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Emissions trading— 
Lessons from experience
What have we learned from  emissions 
trading program s? The Federal 
Reserve Bank o f Chicago recently 
hosted two one-day conferences that 
were sponsored jointly with the Acid 
Rain Division o f the U.S. EPA and the 
University of Illinois at Chicago and 
organized by the Workshop on Market- 
Based Approaches to Environmental 
Policy. The conferences focused on 
how efforts to improve air quality have 
incorporated emissions trading pro
grams and what has been learned in 
the process. This Chicago Fed Letter pre
sents a summary o f the discussions.

Role o f  market-based program s

For more than a decade, regulators 
have been moving away from  command- 
and-control strategies, whereby a reg
ulator would specify a technology- 
based standard to apply uniformly to 
the regulated community, toward m ar
ket- or incentive-based regulation.1 
The environm ental sector is one o f 
the key areas where these changes 
are playing out. This shift to incentive- 
based regulation has come about large
ly because o f the many problem s with 
traditional command-and-control reg
ulation. One of the most fundam ental 
problem s with command-and-control 
is an asymmetry in inform ation and 
expertise. Command-and-control reg
ulations tend to require inform ation 
from  the regulated firm that cannot 
be obtained by the regulator reliably 
and at reasonable cost. Regulated 
firms also tend to have far more exper
tise in how best to achieve the desired 
goals. As a result, command-and-control 
regulations are difficult to implement. 
M ore importantly, the regulations 
tend to be far more simplistic than

the activity they regulate. T oo often, 
they are “one-size-fits-all” rules that 
involve a host o f cost inefficiencies.

Market-based or incentive-based pro
grams, on the other hand, represent a 
completely innovative approach. In 
essence, incentive-based regulation 
draws on the expertise and self-inter
est o f firms to meet public policy goals. 
Instead o f facing a technology require
ment, a firm  is constrained by a per
form ance standard. The firm  knows 
how m uch o f the pollutant it can emit 
during a given period. It is then up to 
the firm  to m eet the emissions goal. If 
it can control and lower its emissions 
at low cost, it has every reason to con
trol more than is required and sell the 
difference in the marketplace. The 
firm will do that until the m arginal 
cost o f controlling one unit o f pollut
ant is equal to its m arket price. Alter
natively, it will purchase permits on 
the market, if they are priced below 
the firm ’s own control costs. This ap 
proach helps address the asymmetry 
problem s m entioned above. It also 
helps create a cycle o f continuous im 
provem ent as firms have an incentive 
to develop m ore efficient m ethods of 
achieving regulatory goals.

During the two one-day conferences,2 
a group o f regulators, industry repre
sentatives, policymakers, and academ 
ics came together in Chicago to discuss 
what we have learned from  applying 
environmental trading programs. 
Robert Stavins, professor o f public 
policy at H arvard’s Kennedy School 
o f Government, reviewed the lessons 
from  using market-based approaches 
to environmental protection during 
the last 25 years. He noted that only 
recently has the interest in market- 
based instruments, especially tradable 
permits, increased noticeably.3 That is 
despite the overwhelming evidence on

the economic advantages of market- 
based instrum ents for environmental 
protection. Stavins attributed the 
recent surge o f interest to a recent in
crease in awareness and understand
ing o f how market-based approaches 
work, as well as growing concern about 
the costs o f achieving further environ
mental cleanliness. With regulated 
entities facing increasing costs to meet 
more stringent environmental goals, 
market-based program s that are more 
cost-effective in reducing pollution 
are becom ing increasingly attractive.

In conclusion, Stavins offered the fol
lowing assessment: Most importantly, 
tradable perm it systems work. Second
ly, the perform ance o f these program s 
highlights the great value o f regula
tory flexibility com pared with the rigid
ity o f one-size-fits-all programs.

Specific incentive-based program s

During the course o f the two confer
ences, evidence was presented on sev
eral program s to control ground-level 
ozone as well as on the m arket for 
reducing sulfur-dioxide emissions. 
Joseph  Belanger, form er director of 
planning and standards with the Con
necticut Departm ent o f Environmental 
Protection, reported on how Connecti
cut im plem ented market mechanisms 
three years ago  by including tradable 
emission reduction credits in a specific 
nitrogen-oxide (N0x) emissions reduc
tion program. The market-based ele
ments have been well-received and 
have im proved com pliance. Im por
tantly, they have allowed sources a new 
com pliance option. As a result, the 
agency has started to incorporate 
these concepts into other programs.

Jam es Lents, director o f corporate affil
iate program s and environmental pol
icy in the College o f Engineering at



the University of California, Riverside, 
and form er executive officer o f the 
South Coast Air Quality M anagem ent 
District, discussed the first three years’ 
o f experience o f a program  called 
RECLAIM (Regional Clean Air Incen
tives Market) that allows the trading 
o f emission credits for NO x and sul
fur oxide (SO x) in the Los Angeles 
basin. At its inception in January 1994, 
RECLAIM included 390 stationary 
sources for NO reduction and 65x
sources for SO reduction. The emis-x
sions for each facility in the program  
have been capped and are being re
duced over time, on average by 75% 
o f the initial level by the year 2008.

Trading volume has been robust dur
ing the first three years of the program. 
As o f D ecem ber 31, 1997, 1,200 trades 
had taken place, involving 244,000 tons 
o f NO and SO  . This represents anx x
average o f 203 tons per trade. Accord
ing to Lents, the dem and for emission 
credits is expected to exceed supply 
in 1999 for NOx and in the year 2001 
for SOx. That has already been factored 
in the prices o f credits traded. While 
credits that were used during the first 
three years o f the program  were traded 
at prices well below expectations be
fore the start o f trading in January 1994, 
prices for future vintages o f credits 
show a noticeable increase around 
the 1999 time fram e, when the overall 
emissions cap o f the program  is expect
ed to becom e binding.4

During a panel discussion responding 
to Lents’ presentation, evidence was 
presented on how facilities included 
in the RECLAIM program  have been 
adjusting to the rules o f the program . 
RECLAIM allows a period o f 60 days 
to trade credits after their expiration 
date, so that individual facilities can 
balance their books if necessary to 
m eet the im posed emission cap. In 
tracing the incidence o f these types o f 
trades, it turns out that their frequency 
falls significantly from  the first two to 
the second two years o f the program . 
During the first period, 66% of all 
transactions involved reconciliation 
trades. During the second period that 
percentage dropped to 40%. More 
specifically, am ong single-vintage 
trades, the percentage o f reconciliation

trades fell from  81% in the first period 
to 47% in the second (see figure 1). 
For multiple-vintage trades, the change 
was from 48% in the first period to 23% 
in the second. This dem onstrates 
two effects. First, facilities adjusted 
to a change in the rules issued for 
RECLAIM. During the 1994 com pli
ance year, a facility was charged so- 
called emission fees based on its total 
holdings of RECLAIM trading credits— 
an incentive to sell unnecessary trad
ing credits during the reconciliation 
period. That rule has since been 
changed. Second, the num bers in 
figure 1 also reveal that individual 
facilities have learned to actively partic
ipate in the m arket in a forward-look
ing manner. A larger share o f facilities 
now buy or sell credits to be used in 
the future, reflecting decisions m ade 
at the firm  level about the expected 
need for emission credits.

Finally, there was som e discussion as 
to the technology forcing effects o f a 
market-based program . O ne would 
expect an incentive-based program  to 
encourage participating firms to come 
up with new technological solutions 
to existing pollution questions. So far 
the evidence from  RECLAIM on that 
issue has been mixed. For one, the 
observed prices for emission credits 
have been rather low. Therefore, facil
ities have chosen to more actively 
maintain equipm ent or more efficient
ly manage equipm ent operations as 
cost-effective ways to reduce emissions 
rather than spend capital for new or 
m odified control equipm ent. Howev
er, there are isolated exam ples of 
technological innovations that suggest 
this avenue o f reducing emissions 
might becom e m ore im portant as the 
prices o f emission credits rise. For ex
ample, in searching for ways to reduce 
its NOx emissions, the ARCO refinery 
in Carson, CA, found out that its NO x
and SO x emissions would fall signifi
cantly if petroleum  byproducts creat
ed in the refining process were 
removed from  waste refinery fuels. 
These fuels were used to supply pro
cess heat to the refinery. The solution 
was to produce polypropylene with 
these leftover products and thereby 
remove them  as pollutants. In setting

1. RECLAIM transactions

Multiple Single
vintage vintage

J a n u a r y  1, 1 9 9 4 - F e b r u a r y  2 6 ,  1996

% including 
reconciliation 
transactions

48% 81%
% including
reconciliation
transactions

F e b r u a r y  2 6 , 1 9 9 6 - A p r i l  2 0 ,  1 9 9 8

%  including 
reconciliation 
transactions 23% 47%

%  in c lu d in g

r e c o n c i l ia t io n

t r a n s a c t i o n s

Source: Thomas Klier, 1998, “Assessing market 
performance and firm trading behavior in the NOx 
RECLAIM program,” presentation at the workshop 
Emissions Trading: Lessons from Experience, Federal 
Reserve Bank of Chicago, May 15.

up a polypropylene plant at its refin
ery, ARCO has found a way to reduce 
emissions and increase profits at the 
sam e time.5

The second m ajor market-based pro
gram  discussed was Title IV o f the 1990 
Clean Air Act Am endm ents, which 
regulates SO 2 emissions from  electric 
utilities. Title IV created a national 
m arket for SO 2 permits, a program  
that is designed to minimize the cost 
o f reducing SO 2 emissions. The indus
try is allocated a set am ount o f allow
ances per year and firms are required 
in turn to hold one allowance for each 
ton o f SO 2 they emit. Allowances can 
be transferred to other firms or banked 
for future use. Dallas Burtraw, from  
Resources for the Future, presented 
an appraisal o f the SO 2 cap and trade 
market. He argued that it has been 
very successful according to two criteria. 
First, com paring the costs and bene
fits o f the program , benefits appear to 
be an order o f m agnitude greater than 
costs, especially due to the salutory 
effects on hum an health and visibility 
(see figure 2). Second, the compliance 
costs have been significantly lower than 
anticipated. Most im portant in ac
counting for low com pliance costs has 
been the fortuitous fall o f fuel prices, 
specifically the decline o f prices for 
low-sulfur coal. According to Burtraw,



2. Expected effects in 2010

1 9 9 5  d o lla rs  p e r  
a f fe c te d  c a p ita

B e n e fits  o f  T it le  IV

Morbidity 4
Mortality 69
Lake recreation 1
Recreational visibility 4
Residential visibility 7

C o s ts  o f  T it le  IV 6

Source: Dallas Burtraw, Alan Krupnick, Erin Mansur, David 
Austin, and Deirdre Farrell, 1998, “The costs and benefits of 
reducing acid rain,” Contemporary Economic Policy, 
forthcoming.

long-run costs o f the program  are now 
expected to be only half o f what was 
anticipated at the outset.6

Looking ahead

In applying incentive-based approach
es to improve air quality, we often need 
to consider a regional or national ap
proach. Air quality can be affected by 
upwind sources; it does not respect 
state or m unicipal boundaries. In the 
case o f efforts to control greenhouse 
gases, which have received consider
able attention since the signing o f the 
Kyoto protocol last year, an interna
tional approach  seem s warranted. As 
William Nordhaus from  Yale Universi
ty argued at the meeting, such an ap
proach might include the international 
trading o f carbon emission rights. Ac
cording to modeling done by Nordhaus 
and his associates at Yale, including a 
trading elem ent in the international 
effort to reduce greenhouse gases 
would have a high payoff if efficiently 
im plem ented. However, such im ple
m entation would be vastly more diffi
cult than any o f the applications o f 
market-based trading to date, as it 
would face problem s o f definition

and administration. Consequently, 
he suggested it might be best to start 
such a program  with OECD (O rgani
zation for Econom ic Cooperation 
and Developm ent) countries and 
extend it as the econom ic and legal 
systems o f other countries mature.

While im plem enting international 
trading o f greenhouse gas emissions 
needs to overcome many difficult is
sues, these result mainly from  the in
ternational nature o f the underlying 
problem . In the context o f regional 
or national applications o f market- 
based emission reduction program s, 
by the end of the meeting many par
ticipants had agreed that market- 
based program s can be a very valuable 
tool in the regulator’s kit. In particu
lar, speakers highlighted the advan
tage o f allowing greater flexibility 
in achieving the required emissions 
as a big improvement over command- 
and-control regulatory programs. In 
essence, allowing firms to find cost- 
effective ways to control emissions is 
what accounts for the success of today’s 
market-based programs.

—Thom as Klier 
Senior econom ist

1Recently implemented incentive- 
based regulation will in most cases co
exist with command-and-control regu
lation that had been put into effect 
some time ago.

2For a list of the conference programs 
and other information, please check 
the following Web site, maintained by 
the Workshop on Market-Based Ap
proaches to Environmental Policy at 
the University of Illinois at Chicago: 
www.uic.edu/~kosobud/mklinks.htm.

3Tradable permits are one type of mar
ket-based regulation. They represent

rights to emit a certain amount of a par
ticular pollutant during a specific 
period and can be traded with other 
parties.

4For a more detailed evaluation of the 
RECLAIM program, see Chicago Fed Letter, 
August 1997, No. 120. That publication 
also relates the lessons from the California 
program to a program that will become 
effective for the Chicago region during 
the summer of 1999.

Jam es M. Lents, 1998, “The RECLAIM 
program at three years,” presentation at 
the workshop Emissions Trading: Les
sons from Experience, Federal Reserve 
Bank of Chicago, May 15.

6Dallas Burtraw, 1998, “Appraisal of the 
SO2 cap-and-trade market,” presentation 
at the workshop Emissions Trading: Les
sons from Experience, Federal Reserve 
Bank of Chicago, June 19.
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Tracking Midwest m anufacturing activity

M anufacturing output indexes 
(1992=100)

Aug. Month ago Year ago

CFMMI 125.9 121.7 123.2
IP 132.0 129.5 127.9

M otor vehicle production 
(millions, seasonally adj. annual rate)

Sep. Month ago Year ago

Cars 6.5 6.3 6.1
Light trucks 5.9 6.6 6.1

Purchasing m anagers’ surveys: 
net %  reporting  production  growth

Aug. Month ago Year ago

MW 59.2 52.0 59.9
U.S. 50.3 49.2 62.4

Motor vehicle production (millions, seasonally adj. annual rate) 
7.4 -----------------------------------------------------------------------------------

Light truck production decreased to 5.9 million units in Septem ber from  
6.6 million units in August, while car production increased to 6.5 million units 
from  6.3 million units. The Midwest purchasing m anagers’ com posite index 
(a weighted average o f the Chicago, Detroit, and Milwaukee surveys) increased 
to 59.2% in August from  52.0% in July. Purchasing m anagers’ indexes increased 
in both Detroit and Milwaukee, but the index decreased in Chicago.

The Chicago Fed Midwest M anufacturing Index (CFMMI) rose 3.5% from  July 
to August, to a level o f 125.9; revised data show the index fell 2.1% in July. The 
Federal Reserve B oard ’s Industrial Production Index for m anufacturing (IP) 
rose 2.0% in August after dropping 0.4% in July.

Sources: The Chicago Fed Midwest Manufactur
ing Index (CFMMI) is a composite index of 16 
industries, based on monthly hours worked and 
kilowatt hours. IP represents the Federal Re
serve Board’s Industrial Production Index for 
the U.S. manufacturing sector. Autos and light 
trucks are measured in annualized units, using 
seasonal adjustments developed by the Board. 
The purchasing managers’ survey data for the 
Midwest are weighted averages of the seasonal
ly adjusted production components from the 
Chicago, Detroit, and Milwaukee Purchasing 
Managers’ Association surveys, with assistance 
from Bishop Associates, Comerica, and the 
University of Wisconsin-Milwaukee.
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