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California’s Cap & Trade program plays a pivotal role in the state’s climate strategy by regulating greenhouse gas emissions
through the trade of emission permits known as allowances. While previous research, notably by Borenstein et al. (2015, 2019),
suggested that market prices tend to be constrained by administrative price floors or ceilings, recent observations challenge this
perspective. Despite the California carbon market being in surplus, with more Carbon Credit Allowances (CCAs) issued than
utilized, CCA prices deviated from the floor beginning in May 2021. In this paper, we propose the concept of the "rate-adjusted
price floor" to resolve the apparent anomaly. The rate-adjusted price floor considers the inflation+5% annual escalator in the
auction reserve price, adjusted for prevailing market interest rates. We demonstrate that the divergence in CCA pricing from
the nominal price floor through spring of 2023, when program reform was announced, can be explained by the rate-adjusted
price floor. Our findings suggest that the observed price behavior was consistent with the Borenstein et al. model once
considering prevailing market interest rates. In conclusion, we assert that CCA prices, despite trading above the nominal floor,
continued to be floor-bound until the anticipation of substantial supply reduction, emphasizing the necessity of supply-side
reforms for achieving a balanced market. This analysis provides insights into the pricing dynamics of carbon markets and
highlights the importance of considering both the current, as well as future floor prices, in understanding pricing behaviors.

Introduction

To achieve its ambitious climate targets, California relies on several policy tools that mandate or encourage
reduction of greenhouse gas emissions. A core tool is the economy-wide Cap & Trade program that
requires emitters to purchase emission permits, called allowances. Each allowance is equivalent to one
ton of CO2 and can be used in the period purchased or banked for later use. By limiting and reducing the
number of allowances issued (the “cap” part), the State can essentially guarantee that climate targets are
achieved. Allowances are either allocated or sold at auctions and can be traded thereafter (the “trade”
part).

The California C&T program uses floor and ceiling prices to guide the range of potential allowance prices.
The impact of such program design on both prices and emissions has been a point of great interest for
many academics. The seminal piece on this topic was published in 2015 (and updated in 2019) by
Borenstein, Bushnell, Wolak, and Zaragoza-Watkins. The authors found that California emissions are more
influenced by general emission volatility and the impact of California’s many direct regulations than by
emission reductions due to the price of allowances. This finding implies that “the market price is very likely
to be determined by an administrative price floor or ceiling.”

In other words, the authors suggest that it is more likely for the market to be either oversupplied (prices
at the floor) or undersupplied (prices at the ceiling) than for the true equilibrium price to fall between the
floor and ceiling.!
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However, despite the California carbon market staying in surplus where each year more CCAs were issued
than were used by emitters (which according to the Borenstein et al. logic should have led to prices
remaining floor bound), CCA prices lifted off the floor in May 2021 and have since traded between the
floor and the first reserve tier? (Figure 1). The California program seems to have been in the unlikely “sweet
spot” or “goldilocks zone” — when the price incentivizes sufficient emission reductions to keep
supply/demand in balance. This inconsistency has led some to believe that the Borenstein et al. analysis
is oversimplified and has limited real-world applicability. However, we believe the goldilocks narrative is
on shaky ground.

Figure 1

Since mid-2021, CCAs have been trading between
the floor and the 1st reserve price

CCAs at the floor CCAs above the floor
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Sources: Authors’ calculations based on data from the California Air Resources Board (CARB), Federal Reserve Economic Data
(FRED), and Intercontinental Exchange (ICE).

Instead, we would like to make the case that Borenstein et al. have not been proven wrong and that the
observed CCA prices — between May 2021 and June 2023 —are consistent with their theory of oversupplied
Cap-and-Trade markets being floor bound. In other words, we claim that while it seems that CCAs have
been trading above the nominal price floor since May 2021 that, for two years, they actually traded at
the effective price floor, which we call the rate-adjusted price floor.

The Rate-Adjusted Price Floor

In the Cap-and-Trade program, a set (and annually declining) number of allowances are auctioned off by
the state of California. To prevent allowances from being sold at excessively low prices, the regulator
(California Air Resources Board, or CARB) introduced the auction reserve price - the minimum price at
which allowances can be sold at auction. The auction reserve price increases every year at a fixed rate of
5% + inflation (5% higher in real terms, or 5% real for short). Because auction supply goes to zero below
the auction reserve price, it acts as a price floor.
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For many years, CCAs traded at or close to the price floor, effectively offering owners of CCAs a minimum
real price increase of 5% per year (allowances can be banked and used or sold later). While CCA prices at
the floor were congruent with the oversupplied market at the time (more CCAs were offered than were
needed by the industry), the implied real return of 5% was starkly higher than what investors could expect
to earn in many other inflation-hedged assets. In particular, the U.S. Treasury issues bonds that pay a
guaranteed real return, and those real rates have typically ranged between -1% and +2% (Figure 2).

Figure 2

Market real rates are meaningfully below the
price floor implied real rate

CCAs at the floor CCAs above the floor
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e Market real rate (10yr) CCA price floor real rate

Sources: Authors’ calculations based on data from CARB, FRED, and ICE.

To control for this discrepancy, we can calculate a rate-adjusted price floor, which is a hypothetical price
floor that is consistent with the prevailing level of market rates of return.

For example, the 2023 price floor of $22.21 will continue to escalate by 5% + inflation per year. The
relevant inflation in 2023 was 3.2%32 and the price floor escalates by 8.2% to $24.04 in 2024. Since the
California Cap & Trade program is currently legislated through 2030, we can use market-based inflation
expectations to calculate the expected 2030 price floor of ~$36 (as of 12/31/23) (step 1 in Figure 3 on the
next page). We then discount the expected 2030 price floor, using current interest rates, to arrive at a
price that would give an investor the same return as current interest rates.* This is the rate-adjusted price
floor, ~$29 as of 12/31/23 (step 2). Notice that the rate-adjusted price floor is much higher than the
unadjusted 2023 price floor of $22.21. Finally, we can repeat this process for prior month ends to create
a continuous historical rate-adjusted price floor (step 3).
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Figure 3

Calculating the rate-adjusted 2030 price floor over time
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Sources: Authors’ calculations based on data from CARB and FRED.

Figure 4 plots the effective rate-adjusted price floor vs. the nominal price floor and the market price of
CCAs. In 2021, coinciding with increased interest from the financial community, CCA prices moved off the
unadjusted price floor. Itis at least noteworthy that the move higher stopped roughly at the rate-adjusted
price floor and prices have stayed there for about two years until June 2023 — when the regulator
announced upcoming program reforms that are expected to materially tighten the supply.

Figure 4

Increased financial player participation coincided with CCA prices
moving from the nominal to the rate-adjusted price floor
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Sources: Authors’ calculations based on data from CARB, FRED, and ICE.
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Up until 2021, CCA prices were bound by the actual price floor and market participants seemed to neglect
both the excess value that the CPI1+5% escalator presented, as well as the potential upside optionality once
the CCA supply tightens (for a more comprehensive discussion of CCA valuation, please see Johnson and
Thuerbach (2022)). During 2021, that changed as the market gained broader attention and more capital
was deployed by crossover investors and others to take advantage of the mispricing. Unlike California
emitters that are forced participants in the program and acquire allowances primarily to cover compliance
obligations, many voluntary (financial) participants seemed in a better position to take advantage of the
pre-2021 mispricing due to potentially lower cost of capital and longer investment horizons. Consequently,
CCA prices accelerated and the emerging CCA premium relative to the price floor is the familiar outcome.
However, it disguised the parallel move of closing the discount relative to the rate-adjusted price floor.
And once that “rate-arbitrage” was closed, CCA momentum evaporated, and a new “equilibrium” was
established that lasted for about two years (Figure 5).

In June and July 2023, the regulator held public workshops outlining potential program reform scenarios
to bring the Cap & Trade program in line with California’s newly legislated target of carbon neutrality by
2045. The proposed scenarios contemplated a material reduction in supply of CCAs through the remainder
of the decade — spurring speculation the market could go from surplus to deficit. CCA prices began to
reflect expected tightness and the true lift off from the (rate-adjusted) floor happened during the summer
of 2023 — a full two years after the lift off from the nominal price floor.>

Figure 5

The emergence of the CCA premium to the floor was actually a
closing of the discount to the rate-adjusted floor

Pre 2021: CCAs traded close to the
nominal floor price

Lift-off from
Crossover investors helped rate-adjusted

remove interest rate price floor

arbitrage and prices moved post program

to the rate-adjusted floor reform
announcement
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Sources: Authors’ calculations based on data from CARB, FRED, and ICE.
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Looking through the rate-adjusted price floor lens, the observed price behavior is fully consistent with the
Borenstein et al. model. Borenstein et al. simply did not consider the impact of financial participants that
could cross over and define a price floor that makes the program’s CPI+5% annual floor escalator consistent
with current market interest rates. Even though CCAs have traded above the nominal price floor since
mid-2021, they have continued to trade at or near the (now market price-based) floor level through late
spring of 2023, as one would expect in a still oversupplied carbon market, leading to two key takeaways:

1. CCAs are not necessarily scarce simply because allowance prices are trading above the nominal
price floor.

2. The CCA market continued to be floor bound until the potential for meaningful supply tightening
was announced; a strong indication that supply reform is necessary to reach an “interior
equilibrium” in which price responsive emission reductions balance supply and demand.

Endnotes

1 Borenstein et al. model an interior equilibrium probability of only ~20%.

2 The California Cap & Trade program’s 2023 administrative price boundaries include a price floor ($22.21) below which auction
supply goes to zero, two reserve tiers (tier 1 at $51.92 and tier 2 at $66.71) where limited additional supply enters the market,
and a ceiling level (581.50) at which supply is unlimited. All four boundaries escalate at a rate of inflation + 5% every year.

3 The relevant inflation metric for the annual adjustment is the October-over-October change in the Consumer Price Index
(CP1).

4 Any present value calculation is highly sensitive to both the term as well as the discount rate. For simplicity, we chose an end
term of 2030 (matching current program legislation) as well as Treasury rates (representing the current interest rate
environment). One can certainly argue that a different term or rate should apply, which would lead to a different rate-adjusted
price floor. For example, a longer term would increase the rate-adjusted price floor while a higher rate would decrease it.

5 An alternative narrative, still congruent with observed price behavior, is that the reform announcements led to market
participants extending the term of their discount window (maybe to 2045). This would increase the rate-adjusted price floor
and the move up in prices might represent a closing of the premium to the 2045 rate-adjusted price floor.
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