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What is Driving Market Participation? Universityofidaho
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Types of Projects

California Air Resources Board (CARB or ARB)

Program: Regulatory program in the state of California

Climate Action Reserve (CAR)

Registry with Programs: Biggest movement lately is Mexico

American Carbon Registry (ACR)

Registry with Programs: Biggest US non-ARB improved forest management
(IFM) program

Verified Carbon Standard (VCS or Verra)

Registry with Programs: Biggest international registry - not much in terms of
US IFM
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Where are these projects - ARB?  Universityoridaho

WNatural Resd

ACR209 — Weyco project not on map
It was listed in 2014, but never a project

Alabama — 3 projects

1) ARB - TCT Birmingham IFM Project

2) ARB - Finite Carbon — Stevenson AL
IFM

3) ACR - Bluesource — Sharp Bingham

%

Map Showmg Towns and Roads
on lands belonging to
Weyerhaeuser Company
Situate in the States of Alabama & Mississippi

being part of an Improved Forest Management project
developed using the ARB U.S. Forests Compliance Offset Protocol
and identified as

ACR209
Finite Carbon - Weyerhaeuser Company IFM 1

_TownsRoads by: Tim McAbee




Following CARBON and MONEY through an
Offset Market

Discounts
For cruise error, Reserve Pool
Iiaecaegs?élr ’Z’;CO’C Provides insurance Offset
, 8IC. against reversal Buyers
Forest

\

Land Owner

/

Registry

Provides land Project Provid tocol :
base and / FOVIAES prorosol Corporation
e Developer tracking and
additional Provides accounting of

registry

Brokers
Facilitate deals
between buyers
and Registry
accounts

Verifiers
Provide

independent
confirmation
\Ofaccount

— e




HOW ARB IFM (Improved Forest Management) WorkS

SoGetdmesdtiaeatidnltor carbon above Common

(legal and economically viable of course)

i 'ﬂmmblﬁwmgion forest type

Just be above this Common Practice Line
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HOW ARB IFM (Improved Forest I\/Ianagement) WorkS

1. When you conduct this 100-year harvest schedule/so\\\

70 2\
o \AVA / \
N \ /

| /

1Y \/
30

2. You also average the removals for use in the
Harvested Wood Products determination
* Average of storage in wood products over a
100 year timeframe

3. If you harvest less than this amount in a reporting V4
period, you will be assessed a penalty (reduction in 20 © Initial Standing Live Carbon =
Baseline of Standing Live Carbon
offsets) due to Ieakage 10 - = = = Awerage Line of Standing Live Stocks —
Common Practice

Project Carbon Tonnes (per acre basis)

2010 2030 2050 2070 2090 2110

Time (Years)

CLIMATE

ACTION E— California Environmental Protection Agency
RESERVYE @:..— AIR RESOURCES BOARD




Stand Type 1 Universityefidaho

Carbon Stock based on this number

Stand=Type 1 Year=2009 Inventory conditions Wood 001.svs

5194 Total Cubic ft / acre

Accumulating 7.3 tons
acre of CO, per year

!

Carbon Flux is
what we care
about




Stand Type 2

Stand=Type 2 Year=2009 Inventory conditions

Lower Stock

Wood 007.svs

Universityofldaho

~

740 Total Cubic ft / acre

Accumulating 19.21 tons

acre of CO, per year

I

Higher Flux




Types of Projects H.fzg‘:fﬁ:i‘;}!:{ﬂ?h"'

! Avoided Conversion (AC) .o HorestProject Types

“ Forests prevented from being converted to /
non-forested land m|FM

!Improved Forest Management . i
(IFM)

“ Forest management that increases and
maintains a certain level of carbon stocking

! Reforestation R

“ Converting non-forested land into forested
land
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US FOREST CARBON OFFSET CREDITING

Issued credits: | ARB Issued and Retired Credits
FEDFESEHtS one metric ARB is California Air Resources Board

ton of CO2 from the -

atmosphere i

M Credits Issued
40

35 Retired Credits
30

25

Retired credits:

purchased credits that
are taken off the market, = 20
so the purchaser can 15
claim to have reduced 10
emissions

Million Credits



Presenter Notes
Presentation Notes
Spike in 2016 from new projects
Not lot of retired credits since 2018

We’ll have to note that this is ARB alone
We’ve talked a lot about participation and credits awarded, but here we also look at how many ARB credits have been retired
Retired is when either a capped entity in California or a corporation voluntarily uses them


DIRECT ENVIRONMEMNTAL BENEFITS (DEBS)

To the State Of California requires the reduction or avoidance of any air or water pollutant that could negatively
affect the state of California ( Assembly Bill 398 (AB 398; Chapter 135, Statutes of 2017) )

ARB DEBs Issued and Retired - ,
Prior slide (all ARB credits)

W Credits Issued for reference
6 . . /
Retired Credits —
5 ARB Issued and Retired Credits
2
@ 4 50
@) 45
< B Credits Issued
g 3 40
3 = Retired Credits
% 30
2 S 2
% 20
15
1 10
5
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Year


Presenter Notes
Presentation Notes
Spike in 2016 from new projects
Not lot of retired credits since 2018

We’ll have to note that this is ARB alone
We’ve talked a lot about participation and credits awarded, but here we also look at how many ARB credits have been retired
Retired is when either a capped entity in California or a corporation voluntarily uses them


NUMBER OF CREDITING PERIODS (arsz oncy a6amn)

Could be
projects that
just began (or
are in the
verification
process)

Or

Could be
projects that
monetized
avoided
emissions

credits only __

Projects

50
45
40
35
30
25
20
15
10

5

0

Length of Forest Project Crediting

W Early Action
Projects

1 2 3 & 5 6 7 8 9 10 11

Year Credited



US FOREST CARBON OFFSET STOCKING

Projects

Percent Increase from Baseline to Actual

Stocking
Avoided removals

0%

100%

125%

150%

175%
Percent

200%

250%

300%

400%

ARB Only here (yet again)

This graph shows the percent increase from
the projected stocking to the actual stocking
recorded.

(not including early action)

Project Carbon Tonnes (g
&
O

2010 2030




AVOIDED EMISSIONS VERSUS REMOVALS BY CREDITS

10 Avdided Brvission Offsets Initial
o credits issued, usually larger
nunber because of previously
é 20 S e established timber

" Avoided Bvissions

L A0 \ Renoval Offsets Qreditsthat are

L | e\ Issued yearly due to yearly gromth

2013 2014 2015 2016Year52017 2018 2019 2020 d tm Fx,q eCt area




ACTIVE MANAGEMENT - WHO IS HARVESTING?
Looking just at ARB Leakage

20% in ARB - not assessed on
avoided emissions at time of
That is 56 projects harvesting crediting

5 40% on most ACR - assessed
386/0 Of IFM (Improved Forest Management) againSt a” Crediting

45% Of AC (Avoided Conversion) .
Most leakage values based in some way on:
Murray, B. et al. 2005. Greenhouse Gas
0 _ ,
0% Of R (rerorestation Potential in U.S. Agriculture and Forestry.
United States Environmental Protection
Agency Report EPA 430-R-05-006. 154p.

37% of all projects



BUFFER POOL CONTRIBUTION - RISK

The risk rating represents... s

Financial risks
Natural disaster risks
Social risks

Management risks.

Average Risk Rating is 17.5%



Research Gaps And Modeling Needs

2018
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CARBON MARKET PROCESS SIMPLIFICATION

Reliability (aka Verification)

Too many “These go to 11” moments
In other words — no room for common sense

Do all projects need to go through an onerous

FOLLOWING CARBON AND MONEY verification process
THROUGH AN OFFSET MARKET : : .
| What about sampling projects (verify only some)

Discoun ts
or cruf

Offset
Buyers

Forest
Land Owner

What role do small woodland owners have In

Corporation

Individual

the market?
Is there a way to monetize activities known to improve

the carbon balance of a forest property?




CARBON MARKET RESEARCH NEEDS

There appears to be a lack of coordination/collaboration between the

carbon researchers and carbon practitioners.
There is even a communication gap (Example BC Forest Carbon SSP, vs IPCC SSP)

What can the research community do to help?

Leakage
The Brian Murray 20% in entrenched, but not necessarily appropriate
We can do better (hint: the leakage is not constant, it depends on carbon market participation)

Permanence

Do we need permanence? (is forestrythe problem we are trying to solve?)

Why 100 years anyway? (would you get better participation and thus emissions reductions with shorter contracts?)



CARBON MARKET PROCESS JUSTIFICATION

Why are the rules what the rules are?

Additionality

Should NGOs, Industry, and family owners have the
same baseline?

FOLLOWING CARBON AND MONEY
THROUGH AN OFFSET MARKET

Should outside money have a non-forestry baseline?

(invest instead in equipment upgrades at poorly
performing facilities




Fast Forward to Now

Same old story:

* But worse----

* Now we have NCX, FFCP, ACR Canada, CAR Mexico...

* Landowners are confused

* Academia is confused

* Project developers are confused

* Worse yet — offset buyers are confused

* Market “watchdogs” are popping up all over
* And they are confused too

Can we simplify



Forest Carbon Markets

Simplify

* Don’t focus on stocks —they don’t matter
* Only the interaction with the atmosphere matter

* Only 2 Concepts
1. Reliability — the emissions reduction (or sequestration) must be additional and
that includes onsite and offsite effects (so leakage)

2. Durability — they also need to stick around (or we need to account for the project
timeframe) through reserve pools or discounting



Forest Carbon Quantification Consortium Universityofldaho
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Forest Carbon Quantification Consortium (FCQC)

Forest Carbon Quantification Consortium

2022 Summer Workshop
May 17, 2022
Raleigh, NC
Stateview Hotel and Conference Center*
Send participation inquiries to : glatta@uidaho.edu

(SR
@ |
"'"

Workshop Agenda:

Report Results from Year 1 Leakage and Permanence Studies
Discuss Priorities for Year 2 and Beyond

[Forest Carbon Quantification Consortivm — Research and Analytics Addressing Market and Policy Challenges in Offset Program Design and Implementation
Frag Lirtta fUnhe. aff ldaia), Sdem Caigneawdt [Uiniv. of aine), Christopher Golik ond fastin Baker (Karth Caroling State Und).

The Forest Carbon Quantification Consortium {FCOC)H s & collabaratve focused on economic approaches 1o evaluate market and policy lssues that affect forest carbon offses,
FOOC lewerages research capahilities at multipls res=arch institutions and provides a flexible funding mechanism to accomplish research objectiess targsted at bolstering scientific
credibility 1o a rapidly developing voluntany forest carbon affeet (FOO] market U niversi
of ldaho

*this will be a hybrid meeting — call-in information will be provided to meeting participants

1. FCQC - ForeSt Ca rbon Qua ntiﬁcation Consortiu m (Greg Latta (Univ. of Idaho), Adam Daigneault (Univ. of Maine), Christopher Galik and Justin Baker (North Carolina State Univ))



1)

2)

3)

4)

o D€lAYiNg Single Harvest

emissions when
harvest delayed
on 5000 acres
Offsite response
in same period
Second period we
cut the stand and
therefore there is
an increasein
onsite emissions
And reduction
offsite as the
harvest displaced
offsite harvesting

Delay Harvest 5 Years

2035 2040 2045 2050 ED

— Pinsite Additional Carbon — Offsite Additional Carbon

P ()70 2075 2080 2085 2090

Not much going on outside of the harvest shifting periods

(because no payment for sequestration (only avoided emissions)



Delaying Single Harvest — Part2

Delay Harvest 5 Years 2elayi,,g5 Delay Harvest 20 Years
400 ot/’ 800
300 600
2 —
200
00) 2024 1200) 20204025 2030 2085 2040 284 0
200) (400)
300) (600)
400) (800)
= (Onsite Additional Carbon = Offsite Additional Carbon ; && = Onsite Additional Carbon e Offsite Additional Carbon
(200) 2020 2025 20302035 2040 204 055 2060 206%,207@2075 02085 2090
Delay Harvest 10 Years 223 V Never Harvest
(800) 800
(1,000)

600

(1,200)

= Delay 5 Years = Delay 10 Years = Delay 20 Years Never Harvest 200

(200) >oz‘ma/é 02045 2050 205530582064 2070 p075 §080 2085 2090
h i Reserye
arvest in the reserve out p, S- Delay .(400)

v

. « ”
2020 Z025'R0304035 2040 2045 2050 205 Jo7s 2080 20852000  Note: the “leaked

. ary, il
00 was higher than that  toag, ~“twir, 4000 Oacres ¢
) growyy, - BbOr ac., - orey,
(609 in the 3 cases where Bioninisy $) 35 stang . Waps
. ' e o
(800) harvest was just (1,200) furthe, —— "tinueg

=—Onsite Additional Carbon === Offsite Additional Carbon dEIaVEd e Onsite Additional Carbon === Offsite Additional Carbon



Issues with that approach -rocuson theoigsture - 719200

* There is a lot of harvestable material on private forest land in the US

Most actively managed land in 0-80 acre classes (fairly evenly distributed) 80 years plus land —

U.S. Private Forestland by Age Class * 17% of the area and 24% of the volume
e That’s 4.1 billion cubic meters

120 mArea mVolume 6000 * Annual harvest on all land in US is
u - a1 .
00 5,000 % 0.35 billion cubic meters
S * So close to 12 years of volume on

o 9 4,000 - those older forest land
< 60 3000 O * Only 2% of that land (and volume)
© “ shows up in the Protected Lands
g 40 2,000 L Database (so it would appear harvestable)
0 0
= 20 1,000 = ) ]
= = So: There is a lot of Slack in the system

0 0
Q \\] ] N x , . .
v » @ 9 > WA \_/We don’t know how much of this land is
o O K & N

Ql
Ny not really part of the manageable land
Stand Age Class (yea rs) base (riparian, inaccessible, or otherwise encumbered)
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BaSiC FASOM Sta nd Dynamics Live Bole Biomass - this is what we

think of as yield in logs. It does not include
small tree, tops, branches, or stump

High Site Planted Douglas-fir in the Pacific Northwest bIOIT.IaSS- - .
160 3 s * Sigmoidal — so increasing growth rate when young
T ereesemes ' and then decreasing growth when older

=== Periodic Annual Increment (PAIl)

140

=== [Vlean Annual Increment (MAI)

Periodic Annual Increment (PAI) -

this is what we think of annual growth rate

* Peaks when the stand growth rate changes from
increasing to decreasing (yield curve inflection
point)

=
b
o

100

80

60

Mean Annual Increment (MAI) - this

is what we think of average growth rate
* The peaks is often defined as the biological
rotation age (where PAIl crosses MAI)

.

Change in Stand Bole Biomass (bdt/acre/year)

40

20 0.5

Stand Bole Biomass (bone dry tons per acre)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Stand Age Years



Basic FASOM Stand Dynamics

160

140

=
(]
o

100

Fa [=)]
o o

Stand Bole Biomass (bone dry tons per acre)
(] (0]
o o

0

High Site Planted Douglas-fir in the Pacific Northwest

== | jve Bole Biomass

P re-me rCh Periodic Annual Increment (PAIPOSt- merc h

5

Mean Annual Increment (MAI)

Merch Zone

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Stand Age Years

3.5

3.0

2.5

2.0

1.5

1.0

0.5

Change in Stand Bole Biomass (bdt/acre/year)

Defining Merchantability Limits in FASOM
* We have always had a minimum harvest age
 What if we add a maximum harvest age?

Pre-merch - defined as younger than 2/3

of biological rotation (here biological rotation
is 50 so pre-merch limit is 33). Can’t harvest
stands younger than this age.

Merch Zone - defined as a range of
rotations most likely used in a working
forest (so not a reserve). Where harvesting will
occur.

Post-merch — defined as younger than 2
time pre-merch age (here biological rotation is
50 so pre-merch limit is 33 and post-merch is

66). We will experiment with harvesting stands
older than this age. Remember, we don’t know
how many of then are actually not harvestable.



Basic FASOM Stand Dynamics

160

140

120

100

= D
o o

Stand Bole Biomass (bone dry tons per acre)
3] co
o o

0

Pre-merch

5

High Site Planted Douglas-fir in the Pacific Northwest

== | jve Bole Biomass

=== Periodic Annual Increment (PAIPOSt-m e rCh

Mean Annual Increment (MAI)

Merch Zone

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Stand Age Years

\

100

3.5

3.0

2.5

2.0

1.5

1.0

0.5

Change in Stand Bole Biomass (bdt/acre/year)

Actual Age Class Distribution in FASOM

High Site Planted Douglas-fir in the Pacific Northwest

500
450

400
350
300
250
200
150
100
50 I
iPm_ _ _

SRR > ojcy > O M
SIS > o &5 u & & > 8
LSS ,\o ,\o & O ,\o O Q0 ,\o Q% O Q7O

R I N I RS MRS N ML PN NS

Thousands of Acres

Not additional - Too young to do

anything but grow (not exactly true as there are
other management options possible outside of
FASOM)

Not additional? — Possible reason for not

harvestin g (not exactly true as there are other
management options possible outside of FASOM)



Actual Age Class Distribution in FASOM

H a rve St P rO ba b i I ity High Site Planted Douglas-fir in the Pacific Northwest

500
450
400
High Site Planted Douglas-fir in the Pacific Northwest , 30
160 =l jve Bole Biomass 0.18 E
© I o 1;; 5
g 110 == Harvest Probability = B1+B2*Biomass+B3*Biomass”"2 0.16 g %
2 g
2 120 014 I a I -
S s - -
0.12 S s A 2 o &*@@"‘ &
':g 100 -li: «wéoxéoméo'ﬁo%é\o%éo u‘g\o &’O@QOC: ‘o° fé”\o’\éoczf’\ o
- 0.10 *=
S U Q
o 80 ©
Py 0.08 8 Increases as stand volume increases or
< |
g 60 a as stand ages
S 0.06
@ 40
= -— 0.04
m [
T 20 0.00 Decreases as stand volume increases or
1] .
b as stand continues to dage

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Stand Age Years



So can we Delay Harvest in FASOM (and get meaningful output)

Not Curre ntly — even with maximum harvest ages determined at the Region / Forest Type / Site Class level

re)

Stand Bole Biomass (bone dry tons per ac

High Site Planted Douglas-fir in the Pacific Northwest

Pre-merch

= Live Bole Bi
eeeeeeeeeeeeeeee meOSt' merch

Merch Zone

0 45 50 55 6
Stand Age Years

Change in Stand Bole Biomass (bdt/acre/year)

FASOM Acres by Merchantability Class

Owner Pre-Merch Merch Post-Merch
BLM 6,739,735 11,411,837 12,906,422
Ofederal 4,541,396 06,631 7,444,887
Private 142,388,578 207,167,584 77,169,087
State /11%3,991" 27,394,858 14,284,514
USFS ,614,011 55,296,615 52,531,503

T/

We’ve been

/focusing on this as

a concern (slack in the
model)

here are 207 million acres of harvestable (merchantable) private
forest acres. Assuming 9 million acres harvested each year, that would

be about 23 years worth.

SO: When we move 5 thousand acres or even 1 million acres, a
model like FASOM has plenty of other harvestable acres available it can

replace it with

100% Leakage for Harvest Delay pretty much every time with current model formulation



Using a market mechanism (o carvon oricey in @ market model (zason-srs)

e Use the strength of the model to inform the leakage analysis

* In other words: use a carbon price and observe the market/resource response

* This will be like the Wade et al. (2020) model with the Latta et al. (2011) additions
allowing voluntary participation

e So private forest owners can:

» choose to participate in the offset market and get paid for sequestration (while also paying for
emissions)

* Or choose not to participate and not get paid or pay for sequestration and emissions.
* To flush out that was not participating in the market anyway (non-additional) I will use $1/tCO, as
the base level against which to measure additionality
* Scenarios

* 0,1,5,10,15,20,25,30,40,50,75,100 S/tCO2 for offset market participants (and o for non-participants) Also, a glitch in

these runs not
e Carbon Price paid only on above and below-ground live tree carbon (so not soils, litter, or dead wood) poyinafor
* No Harvest in Post-Merch private acres products

* Allow harvest in Post-Merch private acres

Wade, C.M., J.S. Baker, J.P.H. Jones, K.G. Austin, Y. Cai, A.B. de Hernandez, G.S. Latta, S.B. Ohrel, S. Ragnauth, J. Creason and B. McCarl. In Print. Projecting the Impact of Socioeconomic and Policy Factors on Greenhouse Gas Emissions and Carbon Sequestration in US Forestry and Agriculture. Journal of Forest
Economics: Vol. 37: http://dx.doi.org/10.1561/112.00000545

Latta, G., D. Adams, R. Alig and E. White. 2011. Simulated effects of mandatory versus voluntary participation in private forest carbon offset markets in the United States. Journal of Forest Economics 17(2): 127-141.


http://dx.doi.org/10.1561/112.00000545

Using a market mechanism (o carvon oricey in @ market model (zason-srs)

Offset Participants — additional

Allowing Harvest in Post-Merch private acres sequestration at each carbon price
Marginal Abatement Cost Curve (MACC) MACC - Allowing harvest in post-merch stands >
Steps: 100
1. Run the Carbon Price Scenarios through 2090 in 5- 90

year time periods gb
2. Calculate additional sequestration in each time o

period
3. Discount the additional carbon using 4% (similar to o o0
Murray et al (2004)) = 50
4. Calculate the annual annuity value that would = 40
equal the sum of the first 40 years of discounted 30
additional carbon 20
ax[(1+i)t-1] 10

V{} = .
i(1+i)t 0
(20,000)  (10,000) . 10,000 20,000 30,000 40,000

V, is the sum of the discounted additional carbon over the first 40 years

i is the discount rate (here 4%) . . . .
t is the time period over which the annuity is calculated (here 40 years) Note: the blue line (partICIpants) IS onIy the above and

a is the annuity value (or a single value that could be applied annually for 40 year be|0w ground Carbon. Gains in Other carbon pOO|S are part

and give us the discounted sum of additional sequestration — it basically makes it . . .
so we have one value for each carbon price) of the non partICIpatlng total.

Murray, B.C., B.A. McCarl, and H. Lee. 2004. Estimating Leakage from Forest Carbon Sequestration Programs. Land Economics 80(1):109-124.



Using a market mechanism (o carvon oricey in @ market model (zason-srs)

* Allowing Harvest in Post-Merch private acres

Marginal Abatement Cost Curve (MACC) CO, Price Participants Non-Participants Total Leakage

Steps: [T
1. Run the Carbon Price Scenarios through 2090 in 5- PVe PV
year time pe riods e thousand tons of CO2/year ------------------.
2. Calculate additional sequestration in each time 0 0 0 0
period 5 7,565 -5,990 1,574 79%
3. Discount the additional carbon using 4% (similar to 10 14,417 -9,412 5,005 65%
Murray et al (2004)) 15 21,255 -13,134 8,121 62%
4. Calculate the annual annuity value that would 20 29,604 -16,720 12,883 56%
equal the sum of the first 40 years of discounted 25 34,317 -18,119 16,199 53%
additional carbon 30 38,626 -20,006 18,620 52%
5. Calculate leakage using Equation 12 in Murray et al 40 46,149 -22,072 24,077 48%
(2004) 17 = 1oV Bli00 it 50 51,176 -24,720 26,456  48%
MACC - !?10 harvest in Post-Merch stands 75 63’ 817 - 34’ 374 29’ 443 54%
PVpis the time-discounted present value of 100 74,816 -38,797 36,019 52%
g ’ carbon sequestration increment on lands
@ targeted by the policy. PVy is the corre-

sponding discounted value of carbon incre-
ments on all lands (targeted and non-tar-

Murray, B.C., B.A. McCarl, and H. Lee. 2004. Estimating Leakage from Forest Carbon Sequestration Programs. Land Economics 80(1):109-124.



No Harvest in Post-Merch private acres

Offset Participants — additional
sequestration at each carbon price

Total
Sequestration
MACC - With and without harvegt in Post-Merch stands
109
9p
g0
o
40
30

$/1CO,

4p
30
20
10

(60,000) (40,000) (20,000) - 20,000 40,000 60,000 80,000 100,000

Solid lines are “No harvest in post-merch stands”

Without harvest allowed in post-merch stands

CO, Price  Participants Non-Participants Total Leakage
PV, PV, L
----------------- thousand tons of CO2/year -----------------

0 0 0 0

5 2,976 -543 2,433 18%
10 6,078 -1,022 5,056 17%
15 8,168 -1,164 7,003 14%
20 11,282 -1,877 9,405 17%
25 13,398 -2,836 10,563 21%
30 16,213 -4,532 11,681 28%
40 20,964 -6,639 14,325 32%
50 24,006 -7,802 16,204 32%
75 31,103 -7,982 23,121 26%
100 37,561 -5,796 31,765 15%

With

Dashed lines are “With harvest allowed in post-merch stands”

CO, Price  Participants Non-Participants

PV,

Total
PV;

Leakage

10
15
20
25
30
40
50
75
100

7,565

14,417
21,255
29,604
34,317
38,626
46,149
51,176
63,817
74,816

0
-5,990
-9,412

13,134
-16,720
-18,119
-20,006
22,072
-24,720
-34,374
-38,797

79%
65%
62%
56%
53%
52%
48%
48%
54%
52%




Ever-declining mitigation expectations

(or comparison with past studies)

Offset Participants — additional
sequestration at each carbon price

G. Latta et al. / Journal of Forest Economics 17 (2011) 127-141
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Single Region C-Price Scenarios

North 15 — offers option for Northeast and Lake States to enroll in carbon market for %15/tco?2

South 15 - offers option for Southeast and South Central to enroll in carbon market for %15/tco2
(in each case there is no cost or penalty associated with carbon in other regions)

US 15 — all private forest landowners in US can enroll in carbon market for %15/tco2

CO, Price Participants Non-Participants  Total Leakage
Scenario PV, In Region  Other PV within Reg L
------------------------- thousand tons of CO2/year -------------=---------—-

0 0 0 0
North 15 3,997 234 -2,879 1,353 -6% 66%
South 15 2,986 1,419 -2,477 1,928 -48% 35%
US 15 8,168 -1,164 7,003 14%

Preliminary = in each case, there is negative leakage (more sequestration in non live tree and unenrolled lands)
within the regions and higher leakage when adding in other US regions as the industry expands there and contracts in

the program region



College of Natural Resources

FCQC Forest Offset Leakage Update UniversityafldahO'

This is the part where you roll your eyes and curse “models”

= | knew this was all BS

Remember models don’t provide answers, rather they inform the decision space
= What did we learn?

1. Leakage is not an easy issue
=  We didn't really learn this, but we know it is a market response
Leakage depends on how the credits are quantified (how much you take to market Methodology matters)
Leakage depends on market penetration (how much of the market is affected)
Leakage may be different for methodologies that target removals as opposed to those that target maintenance of stocks
Leakage is not constant over time (future markets are affected by current market effects)

OAWN



FCQC Forest Offset Leakage Update

Leakage Option B I = 100*e*y*Cy
* Elasticity Route: o le — E*(1 + v%0)]Cq

¢ PTOS € is the supply price elasticity
* elegant, equation-based approach

E is the price elasticity of demand

CN is the ¢ seq. reduction per unit of non-reserved
forest

[
H a n d Ies CR is the carbon sequestration per unit of (foregone)
o harvest gained by preserving the reserved forest
CO ns ) preservation parameter

Y substitutability

* Requires elasticities we don’t have
* Methodology doesn’t affect it

Murray et al. (2004) - Why go through the paper and 2005 EPA Mitigation Report scenarios if the equation was
enough?



C el Universityofldaho '
FCQC Resea rCh PrlOrltles (Short-term afterwefinishthe/eakageworkofcourse) College of Naturgesmurces

Harvest Probability Equations
 utilizing some localized regression techniques
« so0 either GWR (betas vary across map) or SAR (error varies across
map) —or hopefully not both

* Problem is we would need FIA cooperation (location and private

owner type)
 These could be applied both within an NCX-type program as well as

within a ARB-CAR-ACR-VCS-type program (don't need it for VCS_FFCP)

Risk in Buffer (Reserve) Pool

« First focus on fire
 What have the actual, project emissions
 Maybe next hurricanes



U.S. FOREST CARBON

MARKET PRIMER

TOTAL

Project 192
Acres 5,794,736
Credits 192,754 683

Principles of Offset Projects

ADDITIONALLY: Project must demonstrate how it is
going 1o morease carbon stocks in the project anea
VERIFIABILITY : Projects must be venfied through a
third-party, sites are visited every six years and
invenlory reports are verified

LEAKAGE: Dccurs when the GHG reductions in oma
area results in the increase of GHG reductions in
another area

PERMANENCE: Musl show project mantains
bernalits for a penod of tme

e Carbon Credd is equivalent fo one metrc fon of
CO2 from the almospheres.

e

15 of porwate torwat lared i eended
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Universityefldaho

Policy Analysis Group

Carbon Registries

Compliance marke! saf by
governmen! regulalions and
highly requiated — ARB

COMPLIANCE

149
Valuntary markel willh
voluntary buyers and 5338811
salers, nol as strcily Er:— :_l 180 745973

reguialed a5 compiance

markels— VG35, CAR, ACR . | CALIFORMIA

VOLLWTARY
Project 1 3 4
43 566 A0 T 1,160
3065334 8, TE5.048 18708
Amners ;can — Verilied Carban
ACTIOH yCarbon =
RESERYE ,“F!E-roﬂr"f' 51:.:|I-d'.wdl

ARB: 25 year crediting period with 100 years
maintaining those carbon stocks

ACR: 20 year crediting period with 20 years
maintaining those carbon stocks

VCS: Most used voluntary program in the world

CAR: Crediting can be valid for 100 years from
the start date, then 100 years maintaining those
stocks CAR Version 5.0

Legend

A vERRa

[+ L

U.S. FOREST CARBON
MARKET PRIMER

Steps for a Forest Offset Project

KT I BN BT N .

Universityofldaho

Policy Anatyss Group

LANDOWHNER DEVELOPER VERIFIER REGISTRY VERIFIED AGAIN  CREDITS ISSUED
P Izl prgact Wanfied through Regrstry (sther Thes resgstey W all prievcus. sheps.
[eropbsct ared and N wriany, an indopaniden CAR, ACR. or wirafairs U sl ware appicraid thin
mranagement of qquntihabon ard thard party VCS) provides propact inlsrmally erichts. ane rsued 1o
that area documintation s I chang ths Landcmrass

ISSUED CREDITS:
Reprasents one metnc ton
of C0s from the
atmosphara

RETIRED CREDITS:
Purchased credits that are
taken off the market, so
the purchaser can claim o

ARE lssued ad Retired Credas
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Carbon Offset Types

AVOIDED EMISSION OFFSETS:

Intial cradits issuad, usually larger number
brcause of praviously established Lmber

REMOVAL OFFSETS:

Credits that are issued yearly due 1o yearky
growth of the project area

redquires the
reduchion of avosdance of
any air of water pollutant
that could negatively affect
ther state of Caldomia
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Forest Project Types

AVOIDED CONVERSION [AC):
Forests prevented from being
converted to non-forested land

AFFORESTATION/
REFORESTATION (R):
Converting non-forested land
mito forested land

IMPROVED FOREST
MANAGEMENT (IFM): Forest
management that increases/
maintaing a coman kvl of
carbon stocking

IFM R

s hAC ®

4 Ry

- Achon
37.6% All Projects | g % « Propecis
e i}
56 projects of 149 %: .

1
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45% a e
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Greg Latta
I Director, Policy Analysis Group

Universityofldaho
College of Natural Resources 'i @UIDAHOCNR
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For those of you who muttered "you cherry-picked your past studies” Greg

Table 2
Selected studies in the meta-regression analysis: the forest sector. Forest Poliey and Eeonomics 115.(2020) 102161
- . . =
Model type Model Name References Number of Estimates Magnitude (%) Range (%) fonents I et s e
Forest Policy and Economics st it
GEM? [28] Baylis et al. (2013) 2 0.96 —-10.31-7.45 s S
GEM CGE* [29] Kuik (2014) 11 3.84 0.57-10.73
d [30] Alix-Garcia et al. (2012) 1 4 n/a
e [31] Fortmann et al. (2017) 1 4.4 _5.7-14.5 Ca'rbon leakage in. energy/forest sectors and climate policy implications .:;.2
PEM® f [32] Kim et al. (2014) 1 14.85 14.8-14.9 using meta-analysis -
g [33] Acosta-Morel (2011) 7 17.14 9-22 Wengi Pan’", Man-Keun Kim', Zhuo Ning, Honggiang Yang™“
h [34] Sohngen and Brown (2004) 2 19.50 18-21 et S
[35] Meyfroidt and Lambin (2009) 1 22.7 n/a st ivr el Fonunicsond ol pesloent e Cene, N v, K, Clina
PEM FASOM! [36] Murray et al. (2004) 8 25.86 —4.4-92.2
PEM EUFASOM [37] Zech and Schneider (2019) 1 43 n/a
PEM GCAME [38] Gonzdalez-Equino et al. (2017) 12 48.53 10.0-93.0
1 [39] Sun and Schngen (2009) 1 49.50 47.0-52.0
PEM m [40] Wear and Murray (2004) 3 61.80 43.3-84.4
[41] Jadin et al. (2016) 1 68 n/a
GEM CGE [42] Gan and McCarl (2007) 12 75.31 42.3-95.4
PEM EFI-GTM" [43] Kallio et al. (2018) 1 76 65-87
PEM EFI-GTM [44] Kallio and Solberg (2018) 1 80 60.0-100.0
PEM USFPM/GFPM° [45] Nepal et al. (2013) 3 81.33 71.0-88.0
GEM GTAPP [46] Hu et al. (2014) 1 84.25 79.7-88.8
Average 39.60 —10.31-100.0

Notes: ® General Equilibrium Model; ® Partial Equilibrium Model; ¢ Computable General Equilibrium; ¢ A simple model of household production and land allocation; ©
A matched difference-in-differences (DID) approach; £ Leakage discount formula; ® A Land Use Share Model; h Dynamic optimization model; ' The forest and
agricultural sector optimization model;} European Forest and Agricultural Sector Optimization Model; ¥ Global Change Assessment Model from Joint Global Change
Research Institute; ! Global land use and forestry model; ™ A full econometric model of the US softwood lumber market; ® European Forest Institute Global Trade
Model; © US Forest Products Module and Global Forest Products Model; P Global Trade Analysis Project model.
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