Ronald H. Schmidt

John P. Judd and
Bharat Trehan

James A. Wilcox

Economic
Review

Federal Reserve Bank
of San Francisco

Fall 1989 Number 4

Natural Resources and Regional Growth

Unemployment-Rate Dynamics:
Aggregate-Demand and
-Supply Interactions

Liquidity Constraints on Consumption:
The Real Effects of “Real” Lending Policies



Natural Resources and Regional Growth
Ronald H. Schmidt

Unemployment-Rate Dynamics:
Aggregate-Demand and

-Supply Interactions ..........ccccoeeveeviiieeinnnn,

John P. Judd and Bharat Trehan

Liquidity Constraints on Consumption:

The Real Effects o f6Real” Lending POlICIES......cccccvvveiiiiiiie e

James A. Wilcox

Federal Reserve Bank of San Francisco



Opinions expressed in the Economic Review do not neces-
sarily reflect the views of the management of the Federal
Reserve Bank of San Francisco, or of the Board of Governors
of the Federal Reserve System.

The Federal Reserve Bank of San Francisco’s Economic Review is
published quarterly by the Bank’s Research Department under the
supervision of Jack H. Beebe, Senior Vice President and Director of
Research. The publication is edited by Barbara A. Bennett. Design,
production, and distribution are handled by the Public Information
Department, with the assistance of Karen Rusk and William Rosenthal.

For free copies of this and other Federal Reserve publicatons, write or
phone the Public Information Department, Federal Reserve Bank of San
Francisco, PO. Box 7702, San Francisco, California 94120. Phone
(415) 974-2163.

Economic Review / Fall 1989



Natural Resources and Regional Growth

Ronald H. Schmidt

Senior Economist, Federal Reserve Bank of San Fran-
cisco. The author would like to thank Stephen O. Dean for
his assistance. Editorial committee members were Adrian
Throop, Carolyn Sherwood-Call, and Gary Zimmerman.

Evidence from the Gross State Product data suggests
that natural resource-dependent states out-performed
less resource-dependent states over the 1964—86 period.
Closer examination, however, suggests that the gains
largely were due to an increase in wealth associated
with positive resource-price shocks during the period.
Interestingly, unlike the Dutch disease problem of the
international literature, the non-resource industries of
resource-dependent states were the principal beneficiaries
of favorable natural resource price shocks.

Federal Reserve Bank of San Francisco

What is the relationship between a state’s dependence on
natural resource production and its economic perform-
ance? Can differential growth rates of state economies be
traced in part to differences in their dependence on agricul-
ture, forestry, mining, and energy?

Past studies have provided mixed evidence on the rela-
tionship between natural resources and relative economic
performance. The international literature has documented
cases where dependence on natural resources has had
detrimental side-effects on the economic structure of those
countries. Moreover, the boom-bust cycle of mining towns
offers evidence of the potentially ephemeral nature of
natural resource industries. In contrast, however, other
cases explicitly have linked spurts of economic growth to
natural resource industry stimulus.

The purpose of this article is to address the linkages
between a region’s natural resource dependence and its
economic performance using information from the Gross
State Product (GSP) data prepared by the U.S. Bureau of
Economic Analysis. These data, which offer relatively
consistent information on the value added by each major
industry in each state, allow some cross-state comparisons
over the period from 1964 to 1986.

Using descriptive statistics from the data, the relative
economic growth of resource-dependent states is com-
pared to that of less dependent states. In general, the
results show that resource-dependent states, particularly
energy and mining states, had economies that grew more
rapidly than average over the period, although they had
greater variance around their trend growth rates as well.
The evidence suggests, moreover, that the relative gains
were more likely a result of strong price movements that
generated significant wealth effects, rather than a result
of intrinsic advantages associated with natural resource
production.

The data also indicate that the “‘Dutch disease” problem
cited in the international literature may not apply to
regional economies. The “Dutch disease™ refers to the
effects of a sharp increase in world natural resource prices
on a resource-dependent economy. The resource price
increase can cause the resource-dependent economy’s cur-
rency to appreciate, making its other commodities less
competitive on world markets. As a result, a resource price



increase can work to the detriment of non-resource in-
dustries.

At the regional level, the exchange rate effect is not
present because of a common currency, but the increased
demand for factors from the resource sector can bid up
costs of those factors in the region and make its other
outputs less competitive with those of other regions.
Results from the state-level data, however, indicate that
contrary to the Dutch disease problem, non-resource
industries were the principal beneficiaries of resource

price shocks. The price shocks apparently stimulated non-
resource production even more than resource production.

Differences in resource endowments across states are
described in the first section of this article, followed in the
second section by an examination of the variety of channels
through which natural resource dependence might affect
the level, growth, and structure of a state’s economy. The
third and fourth sections present empirical findings. Con-
clusions are then presented in the fifth section.

1. Differences in Natural Resource Dependence

In this section the degree to which natural resource
production varies across states is documented using GSP
data. These data, released in 1988 for the first time, provide
a measure of the value added annually by each major
industrial grouping for the period from 1963 to 1986, and
generally provide a better measure of activity than do the
income or employment data.!

Each state’s share of national output, both for the total
economy and by resource industry, are shown in Table 1 for
1986. The first column presents each state’s share of total
national output (the latter being the sum of state GSP
across states). The second column gives the share of
national natural resource output, comprising agriculture,
forestry and lumber, mining, and energy, that is contrib-
uted by each state.? By comparing these two columns, it is
clear that the states’ shares of natural resource output

differ from their contributions to foral output. Twenty
states can be categorized as relatively dependent on natural
resource production, in the sense that they contributed a
larger proportion of total national natural resource produc-
tion than would be predicted by their share of national
output.

As shown in the table, the distribution of resource
production is highly skewed across states and across re-
sources. Rhode Island contributes only 0.05 percent of
total natural resource production, while Texas provides
20.78 percent. The top 10 states in each natural resource
subcategory, respectively, account for 50.4 percent of U.S.
agricultural production, 54.8 percent of the nation’s for-
estry and lumber, 56.9 percent of mineral mining, and
84.7 percent of national energy extraction.>
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The information in Table 1 does not account for dif-
ferences in the sizes of states’ economies. Such a com-
parison is presented in Chart 1. Resource industry shares of
total state GSP are calculated using averages from the
1964—-86 period. As can be seen by comparing the chart,
which has shares of state output, with Table 1, which
reports shares of national output, differences in national
natural resource production shares have been translated
into differences in concentration in resource production.
The uneven dispersion of resources across states has re-
sulted in differences in reliance on natural resource indus-
tries. Resource dependence, as measured by the share of
real GSP accounted for by the resource industries, varies
widely across states and across resources. As shown in
Chart 1, the average share of real GSP contributed by
resource industries (agriculture, forestry and fisheries,
mining, and fuel mining) over the period 1964-86 ranged
from virtually zero in Rhode Island to nearly 50 percent in
Wyoming.

The composition of resource endowments varies signifi-
cantly across states as well. As shown in charts 2 through
5, the states with the largest shares of GSP in each resource
are different across resources, with little overlap between
agricultural states and mining states.

The magnitude of dependence on resources varies
across resources as well as across states. Among the
resource-dependent states, energy stands out as the most
dominant single source of resource output. The top six

energy-dependent states have between 20 and 40 percent of
their gross state product originating in the energy sector.
Agriculture also plays a major role in the agriculture-
dependent states, with five states reporting an average of
10 to 20 percent of their GSP from agricultural production.

In contrast, mining and forestry play less dominant roles
even in the states with the highest concentrations of those
activities. Lumber and wood products account for less than
five percent of output in all states except Oregon, while
mining accounts for less than four percent of total output
even in the states with the highest concentrations of mining
output. (Mining in this article refers to non-energy mining;
coal, oil, and natural gas outputs are combined to form the
energy category.)

These figures, however, may understate the importance
of the natural resource industries to state economies,
particularly in the short run. For example, according to the
1977 California input-output model, agriculture has a
multiplier of 3.2 in the economy, suggesting that a 10
percent increase in agricultural output generates a 32
percent increase in aggregate output through the associ-
ated increase in demand for inputs, processing, marketing,
transporting, and retailing (State of California, 1980.)
Because such measures tend to assume that these factors
could not be shifted to other uses, however, the multiplier
effects tend to overstate the importance of resource in-
dustries.*
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I1. Natural Resources and Production

These differences in resource endowments can be ex-
pected to result in different economic orientations, and
thereby to affect the level of activity and the rate of growth
of regional economies. In this section, several strands of
the literature are summarized to shed some light on the
effects that a natural resource orientation can have on
different regional economies.

Comparative Advantage

The most obvious effect of differential endowments of
natural resources is that states with large shares of a
particular resource specialize in the production of that
resource. This result displays the basic concept of com-
parative advantage laid out in the Heckser-Ohlin theorem
in the international trade literature. Regions (or countries)
with different factor proportions can generate higher total
output and consumption by specializing in the production
of commodities in which they have a relative abundance of
the needed inputs. Total output is maximized when regions
specialize in the production of commodities that best
reflect the area’s relative resource mix (its comparative
advantage) and then trade with areas that have a compara-
tive advantage in producing other goods. Consequently,
regions with abundant natural resources would be ex-
pected to specialize in natural resource-intensive produc-
tion, using resource outputs to trade for non-resource
commodities from other regions.

In the regional economics literature, differences in
natural resource endowments are important in explaining
different regional production processes. If all regions had
identical resource endowments, there would be little rea-
son to expect specialization across regions. In fact, dif-
ferences in resource production and therefore, in industry
mix across states, have led to different responses to tech-
nology or price shocks. A recent study by Cox and Hill
(1988), for example, predicts the differential incidence of
exchange-rate shocks at the state level by taking into
account industry-mix characteristics and the relative trade-
sensitivity of those sectors. Similar research has examined
the differential regional effect of oil price shocks. These
studies explicitly assume that differences in factor endow-
ments promote different productive processes and outputs,
and hence, expose regional economies to different external
forces.

Levels vs. Growth Rates

While the principle of comparative advantage predicts
that differences in resource endowments would affect the
composition of output across regions, natural resources
also may be key factors determining both the level and rate
of growth of regional economies.

In the case of natural resources, the answer to the
question “is more better?”” seems obvious at first glance.
From the standpoint of an economy, being resource-rich

Chart 3
Lumber Share of Total Gross State Product
Percent
8 -
6 -
4 -
2
0- QoL LV ELARLELAB 1L AL PN 0350801 404040026681 LQ% %Y
B R L R LS N
XX A ECERATL Y2y %% XA XA X5
%9, K (0} CRCACN RN %90 0 Q, 4
%’e %% f%%%%:j L {,906,:4. ?f%') 15’;1%2% XACKR %4%:52‘%% ?fbf;
e &

Federal Reserve Bank of San Francisco



increases productivity. Abundant natural resources lower
the cost of certain inputs, enhancing the competitiveness
of resource-intensive production.

Simple production-function models of an economy sug-
gest that the level of output is a direct function of the
resource base. As long as some factor substitution is
possible, an abundance of a given resource boosts total
output.

The effect of the resource stock on the rate of growth is
less clear. Natural resources could increase the rate of
growth of an economy if the resource stock grew over time,
or if the “effective stock” (that is, the actual stock ad-
justed for changes in that stock’s productivity) were to rise
over time because of technological efficiency gains. Con-
versely, natural resources could cause the rate of growth to
slow, if increasing scarcity of the natural resources con-
strained the growth of related sectors.

Consequently, theory suggests that a higher stock of a
natural resource should raise the level of activity, but the
effect on the rate of growth depends in part on the degree to
which natural resource production expands and spurs other
industries to develop. As shown in the remainder of this
section, theoretical evidence on the extent to which re-
sources spur growth is not conclusive.

Agglomeration Effects vs. Boom Towns

The classic model highlighting the role of natural re-
sources as a stimulus for regional economic growth was
developed by North (1955). In North’s export-base model,

natural resources are viewed as a driving force for eco-
nomic growth, modeled along the lines of economic devel-
opment in the United States. Early settlers to aregion often
are attracted by the economic potential of that area, which
typically includes its natural resources. Trappers were
attracted to the western areas by available wildlife popula-
tions. Farmers were attracted to the Midwest and West by
available low-cost land. Miners were attracted to the
western states by discoveries of gold and silver. Loggers
were attracted to the Pacific Northwest and upper Midwest
by available supplies of timber. Discoveries of massive oil
reserves brought an influx of people to Texas.

In many parts of the country, therefore, economic
growth was either initiated or boosted by the influx of
people seeking to use natural resources. Accordingly,
exports of natural resource products to other regions and
countries became important in the early development of
regional economies.

In the export-base literature, the creation of exportable
commodities shapes a region’s economy and spurs further
growth. As production of the resource increases, rising
wages and returns to capital encourage the migration of
productive factors from other regions (Borts [1960], Borts
and Stein [1964], and Schmidt [1985]). Population rises
because of immigration, and export earnings and invest-
ment allow the capital stock to grow.

In the early stages, this investment is closely tied to the
resource sector. Processing and transportation facilities
develop, along with services to support the resource indus-
try’s employees and production.

Chart 4
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Over time, however, other industries not directly tied to
resource production develop to take advantage of the
growing economic and social infrastructures. Moreover,
firms that initially support resource industries diversify
into other products. For example, Texas Instruments began
as a company manufacturing seismic equipment for oil
drilling. As the company grew, it expanded into other
electronic instruments. Today, equipment for the oil indus-
try is only a small part of the company’s sales.

Natural resources, therefore, can be a primary source of
early development, followed by diversification of the econ-
omy into other fields not tied to an area’s natural resources.
But as evidenced by boom towns, natural resources are not
always a source of lasting growth. In the case of extractive
or nonrenewable natural resources, the extent to which a
region diversifies into non-resource production may deter-
mine the sustainability of its economic growth. In many
cases, natural resource booms have led to temporary
growth, followed by decline. This idiosyncratic relation-
ship between growth and natural resources has been de-
scribed by economic historian Jonathan Hughes in the
following way:

Apart from agriculture, no doubt the best known cause of
increased economic growth in the past came from the
discovery and exploitation of natural resources. The ghost
towns of the Rockies and the capped oil and gas wells of
[the oil states] are witness to the fragile tenure of economic
growth from such sources. Exploitation growth via nonre-
producible natural resources usually involves only the
relatively short-lived creation of fungible wealth that is

carried off, leaving a hole in the ground, a stumped-over
woodland, or an ocean stripped of one of its main species.
In the past, there have been many examples of this purely
ephemeral kind of growth. It was caricatured by historian
Christopher Lasch once with these lines: 'American cap-
italism’s idea of economic development was to leave the
continent a smoking ruin.” Sometimes one must agree with
Lasch on this point. Fortunately, the smoking ruin is the
exception and not the rule. [Hughes 1985, p.5]

Natural resources, therefore, can be the impetus for
sustained growth, but that is not always the case.

Information Effects

Dependence on natural resources also may affect re-
gional economic growth because of the way natural
resource price movements and/or discoveries of new
deposits tend to change perceptions of the economic oppor-
tunities in the affected region. As shown in Plaut and Pluta
(1983), Miernyck (1985), Gruben, Martens, and Schmidt
(1988), and Gruben and Schmidt (1989), energy price
shocks were instrumental in explaining shifts of labor and
capital among regions. Those regions that were energy
exporters benefited markedly from rising oil prices relative
to non-energy producing states. The factor flows were not
directed solely to energy industries, but rather to the
broader economy. Although part of the expansion and
contraction in the energy states can be directly linked to
energy-supporting industries, the factor movements ap-
peared to reflect investors’ and migrants’ expectations of
rapid growth in other sectors as well.

Chart 5
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As hypothesized by Schmidt and Gruben (1988), this
larger effect reflects the imperfect information available to
migrants and investors regarding spatial opportunities.
Because information is costly and known only with a lag,
shocks that have easily recognized impacts convey an
unusually large amount of information. The oil price rises
in 1973-74 and 1979-80 highlighted investment oppor-
tunities in the oil patch states, while the price collapse may
have encouraged potential investors to spend their limited
resources acquiring information on other regions not likely
to be hurt by the collapse.

Because resource price movements often are dramatic
and typically are expected to have differential geographic
incidence, a state’s characterization as natural resource-
dependent may give strong signals—whether false or
true—regarding the potential opportunities to outside fac-
tors. Dramatic price movements tend to focus attention on
a resource-rich region, thereby giving investment oppor-
tunities a better chance of attracting the needed factors than
areas that are less well known.

““Dutch Disease”

The previous aspects of the relationship between natural
resources and economic growth have stressed the ways in
which natural resource production can attract factors of
production from other regions. In this way, natural re-
sources can be a source of non-resource industry growth.

The assumption in those cases is that the income or
wealth effects from expanding natural resource production
will spill over into non-resource production, thus diversify-
ing the economy. In contrast, the literature in international
economics points to the potential for an expanding natural
resource sector to crowd out non-resource industries,
known in the literature as the “Dutch disease” (Laney
[1982]).

This phenomenon has been applied to cases of oil
exporting countries, in particular, although the same pro-
cess affects other markets as well. In this framework, a
sudden price shock to a key export industry (such as the oil
price increases of 1973—74 and 1979-80) boosts the nomi-
nal value of the country’s exports, causing an increase in
the country’s trade surplus. As a result, the country’s
exchange rate appreciates.

The higher exchange rate then makes imports less
expensive and non-petroleum exports more expensive.
Consequently, domestic industries that export or compete
with imports in the domestic market become less competi-
tive. At the same time, productive factors may flow into the
petroleum sector away from other sectors, thus raising
factor costs in other sectors as firms bid for potentially
scarce labor and capital.

19

If the price shock persists, the negative effects on the
other sectors of the economy are transitional as the econ-
omy shifts to a new production mix that reflects the
heightened comparative advantage of the natural resource
industry. However, if the shock is expected to persist and,
instead, proves to be temporary, the cost in terms of
misallocated factors, particularly irreversible investment
in plant and equipment, can offset the potential gains to the
economy of the positive price shock. Moreover, such
temporary losses of competitiveness can result in the loss
of market share in non-resource industries that may be
difficult to recapture. Finally, Dutch disease also can
expose a country to greater risk by making its export
portfolio less diversified.

Similar forces are at work in a regional context, al-
though there are important differences as well. Resource
price shocks can lead to increased production of those
resources, which can cause factors to be reallocated from
other industries. Moreover, factor prices can be bid up-
ward, increasing the cost of other sectors’ output relative to
other areas of the country. Thus, even though there is a
common currency, a process akin to exchange rate appre-
ciation can occur through a rising relative cost of living.

The most important difference between regions and
nations, however, is the greater mobility of factors across
regional boundaries. Constraints are not placed on inter-
state movements of labor or capital, nor are constraints
placed on shipments of products. Therefore, whereas the
Dutch disease can lead to sharply higher factor prices in the
resource-dependent country, factor prices need not rise as
sharply in a region where factors can be drawn from other
regions relatively easily.

Special Characteristics of Natural Resources

The preceding discussion, while couched in terms of
resource industries, is not unique to natural resources.
Many of the same relationships between resource indus-
tries and regional economies can be found in states that are
highly dependent on non-resource-based industries, such
as autos and steel.

There are, however, several areas in which natural
resource industries differ from other industries. Natural
resources lend at least three primary advantages to a
developing economy over and above simple comparative
advantage: a developed market, low initial technological
requirements, and access to capital. First, natural re-
sources often enjoy developed markets, both domestic and
international. To an area that is sparsely developed, a
natural resource can provide a readily exportable com-
modity. Unlike many finished commodities, a resource
does not require strong local demand during start-up

Economic Review / Fall 1989



phases of the operation. As long as the region has access to
transportation, trade is possible.

A second, related advantage that accrues to natural
resource production concerns the relatively low level of
skill and capital that is required at initial stages of produc-
tion. Typically, the existence of abundant resources and
access to transportation make the cost of extracting the first
units relatively low.> Mineral mining can be profitable
with a shovel and pan, logs can be obtained with a saw and
a river, and oil can be extracted with little more than the
technology to drill a water well. Thus, in initial phases,
successful development requires risk-taking by the availa-
ble labor supply and only modest support operations.
Production initially does not require a large collection of
highly-trained technical and professional workers.

The third advantage of a natural resource is that it
initially can produce economic rents that allow the region
to import needed capital for other ventures. Because
natural resources tend to be scarce worldwide, the price of
the resource generally will be sustained above the marginal
cost of producing it in areas where it is abundant. Trading
with more developed countries allows the region to import
capital goods that cannot be developed locally with existing
capital. A natural resource, therefore, can serve as a
channel through which raw materials are converted into
reproducible capital.®

At the same time, however, dependence on natural
resource production has several disadvantages that can
threaten sustained economic growth of more developed
economies. To begin with, access to world markets makes
the region highly susceptible to fluctuations in those mar-
kets. Changes in terms of trade, embargoes, or trade
barriers can have a large impact on a resource-dependent
economy. Moreover, changes in world supplies, such as the
discovery of new reserves elsewhere, or in demand, such as
shifts in taste or technology, have immediate impacts on the
local economy. Markets are less predictable and control-
lable than when supply and demand are more insulated
geographically.

The downside of resource price volatility clearly has
been evident in the oil-dependent states in the 1980s.
While the rest of the nation has enjoyed a record peacetime
expansion, the oil states have experienced the worst reces-
sion in the post-depression era because of the sharp drop in
oil prices.

The problem is exacerbated by the close linkage be-
tween natural resource production and government policy.
In most countries, natural resources are heavily controlled
or owned by governments. Oil prices are determined in
large part by OPEC’s decisions about production. Agri-
cultural production is highly subsidized in most countries.

Federal Reserve Bank of San Francisco

Forestry sales are heavily dependent on decisions concern-
ing access to public stands of timber—decisions that often
are influenced by environmental policy considerations.
These government controls, therefore, further expose a
resource-dependent economy to political uncertainty, as
well as to the uncertainty that would normally arise in the
market.

The low skill requirements needed in many of the
extraction industries also can work to the detriment of
long-term regional growth. In many cases, boom periods
lead to rapid increases in the wages of low-skilled workers,
encouraging a migration of such workers from other areas
of the country. These low-skilled workers receive high
wages because of temporary output surges and concomi-
tant shortages of labor, rather than as a result of a steady-
state measure of their opportunity cost. In periods with
slowing demand and production, these workers often be-
come unemployed and typically are less able than skilled
workers to find other work at similar pay.

Moreover, the temporarily high returns to low-skilled
labor—which may not be perceived to be temporary by the
workers—can inhibit investment in human capital. The
value of boosting human capital through training and
education is obscured by the temporary returns to rela-
tively low levels of such human capital. Over the long run,
a drop in the skilled labor pool can slow innovation and
productivity growth.

Hnally, the theory of exhaustible resource production
typically points to declining production after some stage.
Optimal production behavior calls for spreading produc-
tion over time, but even in cases where production capabil-
ity first must expand, production is expected to decline
eventually, both as a share of output and in absolute levels
(Pindyck [1978]). Production tends to rise in early stages as
discoveries are made and new reserves are developed, but
finding large new deposits to replace the reserves that were
used in previous periods becomes harder over time. The
case of declining U.S. oil production in the face of rising
prices during the 1970s offers dramatic evidence of this
potential problem.

Summary

Natural resources potentially can play an important role
inaregion’s economy. First, a region heavily endowed with
natural resources can be expected to specialize in resource
production in conformity with the notion of comparative
advantage. Second, other things equal, possession of more
resources boosts the potential output of the region.

With respect to the rate of growth, however, the results
are mixed. Natural resources have at times been instru-
mental in providing a catalyst for rapid and sustained
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growth. In other cases, a resource boom has crowded out
other industries to the detriment of the region’s longer-term
prospects. Moreover, while natural resource industries

may provide strong growth at early stages of a region’s
development, the advantages associated with those indus-
tries are more questionable as the economy matures.

HII. Relative Performance and the Role of Prices

As indicated in Section II, the relationship between nat-
ural resources and differential regional economic growth is
complex. In this section, evidence from the GSP data is
presented to address two aspects of this relationship. First,
gross statistics on the relative economic performance
of resource-dependent and non-resource-dependent states
are presented. Second, simple regression results are pre-
sented to determine whether resource price shocks or
resource industries per se influence relative performance
more.

Relative Performance

For the purpose of this analysis, the 50 states are split
into two groups for each natural resource industry based on
their resource dependence. Those identified as “resource
dependent” are listed in Table 2.7 As shown in Charts
1-5 earlier, resource dependence is highly skewed across
states. In the case of agriculture and energy, the top 10
states are selected as resource dependent. In contrast,
because the number of states with significant mining or
forestry activity is small, only the top five states are
categorized as resource dependent.

The performance of resource-dependent states has dif-
fered from that of other states during the 196486 period.
As shown in Table 3, resource-dependent states (“high”)
grew more rapidly than did other states (“low”’). Over the
whole period, the top ten resource states grew at an average
annual rate of 3.35 percent, compared to 2.56 percent
growth for the other 40 states.®

This difference in growth rates was not constant over the
whole sample period. Resource industries, particularly the
energy sector, have faced significant changes over this
period. Accordingly, the sample period was split into three
sub-periods—1964 to 1972, 1973 to 1981, and 1982 to
1986—that are divided by the major oil price shocks in
197374 and 1979-80.

Although these periods are selected to capture changes
in energy industry activity, the shocks were sufficiently
traumatic to overall economic activity to make those dates
important to the other resource industries. Economic slow-
downs early in each of the last two sub-periods, while not
necessarily causally related to the oil price shocks, were
associated with sharp changes in many of the industries.
Higher interest rates dampened the demand for lumber by

12

slowing construction activity, and changes in inflation
affected mineral prices and had significant impacts on
agricultural land values.

These periods also were characterized by sharp changes
in natural resource price behavior. In the early period,
natural resource prices were fairly stable. In the middle
period, however, energy prices surged. Overall, mineral,
lumber, and agricultural prices showed little trend growth
over the period, but sharp increases in precious metals
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prices at the end of the 1970s and sharp agricultural spikes
in 1973 and 1980 were important events shaping industry
activity.

As indicated in Table 3, resource industries have had
major changes in the pace of economic growth over the
whole period. In the 1973-81 period, resource states
posted growth that exceeded other states’ growth by nearly
1.75 percentage points. Conversely, in the 1982-86 pe-
riod, resource states grew more than four percentage points
slower than the remaining 40 states.

The more rapid growth in the resource states was
accompanied by greater variance. The weighted average
root mean square error around trend growth was 0.57
percentage points higher for resource states than for non-
resource states. Comparing sub-periods, however, it is
clear that this higher variance largely is the result of the last
period, during which growth in resource industries slowed

Federal Reserve Bank of San Francisco

dramatically. In the earlier periods, differences in vari-
ances were relatively small.

Considerable differences in the relationship between
resources and growth are apparent across natural re-
sources. Agricultural states generally grew at the same rate
as other states, with faster growth in the 1973-81 period
offset by slower growth in the other periods. The variance
in growth also was smaller for agricultural states during
most time periods.

In the case of forestry, growth rates were higher overall,
although the variance was considerably higher in forestry-
dependent economies. As in the case of agriculture, the
middle period stands out as the period of relative gain, with
slower-than-average growth registered in the other periods.

Mineral states have out-performed the rest of the nation
in all sub-periods except the last period, and even there,
they performed nearly as well. The variance was higher in
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the mineral-dependent economies, but the growth rates
were the highest registered by any resource-dependent
category.

Energy-dependent states had the most dramatic varia-
tions relative to the rest of the nation over the whole period.
Growth during the pre-1982 period exceeded that in the
nation, particularly in the 1973-81 period when oil prices
rose sharply. The collapse of oil prices in the 1982-86
period caused growth to plunge to one-quarter of the rate
of growth experienced in the rest of the country. Further-
more, after enjoying lower-than-average variance in the
early periods, the variance rose to twice the national
average in the later period. The volatility of the energy
states during this period is not surprising given energy’s
relatively large share of output in these states (see Table 2)
and the large swings in prices observed in the period.®

The data in Table 3, therefore, suggest that the better-
than-average performance of resource industries largely
was the result of gains made during the 1973-81 period.
Mining and energy states were clear winners overall,
while forestry and agriculture also registered some gains.

14

Separating Price and Share Effects

The results in Table 3 point to strong gains in resource
industries during the period of sharp gains in natural
resource prices—particularly in the prices of oil and
minerals. In this section, an attempt is made to disentangle
relative price effects from output effects associated with
the growth of resource industries apart from the price
shocks.

Ordinary least squares (OLS) and generalized least
squares (GLS) regression results are presented in Table 4
for a simple model relating prices and resource shares to
relative output growth. The data are estimated in pooled
cross-section time series form, using all 50 states and 23
time periods. In the GLS case, the data are corrected for
cross-sectional heteroskedasticity. As indicated by the low
degree of explanatory power, these estimations fail to
capture most of the differences across states in economic
growth. The results are useful, however, in the sense that
they provide partial correlation statistics for share and
price variables, which are better measures than those from
simple bivariate correlations between relative growth and
prices or shares separately.!®

Economic Review / Fall 1989



The dependent variable is measured as the difference
between the annual percentage changes in the level of real
GSP for each state from the national average percentage
change (formed using total GSP summed across states).
Thus, it represents the relative growth of a state’s GSP.

Share variables are formed by taking the share of a
state’s GSP accounted for by the given resource industry
and subtracting from it the nation’s average resource share.
For resource-dependent states, this variable is positive
and for those with below average shares, the variable is
negative.

Price variables are formed in two steps. First, the real
annual percentage change in each resource price is calcu-
lated.!! The price change for a given resource is then
multiplied by the state’s relative share of that resource
described earlier. This specification is necessary because
price effects depend on a state’s relative dependence on a
given resource. Clearly, oil price increases had a positive
effect on energy-exporting states and a negative effect
on energy-importing states. With this formulation, a posi-
tive coefficient indicates that a positive price shock will
boost the resource-intensive state and slow growth in non-
resource-intensive states.

Finally, to account for the possibility that growth also
results from factor movements generated by differences in
per capita income, the relative per capita income of persons
in each state in 1963 (the beginning of the period) is
included. If faster growth simply is the result of a state
starting from a low base, this variable will proxy for that
effect.

Both OLS and GLS results are reported because to-
gether, they convey some sense of the robustness of the
relationships. Differences between the two estimates arise
from the treatment of variances of state growth rates,
which can differ because of a variety of factors, including

the size and diversity of the state’s economy. The GLS
model estimates the coefficients after standardizing the
variances of the state, while the OLS model makes no such
correction. Both methods yield unbiased coefficients, al-
though the standard errors can be biased in the OLS case.

Results from the regressions differ in the size and
significance of the coefficients, but several broad charac-
terizations can be made. First, share variables either do not
have a significant influence on relative growth, or where
significant at the 95 percent confidence level, tend to have a
negative influence on growth. These results suggest that,
other things equal, having more natural resource produc-
tion will not stimulate relative economic growth.

Price variables, on the other hand, were positive in all
cases. This result suggests that the sharp movements
in resource prices during the period did have an impor-
tant, positive influence on the relative output growth of
resource-dependent economies.

The effect of the starting level of the economy, per capita
income in 1963, had a positive effect on relative growth in
the OLS case and an insignificant effect in the GLS model.
To the limited extent that the starting level mattered,
therefore, those states with the strongest economies at the
beginning grew faster, making the spread between state
incomes larger.

Results from the table, therefore, suggest that the supe-
rior performance of the natural-resource dependent states
shown in Table 3 may be better interpreted as the result of
sharp positive price movements during the sample period,
rather than advantages associated with resource produc-
tion per se.'? To summarize, the results in Table 4 indicate
that having a large share of natural resources is detrimental
to relative growth prospects, unless the relative price of
natural resources rises.

IV. Non-Resource Industries and the Dutch Disease

In the previous section the evidence indicated that
natural-resource-based economies out-performed the rest
of the nation, although the gains appear to be the result of
price effects rather than share effects. This finding allows a
direct examination of the applicability of the “Dutch
disease” to regional economies. In this section, the data
are examined to determine whether the gains in resource-
based regional economies led to greater concentration in
resource industries—and possibly had detrimental effects
on non-resource industries—as would be consistent with
Dutch disease.

Table 5 presents average changes in the natural resource
share of state GSP over various sub-periods (weighted by
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GSP) calculated for resource- and non-resource-dependent
states. Comparing columns, it can be seen that resource-
dependent states had much larger changes in the shares of
GSP contributed by the various natural resource industries
than did the non-resource-dependent states. This is not
surprising given the small shares that those industries
contribute in non-resource states.

Comparing resource industries in the resource-depend-
ent states, the largest changes in output shares occurred in
the energy sector. Energy’s share of output dropped in each
period, with declines of three and six percentage points in
the last two sub-periods in the energy-dependent states. In
contrast, mining had less than a 0.4 percentage-point
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change in share in the states that have the greatest out-
put shares in that industry. Agriculture and forestry had
slightly larger changes, but those changes in shares were
less than two percentage points between any two sub-
periods.

As shown in the table, agriculture, forestry, and mining
shares dropped sharply during the 197381 period, despite
positive price shocks. Combined with the earlier informa-
tion that showed those states doing far better than average
during that period, this suggests that non-resource indus-
tries in those states were the most important source of
growth—causing the resource share to fall because of the
faster growth of the other sectors.

A direct comparison of sectoral growth is given in Table
6. Comparing the first two columns, it is clear that resource
industries lagged in contributing to growth. In all cases—
for both high- and low-resource-dependent states across all
categories of resources—the growth rate of the resource
industries was below that of the total state economy.

Comparing the two groups of states, the growth rates of
resource industries were relatively similar. Only in the case
of forestry states was significantly faster growth registered
in the resource sector of the high resource-dependent
states.

Non-resource industries in resource-dependent states
registered the fastest growth in all cases. Consequently, in
an apparent refutation of the Dutch disease hypothesis, the
non-resource sectors were the prime beneficiary of the
resource price shocks.

This conclusion is strengthened by comparing the
growth of non-resource industries that are directly tied to
resource production (resource processing industries such
as refining, pulp and paper, food processing, and stone,
clay, and glass) with that of other industries with less direct
ties. As shown in the last two columns of the table, non-
processing industries (“other”) had faster growth than all
processing industries except in the case of forest products.

Results from the table, therefore, suggest that the Dutch
disease did not afflict regional economies. Price effects
boosted the economy, but those prices did not result in
increased specialization in resource production and declin-
ing competitiveness of other industries.

Differences in relative factor mobility may help to
explain this difference between regional and national econ-
omies with respect to susceptibility to Dutch disease. In
the international case, factor flows are constrained by
restrictions on immigration and capital movements. Con-
sequently, relative price shifts that encourage the move-
ment of factors to support the resource industry take factors
away from other domestic sectors.

In the regional case, few limits are imposed on factor
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movements. Labor and capital can flow to areas with
potential opportunities. Consequently, increased output by
the resource sector does not need to reduce factors available
to other industries, since those factors can be imported
from other regions. Costs of living can rise as labor is
attracted, but the cost increases, in turn, will stimulate
additional factor movement, such as the inflow of building
materials for additional housing.

Results in Table 6 also highlight the inelastic nature of
natural resource production. Resource industries were
unable to expand significantly even when sharp positive
price movements gave them incentive to do so. Energy
states often could not increase output as prices rose be-
cause of binding constraints on availability. In Texas, for
example, the sharp run-up in prices in 1979-80 slowed the
secular trend towards declining production and proven
reserves, but production could not rise. As a result, oil
wealth tended to be invested in other industries or regions.
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V. Conclusion

The GSP data suggest several relationships between
natural resources and relative economic performance.
Overall, the experience of the 1964—86 period indicates
that resource states grew more rapidly than non-resource
states. This faster growth was accompanied by higher
volatility in growth, however.

The faster growth and higher volatility of resource-
dependent states reflects, in part, the significant volatility
in natural resource prices observed during the period,
particularly in the 1970s. Sharp price increases boosted
resource-dependent economies by providing increased in-
vestment in the economy.

Contrary to the Dutch disease, price increases in natural
resource industries boosted non-resource industries. Re-
source industries showed little ability to expand output
in the wake of favorable price movements and increases
in wealth. These increases in wealth, instead, were in-
vested in non-resource industries. Thus, in the states
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with large resource industries, these non-resource indus-
tries expanded most when positive resource price shocks
occurred.

Having a large resource sector, therefore, can be benefi-
cial to a region’s growth when the industry experiences
positive price shocks. If prices fall or remain unchanged,
the slow growth (or actual decline) in resource industry
output can slow the relative growth of resource-dependent
states.

This observation suggests an important area for further
study. Why does the additional wealth generated by re-
source price shocks remain within a resource-dependent
region and boost local non-resource industries when in-
vestment in such industries outside the region is possible
as well? Most theories would argue that non-resource
industries in a resource-dependent economy would be
harmed, as suggested by the Dutch disease, or at least
unaffected in a world of freely-flowing capital. The answer
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to this question may be associated with the information
cost arguments discussed earlier, but a full explanation
remains to be uncovered.

Finally, differential effects across states may diminish
over time. As noted in this study, resource industries have

become less dominant in nearly all states. Output shares
have fallen sharply, especially in the resource-depend-
ent - states, which “should -make future regional differ-
ences in growth less attributable to natural resource price
movements.

NOTES

1. For a discussion of the BEA GSP data, see. Giese
(1989).

2. The data in the table correspond to shares of national
output, rather than shares of national reserves of those
resources. Output and reserves tend to be correlated, but
particularly.in the case of minerals-and energy, there may
be some differences in the magnitude of the shares based
on the length of time the resource has been exiracted.

3. The GSP data do not break forestry separately fromthe
industry data. Instead, -BEA reports a total for forestry,
fisheries, and agricultural services—an aggregation that
is not appropriate for this study. Because nearly all em-
ployment in forestry is in the durable goods category
“lumber and wood products,” that category is used as a
proxy for the contribution of forestry to output. Although
this procedure understates the role of forestry, it is repre-
sentative of that impact.

4. Often, characterizations of resource industry impor-
tance magnify the effect of the industry by counting the
employment of all persons in some way connected to
resource processing-—some figures for agriculture range
as high as 25 percent of the economy. Such a claim would
be valid only if (1) those services and production were not
performed if the state did not have resource production—
including retail sales of food-—and (2) those inputs tied up
in the resource chain otherwise would be unemployed.

5. Thislow initial cost is not always the case, of course, as
evidenced by the high cost of developing Alaska's oil
fields.

6. This advantage is not limited to developing countries.
The Soviet Union, for example, earns much of its hard
currency to purchase machinery and supplies from sales
of gold and oil to the Western countries.

7. GSP statistics and information used in this article are
expressed in real terms unless otherwise noted.
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8.. Growth rates were estimated by regressing the log of
total real GSP on a-constant-and a time trend for each
state. Coefficients on the time trend indicate the growth
rate, while the root mean square error from the estimation
is used to measure the variance. Averages for the high
and low groups are weighted by size of GSP.

9. Evidence on real oil prices is presented by Schmidt
(1988). As shown in that atticle, real oil prices have been
trendless over the past 115 years, although prices have
tended to be volatile. The price spikes. in.the 1970s,
however, were clear outliers, with unusually large devia-
tions from the historical average.

10. The significance of the coefficients supports the inclu-
sion of resource shares in models of regional perform-
ance. See Sherwood-Cail (1988) for related work that
incorporates farm and oil variables into models explaining
deviations of state growth from national performance.

11. Prices for the resources were selected from several
sources. Lumber and oil prices are based on the whole-
sale price indexes for lumber and crude oil, respectively.
Agricultural prices are based on the series, “Prices Re-
ceived,” published by the U.S. Department of Agriculture.
Mineral prices are the weighted average of iron, copper,
lead, and zinc prices (using fixed consumption weights
derived from average consumption over the period). In all
cases, the prices are deflated by the general wholesale
price index.

12. This is particularly true in the case of energy. In the
other resource industries, although no trend growth in
prices was noted, price increases (the percentage in-
crease) were larger in the positive direction than in the
negative direction—that is, price declines were more
gradual. Since the price variables were formed using
annual percentage changes, the positive price move-
ments helped to explain the better-than-average perform-
ance of the resource states.
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The implications for monetary policy of movements in
the unemployment rate depend upon the nature of the
underlying disturbances that caused those movements.
Positive aggregate-demand shocks cause the unemploy-
ment rate to fall as inflationary pressures build, whereas
positive aggregate-supply shocks are likely to lead to a fall
in both the unemployment rate and inflation. In this paper,
we employ a recently developed modeling technique to
disentangle the effects of aggregate-demand and -supply
shocks on the unemployment rate. The technique is agnos-
tic about alternative macroeconomic theories, deriving
identifying restrictions from relatively uncontroversial
long-run, or steady state, relationships.
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Aggregate-Demand and -Supply Interactions

The unemployment rate often plays an important role in
monetary-policy deliberations, not only because policy
makers are concerned about unemployment itself, but also
because it is viewed as an important indicator of future
inflation. For example, when the unemployment rate de-
clined rapidly to a relatively low level in recent years,
a number of Federal Reserve officials became concerned
that the economy was developing dangerous inflationary
pressures. !

One problem in evaluating the policy implications of
movements in the unemployment rate (as well as those of
other macroeconomic variables) is that these implications
often depend on one’s assumptions about the structure of
the economy. Currently there is little agreement among
economists concerning the appropriate paradigm; the
Keynesian (both the traditional and “new”” versions), real-
business-cycle, and monetary-misperceptions paradigms
all have significant followings among different groups of
macroeconomists. >

These paradigms differ in the emphasis they place
on aggregate-demand versus aggregate-supply shocks in
influencing economic activity and labor-market condi-
tions. Real-business-cycle models ascribe a larger role to
aggregate-supply shocks, whereas Keynesian and mone-
tary-misperceptions models place greater weight on aggre-
gate-demand shocks. This distinction between demand
and supply factors is important because the appropriate
monetary-policy response (or lack thereof) to unemploy-
ment rate movements depends on the nature of the underly-
ing disturbance. Positive aggregate-demand shocks cause
the unemployment rate to fall as inflationary pressures
build, and such developments could make a tightening of
monetary policy appropriate. By contrast, positive aggre-
gate-supply shocks are likely to lead to a fall in both the
unemployment rate and the rate of inflation. Under these
circumstances, a tighter monetary policy most likely
would be inappropriate.

In this paper, we employ a recently developed modeling
technique to disentangle the effects of aggregate-demand
and -supply shocks on the unemployment rate (as well as
on other important macroeconomic variables.) The tech-
nique is agnostic about alternative theories, deriving
identifying restrictions from relatively uncontroversial
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assumptions about long-run, or steady-state, relationships.
Given the current lack of agreement about macroeconomic
theory, such models have the advantage that they eschew
over-identifying restrictions, and choose not to go beyond
the minimum number of restrictions necessary to achieve
identification.

Our empirical results suggest that for very short hori-
zons of a few quarters, shocks to aggregate demand ac-
count for nearly all of the variance of unemployment rate
forecast errors. However, at longer horizons of twelve
quarters and more, aggregate-supply shocks play a signifi-
cant role. Moreover, we find that movements in the unem-
ployment rate that are caused by supply shocks (as defined
by our model) are positively correlated with inflation,
whereas those associated with demand shocks are nega-
tively correlated with inflation. Thus, decomposing the

sources of unemployment rate movements into demand
versus supply shocks can be important in designing effec-
tive monetary policy.

The paper is organized as follows. Section I reviews the
relevant literature on macroeconomic modeling and dis-
cusses the rationale for the approach taken in this paper.
Section II sets out the theoretical specification of the
model. In Section III, we discuss econometric issues that
arise 'in estimating the model and the results of this
estimation, as well as their implications for the sources of
variation in important macroeconomic variables, includ-
ing the unemployment rate. Also in this section we analyze
the historical evolution of the unemployment rate and the
relationship between inflation and the aggregate-demand
and -supply components of the unemployment rate. Policy
implications and conclusions are discussed in Section IV,

I. Methodological Considerations and Literature Review

Adherents of the main alternative macroeconomic theo-
ries—Keynesian, real-business-cycle, and monetary mis-
perceptions— have very different views about the structure
of the economy. A major source of controversy concerns
the relative importance of demand and supply shocks. The
Keynesian and monetary-misperceptions theories stress
the role played by aggregate-demand shocks in inducing
short-run movements around long-run trends which are
independent of those shocks. In contrast, real-business-
cycle theories emphasize the role played by technology and
labor-supply shocks in producing short-run fluctuations in
output around changing equilibrium values which are
themselves determined by factors traditionally emphasized
in neo-classical growth models.

These alternative macroeconomic theories have dif-
ferent implications for how monetary policy should be
conducted. For example, since Keynesians believe that
unemployment rate movements mainly are induced by
aggregate-demand factors, inflation will rise (fall) when
the measured unemployment rate goes below (above) its
natural rate. Assuming the monetary authority knows the
natural rate of unemployment, Keynesians suggest that the
observed rate of unemployment relative to its natural rate
can be a major source of information in setting policies to
control inflation.

In contrast, real-business-cycle theorists believe that
aggregate-supply shocks are the predominant sources of
change in macroeconomic variables. Under these circum-
stances, policy mistakes would be made if the central bank
interpreted the unemployment rate as an indicator of
aggregate-demand pressures. Further, existing real-busi-
ness-cycle models generally have modeled business cycles
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as Pareto-optimal responses to exogenous shocks. Thus, in
these models, there is no role for any type of macro-
economic policy aimed at stabilizing the economy.

Macroeconomists have not been able to agree on which
theory (or combination of theories) most accurately de-
scribes the economy. Each theory implies a different set of
identifying restrictions. Thus, a certain degree of agnosti-
cism is warranted in selecting identifying restrictions. This
agnostic approach increasingly has shown up in macro-
economic research in recent years. The use of vector
autoregressions appears to reflect this view. No identifying
restrictions are needed to obtain macroeconomic forecasts.
Of course, if these forecasts are to be interpreted in terms
of economic theory, identifying restrictions must be added.
In early applications, these took the form of assuming a
specific recursive structure for the contemporaneous cor-
relations in the data.3#

The Blanchard-Quah Model

Recently, Blanchard and Quah (1989) specified a small
vector autoregression of the macroeconomy that achieves
identification by imposing relatively uncontroversial con-
straints on steady-state conditions, thereby avoiding the
restrictions associated with alternative theories of the
business cycle. Moreover, their model is exactly identified,
and thus avoids over-identifying restrictions that may raise
theoretical controversy. Blanchard and Quah (BQ) assume
that supply shocks (those emphasized in real business
cycle models) can have permanent effects on the level of
real activity, while demand shocks (those emphasized by
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the Keynesian and monetary-misperceptions models) can
have only temporary effects. These assumptions are con-
sistent with each of the three main macro paradigms.
Importantly, they are sufficient to identify certain types
of VARs incorporating important macroeconomic time
series.

Since the BQ approach is used in this paper, albeit on a
larger model, it is useful to see how their method works.
(A detailed discussion of their method of identification is
provided in Appendix A.) BQ specify a VAR with two
variables: the rate of growth of real GNP (y), and the level
of the unemployment rate (u). Two types of (unobserved)
structural disturbances, v and ¢, are assumed to affect these
variables. (As discussed below, we follow BQ in iden-
tifying these disturbances with aggregate-demand and
aggregate-supply disturbances.) Equations (1) and (2) are
moving average representations of y and u in terms of these
two disturbances. For simplicity here, we introduce dy-
namics into the BQ model by including only one lag of v in
each equation, although the full BQ model contains several
lags.

vy, =aze, + by, + cpv,_; (1
u, = ae, + byv, + c,v,_; 2

In order to study the dynamics of this system, it is first
necessary to obtain estimates of the various coefficients in
equations (1) and (2). This requires placing certain restric-
tions on e and v. In traditional fashion, BQ assume that e
and v are uncorrelated with each other and have unit
variance. In addition, e and v are also serially uncorrelated.
Given the representations in (1) and (2), these assumptions
imply the following identifying restrictions:

o2 =a3 + b+ (3a)
02 =a3 + b3 + c3 (3b)
Oy, u = G0y + biby + cpcy (3¢)
Oy s = C1b2 (3d)
Oyt uw = 01C2 (3e)

where 07 is the (observed) variance of y, 7 is the variance
ofu, o, ,, is the contemporaneous covariance of u and y,
and the other variances are defined similarly.

So far, there are five conditions from which we must
obtain six coefficients. One more restriction is needed to
identify the model. The traditional approach has been to
impose a recursive structure on the contemporaneous
correlations in the data (Sims [1980]). For example, one
might assume that the coefficienta;, = 0, that s, shocks to
the unemployment rate do not have a contemporaneous
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effect on the rate of growth of output. Such an assumption,
however, would be theoretically controversial.

BQ avoid having to assume contemporaneous causal
orderings by relying on long-run, or steady-state, restric-
tions. Specifically, they assume that v has no long-run
effect on output; that is,

b, + ¢, = 0. (30)

This restriction, together with the conventional restric-
tions on variances and covariances, is sufficient to identify
the unobserved shocks from observations on y and u. The
restriction also leads to a straightforward interpretation of
the underlying structural disturbances: v can be interpreted
as an aggregate-demand shock since it can have no long-
run effect on y, while e can be interpreted as a supply shock
since it is permitted permanently to affect y. In other
words, the permanent level of real GNP is determined by
real factors. Although aggregate-demand shocks can cause
real GNP to deviate from this level, it cannot affect the
permanent level itself. By construction, neither demand
nor supply shocks have a permanent impact on the unem-
ployment rate.

Using this method, BQ found that demand disturbances
had a hump-shaped effect on the time path of output, while
supply shocks had an effect that increased gradually over
time. They also found that demand disturbances accounted
for only 35% of the variance of unpredictable changes in
real output in the contemporaneous quarter, leaving 65%
for supply disturbances, while demand accounted for 13%
at a horizon of eight quarters. In contrast, demand dis-
turbances accounted for 100% of the variance of unpre-
dicted changes in the unemployment rate in the current
quarter, and for 50% at an horizon of eight quarters.

The Shapiro-Watson Model

One problem with BQ’s analysis is that it allows for only
two underlying disturbances to the economy. If, as seems
plausible, the economy is affected by more than one kind of
supply (or demand) shock, their procedure will tend to
confound the effects of these different shocks. Based on
this reasoning, Shapiro and Watson (1988) used a system
that comprised real GNP, total labor hours, inflation and
the real interest rate.¢ This set of variables allowed them to
account for four different disturbances: two to aggregate
supply, which they identified as shocks to labor supply and
technology, and two to aggregate demand, which they
referred to as IS and LM shocks, but did not identify
separately.

Shapiro and Watson (SW) found that aggregate-demand
shocks had a smaller impact on real output than BQ did.”
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Specifically, aggregate-demand shocks accounted for just
28% of the variance of the output forecast error in the
contemporaneous quarter, and 20% at an eight-quarter
horizon. In addition, they found that labor supply shocks
alone accounted for about 45% of the variance of unpre-

dicted changes in output in the contemporaneous quarter.
These findings, as well as those of BQ, sharply contradict
the Keynesian and monetary-misperceptions views that
trend and cycle are neatly separable, with demand shocks
playing the dominant role over the business cycle.

II. Model Specification and Identification

In this section, we present the specification of the model
estimated in this paper. We begin with a discussion of the
variables included in the model, followed by a discussion
of the equations that constitute the model, and how we
achieve identification.

The model includes five variables: the unemployment
rate, real GNP, a nominal rate of interest, a measure of
labor supply, and a variable that measures foreign trade.
These variables provide broad coverage of important types
of activity in the economy, and thus should capture the
economic relationships that are important in determining
the behavior of the unemployment rate. Movements in the
unemployment rate and the interest rate are likely to be
highly correlated with two types of underlying aggregate-
demand shocks, which can be thought of as being asso-
ciated with the IS and LM curves of textbook macroeco-
nomic theory. The interest rate should capture shocks both
to inflation expectations and real interest rates, while
the unemployment rate should reflect aggregate-demand
shocks as they affect the level of economic activity. Follow-
ing previous research, we assume that movements in real
GNP are correlated with technology shocks, once we
standardize for aggregate-demand shocks.?

We use working-age population as our measure of labor
supply. This variable is clearly exogenous, and therefore
guards against the possibility of confounding labor de-
mand and supply. However, it has the disadvantage of
omitting the effects on labor supply of changes in par-
ticipation rates and average hours worked. One obvious
alternative would be to follow SW and use total labor hours
as the labor-supply variable. However, our empirical evi-
dence suggests that using labor hours to measure supply
causes a serious bias; we are unable completely to separate
the demand-induced changes in labor hours from those
induced by labor supply. Specifically, when we include
labor hours in our model, we find that a positive labor-
supply shock leads to a large, sustained decline in the
unemployment rate, an outcome that suggests a confusion
between labor supply and demand. Such confusion could
have a profound effect on conclusions concerning the
relative importance of supply and demand disturbances in
macroeconomic time series. By contrast, as discussed
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below, the results obtained when population is used as a
measure of labor supply are much more plausible. Thus,
given this paper’s policy-driven focus on the unemploy-
ment rate, we have opted for working-age population.

We also extend the BQ and SW models by explicitly
incorporating a foreign variable to identify the effects of
shocks originating abroad. Given the growing importance
of international trade and capital flows to the U.S. econ-
omy, it is desirable to incorporate the independent effects
of shocks from abroad. While inclusion of the exchange
rate appears to be an obvious choice, the move from fixed-
to floating-exchange rates in the early 1970s implies a
change in the exchange-rate process that precludes sensi-
ble estimation results over our 1954-88 period. Instead,
we include as a foreign variable the ratio of real exports to
real imports.

The Underlying Model

We begin by assuming that the production technology
can be described by a neo-classical growth model, so that
the long-run level of output is determined by the capital
stock and labor supply.® The capital stock term can be
eliminated by assuming a Cobb-Douglas production func-
tion and a constant steady-state capital-output ratio. Thus,
the steady-state level of output can be expressed as a
function of the steady-state levels of labor supply and
technology.

The levels of labor supply and technology may be
permanently affected by labor-supply and technology
shocks, respectively. The evolution of these variables is
described by

s= o+ sk + B (L) @
ef=ac + ek, + B (L) g )

where s* is the log of the steady-state value of labor supply
and e* represents (unobserved) technology. The labor sup-
ply and technology shocks, w* and ¢, are uncorrelated,
and the lag polynomials $* (L) and ¢ (L) describe the
transitory movements in s* and e* as they move to new
permanent levels.
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Labor supply is not affected, either in the short or long
run, by any of the other variables in the system. This
assumption follows from our choice of working-age popu-
lation to represent the influences of labor supply, and yields
four of the ten restrictions we need to identify the mode].1°

Both labor-supply and technology shocks can cause
short-run movements in output as the level of output
adjusts to a new steady-state value. Short-run movements
in output also can be the result of aggregate-demand
shocks. However, the two types of aggregate-demand
shocks are permitted to have only temporary effects on the
level of output. These assumptions yield two more identi-
fying restrictions. Foreign shocks cause output to deviate
temporarily from its steady-state value, but are not per-
mitted to have a long-run effect on output.!! This assump-
tion yields one more identifying restriction.

These considerations suggest the following equations
for the relationship between observed and equilibrium
values:

s, = sF+ xs(L) (w3) (6)
Ve = Y+ (L) (s pg w pd, w?) 7

where x(L) and x¥(L) are vectors of lag polynomials (in
the indicated variables) that allow for temporary deviations
from steady-state levels. Thus, this specification allows the
actual level of output to deviate from the level implied by
the Cobb-Douglas production function in the short run. As
discussed above, y* itself is a function of s* and e*. pf
denotes shocks originating abroad, while . and . are
the domestic demand shocks.

Statistical tests suggest that output and labor supply are
both nonstationary, and thus we take first differences of
equations (6) and (7) (see Appendix B). Substituting
equations (4) and (5) into the results yields:

S = 87 = of + B(L)(w) + (I=L)x* (L) (n}) (8)

Ve = Yoz = o + B(L) (1§ W)
+ (1=L)x’ (L) (b5 ps », %, p) (9)

Consider now the specification of the foreign variable.
In addition to disturbances originating abroad, this vari-
able is affected by all the domestic shocks. However, the
two aggregate-demand shocks are permitted to affect the
foreign variable only temporarily.!? These assumptions
yield two more identifying restrictions. We assume that the
long-run evolution of the foreign variable can be described
in the same way as output, so it is included in the model in a
form similar to (8) and (9). Thus,

Jo = fimr = o + BIL) (03 us W)

+ (=L (L) (5 we W, pt, ) (10)
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Given that the interest rate appears to be non-stationary
(see Appendix B), we specify its equation in differenced
form:

i = dog = X (L) (3 we W ) (11)
Thus, all the disturbances in the model can have a perma-
nent effect on the nominal interest rate.

There is some ambiguity about how the unemployment
rate should be included in the model. On the one hand,
there is a large body of theoretical work in macroeco-
nomics to suggest that the unemployment rate is station-
ary.!3 Tests carried out over long sample periods tend to
confirm this.!* On the other hand, as shown in Appendix
B, unit root tests suggest that the unemployment rate is
non-stationary over shorter sample periods.

This inability to reject nonstationarity in the unemploy-
ment rate over the post-war period poses a problem.
Different researchers have dealt with this problem in
different ways. BQ for instance, present results both for the
case where the unemployment rate is assumed to be
stationary and where it contains a deterministic trend.
Unfortunately, removal of a linear trend is not sufficient to
make the unemployment rate stationary. Evans (1989)
allows for an increase in the mean of the unemployment
rate beginning in 1974. As indicated in Appendix B,
allowing for this shift in the mean appears to make the
unemployment rate stationary.

Acceptance of this “solution” to the nonstationarity
problem implicitly assumes the existence of some well-
defined, exogenous change in the economy that is associ-
ated with a change in the mean unemployment rate. While
some economists have pointed to the change in participa-
tion rates of women and teenagers in the labor force over
this period, the issue is by no means resolved.!> Accord-
ingly, we estimated two alternative versions of the model,
one that allows the mean unemployment rate to change in
1974, and one that holds it fixed over the entire 195488
period. The results in the two cases are similar, and so
we present only those from the specification that allows for
a mean shift. (However, we do point out instances below
in which the results from the two specifications differ
materially.)

Thus, the complete model comprises equations (8)~(11),
plus

B, = o + x¢ (L) (b5 pe W ne w) (12)

where a* is allowed to shift in 1974Q1. Thus, the unem-
ployment rate is affected by all the disturbances in the
model. However, because it is entered as a level, none of
these disturbances has a permanent effect on it.

In summary, we have identified the model by restricting
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certain long-run coefficients to equal zero, and by using
working-age population, which is strictly exogenous, for
our labor-supply variable. As discussed in Appendix A, we
require ten identifying restrictions to separate the influ-
ences of each of the five shocks—two domestic demand,
two domestic supply, and one foreign—on all the variables
in the system. The assumption that population is ex-
ogenous yields four identifying restrictions. Four addi-
tional restrictions come from the assumption that the two

aggregate-demand shocks do not have long-run effects on
output and the foreign variable. One more restriction
comes from the specification that the foreign shock has no
long-run effect on U.S. output. This gives us a total of nine
restrictions. Following SW, we choose not to identify the
two aggregate-demand shocks separately. In this way, we
are able to eliminate the need for a potentially controver-
sial tenth restriction.

III. Estimation and Empirical Results

In this section we describe the estimation technique and
present our results. The impulse response functions and
the variance decompositions presented below provide in-
formation about the structure of the economy as estimated
by the model. We use this information to analyze the
factors that have contributed to the changes in the unem-
ployment rate that occurred over the period from 1955 to
1988. Finally, at the end of this section, we show correla-
tions between our measures of the aggregate-demand and
aggregate-supply components of the unemployment rate
and the rate of inflation.

Our model includes the log of the unemployment rate
and the first differences of the logs of all other variables.
Because population is exogenous, we use ordinary least
squares to estimate a regression of population growth on
six of its own lags. (A lag-length of six is used in all the
equations in the model.)

To illustrate the technique used to estimate the remain-
ing equations, we use the real GNP equation. !¢ Real GNP
is regressed on lags of all the variables in the system plus
contemporaneous values of population, the interest rate,
the unemployment rate, and the foreign trade variable. We
impose the restriction that neither the aggregate-demand
shocks nor the foreign shocks has a permanent impact on
the level of GNP by taking the difference of the relevant
right-hand-side variables one more time and reducing the
lag length by one. Thus the first difference of real GNP is
regressed on first differences of population, the second
differences of the foreign variable and interest rates, and
the first difference of the unemployment rate (in addition to
lags of first differences of real GNP). Two-stage least-
squares is used to estimate the equation because it contains
contemporaneous values of the three endogenous variables
(that is, of interest rates, unemployment, and the foreign
variable). The contemporaneous value of population and
lagged values of all variables in the model are used as
instruments.

The remaining equations are estimated in a similar man-
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ner. Following our discussion above, domestic aggregate-
demand variables are restricted to have only a temporary
impact on the foreign variable, while no such restriction is
placed on the domestic supply variables. No restrictions
are placed on the equations for the interest rate and the
unemployment rate. As mentioned above, the inclusion of
the level of the unemployment rate in the model implies
that no shock to the system has a permanent impact on that
rate.

The Estimated Structure of the Model

Exhibit IA shows the impulse response functions from
the model. The first two columns of the exhibit show the
response of the model’s four endogenous variables to
domestic shocks, while the third column shows the effects
of shocks originating abroad. As discussed above, we
identify labor-supply and technology shocks separately,
but we do not disentangle the two underlying demand
shocks. Thus, the impulse response functions in the second
column of the exhibit represent responses to a linear
combination of the demand shocks.

Positive aggregate-demand shocks reduce unemploy-
ment and raise output and interest rates. By construction,
the effects on the unemployment rate and GNP are tempo-
rary. The effects of aggregate-demand shocks on the unem-
ployment rate die out in about 12 quarters, while those on
output last eight to 10 quarters. At first, the ratio of U.S.
exports to imports reacts negatively to domestic demand
shocks; that is, higher domestic demand leads to a rise in
imports relative to exports. The impulse response function
then cycles, becoming positive from five to twelve quar-
ters, at which time the effect dampens out.

Positive shocks to technology reduce the unemployment
rate. This effect lasts for about 24 quarters before substan-
tially dying out.!” Shocks to labor supply have insignifi-
cant effects on the unemployment rate, causing it to cycle
around its original level. Positive shocks to labor supply
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and technology permanently raise output, with the effect of
labor-supply shocks building up somewhat more gradually
than the effect of technology shocks. Positive shocks to
these two variables also permanently raise the level of
interest rates, and the ratio of exports to imports.

Positive foreign shocks temporarily raise output and
lower the unemployment rate, although the latter effects
are relatively small. These shocks also permanently raise
the interest rate.
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Exhibit IB presents the associated variance decomposi-
tions, which show the relative importance of the various
kinds of shocks in explaining the errors made in predicting
the model’s variables. At forecast horizons of up to
four quarters, variation in the unemployment rate has
been dominated by aggregate-demand shocks. Aggregate-
supply shocks begin to play a larger role as the forecast ho-
rizon lengthens, reaching 15 percent at eight quarters and
25 percent at 60 quarters. These results suggest that
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unemployment has been substantially affected both by
aggregate-demand and -supply shocks during the post-war
period.

Aggregate-demand shocks are the most important factor
in explaining variation in real GNP in the short run
(contemporaneously and at forecast horizons of one and
two quarters), accounting for 50 to 55 percent of the
variation. Technology shocks also are quite important at
these short lags, accounting for from 28 to 35 percent. As
the forecast horizon lengthens, technology shocks begin to
dominate, as these shocks are permanent, while aggregate-
demand shocks are transitory. By the time the lags reach
two years, technology shocks dominate demand shocks,
with the former factor accounting for 61 percent of the
variation and the latter accounting for only 18 percent.
Labor-supply shocks begin to become important only after
two years. At the frequency of the average business cycle,
our results show a larger role for demand shocks relative to
supply shocks than does earlier research.

Interest rate variation is dominated at all forecast hori-
zons by domestic demand shocks, although foreign shocks
have a noticeable effect in the long run. Domestic supply
shocks play only a small role, except at the very long lags.
At a lag of 60 quarters, labor supply accounts for 22
percent of the variation in the interest rate, while at shorter
lags, the role of this variable is quite small (under five
percent).

The foreign variable largely is exogenous with respect to
the other four variables in the model—that is, it is deter-
mined mainly by its own past behavior—at forecast hori-
zons of up to 12 quarters. At long lags, however, labor
supply plays a significant role in the error variance of the
foreign variable, reaching 43 percent at 60 quarters. Tech-
nology and domestic aggregate demand play only small
roles at all forecast horizons.

The effects of the foreign variable on the U.S. economy
are relatively modest, as would be expected from the
relatively small, albeit growing, role of foreign trade in the
U.S. economy. Foreign shocks play a significant role in
U.S. real GNP at short lags, accounting for 13 percent of
the contemporaneous variation and then declining in im-
portance as the lag lengthens. Foreign shocks also have
played a significant role in U.S. interest rate movements,
accounting for 10 to 12 percent of the variation in that
variable at forecast horizons in the range of two to 12
quarters.
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Historical Analysis

We now use our estimated structure to carry out two
different exercises that examine the historical evolution of
the unemployment rate. First, to understand the factors that
have caused movements in the unemployment rate over the
course of the business cycle, we look at the sources of our
model’s forecast errors at a forecast horizon of three years.

The results of this exercise are shown in Exhibit II. By
construction, any error in predicting the unemployment
rate has to be the result of the unpredicted demand, supply,
and/or foreign shocks that took place within the three-year
forecast horizon. We obtain the contribution of each kind
of disturbance to the forecast error for any particular
quarter by multiplying the coefficients in the impulse
response functions by the appropriate historical shocks as
measured by the model.

The top panel of Exhibit II shows the total error in
predicting the unemployment rate twelve quarters ahead
over the period from 1955 to 1988. At this forecast horizon,
the major errors are closely associated with business cycle
swings. The four panels below show the contributions to

Exhibit 1l

Historical Analysis: Decomposition
of 12-Quarter-Ahead Forecast Errors
for Unemployment Rate

— Total

_ Errors
0.0 - -

: Demand
0.0 -

| Technology
0.0 -
0.0~

: B Foreign

™= 1 I

52 56 60 64 68 72 76 80 84 88

29



these forecast errors made by the indicated shocks. Shaded
areas represent business cycle downturns.

The most striking feature of this analysis is that aggre-
gate-demand shocks have played by far the largest role in
unemployment rate movements over the course of the
business cycle in the postwar period. Although technology
shocks are important for the average quarterly variability
of the unemployment rate over the whole sample, aggre-
gate-demand shocks appear to be more closely related to
cyclical swings in the unemployment rate.

Technology shocks do, however, contribute significantly
to the longer-run swings in the forecast errors. For exam-
ple, the well-known productivity surge in the 1960s is
picked up in our analysis as a succession of positive
technology shocks that led to a lower-than-predicted unem-
ployment rate over most of the decade. Similarly, the
slowdown in productivity growth in the early to mid 1970s
is picked up as a succession of negative technology shocks.

The 1980s have been marked by large shocks both to
aggregate demand and to technology. Not surprisingly,
the second panel of Exhibit II shows large, negative
aggregate-demand shocks (which pushed up the unem-
ployment rate) during the period from 1980 to 1982, when
the Federal Reserve oriented monetary policy around the
monetary aggregates to combat the surge in inflation in the
late 1970s and early 1980s.

Aggregate-demand shocks then turned positive (thus
pushing down the unemployment rate) in 1983 as monetary
policy became more accommodative in the face of a con-
tinuing recession and falling inflation. In addition, fiscal
policy became highly expansionary from 1983 through

1986, with the high-employment deficit jumping sharply
in 1983 and reaching a peak in mid 1986. From 1986
through 1988, aggregate demand shocks were relatively
small, although on average were slightly negative.

Technology shocks also have been important factors in
unemployment rate movements in the 1980s. In fact, they
were about as important as aggregate-demand shocks in
raising the unemployment rate. This effect was substantial
by historical standards and lasted from early 1980 through
mid 1984. Technology shocks also accounted for a good
part of the unemployment rate decline in 1986 and 1987,
when the unemployment rate moved into a range that
contributed to the Federal Reserve’s concern about future
inflation.

What might be responsible for this pattern of technology
shocks? Any suggestions would be highly speculative.18
Several large studies on the sources of productivity change
in the U.S., for example, have failed to come up with
specific explanations for a substantial portion of that
change.!® Nonetheless, we note that the timing of the
negative technology shocks in the early 1970s and the early
1980s is close to the two oil price shocks, suggesting that
this factor may have been important. However, as noted
elsewhere, inclusion of oil prices causes problems in
explaining developments after 1985 (see footnote 6).

Unemployment and Inflation

We turn now to the second exercise of our historical
analysis, namely a decomposition of the unemployment
rate into its aggregate-demand and -supply components,
and a comparison of these components with the inflation
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rate. In Exhibit I1I, the actual unemployment rate is plotted
against the mean unemployment rate plus the contribution
of aggregate-supply factors. To obtain this rate, we sub-
tracted from the unemployment rate both the effects of
aggregate-demand-induced changes and the effects of
shocks originating abroad.?® The difference between the
two series plotted in Exhibit IIT represents the effects of
aggregate-demand pressures and foreign shocks in the
labor market. (Of the two, the latter are not very impor-
tant.) Demand pressures apparently have reduced the
unemployment rate during most of the 1965-1981 period,
implying the possibility of an inflationary bias in policy.
After 1981, these pressures have been more balanced,
sometimes positive and sometimes negative.

According to economic theory, there should be a nega-
tive correlation between our measure of the aggregate-
demand component of the unemployment rate and the rate
of inflation relative to inflation expectations, if our meas-
ure is valid. This correlation arises in both the Keynesian
Phillips curve and the Lucas-Barro, or monetary-misper-
ceptions, Phillips curve.?! In the former, an aggregate-
demand shock that reduces the unemployment rate leads to
higher inflation. In the latter, a positive aggregate-demand
shock that raises inflation above inflation expectations
(that is, creates an inflation surprise) will lead to a decrease
in the unemployment rate.

The expected negative correlation is shown in the top
panel of Exhibit IV. (We have used annual averages in
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order to reduce the random fluctuations in the data.) Note
that we plot actual inflation rather than the difference
between actual and expected inflation. In the following
discussion, we implicitly assume a positive correlation
between actual and unexpected inflation. The top panel of
the exhibit reveals that as the aggregate-demand compo-
nent of the unemployment rate fell below zero in mid-1960
through 1980, the inflation rate rose, reaching a peak in
1981. Since then, the aggregate-demand component has
fluctuated around zero, and inflation has fallen.

The bottom panel of Exhibit IV plots the aggregate-
supply component of the unemployment rate and the rate
of inflation. As expected, these two series are positively
correlated. When there is a positive technology shock, for
example, inflation falls as prices adjust to a new level, and
at the same time the unemployment rate falls as firms’
demand for labor rises.

The correlations shown visually in Exhibit IV are pre-
sented more rigorously in the first two columns of Exhibit
V. The first column presents cross correlations between
past, present, and future values of inflation, on the one
hand, and the aggregate-demand component of the unem-
ployment rate, on the other. The correlations between the
aggregate-demand component of the unemployment rate
and inflation are strongly negative, suggesting that our
measure of aggregate-demand pressure is functioning as
expected.

The second column of the exhibit presents the correla-
tions between our measure of the aggregate-supply com-
ponent of the unemployment rate and past, present, and
future rates of inflation. These correlations are uniformly
positive, which appears to validate our concept of the
aggregate-supply component of unemployment.

In the third column, we show cross-correlations be-
tween the unemployment rate minus its mean rate with past
and future values of the inflation rate. The correlations
between the aggregate-demand component of the unem-
ployment rate and future inflation are noticeably stronger
than those between the (mean-adjusted) unemployment
rate and future inflation. Likewise, the positive relation-
ship between past inflation and our measure of the supply-
induced changes in the unemployment rate is noticeably
stronger than that between past inflation and the unemploy-
ment rate.

Notice also that the correlations between past values of
inflation and the unemployment rate are positive. Thus, the
raw data tend to support the Keynesian Phillips curve,
which has causation running from unemployment to future
inflation, and refutes the monetary-misperceptions Phil-
lips curve. The latter relationship implies that there should
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be a negative correlation between past inflation surprises
and unemployment rates, rather than the positive correla-
tion shown in column three. However, the first column of
the table shows that once the aggregate-supply shocks are
stripped away, both directions of causation are supported.
There is a negative correlation between past inflation
and aggregate-demand-induced unemployment (monetary
misperceptions) and also between future inflation and
unemployment (Keynesian).
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IV. Policy Implications and Conclusions

The aim of this paper has been to estimate the relative
importance of different kinds of disturbances in causing
movements in the unemployment rate. Toward that end, we
have attempted to keep our model as free as possible of the
controversial identifying restrictions that are inherent in
the various competing paradigms of the macroeconomy.
We find that on average both demand and supply shocks
have been important in explaining unemployment rate
movements in the postwar period. While demand shocks
are relatively more important in causing cyclical swings in
the unemployment rate, supply shocks play a significant
role in inducing longer-term movements. Our finding that
positive supply shocks are correlated with falling unem-
ployment in subsequent periods casts doubt on Phillips-
curve analyses, which assume that relative prices and the
unemployment rate move independently of each other.

Our historical analysis suggests that supply shocks were
important in keeping the unemployment rate low in the
1960s, and relatively high in the early- and mid-1970s. Of
particular interest right now is the role played by supply
shocks in raising the unemployment rate in the first half of
the 1980s, and then lowering it in the second half of the
decade. The relatively large role played by supply shocks
in the decline in the unemployment rate over the last few
years could be one reason the inflation rate has not acceler-
ated as much as past estimates of the unemployment-
inflation relationship would have led us to expect.

The analysis is relevant for policy purposes to the extent
that policy makers take the unemployment rate into ac-
count in determining policy. Policy makers may look at the

unemployment rate in order to arrive at an estimate of
future inflation. Since movements in the unemployment
rate may be the result of either demand or supply factors,
looking at the level of the unemployment rate alone (or at
the unemployment rate relative to some fixed value) can be
misleading in particular episodes; instead, it is necessary
first to determine the relative importance of aggregate-
demand and -supply forces.

With this in mind, we consider what the model tells us
about the conditions that prevailed in 1988 (the last year of
our sample period). As Exhibit III indicates, aggregate
demand was mildly stimulatory. The unemployment rate
averaged 5.5 percent over the year. In the absence of any
demand shocks, it would have averaged 5.8 percent. The
difference between these two numbers (0.3 percent) pro-
vides a measure of aggregate-demand pressures in the
economy. A measure of the net impact of supply shocks is
obtained as the difference between what the unemploy-
ment rate would have been in the absence of demand
shocks and what it would have been in the absence of
shocks of any kind. Our model implies that in the absence
of any shocks to the economy the unemployment rate
would have settled at 6.0 percent.??

Thus, this difference between the actual 5.5 percent rate
in 1988 and the 6.0 percent mean rate is accounted for
about equally by demand and supply shocks. Although
demand pressures do appear to have contributed to labor
market tightness in 1988, the degree of pressure probably
is not as intense as would be suggested by comparing the
prevailing rate with its 6.0 percent mean.

APPENDIX A

Identification

In this appendix we describe the identification problem
in terms of the moving average representation of a VAR.
Let the vector X, = [X, X5 . . X,,] denote the variables
contained in the model, where all the elements are nonsta-
tionary, but are not cointegrated. Assume that the struc-
tural representation of the model can be written as

Z, = A(L)e, (A1)
where Z, = AX,, A(L) = A, + AL + AL + AL . .,
and the lag operator L is defined by Le, = e, _,. Further, it

is assumed that 3 A2< oo, and that the structural disturbance
term e is serially uncorrelated.
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Let the estimated VAR representation of the model be
given by

B(L)Z, = v, (A2)

Multiplying both sides of (A2) by C(L) = B(L)~! leads to
the moving average representation

Z,=C(L)v, (A3)

where E(v,) = 0, and E(vy,’) = () forr = s and is zero
otherwise. (A3) is the reduced form representation of (Al),
and we have

A(L)e,= C(L)v, (A4)
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This is satisfied for any v, such that v, = S*e,, and C(L) =
A(L)*S—1. Thus, to recover the structural representation
from the estimated VAR, we need to obtain the matrix S
which links the VAR residuals v, with the structural
disturbances e,.

The exact form of S will depend upon the structure of the
model. Under the usual assumption that the structural
disturbances are uncorrelated with each other and that they
have unit variance (that is, E(e,e,’) = I), the problem of
choosing the appropriate S reduces to choosing the ele-
ments of S subject to the condition that S is a square root of
Q) (the variance-covariance matrix of the VAR residuals).
Since ) has n(n -+ 1)/2 unique elements and S is n*n, we
need n(n—1)/2 (that is, n?> — [n(n-+1)/2]) additional
restrictions in order to identify a unique S. If n = 2, for
example, ) contains three unique elements while S con-
tains four. Thus, we need one additional restriction to
identify S.

Sims (1980) suggested choosing S such thats;; = 0, for
all j > i, whichserves to make the system exactly identified.
For a two-variable system, this restriction prevents shocks
to the second variable from having any contemporaneous
effect on the first variable. Sims’ restrictions imply that the
underlying structural model is a recursive, simultaneous
equations model (with independent error terms), a repre-
sentation that may sometimes be difficult to reconcile with
economic theory. Blanchard and Watson (1986) imposed
restrictions on contemporaneous correlations that were
explicitly derived from economic theory, and variations of
this technique have been implemented by Bernanke (1986)
and Walsh (1987), among others. ‘

The technique of identification used in this paper has
been suggested recently by Blanchard and Quah. In this

technique the restrictions used to identify S can be inter-
preted as restrictions on the long-run effects of the asso-
ciated shocks on certain variables. To see how this works,
assume that the vector Z, contains only two elements, so
that (A3) becomes

z,,_ N ¢; (L} c,z(L)— v,,—

Zay [cz,(L) ¢5o(L) [vz,

or -

Er B c; (L) cp(L) ~s-,, s Vs, s 177 v,
Zy, [CZI(L) czz(L)] Sa; S22 EZJ 522] l:v2]
or S

2] [eLsiy + crallisa eyLsiy + collisy, | [er

22] [CZJ(L)S” + Cop(L)sy;  Cof(Ljs;, + sz(L)szz] [ez:l

As discussed above, if e, and e, are assumed to be
independent of each other, only one more restriction is
needed to identify S. If it is assumed that e, has no long-run
effect on x; (the first variable in the model), the restriction
takes the form

Crr(1) sz + ¢ci2(1) 53, = 0

Here, ¢,,(1) is just the sum of the coefficients in the lag
polynomial c¢,,(L). Thus, in this case identification is
achieved by choosing an S for which a particular weighted
sum of the elements of the second column of S is zero. The
condition that these weights be the sum of the coefficients
of the estimated lag polynomials for the first variable is
what ensures that the level of x, is independent of e,.
Shapiro and Watson (1988) show how this restriction
can be imposed quite easily in the VAR representation.

APPENDIX B

Data and Preliminary Tests

We use quarterly data over the period 1948Q1-1988Q4
for our estimation.

All data have been obtained from the Citibase data tape.
For population, we use noninstitutional population, 16
years and over, after subtracting armed forces. The unem-
ployment rate is the civilian unemployment rate. To make
the GNP data comparable, we use real GNP net of federal
defense expenditures. The interest rate we use is the
six-month commercial paper rate. Data for U.S. exports
and imports are from the National Income and Product
Accounts.

34

Tests for Stationarity

We tested for stationarity using the Said-Dickey test,
which is recommended by Schwert (1987). The test in-
volves estimating an equation of the form

J
ye=a + Byt—l + l-Z’]SiAYt-i + €.

To test whether the y process contains a unit root we have
to determine whether B = 1. However, under the null
hypothesis that the process generating y contains a unit
root, the ratio of the estimated value of B to its standard
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error does not have the usual t-distribution. The critical
values to be used in this case are tabulated in Fuller (1976).

Schwert (1987) demonstrates that choosing a large value
of j (as recommended by Said and Dickey) avoids the
problem of falsely rejecting the hypothesis that y contains a
unit root. In the table below we present the results for the
cases where j = 8 and j = 12. The table shows that we are
unable to reject the null hypothesis of a unit root for
population, real GNP, the interest rate, or the foreign
variable at the 10% level in either the eight-lag or the 12-lag

case.

In the case of the unemployment rate, we present three
different sets of results. We are unable to reject the null
hypothesis of a unit root in the unemployment rate whether
or not we allow for a linear trend. The last column shows
the results for the case where we allow for a change in the

mean unemployment rate beginning in 1974Ql. For the
eight-lag case, the computed test statistic is significant at
5%, while for the 12-lag case the computed value of —2.80
is just below the 5% critical value of —2.89.

Note, however, that these critical values do not allow for
a shift in the mean under the alternative hypothesis. It is
useful to compare these critical values to those reported in
Perron (1988). Perron generalizes the null of a unit root
process to allow for a one-time change in the structure of
the series, and compares this to the alternative of a
stationary series with a discrete change in its mean. (Thus,
his null hypothesis is not strictly the same as ours.) It turns
out that the critical values vary with the date at which the
break occurs. For the case at hand, where the break occurs
about two-thirds of the way into the sample, the 5% critical
value is - 3.33, while the 10% critical value is —3.01.

Federal Reserve Bank of San Francisco
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NOTES

1. See, for example, "Records of Policy Actions of the
Federal Open Market Committee,” Federal Reserve Press
Release, for the eight Federal Open Market Committee
meetings in 1988.

2. See, for example, Ball, Mankiw, and Romer (1988),
Long and Plosser (1983), Lucas (1973), and Greenwald
and Stiglitz (1988).

3. Later applications used restrictions derived from eco-
nomic theory. See Blanchard and Watson (1986), Ber-
nanke (1986), Sims (1986), and Walsh (1987).

4. In another example of theoretical agnosticism, McCal-
lum (1988) has investigated the robustness of nominal-
income-targeting rules across different macroeconomic
theories.

5. These results refer to the case where no trend is
removed from the unemployment rate. Blanchard and
Quah also present results for the case where they remove
a linear trend from the unemployment rate. Removal of a
linear trend tends to increase the relative importance of
demand shocks.

6. They also included the price of oil as an exogenous
variable, on the grounds that the two recessions during
the 1970s were the consequence of the oil price shocks
during this period. inclusion of the oil price variable is
problematic, however, since oil prices fell dramatically in
1985 without an obvious effect on real output. Shapiro and
Watson estimate their modetl through the end of 1985 only.

7. SW also present two sets of resulte: one whera thereisa
deterministic trend in labor hours and one where the trend
in hours is stochastic. The results discussad in the text
refer to the latter case.

8. See, for example, Blanchard and Quah (1989), Long
and Plosser (1983), and Shapiro and Watson (1988).

9. The model outlined here closely follows that in Shapiro
and Watson.

10. As described in Appendix A, once we assume that the
underlying shocks are uncorrelated and have unit vari-
ance, we need n(n-1)/2 additional restrictions to identify a
model that contains n variables. Since n = 5 here, we
need a total of 10 restrictions.

11. This assumption implies symmetric treatment of for-
eign and domestic aggregate-demand shocks; that is,
neither have permanent effects on output. However, the
foreign shock also is designed to include the effects of
foreign supply disturbances. One drawback of our model
is that we are treating foreign and domestic supply shocks
asymmetrically; that is, domestic supply shocks can have
permanent effects, while foreign supply shocks cannot.

12. The assumption that an aggregate-demand shock
induced by monetary policy does not have a long-run
effect on the foreign variable is uncontroversial. The as-
sumption that a fiscal-policy shock does not have a long-
runeffect on realexports and importsis lessclear cut. See
Krugman (1985) and Mussa (1985) for discussions of
these issues and other references.

13. See Phelps (1978). For a contrary view, see Summers
and Blanchard (1986).

14, See, for instance, Nelson and Plosser (1982).

15. See, for instance, Gordon (1982) and Congressional
Budget Office (1987).

16.-The reader ‘interested in more detail is referred to
Shapiro and Watson (1988).

17. As noted earlier, we also estimated a model with no
mean shift in the unemployment rate, even though under
thisspecification unit root tests suggest that the unem-
ployment rate is non-stationary. The impulse response
functions and variance decompositions for this model are
nearly identical with those presented in the text, with one
exception. The model without a mean shift in the unem-
ployment rate ascribes a larger role to technology shocks
and a smaller role to demand shocks in determining the
error variance of the unemployment rate. Moreover (con-
sistent with our findings in the unit root tests), the effects
of different kinds of shocks on unemployment dissipate
more slowly in the model without a mean shift than in the
model! discussed in the text.

18. The list of real shocks considered by Boschen and
Mills (1988), for instance, contains changes in the price of
oil, marginal tax rates, real government purchases, work-
ing-age population, and real exports.

19. See Jorgenson, et al., (1987).

20. More specifically, to obtain the supply component of
the unemployment rate for any given quarter, we subtract
the effect of all demand and foreign shocks that occurred
as long as 40 guarters ago. The impulse response func-
tions in Exhibit 1A show that this is more than long enough
for the effects of these shocks to die out.

21. See Gordon (1982), Barro (1977), and Lucas (1973).
22. Priorto 1974, when we assume a mean shift, this rate is
estimated to be 4.8 percent. Also, in the model where the

mean is not allowed to shift, the mean rate of unemploy-
ment is estimated 1o be 5.0 percent.
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This article argues that households are often prevented
from consuming as much as their permanent income
justifies. The hypothesis is advanced that lending criteria
based on payment-to-income ratios often inappropriately
constrain borrowing and therefore consumption. The evi-
dence indicates that the variables presumed to proxy for
payments and for income, the nominal interest rate and the
unemployment rate, respectively, significantly affect con-
sumption growth in the manner suggested by this hypothe-
sis. In contrast, there is little evidence that real interest
rates have important effects on consumption.

Federal Reserve Bank of San Francisco

{ Liquidity Constraints on Consumption:
| The Real Effects of “Real” Lending Policies

Personal consumption expenditures typically comprise
about two-thirds of total national spending. Not only is
consumption the single largest category of spending, but it
changes by large amounts. In absolute terms, the vari-
ability of consumption expenditures is as large as that of
business investment. Moreover, the variabilities of the
components of consumption (services, nondurables, and
durables) are large. The variabilities of nondurables and of
services individually are nearly as large as that of con-
sumer durable expenditures and the variability of the sum
of nondurables and services is appreciably larger than that
of durables.! An understanding of the movements in and
determinants of consumption and its components clearly is
important for the conduct of monetary policy.

The widely accepted permanent income hypothesis pos-
its that consumption is driven by households’ wealth and
their expectations of income over the long run. Although
actual income may fluctuate, these fluctuations are hy-
pothesized not to affect consumption unless they alter
households’ expectations of their longer-run average, or
permanent, income. Instead, when households are faced
with deviations of actual from permanent income, they are
presumed to vary borrowing and lending in order to steady
consumption.

Considerable recent empirical research, however, based
on both macroeconomic and microeconomic data bases,
suggests that movements in actual income have sizeable
effects on consumption apart from the effect of those
movements on permanent income. Likewise, theory sug-
gests that real, after-tax interest rates should affect con-
sumption, but that nominal interest rates should not. The
evidence, however, indicates that exactly the opposite is
more likely to be true. Consistently, the data point to
significant nominal interest rate effects on expenditures for
durables, nondurables, and services, and to insignificant
real-interest-rate effects.? This is surprising indeed.

This article suggests that a single factor helps to explain
these two findings—that consumption expenditures are
reduced both by higher nominal interest rates and by the
shortfall of actual, current real income below its perma-
nent level. These interest-rate and income effects both
result from a borrowing constraint which prevents house-
holds from obtaining sufficient credit to finance as much
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consumption as their permanent income justifies. In par-
ticular, this borrowing, or liquidity, constraint is hypoth-
esized to emanate from the prevailing lending practice of
granting credit subject to virtually-never-changing pay-
ment-to-income-ratio ceilings.3

The first section presents a brief exposition of the
permanent income theory of consumption and its empirical
implications. Then it is argued that current credit-granting
practices lead to liquidity constraints that are associated
with nominal interest rates and real income. Section II
reviews the evidence from microeconomic data bases re-
garding liquidity constraints. It also suggests what these

constraints portend for macroeconomic data. Section III
econometrically assesses the extent to which nominal
interest rates and unemployment rates affect aggregate
consumption, apart from their effects on permanent in-
come. The estimates suggest that each has powerful effects
on consumption expenditures. The evidence points toward
the liquidity constraint that operates through the payment-
to-income ratio as the source of these important effects on
consumer expenditure. The short- and longer-run implica-
tions of these results for national spending and saving, for
economic policy, and for financial institutions are dis-
cussed in the concluding Section IV.

I. Permanent Income, Consumption, and Constraints

The permanent income hypothesis posits that consumers
base desired consumption on permanent income. The
theory can be summarized as

C = kY’ 0))

where C is the level of real, per capita consumption, k is the
(average and marginal) propensity to consume out of
permanent income and Y” is the level of real, per capita
permanent income. Permanent income, Y”, is the average,
discounted income a consumer expects to receive over the
relevant horizon. In logs, (1) becomes

log(C) = log(k) + log(Y") )

Note that actual income does not appear. The permanent
income hypothesis states that actual income affects con-
sumption only to the extent that if affects permanent
income. Consumers are presumed to have access to capital
markets, and therefore are not constrained by cash flow or
current income. Borrowing and lending are viewed as
shock absorbers for temporary fluctuations in income,
making it possible for households to maintain consump-
tion in the face of changes in actual income that are
perceived to be temporary or are anticipated. Access to
capital markets also permits consumption to change when
permanent income changes in advance of actual income.

Permanent income represents a forecast, not a measured
quantity. When consumers use all the information that is
available at a given time to form estimates of permanent
income, those estimates will change from period to period
only as new information is received. Hence, changes in
estimates of permanent income will be unpredictable. This
is common to optimal forecasts; over time, the change in
what is expected to happen over any given future period is
random.* This is embodied in

log(Y") = log(Y")_,+ 3)

which shows that today’s forecast of future income differs
from last period’s forecast of income over the same future
period by an unforecastable amount, . No information
available prior to the current period would help predict the
change in permanent (or forecasted) income. Otherwise, it
already would have been incorporated in last period’s
estimate of permanent income.

Taking first differences of (2) and using (3) generates

Alog(C) = Alog(k) + W 4)

On the assumption that k& is constant over time, the growth
rate of consumption, Alog(C), should be random. No
information available prior to the current period should
reliably predict changes in consumption growth.

This model, however, is correct only if expected, real,
after-tax interest rates are constant. When they are not
constant, theory predicts that households defer more con-
sumption when the reward for doing so is higher. This
means that, ceteris paribus, higher interest rates last
period reduce last-period’s consumption relative to current
consumption, thereby raising the growth rate of con-
sumption:

Alog(C) = vy + dre; + p %)

Liquidity-Constrained Consumption

One potential weakness of this permanent-income for-
mulation is that it assumes perfect capital markets, in
which households can borrow and invest in order to
smooth consumption across time periods. If capital mar-
kets are not perfect, however, households” desired spend-
ing patterns may be “liquidity constrained” in significant
ways.> Thus, the presence of liquidity constraints could
make the permanent income hypothesis an inferior explan-
ation for aggregate consumption behavior, particularly
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since changes in borrowing flows are an empirically impor-
tant factor in consumption patterns.®

The alternative hypothesis advanced here is that liquid-
ity constraints are indeed binding for a significant portion
of households and that the aggregate amount of liquidity
constraint is associated with unemployment and nominal
interest rates. As either rises, liquidity constraints both
bind more tightly on previously constrained households
and begin to bind on more households. Each aspect drives
consumption further below the unconstrained value that
the permanent income hypothesis predicts.

Consumers subject to liquidity constraints are assumed
to behave differently from those who are not. Their con-
sumption generally will respond vigorously to changes in
current income or other sources of cash flow, even if those
changes are anticipated, since, by definition, constrained
households want to consume more but are prevented from
doing so by restrictions on their ability to borrow. Consum-
ers not subject to borrowing constraints, in contrast, would
be expected to react little to anticipated, or to past income
changes since their estimates of permanent income and
their consumption plans already have adjusted to those
developments. Liquidity-constrained consumers already
may have changed their desired consumption, but actual
consumption may have to await increases in actual income
and the increased cash flow and ability to borrow that
comes with it.

The liquidity constraint impinging on an individual may
be relatively short-lived or very long-lived. Borrowing
may be constrained to less-than-optimal levels for house-
holds with expected (average, discounted) lifetime earn-
ings that are above their actual, current earnings for
periods extending into years. Given the typical upward tilt
in the age-earnings profile, most young households would
be expected to be substantial net debtors for many years.
Kotlikoff (1988) shows that in practice, however, there is
very little net borrowing by the young, whose consumption
tracks earnings very closely at least up to age 45. And it
may be that not only the young are liquidity constrained.
Wilcox (1989) cites several studies that suggest that a
substantial portion of the elderly may be liquidity con-
strained.”

Liquidity constraints resulting from the combination of
lending criteria based on current income and the usual
upward slope of the age-earnings profile then may lead to a
very important and relatively constant share of households
whose spending is constrained. For an individual, this type
of liquidity constraint may become less binding as actual
earnings approach potential earnings and as financial
assets are accumulated.® The number of households sub-

Federal Reserve Bank of San Francisco

ject to this form of liquidity constraint may change as time
passes, probably slowly and in tandem with the ratio of
young to total households.

In addition to the households subject to this age-related
constraint, a changing fraction of households is likely to
experience varying degrees of liquidity constraint in re-
sponse to variations in unemployment and nominal interest
rates.”? One reason consumers may become liquidity con-
strained is that lenders widely follow a practice of restrict-
ing consumer borrowing so as to keep payment-to-income
ratios below some ceiling level. A recent American Bank-
ers Association textbook on consumer lending suggests
that a borrower’s capacity to repay a loan can be measured
by the payment-to-income ratio.'® This means that appli-
cations for credit are likely to be disapproved if the ratio of
total loan payments to income breaches a ceiling, for
example, of 40 percent.!! Note that, in practice, this policy
refers to current payment-to-current income. One conse-
quence of this policy is that lenders generally refuse to
extend credit to the currently unemployed.?

Using a payment-to-income rule means that movements
in current income relative to permanent income can lead to
consumers being liquidity constrained. This practice sug-
gests a capital market imperfection that may explain why
current income and cash flow affect consumption when the
permanent income theory suggests they should not.

These credit practices also suggest that the extent to
which consumption is liquidity constrained will vary with
nominal interest rates. Lending policies that predetermine
a payment-to-income ratio ceiling reduce the real amount
of credit that would be made available to a borrower as the
nominal interest rate rises.

Consider a $10,000, 48-month fully-amortizing loan.
Suppose that the real interest rate is six percent.!® If
the expected inflation rate built into interest rates were
zero percent, the resulting six percent loan would entail
monthly payments of $235.1 Since the actual and ex-
pected inflation rate is zero for this period, the actual
payments and their real, or inflation-adjusted, values are
both $235 per month for 48 months. The lower horizontal
line in Figure 1 shows that payment, which is level in
dollar, or nominal, terms and in real terms.

Suppose now that the actual inflation rate and the
expected inflation rate incorporated into nominal interest
rates rises from zero to five percent and that the real
interest rate remains at six percent. The resulting eleven
percent market interest rate means that the same loan now
carries a $258 payment, an increase of 10 percent. This
higher, nominal amount is shown as the upper horizontal
line in Figure 1. This repayment pattern has the same six
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percent real return over the life of the contract. The real
burden of those higher nominal payments is shown as the
diagonal line in Figure 1. Note that relative to the constant
real payments in the zero-percent inflation case, the level
dollar payments in the five-percent inflation case, in real
terms, are higher early on and lower later in the life of
the loan.

Level nominal payments during a period of inflation
imply falling payments in real terms over time. An increase
in expected inflation leads to an immediate one-time
increase to higher nominal payments. The problem is that
the onset of inflation does not have the same effect on
household incomes. Incomes generally rise gradually as
the level of prices rises. They do not jump by the same 10
percent in the first month that payments do. Thus, an
increase in nominal interest rates stemming from an in-
crease in the inflation premium would raise the initial real
burden of this loan by virtually 10 percent. Suppose that a
lender followed a payment-to-income rule and that the
borrower would be permitted in either inflation scenario to
borrow an amount that would imply a $235 payment. In the
zero percent inflation case, a loan of $10,000 would be
granted; in the five percent inflation case, a loan of only
$9,087 would be granted.

This happens even though households and financial
institutions both may think that they are adjusting for
inflation. By basing their decisions on the ratio of two
(nominal or real) fiows, which often leads to an inflation-
adjusted magnitude, they may be attempting to make a
“real” decision. They are not. The reason is straightfor-
ward: the dollar payment per dollar of credit extended rises
with the nominal interest rate. The only type of loan
repayment schedule currently available provides for level

dollar repayments. As time passes and inflation raises the
level of wages and prices, those level payments constitute
falling real payments.!> Since later nominal repayments
will be less in real terms, earlier ones must be greater to
preserve the same average real payment and real rate of
interest.

Over time, lenders might be expected to make lending
policy parameters “realistic”’ to maintain optimal real
borrowing limits. In practice, adjustments in lending pol-
icy take place so slowly that the aggregate amount of
consumption that is liquidity constrained is likely to rise
with the level of inflation. To the extent that nominal,
interest rates respond to (expected) inflation, payment-to-
income ceilings would have to rise and fall with inflation to
avoid tightening of liquidity constraints. It does appear
that, on average, consumer credit parameters may have
become somewhat looser in higher inflation periods. It
does not appear, however, that they became tighter as
inflation fell over the past ten years. In any event, lending
parameters seem to be adjusted slowly enough, if ever, that
as nominal interest rates move in response to inflation,
more households become subject to these interest-rate-
related restrictions.

The extension of loan maturities may reflect an attempt
to overcome the high, initial, real payments brought on by
inflation-related increases in nominal interest rates. The
evidence does seem to be that loan maturities have consis-
tently lengthened over the past four decades, but that seems
to have gone on apart from the rise and fall of inflation.
Regardless, attempting to solve the real-payment-tilt prob-
lem with longer maturities is indirect and inefficient since
longer loans have lower, but still level, dollar payments.

Figure 1
Real Nominal and Real Loan Payments*

Payment ($)
260 -

250

240

230

220 -

210

*Based on $10,000, 48-month, fully-amortizing loan with a 6% real interest rate.
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II. Micro Evidence

One potential way to measure the extent of aggregate
liquidity constraint is to look at data on loan applica-
tions disapproved.'® However, the results of such a study
will almost certainly understate the degree of liquidity
constraint since borrowing constraints related to actual
income may not be imposed only by lenders but also (self-
imposed) by households. To the extent they recognize that
lenders impose payment-to-income restrictions, house-
holds are likely to adjust current borrowing behavior as a
hedge against temporary declines in actual income in the
future. This may explain why, for example, so many
households purchase lines of credit through credit card
fees. Such lines may provide access to the credit that
lenders otherwise would refuse to extend under circum-
stances that would lead a borrower to seek it. By tempering
their debt accumulation and by maintaining lines of credit,
households effectively have credit-access insurance.

Likewise, households may not bother applying for credit
when they (accurately) forecast that they do not fall under
lenders’ payment-to-income ceilings. Most households are
likely to believe (accurately) that their prospects for obtain-
ing additional credit are dim when they are unemployed,
for example, and therefore may not even apply. Finally,
even though the constrained may end up obtaining credit,
the amount they borrow will be less than if they were not
constrained. In the mortgage market, for example, it is
common for potential borrowers to seek prior estimates
from lenders directly or indirectly of the maximum mort-
gage they would qualify for and then to adjust home
purchases accordingly.

As an alternative approach to assessing the extent to
which consumers are liquidity constrained, a number of
empirical studies have investigated the consumption be-
havior of individual households. The important question
for our purposes is whether liquidity-constrained consum-
ers are numerous enough or receive a large enough share of
aggregate income that aggregate consumption patterns are
importantly affected. Below, I briefly review the results of
studies of the spending patterns of individuals with that
in mind.

Hall and Mishkin (1982) used data from the early 1970s
on income and consumption of food by individual fam-
ilies. They conclude that 80 percent of these actual con-
sumption expenditures appear to move in the manner
prescribed by the liquidity-unconstrained, permanent in-
come hypothesis. Their results further suggest that much
of the deviation of actual from unconstrained consumption
1s due to the inability to borrow to overcome temporary
income shortfalls. Hall and Mishkin conclude that “food
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consumption behaves as if constraints on borrowing were
relatively unimportant.”

Hayashi (1985) analyzed consumption behavior of two
groups of consumers in the early 1960s: those who had
high savings and those who did not. The hypothesis was
that consumers who had accumulated wealth were unlikely
to be constrained in their consumption behavior since they
could self-finance more consumption by saving less, or
even by dissaving. In contrast, those who did not have high
savings were more likely to find their consumption re-
stricted if liquidity constraints did, in fact, exist.

When the empirical model that best tracked the con-
sumption of the high savers was used to predict the
consumption of the low savers, Hayashi found that low
savers tended to spend less (and save more) than the model
forecasted. The rationale given for that result is that
liquidity constraints prevented the group with low accumu-
lated savings from consuming as much as they otherwise
would have chosen; their inability to borrow precluded
spending. The group whose consumption seemed most
constrained was young households. That result is consis-
tent with the typical upward tilt in age-earnings and in age-
wealth profiles.

Mariger (1986) also concluded ‘“‘that liquidity con-
straints are quite prevalent.” Again employing the early
1960s data set, his estimates suggest that about twenty per-
cent of families were liquidity constrained. These families
accounted for about one-sixth of aggregate consumption.

Zeldes (1988) uses food consumption data collected
from the late 1960s through the early 1980s to assess
whether binding liquidity constraints have been wide-
spread. Like Hayashi, he splits the individual-family data
set in two. The specific criterion is whether the family has a
non-negligible wealth-to-income ratio. He then estimates
whether either group seems to exhibit consumption be-
havior that is consistent with the presence of borrowing
constraints. He finds that, as Fitzgerald and Hemingway
first conjectured, the rich are different.!” Their consump-
tion displayed no indication of being constrained by an
inability to borrow, whereas that of the group with the low
wealth-to-income ratio did.

These studies each find that a minority of households has
been influenced by either binding current, or potentially-
binding future, liquidity constraints. Taken together, these
studies seem to make a compelling case for the practical
importance of liquidity constraints. First, the fraction of
households deemed to be constrained was a substantial
minority. Finding that about 20 percent of consumers had
been constrained implies serious deviation from the un-
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constrained model of aggregate consumption. Since the
unconstrained consumers are able optimally to smooth
their consumption, it may be that the remaining consumers
account for a very large fraction of total consumption
variability. !

Second, of all the items in the household budget, expen-
diture for food would seem to be one of the least likely to

be liquidity constrained. Food consumption is usually con-
sidered very income inelastic; it is the last purchase to
be sacrificed when income falls. Evidence that the food
expenditures of twenty percent of all households are con-
strained suggests that expenditures on the remaining cate-
gories of expenditure may be vastly more affected.!”

ITI. Macro Evidence

Given the evidence from studies of the spending patterns
of individual households, this section investigates whether
liquidity constraints have important effects on aggregate
consumption behavior. According to the liquidity-uncon-
strained version of the permanent income hypothesis of
consumption, no lagged values of any variable should help
predict the growth rate of consumption. Table 1 provides
evidence to the contrary. It presents the results of regress-
ing consumption on the first four lags of (personal dispos-
able) income. Rows 1, 2, and 3 present the results of using
lagged income to predict total consumption expenditures
(C), the sum of consumer expenditures on nondurables and
on services (CNS), and consumer expenditures on dura-
bles (CD), respectively. All variables in Table 1 are ex-
pressed as real, per capita, seasonally-adjusted percentage
changes at annual rates. Current growth rates are based on
current relative to prior-quarter levels.

The first two lagged income coefficients tend to be
sizeable and significant. Lags three and four tend to be
smaller and negative. Not surprisingly, fie reaction of
durable goods expenditures to lagged incorme is consider-
ably different from that of nondurables and services. For

nondurables and services, it is reasonable to take both the
size and the timing of the consumption services that flow
from them to be the same as expenditures on them. When it
comes to durables, such an assumption is patently unrea-
sonable.20 A $20,000 expenditure this quarter for a new
automobile is almost entirely investment and little con-
sumption. The continuing flow of consumption services
from past durable goods purchases, therefore, suggests that
a positive response of durable goods expenditures to in-
come is likely to be followed by negative ones. That is what
Row 3 shows. After large and significant positive re-
sponses to the first two lags of income, large, negative
responses appear.

The F-statistics in each row test whether the lagged
values of income significantly help predict consumption.
Since each of the calculated F-statistics exceeds the .05
significance level (critical value of 2.37), I conclude that
each of the measures of consumption is predicted by
lagged, actual-income movements.?! This predictability
of consumption growth argues against the simplest version
of the permanent income theory as a sufficient explanation
for consumption.
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The results in Table 1, however, do not point to the
reasons the permanent income hypothesis might be vio-
lated. The results presented in Table 2 suggest that lagged
income and lagged consumption appear to affect consump-
tion to the extent that each serves as a proxy for current
income. Table 2 shows the results of arbitrarily splitting the
sample period into decades and testing whether lagged
values of consumption and income help predict consump-
tion and income. (Reported F-statistics above 2.65 in Table
2 indicate statistical confidence above the .95 level.) When
current income is predicted by its own lags, as in the 1950s
and, to a lesser extent, the 1960s, lagged income serves as
an effective proxy for current income. Those are also the
periods when consumption is predicted by lagged in-
come.?? When income is not predicted by past income, as
inthe 1970s and 1980s, lagged income does not serve as an
effective proxy for current income. In those periods, con-
sumption is not predicted by past income.

Similar findings pertain to lagged consumption. When
actual income is predicted by, and therefore effectively
proxied by, lagged consumption, as in the 1980s, con-
sumption is significantly related to its own lags. When
lagged consumption does not serve as an effective proxy
for current income, lagged consumption does not signifi-
cantly predict current consumption. The exception to this
pattern is that, in the 1970s, when income is not predicted
by lags of consumption, lagged consumption still helps
predict consumption.?3 These results indicate that it is not
lagged income or lagged consumption per se that affects
consumption. Instead, what they suggest is that consump-
tion reacts to current income to an extent greater than is
warranted by the permanent income hypothesis.

Federal Reserve Bank of San Francisco

Testing for Liquidity Constraints

The finding that consumption does not correspond to the
predictions of the simplest version of the permanent in-
come hypothesis does not necessarily invalidate it. As
noted earlier, consumption growth also may be affected by
changes in the real interest rate and be completely in
accord with the permanent income hypothesis. The appar-
ent violation reported above may reflect that effect. How-
ever, as I argue, an alternative explanation for the results
in Tables 1 and 2 is that consumption is importantly af-
fected by liquidity constraints associated with payment-to-
income ceilings on borrowing.

This hypothesis implies that changes in the nominal in-
terest rate (i), as distinguished from changes in the real
interest rate, and changes in the unemployment rate (U),
which proxy for changes in current income, affect the
growth rate of aggregate consumption expenditures on
nondurables and services, apart from their effects on per-
manent income.?* Suppose that the propensity to consume
out of permanent income apart from the liquidity con-
straints associated with i and U is k*, that the actual pro-
pensity to consume is k, and that the two are related by:25

k = k*elaU+Bi) (6)

On the assumption that o and 3 are negative, equation (6)
embodies the hypothesis that, as either the unemployment
rate or the nominal interest rate rises, consumption is
reduced relative to the level implied by permanent income.
The reason is that as either rises, liquidity constraints
will bind on more households and more consumption per
household. Taking logarithms of equation (6), then sub-
stituting into equation (1), and allowing for the real interest
rate effects discussed earlier produces:

Alog(C) = vy + dre,+ oAU + BAI + p (7

Table 3 shows the results of estimating equation (7) and
some variations of it. To ensure consistent estimates and
valid statistical inference of the effect of each of these
right-hand-side variables on consumption growth, an in-
strumental variables estimation technique was used.?6
This approach addresses two problems. First, the current
changes in unemployment and interest rates (and presuma-
bly in almost all other macroeconomic variables) are very
likely to be correlated with current revisions to permanent
income and are, therefore, correlated with the equation’s
error term.

Second, even if households are continuously obeying the
permanent income hypothesis, quarterly-average meas-
ures of consumption growth will be correlated with the
previous period’s consumption growth, which is deter-
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mined by the previous period’s new information. This
apparent violation of the permanent income hypothesis
emanates from time-averaging of data, not from a violation
of the theory. The induced autocorrelation implies that,
when time-averaged data are employed (as they are here),
the consumption equation error term will be correlated
with one-period-lagged variables, such as the one-period-
lagged expected real interest rate that equation (7) suggests
is relevant. Thus, one-period-lagged variables are not valid
instruments.

The variables used as instruments are a constant term
and lags two through five of the first differences of the
unemployment rate, the expected inflation rate, the auto
loan rate, the Treasury bill rate, and the real, after-tax
Treasury bill rate.?’ Expected real interest rates were
derived by subtracting the one-year expected inflation rate
from the nominal interest rate.28

The top and bottom halves of Table 3 use as the

consumption measure the sum of expenditures on con-
sumer nondurables and services (CNS) and expenditures
on consumer durables (CD), respectively. Row 1 presents
results from estimating equation (5), the modified (uncon-
strained) permanent income hypothesis, using the real,
after-tax Treasury bill interest rate as the measure of the
lending rate that consumers face.?® As can be seen from
these results, the real interest rate does not have a signifi-
cant effect on consumption. Row 2 adds the two presumed
determinants of the degree of economy-wide liquidity
constraint: the unemployment rate and an interest rate at
which consumers can borrow. The borrowing rate that
households face is taken to be the nominal, before-tax,
interest rate on auto loans. Row 3 includes both the
borrowing and the lending interest rates households face.
The lending rate is taken to be the Treasury bill rate. The
borrowing and lending rates that consumers face did not
always move closely over this period, in part due to
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regulations, in part due to maturity differences. The esti-
mates show that the borrowing rate clearly is the dominant
financial force.3° That the entire interest-rate impact takes
place through the nominal borrowing rate is just what a
payment-to-income constraint leads us to expect.

Consistently, the estimated effect of (lagged, expected)
real interest rates on nondurables and services expenditure
is negative, small, and statistically indistinguishable from
zero. This coincides with most earlier research and holds
regardless whether liquidity constraint proxies are in-
cluded. By contrast, the liquidity constraint proxies are
large and significant.3!

Rows 5-8 use expenditures on durables as the depend-
ent variable. These results are qualitatively similar to those
for nondurables and services. The unemployment rate and
interest rate coefficients are large and clearly statistically
significant in each row. Again, the borrowing rate domi-
nates the lending rate. The real-rate effects are positive and
much larger than for nondurables and services, but never
approach statistical significance.

The estimates in Table 3 also embody some equalities
that support the payment-to-income-constraint hypothe-
sis. Since the coefficients for durables are about five times
as large as those for nondurable and services spending and
since the level of the latter category is about five times as
large as that of the former, the estimated reduction in
spending due to a rise in either the unemployment rate or
the nominal interest rate is about the same for both spend-
ing categories.

Second, equality of the interest-rate- and unemploy-
ment-rate-spending elasticities cannot be rejected. Tests of
that hypothesis for expenditures on nondurables and serv-
ices and for expenditures on durables generate t-statistics
of —0.8 and — 1.8, respectively, each of which is below
the critical value for a .05 significance test.3? These results
are consistent with the hypothesis concerning payment-to-
income constraints since equal percentage changes in the
interest rate and in the unemployment rate should have
(approximately) the same effect on the payment-to-income
ratio and therefore on the degree of liquidity constraint.

Third, when Rows 4 and 8 of the table are re-estimated
using the two individual components of the nominal inter-
est rate, the expected real rate and the expected inflation
rate, the estimated coefficients on the components are
close to that on their sum. Statistical tests of this equality
within each spending category do not call for rejection; the
respective t-statistics were —0.6 and 1.7, considerably
below the critical value for confidence at the .95 level.
Thus, it seems that it is not the expected inflation rate nor
the real rate component of the nominal interest rate, but the
nominal interest rate in toto, that affects consumer spend-
ing. This finding is consistent with the hypothesis ad-
vanced here that the nominal interest rate affects payments
and through this channel, affects spending.

Equation (6) can be rewritten as

kik* = e(@U+Bi) = galUeBi = k k. 8)

The heavy line in Figure 2 plots the constraint for nondur-
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Figure 3
Decomposition of the
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ables and services spending implied by the estimates in
Row 4 of Table 3. This constraint shows the joint effects on
the propensity to consume out of permanent income over
time due to changes in unemployment and interest rates. In
the 1970s, this constraint rose and then declined briskly
after 1980. Apparently, the effects of rising nominal inter-
est rates have offset those of falling unemployment rates
over the last few years, stalling the decline in the con-
straint.

The separate effects of unemployment and interest rates
are also plotted in Figure 2. The estimates suggest that the
constraint related to the nominal interest rate generally has
had a much larger effect on spending than that related to
the unemployment rate. The reason for this may be that
many more households are affected by payment changes
than by income changes.

Equation (9) separates k; into its components, the effects
of changes in expected real rates, k,, and of changes in
expected inflation, k,.

k; = Pl = eB(rtp) = ePrePr=k k,

)

All three are plotted in Figure 3. Figure 3 reflects the
dominant role of expected inflation in interest rate move-
ments and consequently in changes in the constraint. The
secular rise of expected inflation until the 1980s is esti-
mated alone to have increased the constraint by about 15
percentage points. Since the early 1980s, lower expected
inflation and lower real rates have combined to reduce
liquidity constraints operating through nominal interest
rates, thereby freeing consumers to spend more.

IV. Interpretations and Implications

The evidence presented here points to large and relia-
ble responses of aggregate consumption expenditures to
changes in unemployment and in nominal interest rates.
This is consistent with the view that large numbers of
households find themselves liquidity constrained. I argue
that this constraint emanates from households being con-
strained in their ability to borrow as a result of lenders’
payment-to-income restrictions.

These borrowing restrictions become more binding as
nominal interest rates rise. Given that the major factor
driving nominal rates has been expected inflation, house-
holds become increasingly liquidity constrained as ex-
pected inflation rate rises. This prevents households from
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carrying out their utility-maximizing consumption. This is
an example of a large, real cost of expected inflation, one
that may help account for households’ generally inexplica-
ble antipathy to expected inflation.

The presence of, and even the possibility of future,
liquidity constraints means that aggregate spending will
behave very differently than is predicted by models that
ignore such constraints. The impacts of fiscal and mone-
tary policies, short-run or long-run, will depend upon the
amount and nature of liquidity constraints faced by various
households. Since the degree of liquidity constraint is
likely to differ systematically by group, assessment of
these policies should allow for differential effects on the
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young and the old, the rich and the poor, the homeowner
and the renter. Without allowance for these distributional
considerations, the workings of the economy and the
effects of policies are likely to be misunderstood.

In the absence of liquidity constraints, changes in fiscal
policy that the public perceives to be temporary would not
be expected to affect consumption much, especially that of
the young. In the presence of liquidity constraints, how-
ever, the change in cash flows can greatly alter households’
ability to achieve desired consumption, especially that of
the young. A temporary income tax reduction, for exam-
ple, might change permanent income very little, but might
raise consumption virtually dollar-for-dollar, as consumers
found themselves less bound by liquidity constraints.33
The widespread presence of liquidity constraints also
affects the effectiveness of monetary policy, since nominal
interest rate changes have large effects on expenditures. In
fact, in contrast to much recent theorizing, anticipated

monetary policy may have larger effects than unanticipated
policy, since it is the anticipated part of inflation that
primarily affects nominal interest rates.

The substantial response of aggregate consumption to
nominal-interest- and expected-inflation rates suggests
that a large number of households are genuinely bound by
the cash-flow constraint associated with those factors. This
paper has not addressed the reasons that such constraints
persist. To the extent they are associated with institutional
and psychological factors that can be overcome, the finan-
cial services industry can satisfy a heretofore-constrained,
enormous household demand for credit. The easiest way to
tap this unmet demand is to introduce financial instruments
the payments of which are geared to the upward tilt in
household income associated with long-run aggregate pro-
ductivity increases, long-run individual real income in-
creases, and, especially, increases in the average level of
prices.

NOTES

1. The variabilities referred to are the standard errors of the
estimate generated by separately regressing the ratio of
each spending component (in real terms) to detrended
real GNP on a linear trend with the 1947Q2-1988Q3
quarterly data. Detrended real GNP consists of the expo-
nentiated fitted values obtained by regressing the log of
real GNP on a constant, a linear trend, and the square of
the linear trend.

2. For example, a nominal interest rate variable is signifi-
cant when added to the FRBSF econometric model's
current equation for consumer expenditures on nondur-
ables and services. The durables expenditure equation
already has a nominal rate variable included, in order to
handle credit rationing effects. For a typical example of
significant estimated nominal interest rate effects on ag-
gregate consumption, see Blinder and Deaton (1985).

3. Consumers and households are referred to inter-
changeably, as are liquidity or borrowing or financing
constraints. I do not attempt to ascertain why lenders have
chosen their lending criteria or why they so seldom
change them.

4. Of course, the optimal forecast may be that actual
income will change. During a period of perceived-to-be-
temporary unemployment, the optimal forecast will be that
income will rise on average over time. The optimal fore-
cast of what average income will be over a fixed period will
be revised as new information arrives, but the direction
and size of those revisions will not be predictable. Optimal
forecasts have the property that no one, including the
forecaster, can forecast how the forecast will change.

5. Liquidity constraints may affect not only households.
Econometric estimates of business investment spending
tong-have found substantial effects of various financial
variables which can be interpreted as indicating whether
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firms are likely to face liquidity constraints. Recent micro-
economic evidence concurs with the earlier aggregate
estimates that support the significant role played by these
constraints on business borrowing. Given the size of the
economic units involved and the relatively more collateri-
zable nature of the assets being financed by businesses,
it is easy to imagine that individual households also might
be subject to financing constraints.

6. Household expenditures are financed with some com-
bination of current income, changes in gross household
debt, and changes in gross household savings (assets).
To illustrate the typical financing pattern, three regres-
sions were performed. In each, the change in personal
consumption expenditures was regressed on the change
in one of the methods of financing. The data were monthly,
current-doliar, seasonally adjusted at an annual rate, and
covered the period 1975:03-1988:10. Each regression
contained one regressor but no constant term. Income
was calculated as the sum of the consumption and net
saving measures. Consumption was taken to be total
personal consumption expenditures. The flow of net sav-
ing was taken to be personal saving. The flow of debt
was taken to be the net {extensions minus repayments)
change in consumer installment credit.

The results show that an additional dollar of consumption
typically is financed with an estimated $0.62 of additional
income, $0.13 of reduced (gross) saving, and $0.25 of
additional debt. Although aggregate household assets
exceed household liabilities, the distribution of financial
assets is very skewed, with most households owning very
few. One consequence is that, per dollar change in con-
sumer spending, the change in the flow of credit is about
twice as large as that of (gross) saving. Thus, changing
credit flows are an integral part of changes in consump-
tion. These estimates also hint that the borrowing, rather
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than the lending, rate that households face may be more
relevant for household spending.

7. Applying ltending criteria based on current income to
recipients of social security income, which is tied to the
CP! by statute, seems especially perplexing.

8. Credit-granting processes that do not use age as a
determining factor then may inadvertently discriminate
against the young.

9. Tobin and Dolde (1971) discuss some types of liquidity
constraints and, through simulations, assess their effects
on consumption. Walsh (1986) models the fraction of
consumers whose consumption is liquidity constrained
due to an inability borrow against future income. The
fraction is affected by the ievel of wealth and also fluctu-
ates with actual aggregate income. He concludes that itis
inappropriate in such circumstances to treat aggregate
consumption as being the outcome of fixed shares of
constrained and unconstrained households.

10. See Beares (1987). One example in Beares (1987)
shows how the average maturity of a consumer’s loans
can be lengthened in order to reduce the payment-to-
income ratio and thereby enable the lender to extend
credit to a loan applicant that it would otherwise turn
down. This does not mean that a payment-to-income
ceiling is the sole criterion. Various consumer lending
textbooks refer to various criteria, e.g., the six "¢’'s” of
credit. The literature and discussions with consumer lend-
ing officials do suggest that lending policies set ceilings
on payment-to-income ratios, and rely much less on debt-
to-income ratios. In spite of that, it is apparently common
in this industry and its literature to refer to debt-to-income
ratios when meaning payment-to-income ratios.

11. Such rules may have developed from either house-
holds’ or financial institutions’ fear of default. Households’
recognition that they may be subject to future constraints
may also influence their current behavior.

12. The unemployed referred to here are those who would
not generally be deemed to be guaranteed re-employ-
ment. We mean to exclude the seasonally unemployed
and those on definitely temporary layoff, for example, but
it is not apparent that much is made of this distinction in
the credit process.

13. Suppose, for the sake of this example, that income
taxes are irrelevant.

14. In this example ali dollar amounts have been rounded
to the nearest dollar. Calculations were based on un-
rounded amounts.

15. It is commonly, and mistakenly, thought that adjustable
rate loans cure this problem. They do not. Such loans
allow payments to vary with the interest rate, and therefore
indirectly with the inflation rate. In a period of steady
inflation, they do not, however, imply constant real pay-
ments over the repayment period. Similarly, graduated
payment mortgages provide for payments that are lower
initially and rise for a short period. The rate of increase of
those payments is not tied to the inflation rate. After the
initial period, payments typically are constant in nominal
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terms for the remainder of the term of the mortgage, and
therefore likewise fall in real terms if there is inflation.

16. The American Bankers Association’s annual Retail
Bank Credit Report for the years 1979, 1980, and 1981
(only) does contain a table headed “Reasons why bor-
rowers may fail to qualify for financing during (that year).”
The candidate reasons were inadeqguate income, insuffi-
cient equity, inadequate income management, and other.
For large banks, the percentage judged to have “inade-
quate income” rose over those years from 31 to 43 to 47
percent.

17. F. ‘Scott Fitzgerald: “You know, Ernest, the rich are
different from us.”

Ernest Hemingway: “Yes, they have money.” (attributed)

18: Optimal-smoothing is not the same as total smoothing.
Since permanent income varies, optimal consumption will
too.

19. Hall and Mishkin state that their resulits for food imply
nothing about the behavior of other expenditures.

20. It is, however, reasonable {0 gquestion how durable
much of what is classified in the national income accounts
as services and nondurables is.

21. Table 1 shows the ability of lagged income to predict
consumption. That contrasts with the results presented by
Hall (1978), whose sample period ended with 1977Q1
data. When my sample period is terminated at 1977Q1, |
get results much like his (F-statistic = 2.19). Re-estimat-
ing with a sample that is just one year longer, however,
implies rejection of the unpredictability hypothesis. Both
longer and shorter samples generally lead to rejection of
the unpredictability hypothesis. Variables other than in-
come also may lead to that result.

22. From now on, unless otherwise noted, consumption
refers to the sum of nondurables and services, expendi-
tures on which correspond most closely to the flow of
consumption services. Total consumption service flow
would also include the flow of services from the outstand-
ing stock of consumer durables. Since our objective here
is to explain expenditures, we consider expenditures on
only these two consumption categories.

23. This hints that there are factors other than changes in
currentincome that are associated with the violation of the
permanent income hypothesis.

24. The unemployment rate is used here to proxy for
aggregate income. Flavin (1985) concludes that the un-
employment rate is superior empirically to a measure of
the deviation of actual income from its permanent value in
accounting for consumption.

25. Even if there were no interest- and unemployment-
rate-related liquidity constraints, those arising from the
age-earnings profile might exist. In what follows, | take k*
to be equal to one.

26. For a more complete discussion of these issues, see
Hall (1988) and Campbell and Mankiw (1987).

27. Specifically, | used the investment yield to maturity on
athree-month Treasury bill. The finance rate on 48 month

Economic Review / Fall 1989



automobile loans comes from DRI. Until 1984, | used the
average marginal personal income tax rate on interest
income from Peek and Wilcox (1987). The rates for 1984,
1985, and 1986 have been calculated in the same manner.
The rates for 1987 and 1988 are assumed to be 27 and 25
percent, respectively. For each quarter | used the corre-
sponding annual rate. The tax rate for the upcoming
quarter is applied to the interest rate for the current
quarter.

28. The expected inflation data are taken from the Living-
ston survey, which records expectations each June and
December. | used those values for the second and fourth
quarter observations, respectively. First and third quarter
observations were obtained by interpolating between
second and fourth quarter observations.

29. Using lags of the explanatory variables required short-
ening the sample slightly. Starting the sample after the
Korean War, omitting 1975 (due to the one-time income tax
rebate), and omitting 1980 (due to the imposition and
removal of credit controls) each seemed to make little
difference 1o the estimates.

30. To the extent that credit rationing effects stemming
from adverse selection become more severe as open-
market nominal interest rates rose, | would have expected
the Treasury bill yield better to have explained consump-
tion. The reason is that if banks do not raise loan rates
commensurately with open market rates, the open market
rate would likely better capture the combined constraint
effects of bank rules (as already proxied by the borrowing
rate) and of credit rationing (as captured by the difference
between the lending and borrowing rates). In fact, these
estimates provide little evidence to support that effect.

Federal Reserve Bank of San Francisco

31. An alternative functional form for k is one which is
linear, as opposed to the linear-in-logarithms form in (6).
Specifying k = k* + all + B/ necessitates using a
nonlinear instrumental variables estimation technique.
Doing so produces qualitatively similar results to those
presented in Table 3. Estimates of the linear form were
also obtained while including the squares of the unem-
ployment rate and of the interest rate. This allowed the
data to suggest whether liquidity constraints bind more, or
less, than proportionately as rates rise. Significantly nega-
tive coefficients estimated for the squared unemployment
and interest rate terms would imply that an accelerating-
constraint hypothesis fit the data better. The squared
terms turned out to be negative, but insignificant. Thus no
strong conclusion about the appropriate functional form
for k emerged.

32. Since these consumption equations do not deliver
constant elasticities, the test is for equality of the elas-
ticities at the respective sample means of the unemploy-
ment and interest rates.

33. Evena permanent, anticipated, balanced-budget shift
in tax policy could affect aggregate spending. One way to
do so would be to have some parameters of the tax code
be age-specific, perhaps by making average income tax
rates rise with the age of the taxpayer. To the extent that
young-household cash flows were enhanced and bal-
anced by reductions for older households, the average
amount of constraint would be loosened.
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