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Abstract

The CBO, EIA, and EPA predict carbon offset prices will rise to $15-30/ton
CO2e in the next decade (ACESA). The creation of carbon offsets markets provides
landholders with an alternative means of income generation on suitable tracts.
Relevant businesses might recognize what carbon and offset prices mean for their
companies, but little information exists for prospective suppliers of offsets like land

owners, farmers, land trusts, etc.

This project presents a customizable tool based on assumptions including
but not limited to offset price forecasts, expected sequestration rates, and tax data
(State, Federal). Users can tailor inputs like acreage availability, forest type, and
start-up costs to yield rough estimates of project and property value based on
planting-for-carbon initiatives. This paper demonstrates sample outputs produced
by the model, conducts sensitivity analyses to evaluate project variability, and runs
financial forecasts using Oracle’s Crystal Ball to predict outcome probabilities. It is
important to note that at the current stage, this tool predicts carbon sequestration

and financial outcomes for tree planting projects, not existing forest tracts.



Project Justification

A considerable amount of land in the United States is currently undervalued.
Private and government entities alike largely ignore the potential revenues natural
resource projects can contribute. Subsurface mining and timbering are well-
developed practices, however value calculations of a variety of other land uses are

neglected.

The financial value of carbon sequestration, water quality and quantity,
biodiversity, and the other land practices are typically overlooked due to the limited
availability of ecosystem services markets. In some cases, these markets exist in
boutique, regional, and voluntary form. As they expand to integrate more
landholders, potential participants will need to understand the value associated
with these projects as it pertains to their property or investments. Simple
estimation tools could provide users with the incentive to evaluate project options
and determine the impact national or regional climate legislation could have on

their land.

The creation of carbon offsets markets provides landholders with an
alternative means of income generation on suitable tracts. Currently, the payoffs
offset markets could yield relevant participants are not well understood, and
literature is not conveniently accessible. Additionally, mechanisms for market

participation also need to be put in place before entities can take action.



Land trusts comprise hundreds of thousands of acres of protected land, and
highlight the extraordinary potential for participation in carbon offsets markets. The
prospect of a revenue stream (in addition to existing tax incentives) could push
more landowners towards managed conservation. Moreover, thousands of farmers
have land enrolled in programs like the CRP (Conservation Reserve Program), or
otherwise lying fallow due to marginal production capacity or rotation schedules. A
customizable project valuation tool could provide rough, baseline estimates to
determine whether these projects are worth pursuing. Such pursuits could help
eliminate the need for government contributions to programs like the CRP if
landholders choose to participate in offset markets. User-friendly models will serve
as important tools for landholders to determine the potential carbon value
associated with actions taken on suitable properties. This particular project will
focus exclusively on financial, economic, and atmospheric valuation of carbon

offsets projects, with the hope of future expansion into other resource valuations.

In the past, forest value was determined by the expected payoff of eventual
timbering. Agricultural land value was largely determined by short-term crop
productivity. Recreational tracts were valued by prospective tourist revenue.
Ecosystem service markets offer a new form of income generation that, when
developed, could have significant impacts on land in the United States and around

the world.



Regulatory Background

In order to understan how climate legislation will likely impact land use, it is
important to comprehend aspects of relevant proposals, specifically those that
incorporate the use of “offsets” for cost containment purposes. The financial
projections assumed in the valuation tool accompanying this report reflect
estimates derived from the currently passed House of Representatives climate
legislation, and will thus be used to describe the current regulatory background for

the offset market.

The American Clean Energy and Security Act (ACESA), also known as the
Waxman-Markey Bill (HR 2454), passed the United States House of Representatives
on June 26, 2009. America’s Federal climate legislation is a regulatory program that
creates economic incentives through a “cap & trade” on greenhouse gas (GHG)
emissions. Administration of the program will be given to the United States
Environmental Protection Agency, with responsibility for certain aspects falling to

the United States Department of Agriculture.!

Under the Bill, the emissions levels of particular industries are “capped”,
meaning companies who emit more GHG than they are allocated through allowance
permits will be subject to substantial penalties. Initially, companies receive free
allowances and purchase or trade the remainder. The cap declines over time until

emissions goals are achieved.

1 U.S. Congress. House of Representatives. H.R. 2454, The American Clean Energy and Security Act. 111th
Cong., 1st sess., 2009.



In ACESA, unregulated entities can contribute to helping regulated
industries achieve compliance obligations. It is the impact of this element, or
“offsets”, that will be important for the land and project valuation tool discussed in
this project. If adopted, ACESA is expected to alter land use practices domestically

and internationally.

ACESA creates a mechanism to offset GHG emissions through improvements
to practices that are not directly capped by the legislation, like forestry and
agriculture. One offset is equivalent to the mitigation of one ton of C02.2 ACESA’s
mechanism allows regulated GHG emitters to purchase offsets to meet compliance
obligations. For instance, if an electric utility determines it will be less expensive to
purchase offsets than immediately switching to clean, carbon neutral technologies
like wind and solar power, the company can counterbalance their emissions through
projects adhering to a United Stated Department of Agriculture standard. This USDA
standard is to be created no less than one year following the Bill’s passage, and will
determine the projects eligible and the standards acceptable for the consideration of
offset credits. The chart below illustrates the impact the inclusion of offsets will

have on the policy’s execution:

2 |bid.



Figure 31. Change in Real GDP in ACESA Main Cases, 2012-2030
(percent change from Reference Case)
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The inclusion of offsets will have a significant impact on the consequences a
carbon constraint will have on the United States economy. The EIA chart above
outlines the impact of ACESA implementation under various offset scenarios. The
basic interpretation here is that the fewer the limitations on offsets and the laxer the
accounting constraints, the lower the impact ACESA will have on U.S. GDP.
Authorities will be inclined to maximize offset inclusion to minimize negative
economic impacts. This, in turn, will yield land use changes, these impacts to be

discussed in the following section.

While the intention of ACESA is to stimulate reductions in U.S. GHG
emissions, a supplementary impact will stem from the Bill’s offset component. This
element is expected to yield significant land use changes by creating a market for

services for which landholders were previously uncompensated. In effect, the

3 Energy Information Administration. Energy Market and Economic Impacts of H.R. 2454, the American
Clean Energy and Security Act of 2009. Washington: Office of Integrated Analysis and Forecasting,
2009, P. 40.



creation of the offset market will likely yield increased biological sequestration and

conservation initiatives.

When agricultural commodities are high, farmers with land set aside for
conservation are given financial incentives to till and plant. Under ACESA, offsets
will likely reach a price chokepoint at which it becomes more economical for certain
lands to be managed for their carbon sequestration potential than for alternative
uses that lack sequestration potential. This price will drastically alter the
composition of relevant lands, making HR 2454 an important influence on land use

if ultimately implemented.

Assessment/Critique

Although ACESA has merely passed the U.S. House of Representatives and
has not yet been enacted, there is already significant speculation as to the Bill’s
future impacts. The Bill will have sweeping economic and environmental
consequences, and has been analyzed thoroughly by a number of governmental and
non-governmental organizations. Organizations like the EPA have attempted to shed

light on future international and domestic land use ramifications.

According to the Congressional Budget Office, “ACESA would allow offsets to
substitute for up to 2 billion metric tons of emission reductions annually at entities
subject to the cap; even so, by 2030, CBO estimates that 52 percent of the required

reduction in emissions could be achieved through domestic and international



offsets.”* Offsets will be a tremendous cost saving mechanism. As to cost, the CBO
projects roughly 70% savings from offset inclusion in ACESA between 2012 and
2050.> Allowance prices and the subsequent payments industries will have to make

for GHG compliance are heavily impacted by the inclusion of offsets:

Figure 5. Projected Allowance Prices in ACESA Main Cases, 2012-2030
(2007 dollars per metric ton CO,-equivalent)
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Source: National Energy Modeling System runs, HR2454CAP.D072909A, HR2454NOBNK.D072909A, HR2454HIOFF.D072909A, 6
HR2454HC.D072909A, HR2454NOINT.D072909A, and HR2454NIBIV.D072909A.

The above EIA chart projects the price of allowances companies have to pay
to emit under various offset scenarios. As is clear from the projections, the more
stringent the offset standard, the higher the price of allowances. Offsets will play an
important role in cost containment. “Basic” and “high offsets” scenarios reference
increased offset inclusion and laxer USDA standards for accounting and compliance.
Lax standards and more inclusion yield lower allowance prices. It is likely that a lax
scenario will result in an effort to placate vulnerable industries and encourage

conservation and land management changes in applicable areas.

4 Congressional Budget Office. The Use of Offsets to Reduce Greenhouse Gases. Washington: Economic
and Budget Issue Brief, 2009, p. 7

5Ibid. p. 8

6 Energy Information Administration. Energy Market and Economic Impacts of H.R. 2454, the American
Clean Energy and Security Act of 2009. Washington: Office of Integrated Analysis and Forecasting,
2009, p. 25.
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The most obvious type of offset relevant to land use alteration is biological
sequestration. Biological sequestration involves adopting practices like
afforestation, reforestation, land management changes, conversion to no-till
agriculture, and other practices that, at varying rates, systematically remove carbon
from the atmosphere and, at least temporarily, store the gas. In effect, the inclusion
of offsets in climate legislation will encourage biological sequestration and
subsequently impact land use practices. The increase in biological sequestration
projects is precisely the justification for this master’s project, or the creation of a

tool to An EIA projection of the role of offsets in ACESA is shown below:
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The above chart depicts potential offset inclusion in GHG mitigation through
2030. The green portion shows the direct mitigation role of biosequestration under
ACESA in a “basic” case, where offset inclusion is somewhere between lax and
constrictive, and international offsets are included on a somewhat limited basis. It is
clear that domestic and international offsets through biosequestration will play a

role in ACESA compliance. This will require land use changes and land set-asides to

71bid. p. 13
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ensure “additional, quantifiable, and permanent” carbon sequestration.? Such set-
asides will effectively lock land practices in place for the predetermined project

duration, reducing the flexibility of land usage.

The CBO projects the amount of and type of offsets that will help companies
reach ACESA compliance. With offsets, as allowed for in the Bill, the CBO projects
that capped sources would emit 5,031 million tons and purchase offsets for 1,790
million tons in 2030. Domestically, those offsets would come primarily from changes
in agriculture and forestry as well as methane capture at landfills and dairies.
Internationally, offsets would come primarily from conservation and changes in

agriculture.®

Agricultural management contributes heavily to GHG emissions but it can be
subjected to management practices that reduce or even sequester released carbon.
According to the USDA, “Most U.S. cropland soils have lost at least one-third and
some up to 60 percent of their carbon since they were first converted to crop
production beginning about 200 years ago. This diminished carbon pool can,
however, be replenished by changes in land use and land management.”1? In crop
and timberland, for instance, reduced tillage, lengthened or altered rotations,

fertility management, erosion control, and water management can all yield carbon

8 Congressional Budget Office. The Use of Offsets to Reduce Greenhouse Gases. Washington: Economic
and Budget Issue Brief, 2009 p. 3. Although permanence would be desirable, ACESA ascribes
preliminary life spans for projects. For instance, forestry projects are given a 30 year life.

9 Ibid. p. 8.

10 United States Department of Agriculture, Targeted Incentives for Greenhouse Gas Sequestration.
Washington: 2003.
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benefits.11 Although scientific method validates the sequestration benefits of these
land use changes, accounting for actual absorption when enforcing policy will be a

difficult process, and one of the major drawbacks of including offsets in climate

legislation.

The EPA projected the impact of a stable, conservative allowance price on
changes to domestic cropland management through the purchase of offsets. This
effort yielded a prediction as to the impact the Bill would have on land use and
agricultural practices. The model indicated a 50% increase in the percent of

cropland using conservation tillage and no-till by 2020 in response to a $15/ton

CO2 incentive payment. 12
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A shift to no-till agriculture will have significant effects on land use and crop
management. No-till agriculture, while positive for carbon sequestration and
erosion prevention, could necessitate increased use of herbicides and other

chemicals while encouraging the application of GMO’s. These land management

11 Rice, Charles W. Soil Carbon Sequestration. Kansas State University

< http://www.wri.org/stories/2009/05 /biosequestration-challenge>

12 U.S. Environmental Protection Agency. EPA Analysis of the American Clean Energy and Security Act
of 2009. Washington: Office of Atmospheric Programs, 2009, p. 32

13 Ibid. p. 33
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alterations, while potentially beneficial, could have unforeseen consequences that

require further study.

EPA predicts offset price incentives to be drastic enough to fuel significant
transition from agricultural land to forestland. The EPA predicts overall land area in
crops will decline due to afforestation, thus accounting for a net decrease in total
agricultural carbon storage as carbon shifts from agricultural soils to the
afforestation carbon pool.1* The EPA predictions are clear with regard to the
domestic land impacts of ACESA—altered agriculture practices and additional
forests will be products of the Bill. It is fairly obvious to assume that higher
allowance prices will yield increased offset demand, and higher offset prices will

subsequently create further incentives to convert lands into carbon sinks.

Internationally, offsets will likely be cheaper and easier to obtain. The higher
cost of domestic offsets (compared to international options and allowance prices)
suggests that ACESA will be unlikely to maximize domestic offset usage under the
cap. Consequently, cheaper options like international offsets will be particularly
relevant. International offsets will come through forestry projects and conservation
programs so long as additionality is proven, or evidence that the project will
verifiably sequester carbon beyond the base line. Standards and initiatives like
REDD, or reducing emissions from deforestation and degradation, will be built upon

to mitigate international GHG emissions and promote carbon sink creation and

14 1bid. p. 32
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preservation.1®

If enacted, ASECA is likely to result in land use changes that increase terrestrial
carbon sinks. The glaring uncertainties are how high allowance prices will likely
go—a question that will determine the roll of offsets in the cap and trade market—
and how to standardize sequestration accounting in a process with naturally

variable absorption rates.

It is difficult to determine ACESA’s winners and losers. Across the board,
analysts have concluded that the incorporation of offsets will lesson the economic
burden of GHG mitigation across the economy. Simply put, it eases compliance.
Therefore, relative to the exclusion of offsets from ACESA, emitters like electric
utilities, refineries, heavy manufacturers, and the consumers who rely on them will
win (at least) short-term economic gains. Landholders will also win in most ACESA

scenarios, given the potential for incorporation in an offset market.

The potential uncertainties of GHG offsets versus truly verifiable reductions
through technology switches could make us all potential losers. If climate change
impacts destroy our environment and economy because offsets did not amount to
actual GHG reductions, then no one wins. For instance, afforestation projects with
no subsequent forest management have a leakage rate of up to 24%.16 If rogue
carbon is unaccounted for, GHG reduction initiatives will fail. The USDA has a

daunting task ahead in creating an accurate accounting standard. Land must be

15 Smith, Gordon. Forestry: Additionality and Baselines. Ecofor. Washington: 2009

16 Murray, Brian C. Leakage with Forestry and Agriculture Offsets: What do we really know? Nicholas
Institute for Environmental Policy Solutions. Washington, DC: 2009.
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managed, but it must keep being managed to be successful.

At first glance, it is relatively obvious that the agricultural sector will benefit
from the inclusion of offsets in ACESA. After all, offset authority was taken from the
EPA and given to the USDA. Farmers can be compensated for land use changes, and
healthy offset prices leave them less vulnerable to volatile commodities markets.
Changes in land management could result in unforeseen costs, however. No-till
agriculture could lead to reliance on corollary practices that could be more
expensive in the future. Also, buying into long term ACESA offset projects holds a
real opportunity cost—a farmer cannot simply decide to cut down an afforestation
project and plant corn if there is a sequestration easement on their land. This would

create unanticipated carbon releases and an accounting nightmare.

Other winners could include conservation groups, large landholders like Ducks
Unlimited and the Sierra Club, and owners of marginal land that could easily be
adapted to take on offset projects. Only time will tell whether the Bill’s benefits will
outweigh potential costs, however it is important to provide estimates for

landholders possibly benefitting from the offset portion of the legislation.

Recommendations for Policy Execution
Although difficult to predict the drawbacks of a policy that is only partially
ratified, it is possible to discern the areas where the Bill could fail if not properly
executed. Carbon offsets are a very controversial GHG mitigation technique. On one
hand, the inclusion of offsets significantly reduces compliance costs across the

economy. It also lends to a particular suite of land management practices that

16



promote domestic and international conservation and biosequestration. On the
other hand, sequestration rates carry a significant degree of uncertainty, and
inaccurate accounting could result in a failure for climate legislation. Additionally,
the land use impacts are assumed to be beneficial, or conservation, sequestration

maximization, afforestation, and the like.

The merits of many conservation and afforestation initiatives typically go
unchallenged, but important factors could be overlooked when making these
assumptions. For instance, if the right price incentives are given, a particularly
productive agricultural tract could be converted to forest while relatively
unproductive lands produce agricultural products. This yields inefficiencies that are
ultimately unacceptable in a world with increasing demand for agricultural

products.

If ACESA is passed as is, the legislation’s success is largely contingent upon the
USDA’s ability to accurately account for offsets. Certain steps can assure that land
management for sequestration is performed accurately and optimally. Assigning
liability, continuous reporting, verification, and joint planning with the USDA will
ensure that real carbon gains are being documented, not hypothetical gains that
simply amount to money for nothing.1” Although remote sensing technology cannot
measure carbon directly, it can be used to verify that land bound to offset projects is
not being converted for unauthorized usage. Enforcement mechanisms must be in

place to ensure the continuing legitimacy of these projects.

17 Olson, Carolyn Phd. Challenges of Accounting for Soil Organic Matter in the
Environmental Offsets Market. World Resource Institute: 2009
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The keys to the success of an ACESA bill that includes offsets are as follows:

1. Joint planning between the USDA and prospective offset projects
to ensure the project’s appropriateness—is the land off too much
value as a producer of agricultural commodities? Clearly the marginal
gains of an afforestation project in Wyoming might outweigh a
sequestration project on particularly productive farmland in parts of
[owa.

2. Accounting standards that internalize potential leakage and can
be customized on a project-to-project basis

3. Convenient application of scientific method to verify carbon
stock and subsequent compliance

4. Enforcement mechanisms to ensure that offset producers are
not gaming the system—are projects lasting the entirety of the
initiative’s lifetime or being cut short?

There are other factors that could help ACESA succeed, however the
aforementioned list provides a foundation as to the elements the USDA must
consider while deciding how to address offsets in the Bill. Generally, many experts
consider HR 2454 too weak to adequately reduce the United States’ GHG emissions

in time to mitigate the most serious impacts of global climate change.

The overall weakness of ACESA is not the subject of this master’s project,
however. The focus here is on the role of offsets in the Bill, subsequent land use
impacts based on the inclusion of offsets, and the creation of a tool for estimated . In
all, offsets provide a controversial though economical means of achieving GHG
compliance under ACESA. If properly accounted for, offsets can make a productive
contribution to global GHG mitigation while altering land use practices to favor

conservation and biological sequestration.
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Assumptions for Tool Creation

In order to create a useful model for offset income potential, it is important to
account for reasonable terrestrial sequestration rates, offset price estimates,
taxation, and more. These assumptions have been complicated by the variability of
available data, with organizations, academic institutions, and government entities

providing disparate estimates.

With the future price of domestic offsets under Waxman, for instance, the
EIA, EPA, OMB, CBO, and Duke University have published inconsistent price
projections. The OMB came out with the most conservative estimate, or a price of
roughly $11 (per ton CO2e US$2006) through 2020. The CBO estimate was nearly
twice that, and the EIA estimate predicted a tremendous spike to $30 (US$2006) by
2020 and well over $60 per ton CO2e by 203018, The trouble with the OMB and CBO
projections is that they do not expand beyond 2030, and Waxman forest offset
projects assume a 30-year duration, though this will likely change to take a more

scientific approach if and when standards emerge.

Auspiciously, the EPA and Duke Analyses provide projections through 2050,
which allows the model to comfortably assess 30-year projects through 2021
without the need for personal extrapolation. The EPA and Duke projections are also
on the more conservative end of the spectrum, which will give tool users a solid
estimate as to whether taking on such a project will meet their bottom line. Prices

will be easily adjustable in this model, but the web tool will offer a choice between

18 Appendix 1
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the Duke and EPA estimates for these sample calculations. The respective

organizational estimates are reproduced below®:

N A A S N T A R A A TS N AL A AR

Projected Offset Prices

O S e
Years
Hypothetical Example

Consider this scenario: An independent farmer owns 1000 acres of land. The

U.S. Government’s Conservation Reserve Program (when you hear the expression,

“farmers get paid not to grow”, the CRP is the likely culprit), offers to pay the farmer

an annual sum of money to set aside 1/5 of his acres to lie fallow while the land

19 See Appendix I for numerical values.
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rehabilitates. The farmer acknowledges that his land could use a recharge from his
corn farm’s heavy tillage requirements, but he hates to see 200 acres of land just

sitting there unproductively.

The farmer wonders if there is an alternative mechanism to generate income
from his land. A private option could redirect the taxes with which the government
finances the CRP to other important initiatives, and the farmer would not have to
take government handouts to generate income. Auspiciously, such a program was

developing in Congress and at the USDA.

Years later pending the Bill’s final passage and offset standard development:

The farmer has heard of a USDA operated program where landowners are paid
an annuity to sequester Carbon Dioxide through tree planting and forest management
projects when their land’s carbon sequestration is estimated and tallied at the year’s
end. The establishment of a carbon market created a market for carbon offsets. In
addition to carbon sequestration, forestry projects perform important atmospheric
and environmental services like criteria pollutant and particulate matter absorption.
Financially, the farmer has heard that these programs can reduce property taxes
through options like conservation easements, working farm easements, tree farm

easements, water quality-related easements, and similar mechanisms.

Acknowledging the opportunity to reap financial and environmental benefits
from carbon offset generation through forestry projects, the farmer decides to inquire

further. A website suggested by the USDA Offset Registry provides a user-friendly

21



model to assess potential carbon project value given a list of parameters the farmer

enters online based on income, land specificities, operating costs, and more.

The tool will produce a baseline estimate of project value based on ACESA’s 30-
year project period. Ultimately, the tool will develop to calculate the opportunity cost
associated with offset projects over farmers entering programs like the CRP or
continuing to grow, but for now the farmer will compare the model’s result to their

specific project opportunities to see which is the better bet.

After performing some basic calculations, the landowner decides to undergo a
tree-planting project on the 200 acres of available land. Based on their use of the web
tool, they contact a USDA certified consultant through the tool’s website to certify and
monitor the offset project to ensure conditions like additionality, sequestration rates,
and project perpetuity are met. Following the tree planting and implementation of the
project, the farmer receives an annuity based on estimates as to the tons of carbon
dioxide the 200-acre initiative sequestered that year and the market value of U.S.

domestic offsets.

Tool Manual

1. Select project start date from given options for tree planting project
a. 2012-2021
2. Choose between the currently offered offset price projections
(projected through 2050)
a. EPA
b. Duke

22



3. Select forest type given location and conditions (make quick

assumptions based on user’s familiarity with the land
a. Hardwood Moderate
i. Moderately fast growing hardwood forests
b. Hardwood Fast
i. Rapidly growing hardwood forests
c. Conifer Moderate
i. Moderately fast growing conifer forests
d. Conifer Fast
i. Rapidly growing conifer forests
. Select desired tree plantation spacing
a. Impacts number of trees per acre and project value
b. Tool recommends 15x15ft as the standard but leaves room for

flexibility

. Select Estimated Annual Inflation Rate

a. Estimated rate will inflate offset prices to match estimated
inflation rates

b. Creates a nominal value for annual taxation purposes

. Enter Federal Income Tax Rate

a. Creates an accurate post-tax valuation

b. Users can adjust tax rates based on their respective tax brackets

7. Enter State Income Tax Rate

. Enter estimated per acre planting costs
Recommended $75/acre for planting

b. Additional $0-125 for site preparation

c. User can alter this number to see how it will impact cash flow
and project value

. Enter Estimated per acre Incidental Costs

a. Maintenance

b. Certification expenses

c. Auditing expenses

23



d. Pesticides/Fertilizer
10. Enter Estimated Discount Rate
a. To find project NPV

b. Will allow users to compare to alternative projects

Tool

This tool is a work in progress, and will likely continue to be so long as
carbon offsets standards and accounting mechanisms are in flux. In addition to
fluxes in forestry offset protocols, elements like inflation, taxation, tax benefits from
easements and other incentive mechanisms, farmer opportunity costs, discount
rates, expanded price projections, and other economic and financial adjustments
will insure that this project will continue to evolve. In anticipation, this tool is
designed specifically for customizability. In order to avoid questions of additionality
and to ensure synchronicity with Chicago Climate Exchange sequestration data, this
tool currently produces results based on tree planting programs, and does so for

relatively homogenized forest types (hardwood vs. conifer).

Some parameters provide limitations based on feasibility, but all make
recommendations as to average conditions that a typical user can safely assume in
order to predict carbon offset value on targeted lands. Accessibility and user-
friendliness is the goal of this project, a strategy that will ideally allow interested
individuals without significant environmental, economic, or financial knowledge to

see how regulatory carbon markets could impact decisions on their land.
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The following section will further describe the parameters and options

available for tool users:

Carbon Bank: Some organizations suggest allocating a proportion of sequestered
carbon into a “bank” to hedge against year-to-year variability. In CCX, less rigorous
field testing and accounting means banked carbon will be higher, and less income
will accrue from the project. This tool parameter can be used to see how

sequestration variability will impact project value.

Years: This tool provides projections from projects starting between 2012 and 2021.
ACESA projects have thus far been given 30-year project horizons, and few offset
price projections go beyond 2050. In order to work with agency and academic offset
price estimates without extrapolation, the last year to start in order to fit in a 30-

year project life is 2021.

Offset Price Projections: The OMB, CBO, EPA, EIA, and institutions like Duke have all
made offset price predictions given the creation of carbon markets under ACESA.
The OMB, CBO, and EIA do not project into the future as far as the EPA and Duke.
The EPA and Duke estimate offset prices through 2050, providing the more
thorough range necessary to complete 30-year project analyses. For the Duke
numbers, offset prices in the plan were based on modeling results developed by
Duke’s Nicholas Institute for Environmental Policy Solutions and the Climate Change
Policy Partnership (CCPP). These two entities modeled carbon and energy prices
using the Adage model. The model data assumes that carbon legislation will be in

place by year 2012.
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Forest Type: The forest type parameter relies on Chicago Climate Exchange (CCX)
data?0 to estimate annual carbon sequestration rates per 100 planted trees. The
estimates break down into hardwood versus conifer, and fast versus moderate
versus slow within those categories. It might seem that the CCX data over-estimates
the amount of sequestered carbon in these forests, and they probably do. These
numbers could be a good reflection of sequestration assumptions to come, however.
The USDA has a history of streamlining operations and farm owners and land
owners will likely benefit from the inflated sequestration rates that bring them
more earnings. Ideally, accounting standards will be more reflective of scientific
accuracy, however as it stands, CCX provides an accepted standard for estimating

sequestration rate.

Inflation Rate: Predicting future inflation rates will enable users to gauge nominal

earnings and see how taxes will impact offset prices.

Planting Costs/acre: Planting costs vary according to location, land type, desired
forest type, site preparation, and labor. Local North Carolina site preparation and

planting for forestry projects typically cost $75/acre and $50/acre respectively.?!

Annual Maintenance Incidentals/acre: There will be small costs associated with
maximizing the land’s carbon sequestration capacity. Thinning, controlled burns,

and other techniques ensure that the land yields the greatest dividends as a carbon

20 Chicago Climate Exchange, 2007. CCX Rulebook. http://www.chicagoclimatex.com/
docs/offsets/CCX_Rulebook_Chapter09_OffsetsAndEarlyActionCredits.pdf
(retrieved 10.06.09)

21 Appendix IV—]Judd’s receipts (will scan soon).

26



sink. In some cases, the income generated from selling thinning rights to timber
companies could offset regular maintenance costs. This estimate will largely be left
up to the user, with an estimated average of roughly $5-10 per acre recommended

for landowners who are unfamiliar with possible costs.

Tool Screenshot Samples

Below is a reproduced sample of the web tool, accessible at

www.selestos.com. A key provides recommended selections so users with limited

familiarity with carbon sequestration projects can participate in the appraisal
process. Providing convenient access to inexperienced users, landowners, and

interested parties is the goal of this project.

The parameter options are listed in blue and white. In some cases, users
enter a suggested or anticipated parameter themselves. In other instances, users
select appropriate assumptions given the provided options in a drag-down menu to
the right of the cell. Presented in green and yellow are the results associated with
running the model. The tool calculates net carbon-capture yielded from the product,
some potentially relevant financial data, and the project’s expected Net Present Value,

or the value of the project today adjusted for discounting and inflation.
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Tool Screenshot 1

Carbon Bank****x* 0%

_________________ Projections* |  Duke |
. TreeSpacing* |  12x12 |
. Acreage** | 50 |
| Planting Costs/Acre (Enter) *** | $  150.00 |

Nominal Net of Tax Profit 883,747

Project Net Present Value $134,925

Altering parameters in the model demonstrates how changes in certain
variables will potentially impact players in the carbon offsets market. These
exercises are important for investors, land owners, and regulated entities like
energy companies participating in carbon and offsets markets. For instance, starting
a tree-planting program in the year 2021 will result in an increase in project value
due to rising prices in the offsets market. Users can thus determine the benefit of

delaying a project or starting the project sooner.
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Tool Screenshot 2

Carbon Bank****x 0%

| Projections* |  Duke |
. TreeSpacing* |  12x12 |
| Acreage** | 50 |
| Planting Costs/Acre (Enter) *** | $ _ 150.00 |

Nominal Net of Tax Profit 1,380,356

Project Net Present Value $150,652

Comparing “Tool Screenshot 1” to “Tool Screenshot 2” demonstrates that
waiting 9 or 10 years to start the project could have a roughly $15,000 impact on
project NPV. The assumed amount of carbon sequestered remains the same,
however rising offset prices account for increases in the value of the carbon
sequestered on a per ton basis. In essence, waiting for higher offset prices will yield

higher project values.

Selected forest type has substantial impacts on the quantity of carbon
sequestered, and transitively, the amount of financial income generated by the
project. Adjusting the parameters from “Tool Screenshot 2” to predict outputs given
a different forest type, it is evident that lower annual sequestration rates in conifer

forests yield lower payoffs for tool users than fast growing hardwood stands.
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Tool Screenshot 3

Carbon Bank* **** 0%

. Projections* |  Duke
. TreeSpacing* | 12x12 |
. Acreage** | 50
| Planting Costs/Acre (Enter) *** | $  150.00 |

Nominal Net of Tax Profit | ¢ 1,052,657 |

Project Net Present Value $110,751

Tree spacing also has a substantial impact on carbon sequestration
quantities and financial payoffs. Users will want to maximize the amount of trees
per acre to optimize carbon sequestration on their land, however irresponsibly
close row spacing will have diminishing returns. Finding the proper balance
between maximizing individual tree presence and allowing trees the space to grow
is an important component of forest planting. Note the impact of adjusting the row
spacing to accommodate fewer trees while viewing the difference between the
12x12 row spacing in “Tool Screenshot 3” and the 15x15 spacing in “Tool
Screenshot 4”. Net carbon sequestration decreases significantly, and resulting
project value declines with it. Users will have to find the right balance to optimize

sequestration potential on relevant lands.
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Tool Screenshot 4

Carbon Bank* ** ** 0%
__________ Projections* |  Duke
| TreeSpacing* |  15x15 |3
. Acreage** | 50 |

Planting Costs/Acre (Enter) *** | ¢  150.00 |

Nominal Net of Tax Profit 667,862

Project Net Present Value $68,567

There are a variety of additional scenarios to test out with this web tool, and

interested parties can visit www.selestos.com for more information.

Sensitivity Analysis

Conducting a sensitivity analysis is important for gauging the impacts of a
model’s most vulnerable parameters and assumptions. The following charts
demonstrate the impact of -30% to +30% changes in carbon offsets prices, start-up
costs, maintenance costs, and carbon sequestration quantities to test the sensitivity
of these parameters and assumptions. The tool’s starting assumptions for the

purpose of this project are reproduced below:
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Screenshot 5

Carbon Bank* **** 0%

. Projections* | EPA
. TreeSpacing* |  12x12 |
. Acreage** | 50 |
| Planting Costs/Acre (Enter) *** | $  150.00_

Nominal Net of Tax Profit 945,970

$128,803

Project Net Present Value

Sensitivity Analysis Charts

Carbon Offsets Price Sensitivity
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40% -

30% -

20% -

10% -

Start-Up Cost Sensitivity

0%

126500 127000 127500 128000 128500 1290

-10% -

-20% -

-30% -

-40% -

9500 130000 130500 131000

NPV

% Change

40% -

30% -

20% -

10% -

Maintenance Cost Sensitivity

0%
128
-10% -
-20% -

-30% -

000 129200 129400 129600

000 128200 128400 128600 128800

-40% -

NPV

33



Carbon Sequestration Sensitivty
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The universally linear results of the above sensitivity analyses show that
changes in the observed parameters and assumptions will have relatively

unsurprising, easily interpretable consequences.

Next, Oracle’s Crystal Ball provided probabilities of various outcomes given
price randomization; prices likely being one of the most sensitive parameters give

markets and regulatory dependence.
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Crystal Ball Outcome Probability Testing

5,000 Trials Frequency View 4,983 Displayed
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Oracle yielded a relatively normal, bell-curve distribution around the mean.
The Gaussian output indicates that the majority of NPV outcomes given the
parameters assumed in this section will fall between $126,000 and $132,000, a
relatively small variation in price output. It follows that this tool will be a relatively

effective predictor of forest offsets project valuations under these conditions.

Comments

It is a fact that tree-planting programs sequester carbon dioxide during their
project life. Monoculture tree plantations are the easiest way to ensure ease of
accounting and additionality. That being said, monoculture tree plantations lack
diverse habitat for an array of flora and fauna, effectively creating a relatively

homogenized ecosystem.
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As this tool develops, it will ideally grow to incorporate mixed forests,
conservation programs, and other initiatives. Monoculture plantations simply serve
as a solid foundation for deriving reasonably accurate sequestration rates. Tree-
planting programs allow questions of “additionality” to be avoided, as such projects
will sequester carbon beyond what would have been absorbed had the project never
existed. Growing new forests rather than preserving existing forests is an effective
way to ensure additional carbon is sequestered, though it is not necessarily optimal

for involved ecosystems. This must be determined on a case-to-case basis.

In order to generate policy support, domestic offsets, and biological
sequestration, convenient tools must be available for landowners to evaluate their
options without significant upfront costs. Land and project auditing is a relatively
expensive proposition, and preliminary web tools can provide a cheap or free means
of estimating project values, which could in turn spur landowner action. If the
project seems viable, an auditor can be called in for more nuanced estimation and
site planning. Such tools could help alleviate the domestic offset shortage expected

under carbon legislation like ACESA.
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Appendix—Assumptions Charts

Appendix I, Estimated Offsets Prices

Numbers are in real$2006

EIA
2012 17.93
2013 19.26
2014 20.69
2015 22.22
2016 23.86
2017 25.63
2018 27.52
2019 29.56
2020 31.75
2021 34.1
2022 36.62
2023 39.33
2024 | 4224
2025 | 45.37
2026 | 48.73
2027 52.33
2028 56.2
2029 60.36
2030 64.83
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046

OMB

CBO

Duke
CAP

11.36

16

12.16

11.37

17

12.76

11.38

18

13.40

11.41

19

14.07

11.48

21

14.77

11.51

22

15.51

11.55

24

16.29

11.61

26

17.10

11.69

17.96

18.86

19.80

20.79

21.83

22.92

24.07

25.27

26.53

27.86

29.25

30.72

32.25

33.86

35.56

37.33

39.20

41.16

43.22

45.38

47.65

50.03

52.53

55.16

57.92

60.81

63.85
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2047

2048

2049

2050

67.05

70.40

73.92

77.62

Appendix II, CCX Sequestration Rates Assumptions

Tree Plantings (Metric tons CQO;) per One Hundred Trees by Tree

Type and Age

Annual Sequestration Rates by Tree Type and Growth Rate

(metric tons CO; per one hundred trees)
Hardwood Conifer
Tree Tree Slow | Moderate| Fast Slow [Moderate| Fast
Age* diameter
(at 4.5 feet
height)

0 1 inch 0.15 0.22 0.31 0.08 0.12 0.16
1 1.33” 0.19 0.31 0.47 0.10 0.17 0.26
2 1.66” 0.23 0.41 0.63 0.13 0.23 0.36
3 2.0” 0.28 0.50 0.80 0.16 0.29 0.48
4 2.33” 0.33 0.61 0.99 0.19 0.36 0.61
5 2.66” 0.37 0.71 1.18 0.22 0.43 0.75
6 3.0” 0.43 0.83 1.38 0.26 0.51 0.89
7 3.33” 0.48 0.94 1.59 0.29 0.59 1.04
8 3.66” 0.54 1.06 1.81 0.33 0.68 1.19
9 4.0” 0.58 1.19 2.03 0.36 0.77 1.36
10 4.33” 0.64 1.31 2.25 0.41 0.86 1.54
11 4.66” 0.70 1.43 2.48 0.44 0.96 1.71
12 5.0” 0.76 1.57 2.72 0.49 1.06 1.90
13 5.33” 0.82 1.70 2.96 0.54 1.15 2.09
14 5.66” 0.87 1.84 3.21 0.57 1.26 2.28
15 6.0” 0.94 1.97 3.46 0.62 1.38 2.49
16 6.33” 1.00 2.11 3.72 0.66 1.48 2.70
17 6.66” 1.06 2.26 3.97 0.71 1.60 2.91
18 7.0” 1.13 2.40 423 0.77 1.71 3.14
19 7.33” 1.19 2.55 4.50 0.82 1.83 3.36
20 7.66” 1.26 2.70 4.78 0.86 1.95 3.59
21 8.0” 1.33 2.84 5.05 0.92 2.07 3.82
22 8.33” 1.40 3.01 5.33 0.97 2.20 4.07
23 8.66” 1.46 3.16 5.61 1.03 2.33 431
24 9.0” 1.53 3.31 5.90 1.07 2.46 4.56
25 9.33” 1.60 347 6.19 1.13 2.59 481
26 9.66” 1.67 3.64 6.48 1.19 2.73 5.07
27 10.0” 1.75 3.79 6.77 1.25 2.87 5.33
28 10.33” 1.82 3.95 7.08 1.31 3.01 5.59
29 10.66” 1.89 4.11 7.38 1.36 3.15 5.86

22Chicago Climate Exchange, 2007. CCX Rulebook. http://www.chicagoclimatex.com/
docs/offsets/CCX_Rulebook_Chapter09_OffsetsAndEarlyActionCredits.pdf
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Appendix I1I, Tree Spacing—Tree/Acre Factor

spacing #trees/acre

10x10 436
11x11 360
12x12 303
13x13 258
14x14 222
15x15 194
16x16 170
17x17 151
18x18 134
19x19 121
20x20 109

23

(retrieved 10.06.09)
23 http://warnell.forestry.uga.edu/service/library/for96-054/index.html




