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Climate scientists tell us that-to.avoid substantial climate change we need.to reduce
anthropogemcxgreenhouse gas emissions by more:than 70%.in'the next few:decades—and
perhaps we need to reduce emissions 90%. Achieving these reductions requires major
technological and structural changes in many sectors of our economy, including reversal
of the global loss of carbon stocks from forests and soils. Globally, forests and soils.are -
.estnnated to produce more than 20% of anthropogemc greenhouse gas emissions.

Cap,—and—trade.-.programs .have.ebeen »shown E.to;ghe~ effectlv..e:at» ﬁndlng ,lower cost emission.
reductions and stimulating development of new, lower emission technologies. ; California
is considering cap-and-trade. progranis that.encompas$ several economic sectors.
However, in its.June 2007 report to-CARB, the Market Advisory: Comm1ttee
recommended-excluding forests from mandatory.limits on emissions, due pnmarlly to
. concerns over momtormg, despﬂ:e the avaﬂabﬂlty of cost-effective: mltlgatlon actions -
from these sectors. : .

Economic analysis shows that under voluntary purchase programs for forest and soil .
carbon sequestration the amount of sequestration that would be achieved would be a
fraction of the amounts that could be sequestered before biological and physical limits are
reached (Lewandrowski et al. 2004). Further, even at the highest price analyzed ($34 per
metric ton carbon dioxide equlvalent CO,e) a soil sequestratlon program that pays only
for sequestration without réquiring landowners to pay to emit stores only half as much
* carbon and costs five times as much’ per ton of carbon stored as a program where-

" landowners both get paid for sequestermg and rnust pay, “for thelr emissions. In other

words, a cap on soil carbon emissions IS ten. tlmes as effective asa voluntary program.




that only pays for sequestration. The model in this study did not look at reversal‘of forest
carbon sequestration but presumably a cap on forest emissions would also be much more
effective than a voluntary offset program.

ownership to sequester amounts equ issions: from. clearing. In fact, analyses have
found that a requirement to acquire ¢ é su ' nder llowances for emissions from forest -
clearing provides a noticeable disincent ve to-de _orestatmn Using the average California
forest carbon stock of 160 metric tons COse per acre (Birdsey and Lewis 2003), at a price
of $20 per metric ton COzC it would cost $3 200 per acre to acquire allowances needed to
clear land.! ‘

To achieve more of the potential emissions reductions from the forestry sector and lower
the overall cost of complying with AB32, California regulators should consider limiting
net emissions from the forestry sector via cap-and—trad'e California has the data and
expertise necessary to develop a forest emission cap system. If successful California’s .
precedent could have important consequences for US pollcy and for 1nternatlonal control o
reglmes : : :

The followmg is a review of a handful of'key design i issues and optlons for creatinga
workable cap- -and-trade program for the California forestry sector. Specifically, we look
at the issues'oficomprehensiveness; ownership size, baseline, cap-level, quantification .
methods; temporal-flexibility, and relation to a larger state' cap-and-trade program:. |

Comprehensnveness

-To be most effective and minimize emissions leakage (Where declme in market share
stemming from a state‘cap-and-trade- program is'made up-by-new production outside the
state), a-cap-and-trade program should strive to include-a majority of the targeted industry
sector. In general, all lands suitable forforests:should be included in the cap-and-trade
program except for federal lands® and lands zoned-as-urban- areas. Land types not:

. suitable for:forests'(e.g., desert) would be excluded based on: mapping:done'by the Fire -
and Resource Assessment Program (FRAP) oft the California-Department of: Forestry and \
Fire Protection.

/

Thls«:lllustratlve iexample ,assumes a)Verage carbon stock, and uses the 51mpl1fymg assumptions that all
carbon in woody vegetation and the forest floor isreleased on, clearmg, and no seil carbon is lost. . .
Federal lands'should be excluded because states gan. not sue .and enforce court judgments.to, hold the -

\ o exclude federal lands is ,

federal government for actlons that were begun years ago.for non-climate reasons




Emissions Baseline
An emissions baseline refers to expected business-as-usual emission levels absent an’

" emissionscontrol program.. A-baseline year that represents emissions. levels prior to the.
start.of an.emission control program (either historic orsfuture, and based on site $pecific
data or land typeiaverages) can be used-as.a reference point, or yardstick, to. measure:
subsequent emission shifts.. An emissions cap, deﬁned below, canbe set.at;.above, or -

below the basehne

Developmg an emissions baseline that changes over r time requlres knowledge ‘of major
trends affecting a given industry, including. projected changes.in, demand and production.
Even with good.data, a-baseline is at-best.an.educated: guess assprices, markets.and
economiges can.change.dramatically-from-projections.. Specifying-a baseline that extends
into the future.and changes:over: time both.requires;a lot of; ,analytlc effort to construct.and
usually will not match. what actually comes to pass e e e

A srmpler approach 10 settmgrbasehnes is, for the basehne 1o, be set equal to the carbon
stock present on-each-owner’s lands:at.a specified historic before: the start of the i
mltlgatlon program, or-future date.. Using-a:historic.date has-the advantage of-avoiding
most gaming that could result-from landowners cutting down trees -before.the.program -
start date to get a lower baseline. However, the forest-inventory datarequired to establish
a historic baseline may not be avallable or may not be of the same- quahty of data that
could:be. collected now. . : : : :

If the basehne is set -as:the carbon stock present at- the tlme the cap is ﬁrst 1mplemented
(instead of the business-as-usual-projection.of the.average stock forithe forestitype and::
site productwﬁy, as.described below), therg,could be.a:mechanism:landownersican use to
receive.a lower baseline, if they:have a-high-carbon stock: because-of past deferral.of -
harvest. -A.landowner should;be.able to-conduct.a- forest carbon inventory-and if the -

- carbon stock is more than a specified percentage. above the average for the forest type and
site productivity (as-would be the case if most of the ownership were near or above : -

_ rotation age) the landowner should be able.te.receive a baseline that.is somewhere
between the carbon stock present on: the, property at the start of«the forest: cap and the
average for the forest type/srte product1v1ty :

Setting a baselme year with a future date allows time to collect data needed. to construct
an accurate emissions.inventory, if more data are needed. While gamingisa possrblhty,
- opportumtxes for gaming forest baselines-are.very limited in California because of state
minimum rotation age requirements.  Further; the high costs of wood and wooed: products
is a much stronger driver of management. ch01ces thanf the relatlvely modest. sales price of
: carbon sequestratlon credits. -

For example, the current. Cahforma State Board of Equahzatlon harvest value: for m1d-. :
~ sized Douglas-fir/logs in the northern. California Sierras is $310 per thousand board feet

- - (sawlog prices are currently low because of the depression in the housing market).. A
landowner could thin trees that are not yet at harvest age, to reduce the carbon stock.




However such a thinning typically removes less than three metric tons:COx¢ of on-site
carbon stock for every thousand board feet of wood that would be eligible for clear
cutting insa‘few years: Progectlons are that carbon prices could be $20-40/metric ton
COqe after-an emission cap isin‘place: WUsing the‘high emission price and-a-high estimate
of reducing the baselitie 3 tons:@0se per thousanid board feet, a landowner: who*lowers .
the baseline to gam an: extra $120 oﬁ revenue over: several decades Would g1ve up $310 in

s

future date is hkely to cause only modest amounts of add1t10na1 harvestmg by landowners ‘
seekmg to lower therr basehne carbon stocks

Another approach to‘settl fest carbon basehnes for oW ShlpS is to set the baseline
at the average. carbon stock:for ‘the:forést’ typeandisiteprodictivity: These-averages’
could be calculated:from: existing Forest ServiceForest Inventory and ‘Analysis-data-and
‘Natural Resources Conservation Service NationalResources Inventory data. The réasen =
to use this approach to baseline setting is to not penalize landowners that have deferred
_ harvesting in the past, and not penalize small land owners that have only one stand of
trees that.is‘approaching hatvestable age. These owners:whohave increased-their carbon .
stock in the'past wouldnotbeipenalizéd with a baseline-carbon: stock that'is much'higher
than:aneighborwho:has harvestedarecently' 'Usm land- typé averagesy’ ‘ownérs thathave
carboristocksbelow the:average couldbe given: ber! of years (up tohalfa rotation)
to brmg thelr»carbon stocks up toithe: average -

Under thls approach to basehne settmg using average carbon stocks it is not: clear that
enough combinations of forest type and site productivity could be analyzed so that the ‘
effects of variations of site pfoductivity withinithe class do'not have: ‘more- effect on’
carbon stock than management and harvestihg:: For: example ~the he1ght 6f:50-year old
Douglas-fir trees on King?s:Site'Class 3-ground range from 95’ to 115°; Tree hieight is--
only a'very rough proxy-for-carbon stock; carbon stock often: chang“es'exﬁonentially ‘with
respect to height. At'a given:age, an area at'the low end of thé-Site Class range'would :
have-trees-about 10% shorter than the average for'theeritire site class. Presumably
carbon stock on’a site atthe low end of thie productivity rafige 6f the Site Class would be
more than:10%-less than the. average; and the lower ‘quality $tand would have te be
several ‘'years older- than -an average quality stan‘d't‘o ‘attdin the:carbon stock of average
stands :

The Genter for Clean Air'Policy recommends that the feasibility of the‘average carbon -
stock: baseline methiodologybe testéd: by implementing'it-fortwo conimon: foresttypes
within the state, oneecorﬁrnerc<iali.Lfo*r6sﬁ and one'type dothinated by hon-commercial tree-
species.” The test should caloulate:a baselitie carbon stock-for sachi site productivity class.
Site class ratings may not exist for the non-commercial forest type and the test should
examine whether an alternative method should be used to separate high and low,
productlvrty sites, such as a soil productivity value, prec1p1tatlon or a combination of -
factors:: The:productivity categories should be mapped onto ownership boundaries and
variability of.carbon stocks on'different parcels within a single'productivity class should
be calculated: Forlands with-carbon stocks below-the average, the lerigth of time
‘necessary: for these lands to come-up to the average carbon stock should be estimated.




Considering the results of this analys1s the testers should conclude whether or not. it is
feasible to 1mplement thls baseline methodology statew1de If the testers conc]ude that -
the ayerage carbon. stock methodology is not fea31b1e they should recommend an.
alternative means, of settlng carbon stock basehnes :

Cap Lev.,e_i

The cap is an absolute hmlt on emlssrons that can be set at. the desrred level of emissions

'reductlons (net sequestratlon) from the forestry sector and reflects that sector’s

contribution to the 2020 statewide emission limit. The cap could allow growth in
emissions from this sector, but more likely would require net emissions to remain
constant or decline. The chosen cap level might consider opportunity for cost-effective
sequestratlon as well as notions of equity (such as. the degree of susceptrblhty to
international competition, expected business-as-usual changes in sequestrat1on and the

degree to which carbon prices are llkely to affect productron)

Recent calculatrons 1ndlcate that aOgregate forest carbon stocks in Cahforma are

-increasing (California Energy Commission 2006, Birdsey and Lewis 2003) Undera

scenario Where busmess-as usual seque‘_ tration is,ing easmg, a constant cap would allow
this sector to sell ¢ ‘anyway tons” — reductions have occurre 'anyway absent a
climate policy. This business-as-usual trend might argue for a cap ‘that requires increased
sequestratlon that is.at least.equal to projected.carbon stock increases. Under this
scenario, the forestry sector ‘would be allowed. to earn.new revenues from every
additional ton of carbon sequestered beyond sequestratron that was hkely to oceur

anyway.

“

Some people argue that forest landowners should be requlred 10 1ncrease sequestration or

» carbon stocks beyond busmess as—usual prOJectrons just a operators of. electric power

generation, fac1ht1es w111 be requ; ,ed to;reduce net emrssrons‘ Under thrs scenarro the

sequestration cap would be set to rise faster than the proj ected increase in sequestratlon-- '

an analog to industry bemg required to make. 31gn1ﬁcant reductrons before having credlts
to sell. - :

Whrle it is des1rab1e to have all major sectors contrrbute to the chmate solut1on a key

difference is that the. forestry sector is not amajor polluter. Under the “polluter pays”

framework, it makes sense. that all emitters contrlbute to the solutlon However, in the
. case of forestry, we are askmo the sector to do more of a'good thmg——terrestrral

sequestration. There is not the same responSIblhty for past dctions as there is for other
sectors and it may not be fair to saddle the sector with the same payments. One way to

“address this concern 1s through substant1a1 free allocatlon of allowances in lieu of an

uctlon

3 This increase in sequestration is due to a range factors, including reduced harvesting.on federal forest

" lands, implementation of other environmental protections imposed on private forest lands, and varlatlon in
rates of logging across the past several decades: .




Another ¢oncern is'the difficulty and cost of discerning increases in carbon stocks

' .requlred by a‘forest carbon ¢ cap that rises over time. Assessmg whethet growth in carbon

stocks rises faster than'a growing cap would require frequent measurement to determine

whether the land is in compliance and determine the number of allowances that would
need to be purchased.:

In contrast, under a system where the cap is fixed, landowners would only be required to
remeasure their carbon stocks 1f they harvest wood, clear land or want to recelve
sequéstration credits. Ifa ' '
is the option of not' spendmg money to*mvento ; ‘the' carbon stocks durmg
the years tha hey :

Fromi'a pohﬁcal V1a : it anid't6 i : '
apply a cap that remams constant over time.” . C N

Addressi-n.g Planned and Unplanned Reversals of Sequestration

face a small but real rlsk of" Wlldﬁre

The larger and more dlverse the forest ownershlp, the more the carbon stocks tend to

L every coup e: decades Wrth resu‘ltmg swmos in carbon stocks that last for decades.
From'a GHG accountmg perspectlve there are two categomes of reversal of
sequestration, and these categories have different accounting implications. When
reversal of sequestratmn is above the basehne it can reverse allovvances based on the

landownrier to acqun‘e'an \urrender allowances Paragraphs %, [6% address each of these
two accountmo srtuatrons ’ o - '

Several approaches are available to assure emlssmn ‘accounting integrity if sequestration
credits are reversed. A percentage of sequestrat1on credits can be held back as an
insurance reserve. This reserve is more robust if it is spread across many ownerships:
The state could require that a percentage of all issued forest sequestration credits are
transferred to a public insurance account that covers accidental reversals. Commercial
insurance of credits has been discussed but commercial insurers probably will not be




w1111ng to take .on long-terrn obhgatmns to replace credits.for a s1ngle up-front fee unless
the insurance. fee approaches the total valug of the credlts '

basehne the obhgatlon of the landowner can depend on whether,the landowner 1s

- harvesting wood products. If the landowner is harvesting wood products, it must

measure its carbon stocks and acquire and surrender allowances (or- offsets) to cover any
shortfall of carbon stock below_; -.basehne If the, reversal occurs as a;result of a non-

anthropogemc cause, such as. w1ldﬁre and the landowner is not harvestmg, the landowner

has no obhgatmn to mventory the carbon stock and no obllgatlon to, surrender <
allowances. If California creates a forest sequestratlon credit reserve to replace reversed
credits, the State could consider whether losses of carbon below an entities baseline
would be covered by the reserve. Alternatrvely, the State could create a cred1t bank

~ where landowners document that; the1r carbon stocks are above thelr baselme and. then
are able to harvest, and reduce their. carbon stccks below their baselme up to the number
of ton-years. that they have banked. For the ﬁrst yiears; ofa forest emlssmn cap,_rtmay be
* desirable to allow limited borrowing of credits to cover deﬁc1ts caused by harvestmg that
‘ follows an approved forest managernent plan.

erdﬁre losses mlvht be addressed by. the same reserve used to, cover fluctuations,in
'carbon stocks resultmg from perlodlc ha 5est1ng, or mrght be covered by a. separate .

_insurance program. Itis mfrequent that vvlldfires cause.a large reductlon in. carbon stock '

across.an entire. ownersh1p -Even stand-re lacmg ﬁres leave much of the. blomass carbon
' in the trunks and roots of trees. If landowners are concerned about carbon losses from
wildfire, an insurance program could be created where a landowner can pay a portlon of
the credits: they are.due. and.in exchange iss msured against carbon, losses caused by
w1ldﬁre ; - i

If the carbon loss.ocours as a result of mtentronal actron by 8 landowner (e g. t1mber L

harvest), and.the landowner is does not remedy the shortfall presumably the state would
seek legal remedies. - - _

Ownership Size and Transaction Costs

. While all forested land h‘oldings should be subject to cap and-trade regulation the costs
- of regulation relative to business size will differ for large, medium and stmall holdings. It

may be desirable to treat large, medrum and small land ownershtps differently to account

for these. drfferences

We do not speCIfy a partlcular threshold of what should be, classed as a large land owner,

but we envision large ownerships bemg entrtles that harvest during most years, ‘have
minimal year-to-year change in carbon stocks, and are large enough to keep periodic .

~ inventory costs down to cents per acre per year. The threshold of what constitutes a_

“large” ownership would probably be between 5 ,000 and 30,000 acres. “Small”

ownerships. should be.small. enough that forest management is anc1llary to the main land




" should work w1th ‘CDFFP:and

.Large ownershlps’ should bé reqmred to*mamtal :

Small ¢ ownershlps should be allowed to esti

use, Whlch may be residential or agricultural use: The determmatlon probably would'be |
- made by property size, not by area of forest.. We envision the upper size limit of “small:

ownerships as being somewhere between 20 and 500 acres. Medium size ownerships
would'be smaller than‘la nershlps and larger than' small ownershlps "Policy makers
‘forest stakeholders to define approprlate*thresholds

"‘forest 1nventor1es if they conduct
' véntoties show a’ declme in
and surrender em1ss1on

estimating sequestratlon by growmg trees. Above a specnﬁed amourit of clearmg or
harvesting, mediun sized oWnershlps should‘be required- to conduct carbon inventories,
like large ownershlps :

te emlss1ons from harvestmg or clearmg
) I to use carbon

that "i:‘s‘s'ue‘bﬁi"ldinb-permrcs asvmuch of the forest clearmo in Cahforma‘ appears to be for-

developrient.

Upon submission of carbon 1nventory reports that show i 1ncreasmg carbon stocks above

the cap, large landowners should be given serialized forest carbon sequestration credits
that may be sold and used like emission allowances. Small ownershlps should be able to
apply 4nd receive forest catbon’ sequestratlon‘ redits based o tables*promulgated by
CDFFP. Medium sized ownerships might be“dlfowed to recéive up to 4’specified tonnage

‘of credits based on tables and above that amount be required to submlt inventory reports

showing sequestration to recelve more credits.

Quantification Methods

11terature includes a great‘"deal of discussion of using’ satelhte
imagery and national dat sets to quant1fy forest carbon’stock change. Fores f Serv1ce
Forest Inventory and Analysis data and satellite imagery would be important components

- of analysis that sets baseline carbon stocks and default emission rates for small

ownerships. - However, ground—based data collection remains the most reliable and cost
effective approach to collecting forest mventory data for trackmg carbon stocks on
individual Iarge and medlum ownershlps :

* Forest inventdries may beé b‘ased on well-established timbet inVentory methods, but

should include live trees down to approximately 3” in diameter at breast height (threshold

’




y

“to be specified by regulat1on) 1nclude standlng dead trees, and include coarse woody

debris. Inventory methods and, methods for coriverting 1nventory data to carbon stock are
descrrbed in Smith et al. (2007) :

Sequestratlon and emlss,ton tables should be promulgated: for common forest types.

Tables may be per acre, or per tree, or tables may be promulgated for both metrics.

For large ownershrps it is econom1cally fea51ble for 1nventor1es to have 90% statlsucal
confidence that the predicted amount of carbon sequestration is accurate to +/-10%.

" Sampling, for inventories should be unbiased. In statistics, being unbiased means that -

erTors are randornly drstrrbuted around the true value which means that when many
measurements are made the errors w111 largely cancel each other Equations for -
converting tree spemes and size to carbon stock are relatlvely well tested for the main

‘'species of trees in California. Although tests have found that for a particular tree of a
_specific size these equations often give numbers that are wrong by 5% or more, these

errors should substantlally cancel each other across dlfferent tree sizes and species. -

Tables are usually inaccurate and.experience has shown that actual arnounts of carbon
sequestratlon are often 30-50%.different from amounts given in tables _Possibly these

© errors can be decreased by increasing the specrﬁcnty of carbon tables havmor more tables

for different species and site productivities. It is not likely that reliable tables could be
developed uneven.aged management Therefore, use.of tables should be limited-to small
ownership classes and de. minimus. levels of, deforestatron by medrum-s1zed ownershlp :

classes

X

Single'.ve.rsus Multiple ¢ Credit Markets

- A cap- and—trade program-for forestry could be combmed with a larger state-wide cap-

and-trade program. Alternatlvely, the forestry cap could be maintained under a separate,
parallel trading program. Under this approaoh a predetermmed share ofithe total -

© reductions needed to meet. the 2020 limit would be met from the forestry sector.

- There are 1mportant advantages.to joining the forestry program with the broader cap-and-

trade program, including the potential to achieve the lowest cost emissions reductions by
taking advantage of the lowest cost mitigation opportunities both inside and outside of
the forestry sectors. Separate programs would lead to-higher compliance costs in at least - .

.one of the markets, dependmg on the chosen cap levels and the relatwe cost of emrsswns

reductions.

The advantage of having separate, parallel tradmg programs mclude limiting the amount

* of reductions that will come from the forestry sector as a hedge agamst the possibility -

that less accurate quantification methods and reversal of sequestration will reduce the
certainty of meetmc the overall cap.




One option would be to have a pllot parallel program that achieves a relatively small
share of additional reductions from this sector. for a limited'period of time, say, 5 years.
This could provide ah opportunity to test the measurement and other aspects of the
program and recommend changes to improve the credibility of the emlssmns :
reductrons/mcreased sequestratron before lmklng the‘two systems. .

Conclus‘ion

Capping eniissions- from ‘California*forests is tractable and would prov1de a pilot. procram
‘that could-serve as a:model’of UiS. ' arid@ intérnati al program that ‘are important to,
achieving the o‘veraH amounfs of emission rediictionsnesdéd to avoid s1gn1ﬁcant chmate
change.” : :
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