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Adopting tradable permit market (TPM) programs to address air quality and water
supply problems has become increasingly popular. However, economists evaluating
these proposals have erred in comparing "ideal" permit markets with "messy" existing
regulatory structures. In fact, permit markets also are likely to be "messy" due to the
existing institutions and market imperfections. The physical and technological nature
of these environmental commodities have and will continue to impose barriers to
creating such markets. In addition, the analyses often do not adequately define the
legal, management, and exchange institutions so as to capture how transaction costs
and uncertainty will affect these markets. This paper identifies some specific factors
that influence permit markets in environmental commodities and discusses the poten-
tial magnitudes of these effects.

I. INTRODUCTION

Tradable or marketable permits, quotas,
or licenses have become increasingly pop-
ular for addressing a wide range of policy
problems. Economists have long theorized
that allowing decentralized individual
choice should achieve the same environ-
mental quality level as centralized-plan-
ning at less cost due to savings in informa-
tion acquisition costs and greater flexibil-
ity to exploit all beneficial opportunities.
Current applications of tradable permit
markets (TPMs) include taxicab medal-
lions in New York City, fishery quotas in
New Zealand, agricultural production
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quotas for dairy products and tobacco,
water rights in the Western United States,
and air and water pollution permits in the
United States and Europe.

With all of this enthusiasm for permit
trading, both by economists and regula-
tors, one yet might ask: "Why have these
programs not been as successful as pre-
dicted in environmental regulation?" Per-
haps the most important consideration in
evaluating whether to "harness the mar-
ketplace" to solve environmental prob-
lems is that implementing these programs
will occur in a world that is just as
"messy" as the one in which the current
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regulatory regimes operate. Insufficient in-
formation available to firms and regula-
tors lead to a degree of uncertainty; market
participation or regulatory compliance
have additional administration costs; and
compliance and enforcement of permits is
necessary. Nevertheless, many evaluations
of permit markets compare an "ideal"
market-based program to an implicitly
"messy" existing command-and-control
(CAC) or appropriative rights ("queuing")
system. The result maybe to overestimate
the benefits attributable to a market-based
approach (Hahn and Stavins, 1992;
Stavins, 1995).

One can broadly delineate the traits that
influence the workings of these markets
into four areas of investigation. First, what
are the physical and technological charac-
teristics of the problem? How easily the
commodity can be defined and segmented
depends on these traits. Second, how will
property rights be defined and enforced?
While property rights—implicit and ex-
plicit—can and do exist without markets,
markets require defined property rights to
operate properly. A tension exists between
defining immutable permit rights to as-
sure tradability and achieving environ-
mental quality or water supply reliability
without regulators' completely under-
standing the influence of emissions or di-
versions. Third, how will transactions be
consummated? The search, bargaining,
and transfer process can affect the chosen
regulatory instrument's efficiency, both
through transaction costs and the resolu-
tion of trades. Fourth, how committed are
policymakers to the chosen policy ap-
proach? Success of any government pro-
gram, not only establishing a market, de-
pends on the level of commitment and re-
sulting surety that participants expect.
Without such certainty, potential partici-
pants may discount the value of holding
permits or be reluctant even to enter the
market.

This paper describes how "messy" en-
vironmental commodity markets can di-

verge from the "ideal" world that econo-
mists often use. To ground this discussion
in real-world examples, the analysis here
focuses on markets for air pollution emis-
sion permits and water rights. Only by ac-
curately capturing how similar imperfec-
tions and tradeoffs affect markets as well
as other regulatory approaches can one
properly compare the ideal to the existing
regulatory structure. However, one should
keep in mind that many problems with en-
vironmental commodity markets identi-
fied here also occur in conventional regu-
latory approaches.

II. PROVIDING AN ANALYTIC FRAMEWORK

Economists tend to focus on a narrow
set of issues surrounding economic activ-
ity, such as individual human behavior,
technological aspects of the production
process, and physical characteristics of re-
sources traded and consumed. Yet the in-
stitutional details of how these resources
are managed and exchanged intersect with
the economic process at key points. Coase
(1992) in his Nobel Lecture states that the
profession should focus more on the exist-
ing institutional structure in assessing the
actual costs of participating in markets.
Specifying a simple market exchange
mechanism, as is typically done, is differ-
ent from describing an allocation institu-
tion that addresses the resources charac-
teristics and the impact of social and eco-
nomic relationships (Griffin, 1991). As
Young (1986) writes, "(T)he choice of insti-
tutions to coordinate economic activity is
among the most fundamental of social de-
cisions."

Tradable permit markets are influenced
by both the physical and technological as-
pects of the resources being traded and by
the nature of the relevant institutions. The
preexistence of institutions and their dis-
parate nature from place to place lead to
conditions that deviate significantly from
the perfect market. These institutions con-
strain the design of TPMs through the
structure and goals of the existing regula-
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tory regime (whether command-and-con-
trol or "queuing")/ the current allocation
of permitted use among regulated firms,
and the level of capital "fixity" within
those firms (Tietenberg, 1985). These fac-
tors will combine to induce significant ad-
justment costs for firms and regulators be-
fore reaching the prescribed equilibrium.

Typical analyses of permit trading
schemes theoretically and empirically use
a static setting assuming "perfect" markets
(Tietenberg, 1985; Hahn and Stavins,
1992). The resulting trading models as-
sume that a market outcome will be equiv-
alent to an omniscient central planner
choosing the preferred mix of measures
while achieving a static equilibrium. For
example, the literature contains at least a
dozen examples of studies using this ap-
proach to assess pollution permit and
water rights trading programs. Such anal-
yses might better be described as assess-
ments of an improved command-and-con-
trol scheme because they implicitly as-
sume a central planning viewpoint rather
than that of dispersed decision-makers at
various firms. Firms and other institutions
are "transparent" and inconsequential. If
a control measure is economic to install
from the central planner's viewpoint, a
trade (internal or external to the relevant
firms—these models make no distinction)
will occur to the benefit of all parties.
These analyses usually differentiate mar-
kets only by focusing on the properties of
the commodities themselves, such as diffi-
culties in measurement, spillover effects
on other users, the functional form for the
production process, or perhaps potential
market power. Such models often ignore
important constraining institutional rela-
tionships and conduct an essentially theo-
retical rather than applied trading analysis.

One can evaluate markets for environ-
mental commodities from two approaches.
The first examines how actual markets of
any type differ from the theoretical market
prescribed by economists. Actual markets
operate in a dynamic environment where

agents have limited information and other
market distortions occur. Consequently,
market participants must spend resources
to acquire information, act on expectations
about future conditions, and attempt to
minimize their exposure to risk (William-
son, 1983). The second approach examines
how a tradable permit market might differ
from the experience with other markets for
commodities and services. Permit markets
have not flourished previously because of
difficulties in privately defining and en-
forcing property rights, high transaction
costs that result from the nature of the re-
sources and the market's novelty, and the
political milieu in which the resources are
regulated.

Water rights and pollution permit mar-
kets share several common characteristics.
In both cases, the "flows"—emissions or
diversions—are regulated to maintain a
"stock" level in a common-property good,
whether ambient environmental quality or
streamflow. Demand for the "resource"
can be cyclical with anticipated swings re-
lated to seasons and time of day; it can be
randomly driven by natural events such as
drought or atmospheric conditions; or it
can be constant over time. Users of each
resource have external effects on down-
stream or downwind users by degrading
the air or water quality or by reducing
streamflows. Defining property rights in
each case is technically difficult because of
interrelationships among users and be-
tween a user and the impact on the envi-
ronment. When trading rights, both mar-
kets have "transport" costs that create a
"wedge" between buyers' and sellers' val-
ues. Typical permits specify not only quan-
tity but also temporal and spatial location,
quality, transferability constraints, and
even type of use (Hahn and Noll, 1982).

The many possible resource-use dimen-
sions defined within the permit are key to
identifying the physical and technological
management issues. For pollution, eco-
nomic analysis has focused on the physical
aspects of the difference between issuing
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permits for emissions or impacts on ambi-
ent environmental quality, the relationship
of controlling pollution to the production
function, and multiple pollutant markets.
For water rights, third-party impacts
through return flows, linkage of the sur-
face and groundwater systems, and con-
veyance limitations have been paramount.
Also, permit trades between up and down-
stream (or wind) sites, and between cer-
tain regions, face various restrictions to as-
sure no degradation in local water or air
quality or water quantity. This approach is
known in water law as the "no injury" rule
(Sax et al, 1991, pp. 224-230). These limits
in turn affect the reliability, fungibility,
and synergism with other resource use,
adding to transaction costs.

Table 1 summarizes specific physical,
technological, and institutional factors
that affect the development and operation
of environmental commodity markets.
Contrary to an archetypical "neo-classi-
cal" approach in which a "perfectly-com-
petitive" market naturally and spontane-
ously develops, several factors can act to
stymie effective market development. In
particular, transaction costs and expecta-
tions (i.e., issues of risk and uncertainty)
about future tradable permit values will
influence firm behavior. An important
note here: many of these factors are char-
acteristic of a world with command-and-
control or appropriative rights regulation
and are not unique to market-based pro-
grams. However, economic analyses that
tend to sweep away such problems in pur-
suit of parsimony often do not capture
these factors.

III. LEGAL AND RULE-MAKING INSTITUTIONS

Any incentive-based regulatory solu-
tion is likely to be superimposed on an
existing legal structure that extends be-
yond the regulatory framework. Under
most environmental regulatory regimes,
ownership of the tradable permit gener-
ally is not a true "property" right; it is a

"license" or "permit" right that does not
have the same legal protection by the
courts from being redefined or even re-
voked by the government (Hahn and Hes-
ter, 1989).

A fundamental reason these markets
have not evolved in the past is because
defining and enforcing use rights by pri-
vate parties is difficult at best. The less
well defined the permit "right," the less
attractive the permit is as a trading com-
modity. As Bromley (1993, p. 7) writes,
"(M)arkets can only exist within a legal
system that has consciously set out to cre-
ate ordered domains of exchange." Often
a direct link exists between the use of a
resource by one individual and the result-
ing damages to another. Also, the varia-
tions in flow over time and space make
privately enforcing property rights more
difficult for air and water than for other
commodities. As these effects become
more diffuse, relying on the intervention
of government agencies rather than on the
courts alone to enforce permit or license
rights and compliance becomes more at-
tractive. How these rights are enforced
through inspection and penalties will
drive the level of compliance and success
in market participation (Keeler, 1991).

Defining the right associated with a
tradable permit is crucial. The right may
be usufructuary or possessory, depending
on whether it is based on past consump-
tion or permitted title (McCormick, 1994).
Usufructuary rights are based on the "use
it or lose it" premise in which the permit
holders must justify their consumption as
"reasonable and beneficial," a common re-
quirement with water rights. Possessory
rights allow the holder to use the resource
in any fashion after the initial claim is
made. For example, in emission markets,
whether the tradable permit represents ei-
ther (i) a reduction in or (ii) an allowance
for existing usage is crucial to how firms
view participation in the market. The first
requires some commitment by manage-
ment to a change of direction before the
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TABLE 1
Specific Factors in Environmental Resources that Influence Market Perfonnance

Characteristics Influence

Physical

Technological

Legal Institutions

Management Institutions

Exchange Institutions

Diffuse nature makes definition of property rights difficult.

Significant measurement errors in availability and use.

Capital intensity of control measures implies lumpiness and
overcontrol.

Irreversibility of investment decision increases risk.

TPM may require higher compliance and monitoring costs.

Existing legal structures precede markets.

Markets depend on defined property rights.

Transferable property rights may not be recognized.

Difficulty in enforcing rights.

Uncertain government commitment to markets.

Usufructuary versus absolute property rights.

Differences in "effective" vs. transferable rights.

Declining permit baseline to achieve environmental standards.

Political oversight institutions.

Differing objectives among public, private and political
organizations.

Views of internal control vs. external opportunities.

Parallel market structures for other commodities.

Market power in input and output markets.

Information disclosure to competitors through permit trades.

Wariness by financial institutions.

Disparate treatment of new vs. existing firms.

Market search and matching process.

Exchange mechanism—brokered, merchant or centralized.

Price conveyance—negotiated, posted or auction.

Market depth and liquidity, influenced by "thinness."

Contract terms—spot, lease, option, short-term or long-term.
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credit can be sold; the second allows firms
to sell tradable permits as a course of busi-
ness. "Banking" of credits or water storage
can partially bridge the characteristics of
these two types of rights by allowing de-
ferment of use until the resources are more
valuable. However, either regulatory or
physical constraints limit the ability to
convert such usufructuary rights fully into
possessory.

Transaction costs also rise with moni-
toring requirements. The uncertainty of
whether (i) a penalty will be enforced in-
appropriately or (ii) the underlying credit
in the tradable permit will be changed
through mismeasurement adds to the risk
that participants face (Russell et al., 1986).
The tendency to move simultaneously
from a technology-driven standard-setting
approach to a quantity-monitoring or
"tailpipe" measurement method adds to
the complexity (Cohen, 1993). The latter
has higher costs due to greater administra-
tive needs and is more likely to detect vi-
olations of permitted levels (Dwyer, 1992).
For example, continuous emission moni-
toring (CEM) under the Regional Clean
Air Incentives Management (RECLAIM)
adds significant paperwork and equip-
ment costs beyond the usual technological
certification and compliance process
(M.Cubed, 1993). Measuring consumptive
use for transferring water rights has been
a major barrier to increased use of markets
(Sax et al., 1991). Increased monitoring is
motivated by the increased value attached
to emissions or diversions and by
environmentalist's distrust of "markets,"
but monitoring costs can be significant
enough to reduce substantially the net
benefits for even a well functioning permit
market (M.Cubed, 1993).

Attaining adequate political support to
minimize risk to the property rights asso-
ciated with government-established per-
mit markets requires satisfying three dif-
ferent constituencies (Dwyer, 1992). First,
the regulated community must be willing
to change its relationship to the regulatory

institutional structure and to treat the ac-
quisition of the permits as another produc-
tion input decision. Second, the agency
personnel must be willing to step away
from current management and decision
processes and allow decentralized deci-
sion making. Third, external interest
groups, such as environmental activists,
who probably help instigate the original
regulatory structure, must accept that dif-
ferent means may achieve the same ends
(Hahn, 1990). This involves moving from
a "presumption of prohibition" to that of
"permission" (Bromley, 1993). The emer-
gence of environmentalists (Hahn and
Hester, 1989) and community pre-
servationists (Brajer and Martin, 1990) as
a force in creating these markets has weak-
ened the ownership concept further since
such groups argue that these resources are
a common good to which property rights
cannot be assigned. In addition, CAC
schemes will tend to "overcontrol" due to
the binding constraints on individual pol-
luters while incentive-compatible schemes
attach no "shadow" value to such over-
control (Oates et al, 1989). Thus, incentive-
based approaches may not be superior
simply because they have lower costs if
environmental quality also is degraded.
The regulated community's view of the
market will depend in part on the agency's
role, on the community's apparent level of
commitment to a clean environment, and
on how well each group accepts the mar-
ketable permit approach.

Conflicting interests of these groups can
create uncertainty among participants
about whether a government agency can
adequately define the rights associated
with a tradable permit and will commit to
its interpretation for a sufficient period to
allow the market to mature. For example,
the South Coast Air Quality Management
District (SCAQMD) has two specific back-
stop measures to end its RECLAIM pro-
gram if the TPM does not provide suffi-
cient emission reductions (SCAQMD,
1993a, Rule 2015; SCAQMD, 1994, Mea-
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sure CTY-03). In addition, a suit by Citi-
zens for a Better Environment challenging
RECLAIM is still pending against the Cal-
ifornia Air Resources Board. Market par-
ticipants will not only add a risk premium
for this uncertainty but could face signifi-
cant transaction costs associated with legal
requirements of defining the permit rights
(Lund, 1993).

IV. FIRMS AND PUBLIC ENTERPRISE
MANAGEMENT INSTITUTIONS

Regulators typically will overlay a mar-
ketable permit system on existing markets
that use the resource in question. Differ-
ences in market structure as defined by the
type of firms involved raise important
questions. Who are the participants? What
are their motives? Resource management
institutions often are created to reduce
transaction costs and uncertainty associ-
ated with regular market exchanges that
otherwise would require significant nego-
tiation and contracting activities (Alston
and Gillespie, 1989). Depending on their
relationship to their constituencies, these
institutions frequently employ measures
of success that are different from those as-
cribed by economists. While business
managers may maximize profits for their
shareholders, voting rules can influence
how public enterprise district officials bal-
ance increasing wealth with distributing
benefits or reducing risks (McDowell and
Ugone, 1982). And elected officials focus
on creating certainty and equity rather
than opportunity and efficiency (Willey,
1992).

Businesses, governments, and other
types of organizations might ask funda-
mental questions affecting the values that
buyers and sellers put on tradable permits:
(i) Should we plan to purchase tradable
permits with their many uncertainties, or
should we install our own abatement/con-
servation devices over which we have di-
rect control? (ii) Should we install addi-
tional abatement/conservation measures
or close some portion of our facility so we

can sell tradable permits with their many
risks? (iii) Or should we concern ourselves
only with achieving the regulatory
regime's reduction goal for us that repre-
sents the default outcome if the market-
based approach fails?

In other words, firms or other enter-
prises view pollution reduction credits or
regulated resource supplies from the per-
spective of whether the credits or supplies
can be found internally or externally (Wil-
liamson, 1983). Reducing resource use in-
ternally often involves the least transaction
costs, the least uncertainty about legal
claims, and no value attached to future
scarcity of permits. Turning to an external
market requires firms to face these issues
and the uncertainty about the firms with
which they must deal. The types of trades
made under the U.S. EPA Emission Trad-
ing Program bear out this tendency (Hahn
and Hester, 1989). Even in what is consid-
ered the most successful TPM to date—the
U.S. Lead Phasedown Program for Gaso-
line—70 percent of all trades occurred
among refineries within the same company
(Kerr and Mare, 1995). While greater effi-
ciencies induced by TPMs through internal
trading are likely, most cost-savings that
analysts attribute to marketable permits
result from external trading (Hahn and
Hester, 1989; Atkinson and Tietenberg,
1991; Hausker, 1992).

In general, permits become available for
sale in several ways from installing new
technologies to changing production pro-
cesses to closing operations (Tietenberg,
1985). The capital intensity of most abate-
ment and conservation technologies re-
quires a stable rate of use to guarantee
payback to the investment—a reflection of
scale economies inherent in most control
or conservation technologies (Tietenberg,
1985; Dinar and Zilberman, 1991). Control
strategies generally are long-term deci-
sions, and firms may be unwilling to rely
on an untested supply source because of
the decision's inherent irreversibility.
These large investments pose the risk of
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being irreversible sunk costs that may be
unrecoverable if the nature of the market
changes substantially (Pindyck, 1991). The
market may drive permit prices to short-
run marginal costs that lie below long-run
costs, or demand may not appear at all
(Tietenberg, 1985). The risk posed by in-
vestment is compounded by the
technologies' "lumpiness" (i.e., a device
larger than present requirements must be
installed in anticipation of future require-
ments) (Bohi and Burtraw, 1991).

These characteristics can (i) lead to tem-
porary overcontrol and (ii) advance invest-
ment decision deadlines to well before ac-
tual operation. Overcontrol may provide a
reservoir that smooths the availability of
tradable permits. On the other hand, the
extended lead time may cause firms to be
more cautious in relying on the market for
providing tradable permits, forcing deci-
sions to be made with less information and
certainty. Using a dynamic analytic ap-
proach of how creation of the market
might change the existing capital invest-
ment plans for the relevant industries
should give a better picture of the oppor-
tunity costs that drive prices for market
crredits.

Tradable permits markets probably will
evolve to have a variety of trading instru-
ments-spot, short-term, long-term, sea-
sonal, options, and leases. The long-term
market segment is the one in which firms
and other organizations will guarantee for
long-term capital investments the rights to
pollute or consume a resource. Firms gen-
erally do not base such investments solely
on a spot market unless that market is
highly stable and well understood. Con-
tingency option markets can backstop un-
certainty about supply, but they cannot
provide the base supply for a capital in-
vestment project. For these reasons, firms
are likely to rely on diversified portfolios
of permit rights when available.

Banks and other credit providers will
discount the value of tradable permits to
account for market and policy uncertain-

ties (Fitch, 1993). Financial resources are
not available unless critical components
are bound with long-term contracts. Fi-
nancial entities, such as banks or investing
groups, require that the company secure
sufficient environmental permits for at
least the term of financing—typically 15 to
20 years (Hausker, 1992). Thus, lenders
may be reluctant to provide capital for
firms relying on unproven permit markets
instead of providing their own traditional
internal emission controls.

V. SEARCH AND TRANSACTION PROCESS IN
MARKET-EXCHANGE INSTITUTIONS

The multi-dimensional aspects of an ex-
change institution are: (i) the relationship
between agents and the market, (ii) how
prices are transmitted, (iii) who initiates
the offer-acceptance process, and (iv) who
administers the overarching mechanism.
Characterizing market-exchange mecha-
nisms are two steps that describe initiating
participation in the market, the negotiat-
ing the terms and settlement, and ex-
changing the items that are the focus of the
transaction: (i) how trading partners are
matched (i.e., the search process), and (ii)
how sales are negotiated and consum-
mated (i.e., the transaction process).

The search process can range from lim-
ited individual effort to a complete ex-
change market. The transaction process
can involve negotiation or bargaining,
posted prices or dealer quotes, and auc-
tions driven by purchasing orders or seller
quotes. In addition, an intermediary, suc]\
as an agent, broker, merchant or market-
maker, might be present.

While economics and finance research
has dealt extensively with types of market
exchange mechanisms, much less has fo-
cused on choosing an exchange institution
applicable to environmental and resource
economics. (In designing its RECLAIM
program, the SCAQMD commissioned
some of the most complete analyses to
date for establishing the actual trading
procedure for a permit market. However,
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these analyses did not address the broader
institutional issues discussed in this
paper.) Models assessing the relative effi-
ciency, liquidity, and transaction costs of
various market exchange mechanisms—
different types of auctions (e.g., Dutch or
English), bargaining or negotiated, and
posted prices—are useful in assessing
price negotiations and settlements (Walls,
1993). Theories on market exchanges high-
light the importance of the offer-accep-
tance process—whether buyer-initiated,
order-driven, seller-initiated or, quote-
driven—in affecting the efficiency of the
final allocation (Saleth et al., 1991). Finally,
whether the market is administered by a
regulating agency or a private entity such
as an existing securities exchange influ-
ences the entire process, from how respon-
sive and volatile prices may be to the
transaction-clearance process (Friedman,
1993).

While some centralized auctions exist
for permit markets, even these use inter-
mediaries to facilitate search and ex-
change. Examples of central exchanges for
permit markets include the RECLAIM
Clean Air Auction operated by Cantor
Fitzgerald, the Acid Rain Credit Exchange
operated by the Chicago Board of Trade,
and the periodic California Drought Water
Bank operated by the Department of Water
Resources. The two dominant forms of in-
termediaries are merchants and brokers
(Hackett, 1993). In markets with fairly sta-
ble demand and a strong response to mar-
keting efforts, merchants tend to domi-
nate. Dealers can gauge the amount of a
commodity they will sell with some accu-
racy and can collect most of the returns
from their own sales efforts. In markets
with variable demand and low responsive-
ness to marketing efforts, brokers tend to
dominate. Brokers do not need to hold
stock, and they will be able to capture only
a portion of the returns from their sales
efforts because they collect proportional
commissions. Markets that rely on brokers
will generate fewer sales because of the

decreased marketing incentive for brokers
and the need to spread merchants' fixed
costs over larger sales. TPMs are more
likely to have variable demand and thus
rely more on brokers.

VII. THE EVIDENCE ON "MESSY" MARKETS

Transaction costs associated with mar-
ket participation (e.g., brokers' fees, title
searches, negotiating costs, financing de-
lays) tend to increase as the market be-
comes decentralized. Various estimates
exist for the transaction costs associated
with permit markets. For example, the
SCAQMD analysis of the RECLAIM pro-
gram estimates that the transaction costs
for the NSR Emission Reduction Credits
(ERC) program are at least 35 percent of
the contract price for the ERCs (SCAQMD,
1993b, appendix F). A study of Rocky
Mountain water markets found that pol-
icy-induced transaction costs average $91
on prices that range from $300 to $3,600
per acre-foot (Saliba, 1987). Transactions
costs in the California Drought Water
Bank—attributed to overhead costs, car-
riage water, and carryover storage—ac-
count for a 40 percent difference between
the offer to sellers and the price paid by
buyers (California Department of Water
Resources, 1992; 1993).

Involving a government regulator di-
rectly as well as making intermediate con-
veyance arrangements can create an addi-
tional form of risk beyond the usual con-
tractual and enforcement risks in gaining
approval for the trade itself (Lund, 1993).
Enforcing transfer rights usually occurs
through the regulatory system, which
more influenced by the vagaries of the po-
litical process rather than through the ju-
dicial system. Contrary to the assumption
that firms are risk neutral, firms are more
likely to be risk averse. Existence of the
business insurance market demonstrates
that even publicly held corporations are
risk averse to some degree. These uncer-
tainties may cause buyers to attach a risk
premium to external exchanges, compared
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to internal investments, and to cause sell-
ers to accelerate their investment recovery
period (Lund, 1993). For example, the es-
timated risk premia in well established ag-
ricultural quota markets (e.g., tobacco and
dairy products) are 10 to 35 percent of
quota values (Barichello, 1996). Farmers
participating in the California Drought
Water Bank apparently adjusted their will-
ingness to sell for the perceived risks of
losing their water rights by selling their
farms (Howitt, 1993).

In addition, permit markets often are
characterized by fixed or declining re-
source levels, whether they are water
rights or pollution credits. The Clean Air
Act Amendments Acid Rain Reduction
Program calls for declining amounts of ox-
ides of sulfur (SOX) emissions; the Central
Valley Project Improvement Act reduces
the amount of available water to project
users over time while encouraging trad-
ing; and the SCAQMD's RECLAIM pro-
gram has a declining cap over a nine-year
period. In addition, economic growth with
a fixed resource cap produces the same ef-
fect as a declining cap with static activity.
Since these resources cannot be produced
freely, one would expect these markets to
have the characteristics of nonrenewable-
resource markets, thus attaching a time-
dependent scarcity value to the permits.
Even if these resources are "banked" for
future use, the overall amount of emission
credit resources are capped, as would be
the case for nonrenewable resources.
Banking can relieve some scarcity value by
allowing intertemporal transfer, as when
petroleum reserves are left in the ground
rather than pumped. Such scarcity values
are efficient, but they raise the market
price relative to costs of internal measures
in the critical early years of these markets.

On the other hand, anticipated rates of
technological innovations may decrease
the value of the permits. Unfortunately, lit-
tle work exists on how general regulatory
design affects relative technological inno-

vation rates. The one available study finds
that in the most common and politically
acceptable form ("grandfathered" or free
allocations), the incentive to innovate ac-
tually is less than under conventional reg-
ulation (Milliman and Prince, 1989).

Transaction costs created by market ac-
tivity or risk premium can prevent the
tradable permit market from achieving the
cost-effective equilibrium that most ana-
lysts assume (Stavins, 1995). These trans-
action costs also increase the importance
of the initial permit allocation. As the dif-
ference between the values held by buyers
and sellers and the market-clearing price
created by the transaction costs increase,
the "inertia" of the initial allocation in-
creases. The resulting market-instrument
equilibrium may differ little from that of
command-and-controL In addition, if the
required control or conservation level is
near the limits of technological feasibility,
a permit market will not generate signifi-
cant benefits because few trading oppor-
tunities will be available (Tietenberg,
1985). The result could be that the transac-
tion costs and adjustment costs over time
may offset any net gains realized from im-
proved allocative efficiency under a TPM
(Zilberman et ah, 1994).

Clearly, many existing factors create a
substantial difference between the values
of external tradable permits and internal
abatement/conservation measures. Most
analyses of TPM proposals fail to address
a fundamental point—that firms face an
important decision on whether to partici-
pate in an untested market and that these
decisions can inhibit both buyers' and
sellers' participation in an emerging TPM.
Problems in administering the SCAQMD
RECLAIM program, for example, have
slowed participation (Johnston, 1994;
Margolis and Langdon, 1995). Many firms
may enter a TPM only once to make long-
term purchases or sales and then with-
draw. Because of the uncertainty sur-
rounding these variables, predicting
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whether a TPM will achieve sufficient
trading volume to be efficient is difficult
(Hyde, 1994).

Low participation can lead to "thin"
markets where bargaining power is impor-
tant and the market-clearing prices can di-
verge sharply from the optimal equilib-
rium outcome (Saleth et al, 1991). For ex-
ample, simulations from a study of the
U.S. EPA's projected sulfur dioxide market
indicate that at most 10 percent of the
emission credits would be traded in any
one year, implying low market liquidity
(Hausker, 1992). After about one and a half
years, RECLAIM had traded about 2 per-
cent of the Reclaim Trading Credits (RTCs)
available in the next nine years (SCAQMD,
1993a, p. 5-24; Cantor Fitzgerald et al,
1995). In contrast, the Chicago Mercantile
Exchange handled contracts worth $183
trillion in 1994, many times the total value
of the commodities traded. In thin mar-
kets, asset value volatility can increase
(Allen and Gale, 1994). This volatility
makes more risk averse investors reluctant
to enter the market in a process that be-
comes self-reinforcing.

Finally, most permit trading schemes,
particularly for water rights, do not pro-
vide for a central clearinghouse where all
permits are auctioned simultaneously. Se-
quential bilateral bargaining or dealer-op-
erated posted-price processes are more
likely to exist and generally lead to sub-
optimal outcomes (Atkinson and
Tietenberg, 1991; Saleth et al, 1991). For
example, the 1991 California Drought
Water Bank initially used a dealer-oper-
ated posted-price system before switching
to a brokered approach in the 1992 Water
Bank (California Department of Water Re-
sources, 1992, 1993). Existing Emission
Trading Program offset credit markets
under New Source Review (NSR) rely on
sequential bargaining processes, which
may reduce net benefits of instituting a
TPM by 50 percent or more (Atkinson and
Tietenberg, 1991).

VIII. CONCLUSION

Modelling a TPM involves more than
simply setting up the costs for technolo-
gies to reduce emissions or to conserve
and matching these to potential "buyers"
of permits. Issues of market liquidity,
transaction costs, market search, and
transaction negotiation are critical to the
performance of any market. TPMs addi-
tionally face uncertainty about govern-
ment policy and diffuse property rights
not seen in many other types of markets.
Understanding how markets behave with
different sets of rules, mechanisms for in-
teraction, and technological constraints re-
quires disaggregating the marketplace and
examining individual firm decisions
rather than simply summing total supply
and demand and identifying the price
where they equilibrate as market clearing.

To attain projected savings from TPMs,
regulators must facilitate the evolution of
an efficient, liquid market that is low cost
to administer and that encourages partici-
pants to reduce pollution and comply with
environmental laws. Before accepting the
new regulatory strategy, participants re-
quire an efficient, liquid market that does
not face major impediments and that im-
poses lower compliance costs than do ex-
isting agency rules. Achieving efficiency,
liquidity, and broad information dissemi-
nation goals for permit trading requires
addressing the inherent uncertainties not
only in marketable permits but in any rap-
idly evolving market.
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