
RU-KF measure. In panels C and E, the black line is 
the rule referred to in equation 2, while the colored 
line is a forward-looking measure. In this latter case, 
the inflation gap is measured as the difference between 
the forecasted average inflation rate over the next 12 
months minus the inflation target. The inflation fore
cast is computed using King-Stock-Watson’s infla
tion model. Panels D and F contain an adaptive rule. 
Inflationary expectations in the inflation gap are taken 
to be a simple average of the backward-looking and 
forward-looking inflation measures. Inflationary expec
tations of this form have been suggested by Fuhrer 
and Moore (1995) and Roberts (1998). The adaptive rule 
is neither well-grounded in economic theory nor an 
optimal forecast of inflation based upon any particu
lar statistical model. However, the adaptive rule does 
impart an additional degree of inertia into inflationary 
expectations beyond the forward-looking measure. 
Many business and economic forecasters who use 
judgmental forecasting methods employ expectations 
mechanisms like this one. See Roberts (1998) for a 
discussion of this point.

In figure 6, the unemployment/CPI Taylor rules 
that use the Kalman smoother NAIRU generate a 
funds rate forecast that is almost always below the 
actual federal funds rate. As I discussed above, this 
is related to the fact that the NAIRU-KS is below the 
real-time NAIRU-KF over the sample period 1987-97.
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FIGURE 6

The Taylor rule with a time varying natural rate
A. Core inflation during previous four quarters B. Unemployment and time-varying NAIRU

C. Taylor rule with Kalman smoother natural rate D. Adaptive Taylor rule with Kalman smoother natural rate

E. Taylor rule with Kalman filter natural rate F. Adaptive Taylor rule with Kalman filter natural rate

The real-time Taylor rules in figure 6 better match the 
level ofthe funds rate from 1987 to 1992, except for 
the much higher rates in late 1988-89. From 1992 to 
1997, the forward-looking, real-time path is higher 
than the backward-looking measures and also higher 
than the actual funds rate path. From late 1994 to 
1997, the actual funds rate is between the forward- and 
backward-looking rules; consequently, the adaptive 
rule matches the level ofthe funds rate rather well 
during this period.

Relative to the time-invariant NAIRU rules, the 
time-varying rules seem to capture more ofthe funds 
rate movement over this period. However, even the 
best match (adaptive NAIRU-KF in panel F) has sub
stantial forecast errors in 1988-89 and 1992-94. Before

comparing these rules to the futures market forecasts, 
one more rule will be considered.

Partial adjustment rules
The Taylor-type rules that 1 have considered so 

far make no reference to the past history of interest 
rates. However, the futures market clearly uses that 
information. Additionally, economists often simply 
assume that an objective of central bankers is to 
smooth interest rate fluctuations over short periods 
of time (see Goodfriend, 1991). So it is of some inter
est to consider how a partial adjustment Taylor rule 
would have performed over this sample period.16 The 
partial adjustment rule is
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FFt = FFtt- X [/; 1 rc, + 5 okun* (u* - nt)
+ i(n-n;)-FFi_1],

where X is a coefficient between zero and one. Sup
pose that X is This rule says that the funds rate 
should be set equal to its value last period plus an 
amount that moves the funds rate halfway toward its 
desired value according to the unemployment/CPI 
Taylor rule specified in equation 2. Panel A of figure 7 
displays the adaptive Taylor rule and the partial adjust
ment rule that is computed with X equal to The big
gest difference in the rules is during the period mid- 
1992 through 1994. This is the period when the adap

tive rule misses the roughly 18-month period when 
the federal funds rate was near 3 percent. Predictably 
the partial adjustment rule essentially splits the differ
ence between the two. Similarly in 1989 when the 
funds rate was surprisingly high relative to the pre
dicted path of the unemployment/CPI Taylor rule, the 
partial adjustment rule is closer to the actual funds 
rate path.

Panel B of figure 7 displays the three-month-ahead 
futures rate and the partial adjustment unemployment/ 
CPI Taylor rule against the actual federal funds rate. 
Recall that futures data only begin in 1989. The futures 
data track the path of the federal funds rate more closely 
than the Taylor rule. As panel C shows, the forecast 
errors are much larger for the adaptive Taylor rule. From 
1989 to 1997, the standard deviation of the futures fore
cast error is 28 basis points. The adaptive Taylor rule 
has a standard deviation of 74 basis points over the 
same period. The partial adjustment rule represents a 
substantial improvement toward the futures market 
data; the standard deviation is only 42 basis points.

Although the partial adjustment rule has a stan
dard deviation 50 percent higher than the futures data, 
the broad contours of the implied funds rate path 
seem to track the actual fund rate data reasonably 
well. Perhaps this justifies the adaptive, partial adjust
ment unemployment/CPI Taylor rule’s use as a rough 
description of monetary policy actions for the purposes 
of evaluating alternative econometric models of the 
monetary transmission mechanism. For the most part, 
this policy rule seems like a plausible approximation 
of the path of the federal funds rate over the period 
1987 through 1997. The rule captures three objectives 
that are often attributed to central banks: inflation 
fighting, countercyclical stabilization, and interest 
rate smoothing.

Conclusion
How are monetary objectives translated into 

month-to-month monetary policy decisions? John 
Taylor (1993) argued that monetary policy from 1987 
to 1992 followed a simple, rule-like behavior. This 
article has evaluated the ability of several alternative 
Taylor rules to match the federal funds futures fore
casts of the funds rate using data that was available 
to all participants at the time. The article confirms 
research findings by Orphanides (1997) that data 
revisions played an important role in Taylor’s original 
finding that his rule matched the path of the funds 
rate over this period. Using the unemployment rate 
and core CPI, 1 have found that some versions of a 
Taylor rule roughly match the broad movements of
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the funds rate from 1987 to 1997. These Taylor rule 
forecasts, however, have a standard deviation 50 per
cent larger than the implied forecasts from the federal

funds futures market contracts. Perhaps this is close 
enough to justify using Taylor-type policy rules in 
evaluating econometric models of industrial econo
mies. But more research on this question is needed.

NOTES

xSee Bernanke and Mihov (1996) for a discussion of the empir
ical relevance of this assertion.

2An alternative formulation of monetary policy rules in prac
tice is to use vector autoregression (VAR) models. Christiano, 
Eichenbaum, and Evans (1998) provides a survey of this 
literature.

3Rudebusch (1997) has also criticized statistical analyses of 
monetary policy reaction functions which used revised data 
that were unavailable to policymakers at the time of their 
decisions.

4Orphanides (1997) discusses this alternative policy rule in gen
eral terms, but leaves it for others to consider in more depth.

Similarly, Rudebusch (1997) points out that VAR policy rules 
performed poorly relative to the futures market.

6Evans and Kuttner (1998) discuss how small deviations from 
market efficiency can influence statistical analyses with futures 
data.

7The conference was held in November 1992, and the confer
ence volume was published in late 1993.

8As an analogy, imagine being instructed to drive from down
town Chicago to Washington, DC. The policy rule is analogous 
to the written instructions detailing the highways and exits you 
are to take. Imagine how much more difficult the journey 
would be if you were not allowed to periodically check the 
highway signs along the side of the road to make sure that you 
hadn’t taken a wrong turn.

9My implementation of the Taylor rule here provides its fore
cast with a slight data advantage over the futures data. The 
advantage lies solely in the output gap measure: It is the con
temporaneous deviation of real GDP from trend, although real 
GDP is actually reported with a lag. The treatment of inflation 
does not provide an advantage, since it is the average inflation 
rate from the prior four quarters.

10See Orphanides (1997) for an extended discussion of this 
critique.

"The data and projections came from the Board’s green book 
analysis. These data are available to the public five years later. 
Consequently, Orphanides’s analysis can only extend through 
1992.

"Vogel and Boucek 61992); and Fuerbringer (1992a).

"Harper (1992); and Fuerbringer (1992b).

"Since the average CPI inflation rate has been higher than 
the GDP deflator used in equation 1 over the sample period, 
a slightly higher Ji* might be appropriate for equation 2. The 
contours of the analysis that follows, however, are essentially 
unchanged.

15I assumed that the standard deviation of the shock to the 
natural rate of unemployment was 0.1. This is near the middle 
range of the values considered by King, Stock, and Watson 
(1995). For more details, see their description of the model.

16Clarida, Gali, and Gertler (1997) consider partial adjustment 
Taylor rules and find they fit the U.S. experience well over the 
period 1979-94,
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