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Abstract

Emissions Abatement in a Production Economy: Cost-Minimization versus
Investment-Consumption Optimization

This article proposes a baseline-and-credit emission abatement system in the CIR
production economy settings by Cox, Ingersoll, and Ross (1985a, 1985b). Under the CIR
production economy, individuals can invest directly or indirectly in a set of abatement
technologies through firms. In this production economy, the investments pay physical
dividends in the form of a capital-consumption good, that is, greenhouse gas (GHG)
reduction credits, that can be used to reinvest in the abatement technologies or consumed
to offset actual GHG emissions. The mechanism improves the cap-and-trade system in
three respects: (1) Instead of free-of-charge emission allowances, carbon credits are
produced via physical reductions; therefore, the over-supply of emission allowances in a
cap-and-trade system can be avoided. Moreover, the amount of emission reductions is
proportional to the GHG emission baseline. (2) By featuring growth of the investments in
abatement technologies, the mechanism provides an incentive for further investments in
abatement technologies. (3) The risk of changing demands in baseline GHG emissions is
hedged via a zero-coupon bond, which provides an ideal fixed-interest-debt financing
instrument so that individuals can borrow and lend capitals at a risk-free interest rate r.
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By adjusting the risk-free interest rate 7, in equilibrium, all the resources and wealth
within the economy are invested in the abatement technologies. Compared to the
emission-reduction-cost minimizing cap-and-trade system, the proposed mechanism
maximizes the total benefits in different aspects and provides an alternative mechanism
for fighting global warming.
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Emissions Abatement in a Production Economy: Cost-Minimization versus
Investment-Consumption Optimization

A climate policy to reduce CO, emissions includes benefits such as improving the
unemployment rate and prior tax distortions and recycling revenue, as well as bringing
about the secondary benefits of reducing greenhouse gas (GHG) emissions (Ekins 1995).
For example, the benefits of the green tax policy are examined in the double dividend
hypothesis, either in its weak form, in which revenues from green tax can be used to cut
distorting taxes, or in its strong form, in which green tax improves both the environment
and non-environmental welfare (Schob 2003). Bustamante et al. (2009) show that if a tax
were imposed on CO, emissions and the resulting revenues were used to cut labor taxes,
then employment would rise by 0.5 per cent by 2014. The aggregate net benefits of
climate policies also include the even larger gains due to technological changes, for
example, the adoption of more efficient environmental technologies, the growth of energy-
saving technology innovations, and production expansions (Jackson 1995; Buchner and
Carraro 2006; Aldy, Barrett, and Stavins 2003).

Considered the largest international instrument with wide support, the Kyoto Protocol,
aimed at stabilizing and reducing GHG emissions. It was adopted on 11 December 1997 in
Kyoto, Japan, and the commitments it set up became enforceable on 16 February 2005. As
of September 2011, 191 states have signed and ratified the protocol. On Dec. 12, 2011, the
United Nations climate summit in Durban had extended the current Kyoto Protocol—
originally set to expire at the end of 2012—to 2017.

Under the Kyoto treaty, the Annex 1 countries must meet their greenhouse gas (GHG)
emission targets of an average 5.2% reduction of their 1990 level in the period 2008—
2012. Nevertheless, the failure to secure agreements from countries such as the United
States, thus far, has made progress toward the emission reduction commitments
insignificant (Buchner and Carraro 2006). In the Annex I non-Economies-in-Transition
(non-EIT) Parties, emissions in 2005 were 5% higher than 1990 levels (World Bank
2008), while their Kyoto target for 2008—-2012 is for a 6% reduction in emissions. For
Annex [ non—Kyoto Protocol Parties, including Turkey and the United States, emissions
were 18% above their 1990 levels in 2005. According to the International Energy Agency
(IEA), energy-related GHG emissions reached 30.6 giga metric tons in 2010, which is five
percent higher than the 2008 level and is the highest level ever since, making it “extremely
challenging” to prevent global temperatures from rising to dangerous levels (World
Energy Outlook 2011).

In summary, the success of the Kyoto Protocol as a climate change policy for solving the
climate problem is inconclusive (Prins and Rayner 2007; Gupta et al. 2007). A major
criticism is centered on the Kyoto Protocol’s International Emissions Trading (IET)
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mechanism that allows Annex I countries to trade their assigned units (AAUs or emission
allowances) to achieve their countries” GHG emission reduction targets over the 2008—
2012 commitment period, and in which one unit of AAU corresponds to the right to emit
one ton of GHG into the atmosphere. The economic basis for International Emissions
Trading (IET) is that the marginal emission abatement cost differs among countries, and
trade allows emissions to be abated first in countries where the marginal costs of
abatement are lowest. With a trading system, it is expected that the Annex I countries can
meet their emission reduction commitments at a reduced cost.

As the negotiations leading up to the Kyoto Protocol had focused only on cost-
effectiveness, they failed to account for the aggregate net benefits that can be achieved
compared to other global climate policies, for example, a Research and Development
Protocol (Barrett 2001; Buchner and Carraro, 2006) or a Hybrid of International Trading
Program (Aldy et al. 2003). Early literature (Woerdman 2000) expected that through the
other two mechanisms of the Kyoto Protocol, the Clean Development Mechanism (CDM)
and Joint Implementation (JI), investors could increase their value via the export potential
of advanced emission abatement technologies. In a survey of nine respondents composed
of executives linked to the environment (with three of them from banks, five from
consulting companies, and one belonging to a NGO), the hypothesis that companies
developing CDM projects can generate higher profit margins was not rejected (Kerr et al.
2009). In a comprehensive analysis of technology transfer in the CDM to-date, covering
3,296 registered and proposed projects (Seres 2009), it is claimed that roughly 36% of the
projects accounting for 59% of the annual emission reductions claim to involve
technology transfer. In this respect, emission abatement projects in CDM or JI yield not
only emission savings but also potentially generated revenues that can be used to pay back
the investments of the projects.

Under the Kyoto Protocol’s IET, emissions trading schemes may also be established as
climate policy instruments at the regional or domestic level. Under such schemes,
governments set emissions obligations to be reached by the participating entities. In
Europe, the European Union’s Emissions Trading Scheme (EU ETS) is the world’s largest
regional emission trading system and is a cornerstone of the EU’s efforts to meet its
obligation under the Kyoto Protocol. Under the EU ETS, a cap-and-trade system is
adopted in which an allowable overall cap of GHG emissions is established and allocated
among installations in the form of permits or allowances (with one EU allowance unit of
one metric ton of CO, or EUA, which is equivalent to the AAU of CO, defined under the
Kyoto Protocol). With a cap-and-trade system, yearly EUAs can be freely allocated on the
basis of the National Allocation Plan (NAPs) made for the trading period by responsible
governments to mandatory participating installations, such as businesses or entities with
operations that are responsible for significant GHG emissions, or through sale via auction
by the government. Installations with surplus EUAs are allowed to sell to the market,
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although they are not obliged to do so. Those with surplus EUAs may also choose to abate
emissions in order to have even more EUASs to sell. On the other hand, when the volume
of emissions exceeds installations’ allocated EUAs, they will either abate some of their
emissions or buy the EUAs from the market. If the participating installations fail to
comply, penalties will be imposed on them.

The challenge in a cap-and-trade system is to determine the appropriate level of the cap,
which should be stringent enough to induce the desired level of reduction, and the
subsequent allocation of the EUAs. On this ground, EU ETS also allows for a certain
number of offsets to come from emissions reductions that are generated by projects from
baseline and-credit systems, for example, credits from CDM and JI can be used
interchangeably with EUAs. Although allowing credits from CDM and JI will increase the
number of compliance units, it makes achieving reductions potentially more cost effective.

Nevertheless, a cap-and-trade system still suffers the critique that it provides insufficient
incentives for investment in technology development because it does not address two
interacting market failures, namely, the negative externality by GHG emissions and the
positive externality by new technology (Jaffe, Newell, and Stavins 2005). Given that the
development of environmentally beneficial technology is subject to two interacting market
failures, it is unlikely that environmental policy alone creates sufficient incentives (Jaffe,
Newell, and Stavins 2005). To the contrary, both theory and empirical evidence suggest
that the rate and direction of technological advance can be cost-effectively harnessed
through the use of economic-incentive based policy (Jaffe, Newell, and Stavins 2005).

Additional policies may be necessary to increase government funding or incentives for
private funding of the investments in emission abatement technologies. The optimal public
policies portfolio should also include instruments designed explicitly to foster
environmentally beneficial technologies. Because of this, a baseline-and-credit system
based on a CIR production economy setting (Cox, Ingersoll, and Ross 1985a; 1985b),
aimed directly at the stimulation of environmentally beneficial technological changes in an
investment-consumption prospect, is proposed. In a baseline-and-credit system, each firm
has an emission baseline, which is derived by multiplying a measure of a firm’s scale, for
example, energy input or product output, by a performance standard specifying a required
ratio of emissions to input or output (Fischer 2001, 2003). Firms create reduction credits
by emitting fewer than their baseline emissions, which can be sold to firms who exceed
their baselines. The variable emission baseline introduces a critical difference between a
baseline-and-credit system and a cap-and-trade system. In addition, in a baseline-and-
credit system, credits can only be traded before they are certified and registered.

Usually, credits cannot be registered until the emission reductions have actually

occurred (Buckley 2005).
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The outline of the paper is as follows: The next section introduces the two emission
reduction mechanisms: the cap-and-trade mechanism versus the baseline-and-credit
mechanism in the CIR production economy settings by Cox, Ingersoll, and Ross (1985a,
1985b). The section following that gives a simulation study that compares the two
mechanisms, and the final section is devoted to concluding remarks.

Mechanism of GHG Emission Abatement Based on a Cap-and-Trade System

Cap-and-trade systems have been used in the United States for regulations such as the
reduction in the use of CFCs and halons to comply with the Montreal Protocol, an
international agreement aimed at slowing the rate of stratospheric ozone depletion. They
have also been used to reduce the emission of SO, and NOx, the primary precursors of
acid rain, to comply with the U.S. Clean Air Act Amendments of 1990. Under a cap-and-
trade system, SO, emissions from the electric power sector decreased from 15.7 million
tons in 1990 to 10.2 million tons in 2005, and a robust market in SO, allowances emerged,
resulting in cost savings on the order of $1 billion annually compared with some
command-and-control alternatives (Carlson et al. 2000). Nevertheless, cap-and-trade
systems have a very limited history as a method of reducing CO, emissions.

Two of the main objectives of a cap-and-trade system are to fulfill environmental targets
and, on the other hand, to achieve these targets at the lowest costs for the regulated
installations by the regulatory authority. The two objectives can be attained by making use
of differentiated marginal abatement costs among different regions as well as different
sectors. Countries or installations with higher marginal abatement costs can upload their
obligation for emission reduction commitment by purchasing emission allowances from
parties with lower marginal abatement costs. By making optimal use of these marginal
abatement cost differences, it is hoped that the overall abatement costs can be greatly
reduced (Richels et al. 1996; Seifert 2009). Rubin (1996) shows that in a cap-and-trade
system, joint cost is minimized when each firm individually minimizes its abatement costs

and emission allowances’ purchased expenses. In Fehr and Hinz (2006), it was shown that
an optimal reduction policy that minimizes the global abatement and penalty costs exists
and, if that policy is followed, the equilibrium allowance’s price equals to the penalty per
ton of emission times the probability that the actual emissions exceeding the targets.
Overall, a well-designed cap-and-trade system thus minimizes the costs of achieving any
given emissions target and provides certainty regarding emissions from the regulated
installations as a group, because aggregate emissions from all regulated installations
cannot exceed the emission cap.
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General Critique of a Cap-and-Trade System

The difficulty in setting the emission cap due to uncertainty in the baseline CO, emission
demand year by year has become the major source of risks in a cap-and-trade system. In
addition to the difficulty of setting an appropriate cap level, two other issues—the
subsequent allocations of AAUs to various installations (Burtraw, Palmer, and Kahn 2005;
Fowlie 2009) and the efforts in administering and ensuring compliance with the system—
show the difficulty of implementing an effective cap-and-trade program while avoiding
the so called “carbon bubble” (Daskalakis and Markellos 2008).

If free-of-charge AAUs are oversupplied, no efforts on the emission abatements will be
made. Russia, for example, had a tremendous surplus in its free-of-charge AAUs because
the targets under the Kyoto Protocol were based on 1990°s emission levels, but emissions
in Russia dropped dramatically as a result of its economic declines after the 1990s. In this
case, instead of making any abatement efforts, Russia was able to sell the surplus AAUs or
“hot air” with no actual emission reductions (Victor et al. 1998; Woerdman 2005). The
oversupply of AAUs also occurred within the Regional Greenhouse Gas Initiative (RGGI)
program designed to cap the CO, emissions from 250 power plants in ten Northeastern
and Mid-Atlantic states in the United States for the years 2009 through 2014. In 2009,
because the projected goal was 188 million tons but the actual emissions from the power
plants were only 124 million tons, less than one third of the allowances offered were bid
on and sold. This results in a huge oversupply of allowances.

In Seifert, Uhrig-Homburg, and Wagner (2008) and Fehr and Hinz (2006), it was shown
that under conditions in which allowances are not bankable (see EU ETS phase 1) and
there is no minimum auction reserve price, and provided that a sufficient number of the
allowances are auctioned, if the baseline GHG emission is below the emission target, then
the allowance’s price will drop to zero. The price collapse of the EUAs in EU ETS in
2006 (it was halved by May 2, 2006), was a manifestation of the excess allocation of
emission permits (Paolella et al. 2006). In light of the ongoing eurozone sovereign debt
woes and the fears of a second, deeper, recession, the price expectations for EUAs
continue to be in flux and dependent on uncertain policies. The recent situation has also
created a surplus of EUAs: Their price has fallen by 40% since June of 2011 and is
expected to fall to €3 in 2012-2013. The collapse of the EUA price due to the financial
crisis in Europe is expected to take until 2025 to disappear, which can dramatically
weaken the efficiency of a cap-and-trade system as an economic-incentive-based
environmental policy.

Nevertheless, to create incentives for firms to invest in the development and deployment
of low- or non-emitting technologies, a cap-and-trade system must provide commitments
to meeting long-run emission targets. A lack of commitments makes the payoff from
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investments in the new technologies highly uncertain and the investments in those
emission abatement technologies will lag (Montgomery and Smith 2007). On the other
hand, policymakers also need to maintain flexibility to adjust long-term emission targets
as new information is obtained regarding the economic environment as well as the costs of
mitigating GHG emissions. Managing the trade-off between the commitments and the
flexibility of long-run targets has made the success of a cap-and-trade system more
difficult (Stavins 2007). In the following section, a baseline-and-credit system in the CIR
production economy settings is developed.

Emission Reduction via Benefits Maximization: CIR Production Economy

The continuous-time optimal consumption and portfolio choice problem was first
formulated by Merton (1969, 1971, 1972). Later, Cox, Ingersoll, and Ross (1985a, 1985b)
proposed a production economy in which a single capital-consumption good, which can be
either consumed or transformed to capital to invest, in perfectly elastic supply is produced
by n different technologies available in the system. The framework is characterized by the
growth of the n technologies in a changing investment environment. Individuals within the
economy can either consume the outputs or invest the n technologies with their wealth and
part of the produced outputs so that their consumption utilities are maximized. That is, the
output of the n technologies, the single capital-consumption good, is both the input and
output of the production process. In Prieto (2010), the relationship between innovation and
risky investments in research and development (R&D), productivity growth, consumption,
and asset price in equilibrium is analyzed based on the CIR production economy.

In this study, the capital-consumption good specifically refers to the carbon credits that are
produced by the n abatement technologies via physical emission abatement, which can be
consumed to offset GHG emissions with one unit of reduction credit equivalent to one ton
of GHG emissions. Or, by selling the reduction credits to firms who exceed their baselines,
the produced outputs can be transformed into capital to re-invest in the n abatement
technologies.

Under the CIR production economy, there are a fixed number of individuals, identical in
their initial endowment and preferences for the consumption of the capital-consumption
good. Each individual seeks to maximize his or her lifetime expected utility of
consumption in the form

Ly

v, ,t)ds] M
t

where C; is the consumption rate at time s, U is the twice-differentiable utility function
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that is increasing and strictly concave. This study specifically considers logarithmic utility
function

U(C, =" In(C) (2)

To describe the growth of the n technologies, let S; represents amounts of the capital-
consumption good invested in the ith abatement technology. The instantaneous return rate
of the ith technology is

dSi(/S{ty=u x(D)de+o \[x()dZ(1),  i=1,..., n (3)

where wi,..., u, are the mean return rate coefficients, and Z(¢),..., Z,(¢) are Brownian
motions representing n sources of risks associated with the production processes. Define
the variance-covariance matrix Q=[oj], where o;dt=0;0,dZ(t)dZ(¥).

In Equation 3, the growth of the investments in the » abatement technologies depends on
the state variable x(¢) that describes the changing production opportunities of the economy
over time. In the case of GHG emission abatement technologies, the apparent key state
variable is the baseline GHG emission rate. In Equation 3, it is assumed that the mean
return rate increases as the baseline GHG emission rate x(¢) increases. This is due to the
fact that as more GHG is emitted, the more GHG emission reductions are in demand and
the more emission reductions are produced.

In general, the baseline GHG emission depends on the weather and fuel prices, as well as
economic growth (Benz and Truck 2009). All these factors show mean reversion
behaviors in that high (low) factor levels induce supply and demand adjustments that
gradually pull down (raise up) the factor levels to their long-run means. Therefore it is
assumed here that the aggregate baseline GHG emission rate x(¢) follows a nonnegative
stochastic mean-reversion process in the form

dx(t)={a,-a x(t)}de+b x(t)dY(¢) 4)
where a >0, a,>0, and 6>0, Y(?) is a Brownian motion representing uncertainty (risks)
associated with the emission rate (Wachter 2002).

In Equations 3 and 4, there are total (n+1) sources of uncertainties (risks) in the system.
Under such uncertainties, an investment basis of (n+1) opportunities is required (Cox,
Ingersoll, and Ross, 1985a). In Cox et al. (1985a), the (n+1) opportunities consist of the n
abatement technologies and a contingent claim, that is, a zero-coupon bond that
guarantees payoffs on a specific date in the future. In the CIR production economy, it is
assumed that a market exists for the zero-coupon bond, which is in zero-net-supply, that
is, the number of long and short positions held by the individuals in the economy are the

Journal of Environmental Investing 3, No. 1 (2012) 50



same. With this assumption, in equilibrium, all the resources or wealth within the system
are allocated among the technologies. With the zero-coupon bond, individuals can borrow
or lend capitals at a risk-free interest rate ». To complete the description of the CIR
production economy, it is also assumed that physical investment and trading in securities,
either the stocks of the firms for the n abatement technologies or the zero-coupon bond,
take place continuously with no adjustment or transaction costs.

The existence of the zero-coupon bond guarantees that the risk associated with the
changing baseline GHG emission can be hedged since the equilibrium price of the zero-
coupon bond is negatively associated with the baseline GHG emission. According to Cox,
Ingersoll, and Ross (1985a,b), the equilibrium price of the zero-coupon bond, or the
equilibrium risk-free interest rate », will depend on the individuals’ preferences for the
consumption of the capital-consumption good. This determines individuals’ decisions
about how much of their wealth is to be consumed versus invested in the » abatement
technologies so as to maximize their expected lifetime utility of consumptions in (1)
subject to the budget constrain

!

W;0; x\t ) dz (5)

n

1

1
where W, is the time-f aggregate wealth, C, is the time-f consumption rate, the vector of
Brownian motions dZ=(Z,(¢),..., Z,(t)), wi,..., w,are proportions of aggregate wealth W
invested in the »n technologies, respectively.

i=1

n
thth( zw,.ﬂ,.x(z)) dr- C,a’t+Wt(

As shown by Cox et al. (1985b), subject to the market equilibrium constraint, the optimal

consumption rate C* and proportions w = Qvl* yoses WZ , of aggregate wealth /¥ invested in

no o«
the n technologies, subject to > w; =1, are
i=1

w=Q "' (u-al) (6)
* P
G = Wi (7)
1-(=p)
where 1 is a nx1 vector with all elements ones. The vector u=(u,, ..., u,)'and the

with (g;v/x dZ)(gvx dZ)=0xdt, where i, ...,

u, and o,..., 0, are constants given in (3). The coefficient

covariance coefficient matrix Q=[gy], __,

1'Q7'u-1
1'Q™'1

(8)
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Given the optimal consumption rate C and portfolio weights w*, the market’s risk-free
interest rate 7(¢) can be derived as the constant o multiplying the aggregate baseline GHG
emission rate x(¢), that is,

r(t)=cx(?)

Plugging in the stochastic mean-reversion process of x(¢) in (1), the risk-free interest rate
is

dr=a,(p-r)di+v~/r dY (9)
where v=b/ar , p=aa,/a,. The price of the bond that matures at time 7>7 follows as

P(1, Yy=exp{A(z, T)-B(1, T)r(1)} (10)
where

v (¢ +a )@’ R l)r 2y

4 =1/a12 +2v?

207 1) o
B . — ya N
kT

Simulation Study

In this Section, a simulation study is given to compare the proposed baseline-and-credit
system in a CIR production economy framework with a cap-and-trade system. The
parameters have been chosen to reflect some stylized facts in the EU ETS for the three-
year period between 2005 and 2007. The amount of capital-consumption goods are
measured in units of carbon credits, with one unit of carbon credit corresponding to one
metric ton of CO, emission reduction. The annual fossil fuel CO, emission data of
Germany from 1960 to 2006 is used for calibration of the mean-reversion process of the
“baseline” GHG emission rate x(¢) in Equation 4. The annual CO, emission data are from
the Carbon Dioxide Information Analysis Center (CDIAC). Given the annual CO,
emissions x(1), ..., x(T), =47, from 1960 to 2006, the log-likelihood of x(1), ..., x(7) is
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Maximum likelihood estimates of the parameters a, a,, and b of the mean-reversion
process in Equation 4 are a,=1 1625%10°, a,= 0.4536, and b=174.381, respectively. The

estimated total GHG emission for the period between 2005 and 2007 is therefore
7.7125x10 thousand metric tons.

In a cap-and-trade system, if assuming an emission reduction target of 5% during the
period between 2005 and 2007, then 3.856x10" thousand metric tons of CO, emission
needs to be reduced, and 7.327x10° thousand metric tons of CO, emission allowances will

be allocated into the system at the beginning of the 2005-2007 period. Simulations of 10"
sample paths of the cumulated CO, emission from 2005 to 2007 show that the proportion
of over-supply of the emission allowances is 16.43%. In such cases, no incentives are
provided for the investments of abatement technologies. Even if the emission allowances
are under-supply, a cap-and-trade system tends to provide a transference of wealth from
firms with high abatement costs to those with low abatement costs. Without considering
the growth of the investments in the abatement technologies and the corresponding
benefits other than emission abatement, the incentives for the investments are still
insufficient.

Instead, consider a baseline-and-credit system based on the CIR production economy
settings, in which carbon reduction credits are considered as capital-consumption goods
that can be either consumed or reinvested in abatement technologies. Suppose there are
five different abatement technologies (n=5), each of which can produce the capital-
consumption goods in terms of carbon credits that can be consumed or used to re-invest in
the n=5 abatement technologies.

To describe the growth of the n=5 abatement technologies in Equation (3), consider four
scenarios with different return rates and risks associated with the 5th abatement
technology. In the first scenario, low mean return coefficient us, and low risk (variance)
0, but high covariance coefficients o, j=5, i.e., variance-covariance matrix €2,, are
adopted. In the second scenario, high mean return coefficient us and variance-covariance
coefficient matrix €2, are adopted. In the third scenario, high mean return coefficient us,
and high risk (variance) oss and high covariance coefficients os;, j=5, 1.e., covariance
coefficient matrix €2,, are adopted. In the fourth scenario, a high mean return coefficient us
and covariance coefficient matrix €2; with high risk (variance) oss but zero covariance
coefficients o3, j=5, are adopted. The mean return rate coefficients and variance-
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covariance coefficient matrix of the four different scenarios are exhibited
in Figure 1.

Figure 1: Coefficients of Return Rates in Equation (3) of Five Abatement
Technologies

Coefficients of Mean Return Rates wuj,..., us

sl 125} us Ha Us
Low | 0.521x10" | 0.781x10" | 1.042x10" | 1.302x10" | 1.563x10"
High | 0.521x107 | 0.781x10" | 1.042x10" | 1.302x10" | 3.125x10"

Coefficients of Variance-covariance Matrix Q2

0.3960 0.1727 0.2087 0.1790 0.1540
0.1727 0.4153 0.1957 0.1737 0.1367
107 x| 0.2087 0.1957 0.4513 0.2453 0.1927
0.1790 0.1737 0.2453 0.4753 0.1777
0.1540 0.1367 0.1927 0.1777 0.5507

Q

0.3960 0.1727 0.2087 0.1790 0.1540
0.1727 0.4153 0.1957 0.1737 0.1367
107 x| 0.2087 0.1957 0.4513 0.2453 0.1927
0.1790 0.1737 0.2453 0.4753 0.1777
0.1540 0.1367 0.1927 0.1777 1.2845

Q,

0.3960 0.1727 0.2087 0.1790
0.1727 0.4153 0.1957 0.1737
107 x| 0.2087 0.1957 0.4513 0.2453
0.1790 0.1737 0.2453 0.4753 0.
0. 0. 0. 0. 1.2845

Q;

S
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Figure 2: Summary of Simulated Emission, Emission Reduction, and Final Wealth in
Four Scenarios of Baseline-and-Credit System in CIR Production Economy Settings

Scenario | Mean | Covar- | Initial Emission | Emission Final wealth
iance Wealth Reduction
1 Low | 3.856x10" | 7.688 x10° | 3.496x10° | 5.570 x10°
2 High | @ 3.856x10° | 7.613x10° | 5.806x10° | 1.930x10°
3 High | @ 3.856x10° | 7.660x10° | 4250x10° | 6.776x10°
4 High | Qs 3.856x10° | 7.691x107 | 4.398x10° | 9.017x10°
Note: All values are in units of carbon credit.

For each scenario, 10" simulation runs with initial wealth W()=3.856><104 thousand metric

tons of carbon credits are implemented. The averages of the 10" simulation runs are given
(Figure 2). Also exhibited is the annual emission consumption rate C, of Equation 7, or the

annual emission reduction rate, versus the evolution of the total wealth in the system

(Figure 3). As can be seen, the annual emission reduction rate exhibits the same pattern as

the total wealth in the system (Figure 3). The second scenario, with higher mean return
rate and low risk technology, generates not only the highest total emission reduction of

5.806x10" units of reduction credits, but also the highest final wealth of 1.930x10" units of

reduction credits (Figure 2). Not only that, but as can be seen, the second scenario
generates the highest annual emission reduction rate during the period 2005-2007

(Figure3(b)). On the other hand, the first scenario, with low mean return rate and low risk,

generates the lowest
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Figures 3a—d: Realization of the Averages of 10* Simulation Runs

x10 Figure 1(3) x10 Figure 1 (b)

Carbon Credit
Carbon Credit

0 05 1 15 2 25 3
time (year) time (year)
X 104 Figure 1(c) X 104 Figure 1(d)
4 . , . . . 4 . . .

Carbon Credit
Carbon Credit

05 1 15 2 25 3
time (year) time (year)

Note: Figures 3(a)- (d) illustrate the time paths of emission reduction rate (in blue) versus total wealth (in
red) for scenarios one through four, respectively.

emission reduction and final wealth of 3.496x10*and 5.570x10’ units of reduction credits,
respectively. For the third and fourth scenarios, with higher mean return rate but higher
risk technology, the final wealth and total emission reduction are all lower than those of
the second scenario. However, compared to the third scenario with highly positively
correlated technologies, the fourth scenario generates higher final wealth as well as higher
total emission reduction. The simulation result exemplifies the advantage of investment in
a diversified portfolio of technologies.

In either scenario, as credits can be registered only until the emission reductions have
actually occurred, the over-supply of the emission allowances can be avoided. In addition,
as the growth of the investments in the abatement technologies are taken into
consideration, the emission reduction together with final wealth exceed the initial wealth
Wy=3.856x1 0" in all scenarios. The simulation result highlights the largest difference
between a cap-and-trade and a baseline-and-credit system.
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Concluding Remarks

To avoid global warming, simultaneous and rapid industry growth across all mitigation
opportunities is required (Mackenzie and Ascui 2009). On this ground, this study provides a
different mechanism for emission reduction, namely, in the context of a CIR production
economy, instituting a baseline-and-credit system instead of a cap-and-trade system. The
rationale behind the mechanism is that investments in emission abatement technologies
should be considered as “carbon assets,” rather than “liabilities.” In addition, the growth
of these investments is taken into consideration. Emission reduction credits are produced
via physical emission abatement by the technologies instead of via free-of-charges
assigned emission allowances under a fixed cap in a cap-and-trade system, in which the
largest risk is the changing “baseline” GHG emission.

The advantages of the proposed mechanism are threefold. First, as the credits can only be
registered and traded until physical reductions have actually occurred, the over-supply of
free-of-charges emission allowances in a cap-and-trade system can be avoided. In
addition, by assuming that the productivities of the abatement technologies increase as the
“baseline” GHG emission increases, it can be expected that the more GHG is emitted, the
more emission reductions are produced. Second, the growth of the investments in
abatement technologies is taken into consideration, which provides an incentive for further
investments in abatement technologies. Third, a zero-coupon bond that pays its principle
plus interests with a risk-free rate r at the maturity date can hedge the risk associated with
the fluctuated “baseline” GHG emission. In the case of climate change mitigation, zero-
coupon bonds provide an ideal fixed-interest-debt financing instrument since investments
typically involve long payback periods and large capital costs but relatively secure
operating margins. Not only that, but by adjusting the price of the zero-coupon bond and
the risk-free interest rate r, the market equilibrium can be achieved—an equilibrium in
which all the resources or wealth within the economy are invested in the n abatement
technologies, that is, investment opportunities other than the n abatement technologies
have zero net supply.

By aiming directly at the stimulation of environmentally beneficial technological changes
in an investment-consumption prospect, it is possible that the proposed baseline-and-credit
system can provide a better mechanism to resolve the global warming issue rapidly.

Journal of Environmental Investing 3, No. 1 (2012) 57



References

Aldy, J.E., S. Barrett, and R.N. Stavins. 2003. “Thirteen Plus One: A Comparison of
Global Climate Policy Architectures.” Climate Policy 3 (3): 373-397.

Barrett, S. 2001. “Towards a Better Climate Treaty.” Policy Matters 01-29. Washington,
DC: AEI-Brookings Joint Center for Regulatory Studies. Reprinted in World
Economics 3(2): 35-45.

Benz, E., and S. Truck. 2009. “Modeling the Price Dynamics of CO, Emission
Allowances.” Energy Economics 31: 4—15.

Buchner, B., and C. Carraro. 2006. “Economic and Environmental Effectiveness of a
Technology-Based Climate Protocol.” Climate Policy 4: 229-248.

Burtraw, D., K. Palmer, and D. Kahn. 2005. “Allocation of CO, Emissions Allowances in
the Regional Greenhouse Gas Cap-and-Trade Program.” Discussion Papers dp-05-25.
Resources For the Future.

Bustamante, Juana P., Matthieu Charpe, and Raymond Torres. “Green Policies and Jobs:
A Double Dividend?” In World of Work Report 2009: The Global Jobs Crisis and
Beyond, edited by Raymond Torres, 97—114. International Institute for Labour Studies.
Geneva: ILO.

Carlson, C., D. Burtraw, M. Cropper, and K. L. Palmer. 2000. “Sulfur Dioxide Control by
Electric Utilities: What Are the Gains from Trade?” Journal of Political Economy
108(6): 1292—-1326.

Cox, J.C., J. E. Ingersoll, and S. A. Ross. 1985a. “An Intertemporal General Equilibrium
Model of Asset Prices.” Econometrica 53: 363-384.

Cox, J.C., J. E. Ingersoll, and S. A. Ross. 1985b. “A Theory of Term Structure of Interest
Rates.” Econometrica 53: 385—408.

Daskalakis, G., and R. N. Markellos. 2008. “Are the European Carbon Markets Efficient?”
Review of Futures Markets 17: 103—128.

Ekins, P. 1995. “Rethinking the Costs Related to Global Warming: A Survey of the
Issues.” Environmental and Resources Economics 6: 231-277.

Fehr, M., and J. Hinz, 2006. “A Quantitative Approach to Carbon Price Risk Modeling.”
Working paper. Zurich: Institute for Operations Research, ETH Zentrum.

Journal of Environmental Investing 3, No. 1 (2012) 58



Fischer, C. 2001. “Rebating Environmental Policy Revenues: Output-Based Allocations
and Tradable Performance Standards.” Discussion paper 01-22. Washington, DC:
Resources for the Future.

Fischer, C. 2003. “Combining Rate-Based and Cap-and-Trade Emissions Policies.”
Climate Policy 3S2 (December): S§9—S109.

Fowlie, M., 2009. “Incomplete Environmental Regulation, Imperfect Competition, and
Emissions Leakage.” American Economic Journal: Economic Policy 1(2).

Gupta, S., D. A. Tirpak, N. Burger, J. Gupta, N. Hohne, A. 1. Boncheva, G. M. Kanoan, C.
Kolstad, J. A. Kruger, A. Michaelowa, S. Murase, J. Pershing, T. Saijo, and A. Sari.
2007. “Policies, Instruments and Co-operative Arrangements.” In Climate Change
2007: Mitigation. Contribution of Working Group 11 to the Fourth Assessment Report
of the IPCC, edited by B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer.
Cambridge, UK, and NY, USA: Cambridge University Press.

International Energy Agency. 2011. World Energy Outlook 2011. London: IEA.

Jackson, T. 1995. “Joint Implementation and Cost Efficiency under the Framework
Convention on Climate Change.” Energy Policy 23(2).

Jaffe, A., R. G. Newell, and R. N. Stavins. 2005. “A Tale of Two Market Failures:
Technology and Environmental Policy.” Ecological Economics 54: 164—174.

Kerr, R. B., L. C. J. Perera, H. Kimura, and F. G. Lima. 2009. Investing in Clean
Development Mechanism (CDM) Projects. International Workshop on Advances in
Cleaner Production. Sao Paulo: Brazil.

Mackenzie, C., and F. Ascui. 2009. Investor Leadership on Climate Change: An Analysis
of the Investment Community’s Role on Climate Change, and Snapshot of Recent
Investor Activity. Published by the UNEP Finance Initiative and UNPRI.

Merton, R.C. 1969. “Lifetime Portfolio Selection under Uncertainty: The Continuous
Time Case.” Review of Economics and Statistics 51(3): 247-257.

Merton, R.C. 1971. “Optimum Consumption and Portfolio Rules in a Continuous Time
Model.” Journal of Economic Theory 3(4): 373—413.

Merton, R.C. 1972. “An Analytical Derivation of the Efficient Portfolio Frontier.” Journal
of Financial and Quantitative Analysis, 7: 1851-1872.

Journal of Environmental Investing 3, No. 1 (2012) 59



Paolella, M.S., L. Taschini. 2006. “Econometric Analysis of Emission Trading
Allowances.” Working Paper No. 341. National Centre of Competence in Research,
Financial Valuation and Risk Management.

Prieto, R. 2011. Long-Run Risk in a Production Economy with Endogenous R&D. Paris:
Fourth Financial Risk International Forum.

Prins, G., and S. Rayner, 2007. “Time to Ditch Kyoto.” Nature 449: 973-975.

Rubin, J.D. 1996. “A Model of Intertemporal Emissions Trading, Banking, and
Borrowing.” Journal of Environmental Economics and Management 31: 269-286.

Schob, R. 2003. “The Double Dividend Hypothesis of Environmental Taxes: A Survey.”
Fondazione Eni Enrico Mattei (FEEM). Working Paper No. 60.

Seres, S. 2009. “Analysis of Technology Transfer in CDM Projects: An Update.” Energy
Policy 37(11): 4919-4926.

Seifert, J., M. Uhrig-Homburg, and M. Wagner. 2008. “Dynamic Behavior of CO, Spot
Prices.” Journal of Environmental Economics and Management 56: 180—194.

Stavins, R. N., J. Jaffe, and T. Schatzki. 2007. Designing an Effective U.S. Climate Policy:
Key Issues, Implications, and Tradeoffs. Analysis Grou.

UNFCCC. 2007. Compilation and Synthesis of Fourth National Communications.
Executive Summary. Note by the Secretariat. Document Code:
FCCC/SBI/2007/INF.6". Geneva, Switzerland: United Nations Office at Geneva.

Victor, D.G., N. Nakicenovic, and N. Victor. 1998. The Kyoto Protocol Carbon Bubble:
Implications for Russia, Ukraine and Emission Trading. Interim Report IR-98-

094/October, Laxenburg, Austria: International Institute for Applied Systems Analysis
(ITASA).

Wachter, J.A. 2002. Portfolio and Consumption Decisions under Mean-Reverting Returns:
An Exact Solution for Complete Market. Journal of Financial and Quantitative
Analysis, 37(1): 63-91.

Woerdman, E. 2000. “Implementing the Kyoto Protocol: Why JI and CDM Show More
Promise than International Emissions Trading.” Energy Policy 28: 29-38.

Woerdman, E. 2005. “Hot Air Trading under the Kyoto Protocol: An Environmental
Problem or Not?” European Environmental Law Review 14 (3): 71-77.

Journal of Environmental Investing 3, No. 1 (2012) 60



World Bank. 2008. Development and Climate Change: A Strategic Framework for the
World Bank Group: Technical Report. The International Bank for Reconstruction and
Development / The World Bank.

World Bank 2010. World Development Report 2010: Development and Climate Change.
The International Bank for Reconstruction and Development / The World Bank.
Available from http://wdronline.worldbank.org/worldbank/a/c.html/
world_development report 2010/abstract/WB.978-0-8213-7987-5.abstract

Biographies

Dr. Lie-Jane Kao is an Associate professor of the Department of Finance and Banking,
KaiNan University, TaoYuan, Taiwan. She holds a PhD in Statistics from the Ohio State
University, U.S.A. She can be reached at ljkao@mail.knu.edu.tw.

Dr. Chung-Huang Huang received his PhD from the Department of Applied Economics at
the University of Minnesota in 1986, and is now the Vice President of Taiwan Research
Institute and the President of Taiwan Association of Agricultural and Resource
Economics.

Journal of Environmental Investing 3, No. 1 (2012) 61



