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Abstract

Environmenta economics assumes that reliance on price sgnas, adjusted for
externdities, normally leads to efficient solutions to environmenta problems. We
explore alimiting case, when market volatility created “mixed Sgnas’: waste paper and
other recycled materiads were briefly worth an immense amount in 1994-95, then
plummeted back to traditiond low levelsin 1996. Theserapid reversasresulted in
substantid economic and political codts.

A review of academic and business literature suggests Sx possible explanations for

abrupt price spikes. An econometric andysis of the prices of wood pulp and waste paper
shows that factors that explained price changes in 1983-93 contribute very little to
understanding the subsequent price spike. From the econometric andysis and from other
sources, we conclude that specuation, rather than “rationa” economic factors, must have
played amgjor role in the price spike.

If speculatively driven price spikes can disrupt an environmentally important industry
such as recycling, then the surprising implication for public policy isthat measuresto
control or sabilize prices, far from interfering with the market, may actualy help to make
it more efficient.

! Thanks to Sumreen Mirzafor skillful assistance in dataanalysis. Helpful comments on an earlier draft
were provided by Maarten DeKadt, Laurie Johnson, Thomas Kinnaman, Paul Ligon, Chaz Miller, Dick
Parrott, and Irene Peters.
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I ntroduction

Does reliance on price Sgnals, adjusted for externdities or missng markets, leed to
efficient, cos-minimizing solutions to environmenta problems? An affirmative answer

to this question is taken for granted in most current discussion of environmental
economics. Indeed, the desirability of market-based policy instruments has become the
new conventiona wisdom of the field. (For influentiad sources that make the generd case
for market-based policies, see Baumol and Oates 1988 and Stavins et a. 1988, 1991.)

There are important environmenta issues for which market-based policies provide an
adequate response. But there are equally important limitations to the uses of the market -
- and thereisafar greater danger, a present, that the limitations will be overlooked. To
advance the understanding of the economics of the environment, it is helpful to analyze
the limiting cases where the arguments for primary reliance on the market seem to bresk
down. (For abroader discussion of this point see Ackerman and Gallagher 2000).

In this paper we explore the problems created by volatility in recycled materid prices.
What happens when the market sends mixed Sgnas? Our empiricd exampleisalittle-
Sudied episode which isimportant in its own right: the 1995 price spike in the markets
for recycled materids. Our god isto understand that episode, not only for its own sake
but aso to draw out its implications for theory.

Recycling should provide an ided opportunity to test the effectiveness of market
incentives. There are wdll-established markets in the scrap materids that are recovered
by recyding programs. Public sector intervention often boosts the demand for these
materids, for example through public procurement policies or recycled content
legidation. Such initiatives raise the prices for recovered materids, thereby making
recycling more profitable. Thisimplicitly expressesthe belief that there are positive
environmenta externdities associated with recycling of waste materias, which should be
internalized through government policy. (For an explicit algument dong these lines see
Hanley and Sark 1994.) Price movementsin scrap markets, whether caused by private
market forces or by public intervention, should guide private investment into collection
and processing of materids. To alarge extent, thisis exactly what happens. Yet
something went disturbingly wrong with the processin 1995.

In examining the events of that year we will focus on the market for recycled paper -- the
largest component of municipa recycling both by tonnage and by vaue, and the
commodity for which prices rose fastest and farthest. 1t may be helpful to provide a brief
description of the use of recycled paper in the production process. Paper is made from
pulp, an intermediate product which is a soggy mass of fiber; pulp is most often made
from wood, which is crushed and mixed with water in a pulp mill. Recycled paper is
vauable primarily because it is an dternative source of pulp. Production of recycled

pulp involves little more than churning recovered paper and water together in a giant
blender, followed by remova of any contaminants that were collected with the paper (and
for some grades of paper, remova of as much ink as possible). Some new mills have the
capacity to make both virgin and recycled pulp, but many facilities are designed for either
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one or the other.

Pulp and paper production are often vertically integrated, although there aredso a
sgnificant number of firmswhich engage in only one stage or the other - enough so that
there isamarket price for pulp, which figures prominently in our empirica work in
Section 3. Wewill seek to understand the price of waste paper in the context of the
economics of the paper industry, and particularly in relaion to the price of pulp.

We begin in Section 1 with a short discussion of the sgnificance of the events of 1995,
followed in Section 2 by a sketch of six theories about price spikes in commodity
markets. In Section 3 we then turn to a Smple econometric andyss of the trendsin
prices for pulp and for waste paper, supporting the conclusion that the price dynamics of
1994-96 were qualitatively different from other periods. Based in part on that andysis,
we review the evidence for the Six theoriesin Section 4, and conclude in Section 5 with
the implications of our findings for recycling markets and for the theory of market
incentives.

1. What happened in 1995?

Therewas atime, in 1995, when common recycled materids were immensely vauable.
Old newspapers, which had been worth next to nothing as recently as the end of 1993,
were briefly salling for $200 per ton; prices of other materids soared as well (see Figure
1, a end of text). Municipalities passed ordinances prohibiting theft of the precious
recyclables from curbside collection boxes. For recycling advocates and enterprises it
was an exhilarating moment -- and afleeting one. By 1996, in some cases even by late
1995, the sky-high prices had fdlen back to earth.

Those who responded to the market sgnals of 1995 saw their fortunes faling as well.
More than $1 billion was invested in planned recycled paper millsin 1994-95, most of
which had closed by 1997 (Schifrin 1997). Prins Recycling, the leading processor of
recycled materias collected in Boston, Pittsburgh, and severd other cities, had 500
employees and $77 million revenues in 1995; it made long-term commitments to
continue paying high 1995 prices for the materids it received, and went bankrupt by mid-
1996. With somewhat less agony and drama, but till with sgnificant losses, the leading
waste management companies cut back sharply on their recycling divisons, which they
had only recently expanded.

It isdifficult to interpret these events as efficient responses to market sgnds, athough

we will congder that possibility in the next section. At the least a subtler, more guarded
interpretation of price sgnasis needed when dedling with cyclica or volatile prices. It
cannot be efficient to make large, long-term investments on the basis of fast-changing
prices. Unfortunately, there is no smple way to determine which price changes should
be dismissed as noise, and which should be trested asthe true signdl. It is not dwaysthe
case that rapid price changes are rapidly reversed. A remarkably complete understanding
of the dynamics of world commodity markets would have been required to correctly
anticipate the abrupt reversal of the 1994-95 surge in scrap prices.
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That is, there are subgtantiad information processing requirements for an efficient

response to price sgndsin avolatile market, snce short and medium-term volatility

must be correctly filtered out. Many, perhaps mogt, industry participants seemed to

lacked that capability and were unpleasantly surprised by the effects of the price spike of
themid-1990s. (Although the market for scrap paper has existed for decades, it expanded
rapidly in the late 1980s and 1990s, implying that many participants may have been new
and inexperienced at the time of the price spike.)

It was not only businesses who overreacted to the price spike. Recycling advocatesin the
early 1990s presented their cause as an environmental crusade; those who spoke the
language of economic theory would have asserted that their efforts were judtified by large
unpriced externalities associated with the production and disposal of materiads. However,
as prices rose in 1994-95, many abandoned this argument in favor of the ampler, stronger
clam that recydling was an immediately profitable, or cost-reducing, activity for
municipalitiesto engagein. It was an easy case to make, during the brief period in which
it was obvioudy true. The critics were not kind to the claims of profitability as prices, dl
too soon, beganto fdl. (The most notorious critic was Tierney 1996; for interpretation of
the debate see Ackerman 1997).

2. Six theoriesof price spikes

The 1995 spike was neither the first nor the last sudden increase in scrap prices. A
previous peak occurred in the late 1980s; a more recent upsurge occurred in 1999 and
early 2000. (The 1995 spike was bigger and, as we will see, harder to explain than the
ones before and after it.) Why does this keep happening? Could the same thing happen
to other environmentaly significant prices, with smilarly chaotic impacts?

Abrupt price spikes are surprisingly common in bulk commodity markets, and a number
of theories have been proposed to explain them. In this section we present six theories
that are potentidly relevant to the events of 1995. Thefirg five - two derived from
academic economics, and three suggested by the business press - offer detailed
mechanisms that can cause price spikes. Severd of these theories are compatible with
modds of rationd behavior, in the sense that economists have traditionally understood
the term. The sixth theory isthat price spikes represent speculative bubbles with little or
no rationd foundetion.

A. In somemarket structures, inventory fluctuations may cause price spikes.

The recent pattern of recycled materia pricesisfar from uniquein the history of
commodity markets. Many bulk commodity prices display quditatively smilar paterns:
long periods of rdatively smal fluctuations are punctuated &t irregular intervas by sharp
upward spikes, smilar downward spikes are quite rare by comparison. Could this pattern
be the naturd result of a particular market structure?
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An article by Deaton and Laroque (1992) demonstrates that episodic price spikes for
agricultural commodities can be produced by a competitive market with storage. Assume
that thereisindastic demand, and large, unpredictable annud variation in the supply of a
commodity, perhaps caused by the effects of weather on harvests. Traders will buy and
store excess supply in years of good harvestsin order to sl it in bad years, thereby
dampening the tendency toward price increases from asingle bad harvest. Occasiondly,
however, random variation will lead to consecutive bad harvests, exhausting the traders
inventories. At that point the price will shoot up abruptly, returning to alower levd at

the time of the next good harvest.

Generdization of this mode to non-agricultura commodities has proved difficult, asthe
same authors candidly report (Deaton and Laroque 1996). An andyssof daily
fluctuations in metals prices (Brunetti and Gilbert 1995) develops arelated modd, in
which the available stock of metas usualy dampens price fluctuations; the mode
accurately predicts that day-to-day price volatility is higher when stocks are low rdative
to consumption. Like the agricultural modd, the metals mode is andyzing price
fluctuations over an interva much shorter than the time required to increase production --
which, in both cases, is the underlying reason why lack of inventory leads to price spikes.

An exactly anaogous modd for paper could only explain price spikes of very short
duration, shorter than the time it takes to expand paper production. Inventory
fluctuations till could have been one of severd factors contributing to the 1994-95 price
gpike in recycled paper, even if they are not the sole cause.

B. M acroeconomic trends may cause coor dinated movement of commaodity prices.

Development economists andyzing the problems of very poor, commodity-exporting
nations have identified the phenomenon of “comovement” of commaodity prices: world
prices for unrelated commaodities often move up and down in a synchronized fashion.

The development literature has debated whether or not there are common macroeconomic
causes for commodity price comovement.

In an examination of pricesfor nine unrelated bulk commodities, Pindyck and Rotemberg
(1990) found that there was “excess comovement” well beyond anything that they could
explain by the common effects of past, current, or expected future vaues of
macroeconomic variables. They guessed that excess comovement is due to the herdlike
behavior of commodity traders, who influence each other’ s optimism or pessimism about
the direction of the markets. In contrast, Deb et d. (1996) performed asmilar analysis
using different gatistica tests, and found only weak evidence of excess comovement; for
them, macroeconomic trends explained most or dl of the observed coordination in
commodity price movements.

U.S. recycled materias prices could aso be described as exhibiting a high degree of co-
movement in the mid-1990s, as seen in Figure 1. The same question could be posed
about these prices: If there were common macroeconomic causes for these price
movements, the mystery would be solved. On the other hand, if there were excess
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comovement that could not be explained by macroeconomic trends, one might suspect
that speculative or other socidly coordinated influences were a work.

C. Lagsin capacity adjustment may lead to high pricesin periods of rapid growth.

Fluctuationsin prices, output and capacity are the subjects of continud commentary in
business periodicals. 1n the paper industry, trade publications such as Pulp & Paper
suggest that mgjor firms are dways scrambling, often somewhat belatedly, to respond to
the latest phase of the business cycle. Starting from the bottom of the cycle, the
producers wait too long to expand. Asaresult demand rises while capacity is il
limited, driving prices up sharply. Then when producers do build new capacity, it istoo
much and/or too late, glutting the market late in the cycle and forcing prices down. A
dump ensues, and the cycle begins again.

Thus one theory derived from the trade pressis that the 1995 price hikes reflected a
norma cyclica imbaance. The previous cyclical pesk in the late 1980s led to very high
paper prices, which induced over-expansion of capacity. From 1989 to 1993 prices
plummeted and little new capacity was added. Then as demand revived in 1994, the
industry was again unprepared and dow to expand; prices soared until capacity caught up
with production.

Thisisafar cry from recent fashionsin microeconomic theory, which assume that market
participants have substantia forecasting capabilities and use them to form “rationa
expectations.” The twists and turns of the paper industry as seen in the trade press are
closer to the smple, long-discarded cobweb modd, with its repeatedly irrationa
expectations that current market conditions will persst. If lagged cyclicd overreaction is
the norm, then price spikes can be expected once per cycle, a the point of (eterndly
unexpected) rapid growth in demand.

D. Government policiesto promote recycling raised the price of recycled paper in
1994-95.

In contrast to the previous story about businesses continually scrambling to catch up,
imagine the Stuation of a paper company that tried to look ahead from the early 1990s.
The popularity of recycling was spreading rapidly across the U.S.; a number of states had
recently adopted recycled content laws mandating the use of newsprint with recycled
content. The Clinton administration announced in late 1993 that by 1998 dl paper
purchased by the federa government would have to have 30 percent recycled content. A
paper company could easily have concluded that the time was right to make a big
investment in recycled paper production.

The public sector was dso involved in a more important but less obvious way, according
to an aticlein Forbes (Schifrin 1997). The 1993 executive order on recycled paper
announced that bonds used to pay for investment in recycled paper mills would be
exempt from federa taxes. Severd leading brokerage firms were looking for new tax-
exempt bondsto sell, and promoted the recycled paper mill bonds heavily, sdlling $1
billion of them in 1994 and 1995. At one point, planned new facilities anounted to three
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times exigting paper recycling cagpacity. When the first new mills opened, their purchases
increased the demand for recycled paper. But it soon became clear that the industry was,
or was about to be, overbuilt. By 1997 at least seven mgor new facilities, representing
an investment of more than $500 million, had been closed, most of them defaulting on
their bonds.

The Forbes article, entitled “ Sue the White House?’, is full of partisan hodtility toward
recycling, environmenta protection, and the Clinton adminigtration. Nonetheless, its
hypothesis deserves dispassionate consideration.

E. Changesin export demand are a major influence on U.S. scrap paper prices.

A find sourcein the business press offers yet another interpretation, based on changesin
export markets. The U.S. isanet exporter of scrap paper, supplying large amounts of
recovered paper to Mexico, Korea, Japan and other countries with limited forest
resources. Throughout the early 1990s, consumption of paper was growing particularly
rapidly in Koreaand other Asian countries (excluding Japan), helping to drive up the
price of both virgin pulp and scrap paper.

Normally, scrap paper selisfor so little that recycled pulp is cheaper than virgin.
However, according to the Economist (1997), the unusudly high 1995 prices made it
profitable for foreign (virgin) pulp mills to increase production and compete for markets
formerly supplied by American waste paper. As pulp from other countries became more
widdy available, demand for U.S. scrap exports dropped and prices returned to anormal,
low leve.

Generdizing this hypothesis somewhat, it could be the case that U.S. prices are driven by
fluctuations in export markets, as well as by domestic economic conditions.

F. Speculation isa major cause of the 1995 price spike.

Speculative bubbles are afamiliar fact of economic life, with well-known examples
dretching back over severd centuries. Thereis strong evidence for speculative or crowd-
following behavior even in large, long-established U.S. financial markets where

“rationd” investors might seem mogt likely to predominate (Schiller 1989 - written

before the stock market boom of the 1990s).

The literature on the subject is far too extensve for comprehensive summary; one strand
of theoretical andysisis captured in areview article on “informationa cascades’
(Bikhchandani et a 1998). If market participants have limited sources of information,
they may find that the current market behavior of others provides at least as much
information as they can obtain in any other way. Under this assumption, crowd-
following isrationd for the individud, and the behavior of afew innovators can Sart a
meassive cascade of imitation.

Speculation is an obvious candidate to explain the 1995 price spike. It can easily account
for the comovement of many different prices: once one or two materias experienced
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priceincreases, dl recycled materid prices might have been subject to speculative
pressures.

In the econometric andysis, to which we now turn, we will attempt to explain price
changes on grounds other than speculation. Failure to explain the price spike (which is
our essentia result) strengthens the presumption that speculation isinvolved. Following
the econometric results, we return to an evauation of each of the S theories, including
anecdotd direct evidence of the role of speculation.

3. The smple econometrics of pulp and waste paper prices

Since recycled paper is used to make pulp, we would expect the price of waste paper to
be closdly related to the price of pulp. In this section we develop Ssmple econometric
models of both prices, as functions of each other and of anumber of other explanatory
variables,

Producer priceindices for both pulp and waste paper are published by the Bureau of
Labor Statigtics. Monthly data are available on a continuous basis beginning in July 1983
(see appendix for description of data). Figures 2 and 3 show the logarithms of redl prices
of pulp and waste paper over this period, with vertica lines a the beginning of 1994.

Our strategy isto develop models for these price series based on the data before 1994 --
to the left of the vertica lines -- and then project those models forward to see how closely
they fit the data for the price spike and beyond.

The explanatory variables we tested are listed in Table 1. Severd of the variables -
wages, cagpacity utilization, and inventory-to-shipment ratio - are readily available only
for the paper industry as awhole (i.e. for the 2-digit industry, which includes pulp as well
as paper production). However, these variables may till provide useful indications of
conditions in pulp and waste paper markets.

Table 1: Explanatory variables for pulp and waste paper price models

Input prices.
hourly wages for paper industry production workers
price of pul pwood
price of crude oil
price of dectricity to industrid customers

Macroeconomic varigbles:
red GDP
U.S/Canadian exchangerate  Industry operating Satistics.
cgpacity utilization in the paper indusiry
ratio of paper industry inventories to shipments
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More detall on the data seriesis provided in the gppendix. To dedl with the problem of
serid autocorrelation in the price series, we modded fird differences, i.e. month-to-
month changesin log red prices.

Supply and demand: Pulp

The price of pulp could be affected by both supply and demand factors. On the supply
Sde, input prices such as wages, energy prices, and the price of pulpwood logs (for virgin
pulp) and waste paper (for recycled pulp) could dl influence the price of pulp. Increases
in any of these input prices would be expected to cause increases in the price of pulp.

On the demand side, growth of income (GDP) should increase the demand for paper, and
hence drive up the price of pulp. Turning to the effects of trade, Canadaisthe only
sgnificant source of pulp and paper importsin the U.S., and the leading competitor for
export markets. Therefore a decline in the value of the Canadian dollar should make
Canadian products cheaper in U.S. dallars, holding down U.S. prices throughout the

paper industry.

Two industry operating statistics, cagpacity utilization and the ratio of inventory to
shipments, are in effect measures of monthly variation in demand. Both a higher capacity
utilization and alower retio of inventory to shipments are Sgns that demand is
approaching supply congtraints, so both should be associated with increasing pulp and

paper prices.

Supply and demand: Waste paper

For waste paper, it is difficult to mode the supply. Large quantities of both commercid
and residential waste paper are routingly recycled. Thetotd supply rests on the behavior
of millions of households and businesses, as expressed through thousands of recyding
programs and enterprises. For households, &t least, it seems unlikdly that thereis any
sgnificant response to the price of scrap paper; attitudes toward and participation in
recycling are not primarily market-driven (Ackerman 1997). Rather, there has been a
steady expansion of recycling programs around the country since the late 1980s.

The supply of waste paper from businesses includes large quantities of production wastes
(trimmings, misprints, overstock, etc.) from paper and printing companies, aswell asthe
used office paper, cardboard boxes, and other items which are collected from end usersin
the waste management process. Production wastes are the cleanest and most vauable;
their supply isroughly proportiond to total paper production, and is largely insengtive to
price (see the analogous argument for metal scrap in Tilton 1999).

Commercid and ingtitutional paper recycling may be somewhat more sengtive to market
conditions, but waste management isavery smdl factor in the costs of most enterprises.
Only aportion of the paper recycling in the commercia sector comes from enterprises
that respond to scrap price incentives in the expected manner. Changing employee
attitudes toward recycling, combined with the gradua spread of workplace recycling
programs, may be more important than price sgnas for many firms where waste
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management codts are smal. Asin the resdentia sector, thiswould imply a steady
growth of recycling (and of recycled paper supply), independent of market conditions,
throughout the late 1980s and 1990s.

The demand for waste paper reflects market conditionsin the paper industry, smilar to
those discussed for pulp. Infact, the price of pulp directly affects the market for waste
paper: when the price of pulp increases, there should be increasesin demand and price for
inputs into pulp production such as waste paper. The demand for recycled pulp, and
hence for waste paper, should aso increase when inputs into virgin pulp production
become more expensive. That is, the price of waste paper could be positively correlated
with the price of labor, energy, or pulpwood logs (recycled pulp production is less energy
and labor-intensve than virgin pulp).

Other demand-side variables discussed above - GDP, Canadian exchange rate, capacity
utilization, and inventory/shipmentsratio - could affect the price of waste paper for the
same reasons as for pulp. However, if markets functioned perfectly, most or dl of the
influence of these variables would be transmitted through their effects on the price of
pulp, which would in turn affect the price of waste paper. The Canadian exchange rate
could exert a separate influence on export markets. the lower the Canadian dollar, the
chegper Canadian exportswill be, causng downward pressure on U.S. scrap export
prices. That is, we would expect Canadian paper exports to be directly competing with
U.S. paper recycling (as found by Michadl 1998 using very different methods).

Results
Our results support some but not al of our hypotheses. For the period July 1983 through
December 1993, theratio of inventories to shipments, the price of pul pwood, the

Canadian exchange rate, and both measures of the price of energy had no significant
effects on price of ether pulp or waste paper. For pulp we estimated

YPouLp(t) =-.451 + .229 C(t) +.244 C(t-1) +.290 YW(t) +3.23 ) Y (t) +.090 ) Pwasre(h)

(tstats) (-6.31) (2.62) (285 (1.82) (4.64) (2.34)
adjusted r* = .407 DW =173
where
PruLp =logred price of pulp
C = capacity utilization in paper industry (measured from 0 to 1)
w =log red hourly wage for paper industry production workers
Y =log red GDP
Pwaste= log redl price of waste paper
D) = firg difference (current month minus previous month)

This esimate shows that changes in the price of pulp are sendtive to current and last
month’'s capecity utilization in the paper industry, as well asto changes in wages, GDP,
and the price of waste paper. The wage dadticity of the pulp priceisaplausble 0.29
(and the corresponding t Satigtic, the lowest reported here, just misses being sgnificant at
p=.05). The surprisngly high income dadticity of 3.23 reflects the experience of the late
1980s, when many materids prices, including pulp, were synchronized with the business

10
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cycle. Thisearlier cycle pansalarge part of the period we analyzed.

For waste paper, only the long-term change in cagpacity utilization and the previous
month’s price of pulp were significant:

) Pwasre(t) =-.0058 +.588* [C(t) - C(t-10)] +.387 ) Peycp(t-1)
(-2.03) (5.84) (2.56)
adjusted r* = .294 DW = 1.50

The effect of pulp prices on waste paper (.387) is more than four times as large as the
effect of waste paper prices on pulp (.090), as would be expected based on the relative
gze of the two markets. Remarkably, the price index for waste paper does not respond to
the business cycle, nor to most of the other variables we tested. 1t does, however, have a
strong datigtica relaionship to the change, over a period of many months, in paper
industry capacity utilization. This could be interpreted as speculation about the future
likelihood of capacity shortages. waste paper becomes more va uable when the paper
indugtry is moving up toward full capacity, as estimated by the trend in capacity

utilization. For more discussion of the lag Structure in the waste paper equation, seethe
appendix.

Both eguations, modeling month-to-month changes in noisy price series, fal wdl short of
explaining al of the observed variation. Nonetheless, they capture important economic
causes, or correlates, of price changes. Numerica integration of the estimated monthly
changes yidds the forecasts shown in Figures 4 and 5.

The key result is clear from the figures: neither equation comes close to explaining the

price spike. The economic relationships that prevailed in the previous decade were an
extremely poor guide to the events of 1994-96. The estimates based on the pre-1994 pulp
equation appear to become roughly accurate again for 1998-99 (see Figure 4), suggesting
that the same long-term economic relaionships may ill apply to the price of pulp.

The comparable estimates for waste paper are much too low for the end of the decade
(see Figure 5), as would be expected: structura change in the industry led to much
greater use of waste paper, and hence greater demand, in the course of the 1990s. Our
estimate continues the downward trend in real waste paper pricesthat characterized the
ealier period. In contradt, the actua price was il fluctuating wildly, but no longer
obvioudy declining, in the late 1990s.

4. Evaluating the theories

What light do our results shed on the theories presented in Section 2? We address each
of the Sx theoriesin turn.

A. Inventory fluctuations

One of the greastest surprisesin our econometric analysis is the absence of asignificant

11
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relationship between price changes and the ratio of inventoriesto shipments. If an
inventory model were appropriate for the mid-1990s price spike, it seems likely that the
inventory variable would be more strongly related to pricesin the preceding years.

The relaionship between inventories and prices is stronger during 1994-96 than it wasin
the preceding decade. However, the movement in the inventory/shipment ratio was
modest: averaging 1.23 in 1983-93, and 1.26 in 1993 aone, it dropped only to a
minimum of 1.05 in June 1995 before rebounding. Moreover, the timing iswrong for a
model in which inventory declines cause price hikes. The prices of both pulp and waste
paper reached lows in November 1993 and then began rising steedily; the
inventory/shipment retio did not fall noticeably below its 1993 level until June 1994,
seven months into the price surge. Thisis the pattern that would be expected if
unexpected price increases caused panic buying in an atempt to beat future price rises, as
discussed below. Then price increases cause unexpected increases in purchases,
eventudly decreasng inventories.

B. Macr oeconomic trends

This hypothess would provide a satisfying answer if there were any common
macroeconomic factors driving up commodity pricesin 1995. If, for example, the year
had been a business cycle peak, with demand approaching or surpassing full capacity in
numerous indudries, then recycled materiads might have been suddenly more in demand.
However, thisdid not occur. The business cycles of leading indudirid countries were less
synchronized in the early 1990s than in the 1980s; in fact, business cycle troughs
occurred in 1991 inthe U.S,, in 1993 in severd European countries, and in 1995 in Japan
(IMF 1996). As subsequent events revealed, 1995 was not a business cycle peak in the
U.S., nor in most other economies.

Common macroeconomic trends provide a better explanation for the previous, late 1980s
peak in scrap prices, and for the subsequent peak in early 2000. At those times,
international business cycles were more closdly synchronized, and many industries were
expanding rapidly. If recycled materids are viewed by industry as aless desirable
subgtitute for virgin materids, then it is easy to imagine that they are suddenly morein
demand when virgin materid production reachesitslimits. Thistheory isaplausble
explanation for the late 1980s and for 2000, but does not fit the facts for 1995.

Our econometric results are rlevant here: if it were true that macroeconomic trends
caused the coordinated increases in many pricesin 1994-95, then it should be possible to
estimate an equation thét fits the data both before and during the price spike. Our failure
to do so does not, of course, prove that it isimpossible; thereis plenty of room to
improve on our estimates, particularly for waste paper. However, our results do show
that no smple function of GDP, capacity utilization, inventories, wages, energy prices,
and exchange rates will do thetrick. Accordingly, we doubt that there is a common
macroeconomic cause of the 1995 spike in materias prices.
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C. Capacity adjustment lags

On any theory, capacity adjustments are crucid to pulp and paper prices, reflecting the
industry’ s high fixed costs. The high degree of uncertainty about the appropriate level of
capacity isillugtrated by the fact that 38 percent of mgor capacity expansonsin the
paper industry announced between 1978 and 1991 were never completed (Christensen
and Caves 1997).

However, this does not mean that the industry is aways out of step with demand. If
industry’ s lagged overreaction to cyclical fluctuations were to blame, then there should

be a negative relationship between current capacity utilization and past price changes. As
prices go up, industry overinvests in new capacity, so capacity utilization eventudly goes
down. As prices go down, industry stops investing, capacity stops growing, and capacity
utilization eventualy goes up. In separate explorations of our database, we have faled to
find any evidence of thisrdaionship. Thus we doubt the importance of perastent lagged
overreactions.

D. Government intervention

Changesin public policy undoubtedly played a part in increasing the prices of recycled
paper in 1994-95. In contrast to the other theories, government intervention should have
shifted demand from virgin to recycled production. If thiswas amgor factor in paper
markets, the price for competing virgin materials should have gone down asaresult. On
this theory one would expect that the price of waste paper would rise above the forecast
based on pre-1994 conditions, while the price of pulp would fal below the corresponding
forecast. Yet Figure 4 makesit clear that the price of pulp, like waste paper, rose sharply
above the forecast during the price spike. The effect of government intervention

evidently was swamped by other factors.

E. Export demand

At first glance thistheory is broadly consistent with the facts; exports of U.S. scrap paper
did rise and then fdl sharply, as shown in Table 2. The increase in the quantity of

exports coincided with the increase in price, confirming that there was a shift in demand.
Likewise, the decrease in exports coincided with the decrease in price, again providing
evidence of ademand shift. In contrast, the overall supply of recovered paper grew
amost steedily, driven by the spread of loca recycling programs rather than by the
market.

13
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Table 2. Net exports of U.S. recovered paper, 1993-97
Total recovered Net exports Net exports/
paper (million tons) (million tons) Totd

1993 354 6.2 17.5%
1994 39.6 7.7 19.4%
1995 42.1 9.4 22.3%
1996 429 7.6 17.7%
1997 45.0 7.2 16.0%

Source: American Forest & Paper Association website,

www.afandpa.org.

However, it would be easy to overgate the significance of scrap exports for the paper
indugry inthe mid-1990s. From 1993 to 1995 net exports rose only from 17.5% to
22.3% of al recovered paper, then fell back to 16.0% by 1997. Extraordinary
assumptions about the sengitivity of prices to export demand are required to turn this
moderate fluctuation into a principa cause of the massive price movements of those
years, either upward or downward.

F. Speculation

Thus far we have seen that plausible econometric estimates of price changes, based on
the data and market reationships through 1993, fdl far short of predicting the price spike
of themid-1990s. Moreover, most of the theories that could account for the price spike
are ingppropriate or inadequate to the task. It isincreasingly difficult to resist the notion
that the price spike was primarily aresult of speculation.

In effect, we are treating speculation as the null hypothesis, confirmed by default when
the other theories fail. However, there is a'so more affirmative evidence.
Econometricaly, the rdationship of the waste paper price to long trends in capacity
utilization suggests that buyers and sdllers are gambling that past trends will continue.
Anecdotaly, we have identified severd accountsin which market participants refer to the
role of speculation in 1995.

A speculative bubble conjures up images of ill-informed outsders, foolishly bidding up
the price of an unfamiliar and perhaps worthless asset: tulip bulbs, unseen or imaginary
real estate, or even tax-exempt bonds for unneeded paper recycling mills. In terms of the
market for scrap paper, the new mills that opened in 1994-95 inevitably hired new,
inexperienced paper buyers who may have been prone to speculative excesses. Such
images, however, fail to capture a crucid part of the picture. Under certain conditions,
even well-informed, long-term industry participants can be driven to Speculating on price
changes.

A handful of quotes reved an awareness of gpeculation within the industry. Commenting

14
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on the 1995 price spike, a Midwestern paper broker told ajournalist, “When buyers sense
afuturerisein prices, they buy as soon as possible and contribute to demand, which in

turn pushes the price up further... when buyers sense that prices are going to fall, they

back off to seeif priceswill go lower. When buyers back off, demand goes down, which
in turn causes pricesto fdl further.” (NRC 1996)

A columnigin Pulp & Paper daborated on the same theme: “ The redlity is that each
member of the chain, from the forest to the merchant, can and does amplify, even digtort,
the impact of the business cycle. Forest owners can hold back wood salesin anticipation
of higher prices tomorrow... The paper maker -- seeing gpparent orders mounting,
seeking pulp price hedging, and nervous about the fixed capacity of the pulp pipeline --
moves fast to secure pulp stocks... Merchants -- dso beieving the [supply] chain to be
inflexible -- exaggerate order levels into waves, each merchant seeking apparent supply
security and price hedging, but in actudity stretching the chain to itslimits... Each

member of the chain behaveslogicdly in terms of the perceived congraints and nature of
their businesses, in the face of competitive demands.” (Wilson 1997)

A find quote, from amarket research report by the U.S. Commerce Department,
describes the dynamics of paper pricesin Europe in 1995: “The high demand for finished
paper products at the beginning of 1995 created atemporary pulp shortage during the
second quarter, resulting in an increase of prices from $700 to $925/ton. This pricerise
caused pulp buyersto increase their orders in anticipation of further price hikes, cregting
a‘'fdsg demand for pulp until thefal of 1995 and filling inventories to capacity.”
(Bdldis 1997)

On thismodd, the cause of priceincreasesisthe fact that prices areincreasing. Rationa
buyers scramble to buy more before the price increases even farther. Once anything
creates an awareness of greater than expected price increases -- perhapsasmdl surgein
export demand, perhaps asmall push from government policy -- then everyone, even
those who ultimately know better, will be driven to behave in ways that make pricesrise
even fagter. These are the conditions that creste an “informationa cascade,” as discussed
in Section 2.

5. Conclusions

In the end, what does the 1995 price spike for recycled materials mean for the theory of
markets and market incentives? The market briefly sent a powerful, mideading signd
about the merits of a category of environmentaly sgnificant investments, probably based
largely or entirely on speculation. The market then aoruptly reversed itsdlf, sending a
very different Sgna. Responding to these mixed sgnds, investors logt substantid sums
of money, businesses dedicated to recycling were driven out of business, and advocates
and policy makers were left confused and disorganized. The outcome, in short, was the
antithesis of efficiency.

Purchasers trapped in a speculative price spird behave, on alimited scale, like everyone
does during episodes of hyperinflation: when prices are risng rapidly, it is better to buy
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now before your money loses more of its purchasing power. The importance of
preventing hyperinflation iswiddy understood and accepted; efficient and sengble
economic activity isimpossible when prices are soaring rapidly upward. Indeed, any
threat of even amodest leve of inflation now inspires active countermeasures from the
Federad Reserve, the one areain which there is currently abroad political consensus
supporting public intervention in the market economy.

If price stability is o important for the economy as awhole, can it be unimportant for
particular industries? Since there are subgtantia sunk costs of industry-specific physica
and human capitd, thereisalimit to the velocity a which resources can efficiently flow
in response to changing price dgnals. Attempts to exceed that speed limit can result in
losses like those seen in recyding in the mid-1990s.

Most markets are stable most of the time; speculative price spiras are the exception, not
the rule. Thus one important question concerns the sources of price volatility. An
andlyss of metas marketsin the 1980s identified the growing reliance on commodity
exchanges and the decreasing concentration of the industry as sources of increasing
volaility (Sade 1991). That is, competitive market structures, as evidenced by auction-
type exchanges and low concentration ratios, may actualy promote price ingtability. The
stock market, another auction-type market with numerous participants, is acase in point.
The accounts of speculation in the paper industry, quoted in Section 4, could be seen as
reflecting the lack of verticd integration: the paper product life cycle involves severd
sequentid transactions, each of which is vulnerable to speculative pressures.

The fact that “perfect competition” is essentiadly unknown in redlity, and price stickiness
remains pervasive throughout the U.S. economy (Blinder et a. 1998) may be a source of
strength, not weekness. Oligopolies with explicit and implicit contracts, taking months
rather than days to respond to market sgnds, are far less prone to speculative price
spirdsthan, say, day traders and commodity brokers.

From this perspective, the ingtability of recycling pricesin 1995 could reflect the rdlative
novelty and recent supply expansion of recycled materids. The surgein recycling
efforts, garting in the late 1980s, had led to large increases in the quantity of recovered
materias; these materids were not yet firmly integrated into industria production
processes by the mid-1990s. Asthe new supply of materiasis eventudly incorporated
into long-term contracts, the opportunities for price volatility will diminish. The next
price spike, in 2000, was somewhat smdler; in that year the peak red price of waste
paper was “only” three timesits previous trough, compared to five times the previous
trough in 1995. However, with prices only tripling now and then, one cannot say that
price stability has been achieved in scrap paper markets.

Theimplication for public policy isthat efforts to stabilize recycling prices, far from
interfering with the market, can make it more efficient. Working to create new markets
for recycled materids, a popular strategy for state recycling agencies, may lead toward
reduced voldtility, and thus to fewer unpleasant surprises and speculative losses of the
sort seeninthe mid-1990s. Looking beyond the range of current strategies, would price
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ceilings or limits on the rate of price increases have helped to puncture the bubble in
recycled paper markets, and ultimately reduced the losses that were incurred?

It might seem mistaken to look for large lessons in such asmdl problem as the recycling
price spike of 1995. Recycled materids are asmal part of the economy, and amogt al
markets are sable dmost dl of thetime. On the other hand, the price spike was alarge
and painful experience for those who were involved, and the same speculative market
pathology could easily break out again, in the same or other markets. Ironicdly, it may
be features that economic theorists disparage as market imperfections which account for
price gability in most markets. In cases where gahility islacking, government
intervention in price-setting, far from interfering with the market, may be just what is
needed to make the market operate efficiently.

Appendix: Data sour ces and modeling approach

The data used in this paper were downloaded from the websites of the Bureau of Labor
Statistics, the Federa Reserve Board, and the Commerce Department. Details are
avalable from the authors on request. Price series are producer price indexes, they are
deflated by the producer price index for finished goods (asis the hourly wage series). In
view of the dow and steady pace of inflation for most of the period being analyzed, the
choice of deflator appearsto be of secondary importance.

Thereis alengthy break in the waste paper price index in 1982-83, since budget-cutting
efforts at the gart of the Reagan adminigtration included atemporary suspension of the
collection of many price series. Price data are available without interruption starting in
July 1983.

Several data series - capacity utilization, inventory/shipment ratio, and production worker
wages - were readily available only for the pulp and paper industry as awhole, not for
pulp millsaone. (Thereis even less hope of distinguishing recyded from virgin pulp
production in government statistics.) Thus we often used paper industry totds.

Most of the data series used here are reported on a monthly basis. For rea GDP we used
linear interpolation between the quarterly figures released by the Commerce Department
(as3gning the quarterly figure to the middle month of the quarter). For the Canadian
exchange rate we used monthly averages of daily spot rates from the Federal Reserve
Board.

The monthly real prices of pulp and waste paper are nongtationary time series.
Regressions using prices (or log prices) as the dependent variables suffer from extreme
autocorreation. We addressed this problem by using first differences of the price series
and most other data. The only exceptions are capacity utilization and the inventory to
shipmentsratio. In these cases, economic theory suggeststhat ahigh leve of capacity
utilization, or alow retio of inventory to shipments, should be associated with an increase
inprice. Thatis, thelevels of these two independent variables should be correlated with
changesin the price varigbles.
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Mogt of the economic relationships that we tested in our regressons are relatively short-
term ones, implying that current vaues or very short lags are gppropriate for the
independent variables. A notable exception is the influence of capacity utilization. Since
it may take up to two years to expand capacity, it seems reasonable to explore long lags
in the effects of cgpacity utilization on prices. For the pulp price equation, long lag
gructures are in practice unnecessary: the combination of the current and previous
months capecity utilization fits the data as well as any longer or more complicated lag
dructure. For the waste paper price equation, however, we initialy found a positive
effect of current cgpacity utilization, and adightly (not sgnificantly) larger negeative

effect of cgpacity utilization lagged many months. The most coherent economic
explanation of these estimates seemed to be that the price responds to the change in
capacity utilization over many months. Thus we congtrained the equation to have exactly
that form, resulting in the estimate shown in the text.
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Figure 1. Prices of five common recycled materias, 1994-96 (January 1994=100). Source: Waste Age/Recycling Times, various issues



Data: Real price of pulp
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Figure 2. Priceindex for pulp, deflated by PPI for finished goods. Verticd lineis at January 1994. Source: BLS website.




Data: Real price of wastepaper
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Figure 3: Price index for waste paper, deflated by PPI for finished goods. Verticd lineisa January 1994. Source: BLS website,
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Figure 4. Actud price from Figure 2; estimated price from equation described in text, fitted to pre-1994 data (Ift of verticd line).
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Figure 5: Actua price from Figure 3; estimated price from equation described in text, fitted to pre-1994 data (Ieft of vertica line).
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