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Executive Summary

Background

Restoration of the Mississippi River Delta is of national fesgmnice, and_ouisiana currently accounts for

almost 90% of all coastal wetland loss in the United Stesivillion et al., 2011)The Mississippi River
5StaGlrQa ¢SGflryRa IyR gl GSNBIFea O2y iNROdandialyi Sya 27F
support millions of jobsand provide hurricane protection and valuable fish and wildlife habitat that are
GAGEE (G2 [ 2 dzh a®re yflth@rijor ahdiangdddr gohstalirdstardtion is finding financing

on a scalevhichall stakeholderdind to be sufficient.

Carbon finance shows significant potential to be leveraged with current restoration programs to fund

wetland restoration projects. The carbon sequestered in vegetated coastal ecosystems, specifically
mangrove forests, seagrass Bed 'y R &l fd YI NBKS&AX KIMeleod &&ly § SN S
2011). In coastal Louisiana, blue carbon also refers to carbon sequestered in soils and trees of tidally
influenced cypressupelo forests and freshwater marshes. Wetland restoration ewiea carbon
sequestration and avoids carbon releases that oasiwetlands convert to open water A carbon

offset (mtCO2¢)also referred to as a carbon credi, a metric ton reduction in emissions of carbon

dioxide or greenhouse gases made in order to compensate for, or to offset, an emission made
elsewhere. Allowing entities to privately invest in wetland restoration projects to offset greenhouse gas
emissims elsewhere holds promise as a new carbon offset sector.

Approach and Methods

The objective of this study was to evaluate the commercial potential of blue carbon in Louisiana and to
identify information needs for future scientific investigatitmat sugport 6 SG f | Y RA Q cukrghOf dza A 2 y
and future carbon offset programsExisting restoration techniques were analyzed to identify scalable
restoration methods that show commercialization potential as wetland offset projecke predicted

carbon offset yéld for the various restoration techniques wasodeled based upon currentpeer

reviewed literatureon carbon sequestration and greenhouse gas emissiofisese values were then

refined in line with carbon market rules teflect a 20% buffer deductiothat guards against the risk of

reversal Thefinal carbon offset yields were appligd the amount of corresponding area that can be
NBali2NBR T2NJ SIOK NBAaAG2NXGA2y GSOKyAljdzS Fa RSGSNY
Sustainable CoagsCWPRA2012) Restoration techniques that were not detailed in the master plan

were analyzed separately to determine the potential applicable area of the restoration technique.
Finally,possible price scenarios were evaluated to account for- lamd highend ranges of expected

prices in both compliance and voluntary carbon markagspendix C)
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Findings

The final results revealed thabastal wetland restoration in Louisiana has the potential to produce
over 1.8 million offsets per year almost 92 million offsets over 50 yearsRestoration techniques that

were identified as having potential as wetland carbon offset projects include river diversions, hydrologic
restoration, wetland assimilation, and mangrove plantings. Of the restoration tggbsiforested
wetlands that receive treated municipal effluent, referred to as wetland assimilation systems, have the
highest net offset yield per acre. However,was concluded that river diversions and mangrove
plantings have the potential to generat@e largest volume of offsets in Louisiana due to the large
amount of acreage upon which these restoration techniques can be implemented (Figure 1). It should
also be noted that carbon credits from wetland assimilation systems and river diversions steniagl

to be stacked wh water qualitycredits,should these markets evolve in Louisiana.
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Figure 1: Net offset potential in Louisiana by wetland restoration type including a 20% buffer deduction

Wetland restoration techniques identified in this studould potentially generate $400 million to almost

$1 billion in offset revenue depending on the price achieved for the carbon of®atently preventing

the emissions that occur during wetland loss is not included in wetland carbon accounting
methoddogies. If included, this prevented loss coydovide an additional $140 million to almost $630
million, depending on the price of the carbon offset, rates of wetland loss, subsidence, and sea level rise.
Conservative estimatesaking into consideration thosefactors that impact carbon offset prices and
yields, determine thatarbon finance has the potential to bring a total of $540 million to almost $1.6
billion to assist with wetland restoration in the coastal areas of the Mississippi RDelta(Figure 2).
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Figure 2: Total projected revenue potential of wetland carbon offsets in Louisidan wetland
restoration and prevented wetland lossicluding a 20% buffer deduction.

Recommendations

The recommended next steps to increase thenarercial viability of wetland carbon offsets and realize
the significant potential of wetlands to sequester carbon include:

1 Undertakng efforts to reduce project development costs and simplify monitoring, reporting and
verification including:

o0 Furtheringresearch to either justify the exclusion of Gldfaissions in wetland carbon
accounting orthe development ofregional emissions factorby restoration project
type.

0 a2RATE@AY3I [2dAaAiAlyl Qa /2FIaid6ARS wSFSNByOS
carbon offsetmonitoring parameters.

o Developing wetland carbon and GHG emission models.

o0 Creating a technology tracking database that allows for the management of large
volumes of information associated with wetlands in a systematic fashion.

1 Furthering research to detrmine the carbon impacts of prevented wetland loss and
incorporating results into current wetland carbon accounting methodologig$e large offset
potential from prevented wetland loss demonstrates the importance of creating a mechanism
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to quantify thecarbon benefit of preventing wetland loss in order to optimize the amount of
offsets that can be achieved out of a specific restoration project.
1 Publishing lessons learned from existing pilot projects including:
0 Analyss of costs anthenefits,
0 Publicprivate paradigms that demonstrate the ability to leverage carbon finance with
government restoration dollars.
9 Advocating with carbontandards on issues thatnpact the viability of wetland carbon projects
including
o Allowing use of federal funds considering the high cost and multiplbenefits of
wetland restoration,
Environmental credit stacking,
Types of conservation easements eligible for carbon projects,
Rules and processes for project aggregation, and
o0 Qediting period length for wetland restoration projects.
9 Establising funding pools that will allow wetland project development to scale up to meet
future carbon demands in the compliance market.
1 Modifying existing wetland methodologies and protocols tb the compliance market for
LR GSYdAlLt AyOfdaizy 2F 6SitlFyRa Ay [ FEATF2NYALC
for offset credits &higher offset prices.

o O O

Conclusion

The results of this assessment demonstrate that carbon finance has subbtaotiential to generate

important revenue to support wetland restoration that will likely lead to new puptizate paradigms

that leverage carbon finance with government restoration dollars. This study points to Louisiana as an
innovator of creative ihancing strategies for wetland restoration, and as creating new investment
opportunities that will yield significant economic and environmental benefits. Beyond the Gulf Coast

this work can be expanded to address other critical wetland areas such &atnamenteSan Joaquin
5StdFY Ct2NARIFIQa 9@OSNHfIFIRSa FyR ¢SGflyRa&a Ay +ANHA
be influential in conserving other areas of the world such as the Amazon, Congo, and Mekong deltas.
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1.0 Introduction

The Mississippi River Delta is one of the most productive ecosystems in the worldiimpycessential
goods and services at a variety of temporal and spatial scales, including carbon sequeéSmiibnet

al., 1983; Hussein et al., 2004; Mitra et al., 2068althy wetlands also help reduce coastal flooding and
improve water qualitywhile providing habitat for thousands of species of flora and fauna, of which
many are unique to wetland ecosysteméait a rate of one football fieldf area perhour, Louisiana has

t2ali mIdpnn aljdd NB YAt Sa 27998 BayfaRet al, RG0HSuvilliéh®t am o n Q &

2011;Dunbar et al. 1992).¢ KS aAaaAraaALlIIA wAGBSNI 5S8tGFQa 6Sidtl yF

billions of dollars to the United States economy every year and support millions of jobs. Much of the
U.S. economy dependsn sustaining the navigation, flood control, energy production, and seafood
production functions of the Mississippi River Delta and river system. Each of these functions is currently
at severe risk due to coastal wetland loss. One of the largest chabdn finding sufficient financing to
complete coastal restoration that is on a scale that all stakeholders agree is neBdeduse wetlands
sequester large amounts of carbon in soils and plants, the growing carbon market proyidesngal
funding sairceto support restoration and conservation of these valuable ecosystems

The Mississippi River delta is a complex coastal system. Like most delsasnade up of several
interdistributary hydrologic basins that are separated by current or abandoned river distributary
channels (Roberts997). The delta consists of two physiographic units, the active Deltaic Plain to the
east and the Chenier Plain to the west (Rohel®97). Active delia lobe formation took place in the
deltaic plain. The Chenier Plain was created by a series of beach ridges and mud flats that formed by
periods of westward drift of sediments from the rivéfhe delta is also characterized by a series of
vegetation zone (saline, brackish and fresh marshes and freshwater forested wetlands, from the coast
inland) that are determined primarily by salinity and soil conditions. The total area of the dettarés

than 6 million acres (25,0007K), including wetlands, shallowater bodies, and low elevation ridges
formed by current and abandoned distributary ridges and beach riddgesillion of these acre€l6,000

km?), show potential foimproved wetland management and restoration.

Emissions trading & marketbased appoach that provides economic incentives for reducing pollution.

¢2RIF2Qa OFNb2y YINySGa KIS F2dzyRIFdGA2ya Ay Sk NIA

Rain Program, which from 1990 through 2007 successiidgd emissions tradingo reduce he
emissions from power plants that were causing acid ra@arbon markets areimilar to this program
which put a price on the emissions of sulfur dioxide and nitrogen oxidégyare designed to work by
assigning a price to greenhouse gas emissions. Unctempliance emissions trading systeragulators

SadroftArAak F WOl 2y GKS G20Ft FY2dzyd 2F SYAaaa

acquire permits covering eadbn of greenhouse gases they produce. The exchange of permits on an
open market allows emitters to choose whether it is more esfftctive to purchase these permits at

é

~

f«

YEN] SG LINAROSAa 2NJ NBRdzOS G KSANI 2 dafilityS Whasa aniisgigha Ay G S

trading programs are collectively referred to as carbon markets. Currently the carbon market is
comprised of compliance markets, made up of emitters Wy law are obligated to reduce their
emissions(e.g. California)and voluntary markes in which organizations voluntarily reduce their
emissionoften to abide bysustainabilityplans supported by company shareholder board members

11
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Projectswhich reduce greenhouse gas enmimss3I Sy SNI G S & QFANE®NOfset fniCDé), i a ¢
alo referred to as a carbon credits a metric ton reduction in emissions o€arbon dioxide or
greenhouse gases made in order to compensate for, ooftset, an emission made elsewhereTo
ensure quality and offset validity, protocols and methodologmast be certified and provide a
transparent accounting procedure for the devetoent, verification and monitoring of offset projects.
Methods to develop a carbon offset can align with voluntary guidelines or specific standards set by
federal, regional, o state entities. Carbon offset projects themselves are diverse, and include
renewable energy projects, energy efficiency projects, projects that destroy industrial pollutants, and
projects that protect or restore forests and improve land use among others

Environmental credit markets, especially carbon markets, provide an important and innovative approach
to support environmental restoration and conservatiofor a variety of financial, environmental, and
political reasons, substantial interest exi$éts carbon offsets derived from terrestrial landscapdsor

more than a decade, evolving and maturing carbon markets have supported forest restoration projects.
Governments, environmental organizations, private companies, and carbon funds, appear twdre dr

by the potential that carbon offsets may obtain a premium price in the futune2013 globally buyers
purchased 32.7 million mtCQe of carbon offsets fromland use projects including forestry and
agriculture This wagied with 2010 forthe highest volume in history (Pete8anley et al., 2013)n
addition, forest project benefits beyond carbon sequestration are increasingly being quantified, with
researchers claiming these projects led to the protection of 13 million hectares for gadethspecies,

an additional 9,000 jobs worldwide and $41 million in benefits to education, infrastructure and health
care

The past two years have bestrongfor carbon markets and for forest carbon projectat a national
level, the US National ClineatAction Planreleased in June 2013, focused energy and attention on
climate change, including the role forestwld in mitigating climate change and call for new
approaches to protect and restore forests, grasslands and wetlaritddselopmentsin the Glifornia
compliance markeindicate a strongand continuingregulatorystructure, andprivate sectorcompanies
have increased their focus dheir climate impactgAppendix B)During this timea new carbon market

in Chinaweighed inclusion of forest caon offsetsinto their program This energy for innovative
solutions, combined with trends in voluntary marketshat favor highquality land use and forestry
projects,and the continued progress of é¢hCalifornia compliance markegtrovide strong potential for
support of highquality, scientifically rigorousffset projects in wetland restoration.

Recent developments pave the path for carbon markets to support wetland restoration. Inth@12,
American Carbon Registry (ACR)leadng carbon market tandard, certified the first wetland offset
methodology This methodologyda wSa G 2N GA2y 2F 5S3INFRSR 5SSt A0
created the first routeto-market, opening the potential of carbon market investment intothaed
restoration projectgMacket al, 2012)" Other recent developments also show the growing recognition

! This methodology was developed by Tierra Resources and fundettdrgye Corporation through st
Environmental Initiatives Fund.

12
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of the importance of leveraging ecosystem markets for wetland restoration and improved management
for climate benefits including:

1 In 2010 anandysis of wetlands and land use changas included in the National
Assessment of Ecosystem Carbon Sequestration and Greenhouse Gas(Hhxet al.,

2010)

1 In2013the Intergovernmental Panel on Climate Charegpanded guidance on wetlands in
climate acounting(Blaine et al., 2013)

1 In December 2013 the first global methodology for Tidal Wetlands and Seagrass Restoration
was submitted for approval tthe Verified Carbon Standard (VESilvestrum and Crooks,
2014)

1 In February 2014 the VCS approwhethodology to quantify the greenhouse gas benefits
of wetland creation activities in the United StatfgdH2MHILL and EcoPartners, 2014)

1.1 Wetlands and Carbon Sequestration

G/ FNB2Yy {SIjdzSA0GNFdA2yé NBFSNE (2 (KSotheNBtofay@dl f 2 °F
mechanisms, which camitigate greenhouse gasesleased as a result of changes in land use and the

burning of fossil fuelsThe carbon sequestered in vegetated coastal ecosystems, specifically mangrove
forests, seagrass beds, andsalt fia&&d > KlF a 0SSy G(SNYSR,200)f thzSoashal Nb 2 y Q
Louisiana, blue carbon also refers to carbon sequestered in soils and trédallgfinfluencedcypress

tupelo forests and freshwater marshedVetland restoration is an effective clate change mitigation

strategy because it enhances carbon sequestration and avoids carbon releases that would occur in the
absence of restoration activities.

There are five general carbon storage pools in wetlaffdsaboveground treesj2) aboveground
herbaceous vegetation3) surface litter;(4) dead wood; and5) belowground organic soil that include

all organic matter from belowground productivity and some organic matter produced aboveground that
is buried as detritus. Wetland restoration techniguenhance carbon sequestration via increased
vegetative productivity, carbon burial, and avoided carbon release. Increased productivity and accretion
result in enhanced aboveground biomass and root production, leading to enhanced organic soil
deposition aad carbon sequestratio(Day et al., 2004)Geological subsidence of this organic soil results

in significant permanent carbon burial. Overall, the amount of carbon sequestered is highly dependent
on the health and productivity of the wetland, as largaaunts of previously stored carbon can be re
released to the atmosphere if the wetland deteriorai@avidson and Janssens, 2006)

Wetlands can also emit greenhouse gases (GHGs). Methane production tends to occur in low salinity
and freshwater tidal flat and marshes because of the high organic matter content of the soils at anoxic
depths. As salinity increases, methane emissions decrease or cease completely due to the availability of
sulfate, the reduction of which inhibits methane formation. Small anis of nitrous oxide can also be
emitted by wetlands during nitrification and denitrification. In general, wetland emissions can
contribute to GHG impacts and require further investigation. The Intergovernmental Panel on Climate
Change (IPCC) requiresdl use change assessments to quantify only those emissions resulting from
direct human impacts. For the purposes of quantifying and valuing carbon sequestration in wetlands, it
is the change of emissions beyond what is naturally occurring that mustditjed.

13
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2.0 Restoration Techniques andabonModeling

The objective of wtland restorationis the restoration of hydrology, vegetation, and wetland functions
to sites where wetlands previously existed or are currently degraded. Various technigquaseat to
achieve wetland restoratiorand not all approaches are suitable forvaétland systems.As part of this
study, existing restoration techniques werxaminedto identify restoration methods that show
commercialization potential as wetland offset projects. Téstoration techniqueshat were identified

as having potential as wetland offset projegtsludethe following

1 River diversions (alseferred to & sediment diversions andekhwater diversions) use of
new channels and/or structures to divert sediment and freshwater from the Mississippi and
Atchafalaya Rivers into adjacent basins.

1 Hydrologic restoration- installation of features that restore natal hydrologic patterns
either by conveying freshwater to areas that have been cut off by-made features or by
preventing the intrusion of salt water into fresh areas through masde channels and
eroded wetlands.

1 Marsh creation creation of new wetlads in open water areas, including bays, ponds, and
canals, through sediment dredging and placement. Most projects involve pipeline
conveyance of sediment.

1 Wetland assimilationt the introduction of treated municipal effluent into impounded and
degraded wéands to provide freshwater and nutrients for restoration purposes.

1 Mangrove plantings- assisted natural regeneration, seeding, or tree planting of black
mangroves (Avicennia germinans).

The predicted carbon offseyield was detemined for each offsetestoration techniquebased upon

currently available empirical datan carbon sequestration and GHissions from various types of

wetland systems in the Mississippi River deltaic plain, as wellaker areas of the worldAppendixC).

The amount ofcarbon sequestratiorthat can be counted toward carbon offsetdepends on the

difference between the carbon sequestration ratel y | LILINR 3SR o0l aSt AyS> gKAOK
asdzi dzI f ¢ , hdNIh©raté B8 desults from the restoration activityiree and soil carbon pools

were conservatively selected to represent the amount of carbon being sequestefgrhendix C

provides additional detaihow the baselineand project carbon stocks, emiss® and offsets were

estimated

The sequestration rates for river diversions and hydrologic restoration were analyzed together since
both involve the introduction of freshwater or the prevention of saltwater intrusidviarsh creation

was eliminated from the study based upon a lack ofpeival data to model carbon yields, concerns
over the permanence of the restoration technique, and the need to deduct significant fossil fuel
emissions that occur during the pipeline conveyance of sedimblone of the projects increased GHG
emissions bgond what occurred under the baseline scenario.

As summarized in Table lorésted wetland assimilation had the higgt net offsets at 7.0
mtCQe/aclyr, followed by forested river diversions and hytirgic restoration (3.8mtCQe/ac/yr),
emergent weland assimilation (3.1mtCQe/ac/yr), mangrove planting (2.0mtCQe/aclyr), and

14
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emergent river diversions and hydrologic restorati@0.8 mtCQe/ac/yr). While the offset potential

from river diversions is somewhat lower than some other approaches, its losia per acre restored

(less than half the cost per acre of hydrologic restoration, and less than one eighth the cost of beneficial
dredging), may make these projects attractive in some circumsta(i@a4”RA, 2012)Diversions and
wetland assimilation systns also have the potential to be staed with water qualitycredits as these
markets develop.

Project Baseline Net

C Seq. C Seq. Offset
Hydro / Diversion - forested 8.5 4.7 3.8
Hydro / Diversion - emergent 4.0 3.2 0.8
Marsh creation data unavailable
Wetland assimilation - forested 11.7 4.7 7.0
Wetland assimilation - emergent 6.3 3.2 3.1
Mangrove planting 5.8 3.8 2.0

Table 1.Preliminary estimate of offst potential (units inmtCQe/ac/yr).

2.1 Carbon Modeling Discussion

The net difference between the baseline scenario and the restoration activity is what can be transacted
as wetland carbon offsets. Restored wetlands demonstrate an enhanced sequestration rate through
enhanced plant growth and accumulation of orgamiatter in soils The literature review suggests that

for many wetland restoration projects, the baseline scenarios have higher emissions of GHGs than the
project. While this is good in terms of carbon sequestration, it should not be viewed as a measureable
phenomenon, but rather as an expression of the inherent high variability of GHG emissions by wetlands.
There were generally many more baseline measurements compared to project measurements in the
dataset used for this analysis, and given the high variphilit GHG emissionsghere was a greater
chance for the baseline average to include some very high emission rates that raise the baseline mean.

High natural GHG emissions from wetlands, coupled with very high spatial and temporal variability
regardless ofanthropogenic effects, make the inclusion of GHG emissions in carbon sequestration
calculations questionable. In addition, for projects that introduce water with high nutrient
concentrations, such as assimilation systems, the inclusion of GHG emissipnstibe necessary since

the highly nitrified water would have to be discharged someplace else (i.e., river, bayou or canal) where
the same GHG emissions would likely occur. Greenhouse gas emissioethafe CH) are primarily

an issue for fresh andW salinity wetlands, as there is a strong inverse relationship betw@kin
emissions and salinity. At salinities above aboprdctical salinity units (PSWQH emissions are very

low because of the presence sillfate Q) in seawater, which when tindergoes sulfate reduction,
inhibits CH release. Nitrate (N§) behaves similarly aSQ by inhibitingCH emissions. Projects that
introduce nitrate into wetlands, such as wetland assimilation and river diversions, are also likely to have
reduced CH emissions compared to baseline. In the case of river diversions, the high nitrate
concentration of diverted water inhibits methane production while the low nitrogen loadite, high
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organic carbon levels, optimum pH, high ambient temperatures, and aerabi@ zone close to the
sediment surface encourages complete denitrification to dinitrogen, which does not contribute to global
warming. The literature review confirmed that wetland restoration projects have no measurable n
increase in GHG ensisns

The overall question is not whether wetland carbon sequestration projects €mMior nitrous oxide

(N>Q) per se, but whether the rate of these emissions is higher than what would occur given the baseline
scenario. The high inherent spatial and temporal variability of GHG emissions by wetlands may make
the monitoring of greenhouse gases, to reach confidengervals required by emissions trading
markets, cosprohibitive. The final results of the restoration technique analysis determined that river
diversions, mangrove plantings, and wetland assimilation projects show the most potential for carbon
offset development in the Mississippi River Delta.

2.2 Prevented Wetland Loss

Unfortunately, many wetlands in Louisiana are deteriorating, resulting in theelease of large
amounts of previously stored carboroviding wetland offset credits for prevented wagild loss in the
Mississippi River Delta may be essential to providing a strong business case for carbon investment into
wetland restoration projects. Restoration projects may demonstrate that their implementation is
preventing wetland loss rather than ricreasing rates of above and bel@round sequestration.
Restoration techniques that can prevent the conversion of land to open water prevent ttedegse of
previously stored carbon when the wetland deteriorates (Davidson and Jansae@s). When
vegetation death occurs, organic carbon undergoes complex cycling, with the fate dependent on the
specific type and source of carbon (Reddy and Del,aR0@8); part of the soil organic carbon is
decomposed, resulting in GHG emissions, and part is buriecereithsitu or exported and buried
elsewhere. The top 50 cm of the wetland soil horizon generally includes the living root zone, which is
most geomorphically unstable, most susceptible to erosion, and can be decomposed and volatilized
when the vegetation ibs. Based on values derived from the scientific literature, on average, the top 50
cm of wetand soil contains 2061tCQe/ac (Appendix ¢

The potential exists for this carbon to be claimed as carbon offsets if restoration efforts are successful in
preventing the loss of the wetland soil horizon. Research initiatives are currently underway to
determine the proportion of the root zone that becomes volatilized as greenhouse .§as#hile this
information is being developed, a conservative estimate 26% (51.6mtCQe/ac), 50% (103.2
mtCQe/ac), and 75% (154.mtCQe/ac) of the carbon contained in the root zone were used for the
purpose of estimating potential wetland carbon offsets.

Appendix C provides additional detaihow the baselinecarbon stock, emissias, and offsets were
estimated

% ConocoPhillips and Tierra Resources are currently performing research on the fate and transport of carbon
(prevented wetlandoss)at saline, brackish, and fresh emergent sites
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3.0Financial Ealuation of Potential Wetland Restoration Carborréfects

The potential for a wetland restoration project to benefit from the carbon market depends not only
upon the potential of the project tincrease sequestered carbon, but also upon the rules of the carbon
standard applied, the costs of monitoring, documenting, and selling verified carbon offsets to market,
and on the price of carbon offsets achiewgppendix A) Coss of developing and rewting ofa carbon

project can be substantiabften in excess of $200,000 in initial development costs before offsets can be
sold. Some of these costs may decrease over time as project developers apply lessons learned in pilot
projects to improve efficiecy in later projects.

At this time, thee areonlytwo approved methodto transact wetland carbon offsethrough voluntary

markets (Mack et al, 2012 CH2MHILL and EcoPartners, 2014 2 6 SOSNE / F t AF2NY Al Qa
Board (ARB) may adopt wetlaméstoration projects into their compliance market in tHature

(Appendix B In this preliminary assessment, the assumption was made that an approved protocol

under ARB rules would yield the same volume of offsdtsat there would be no additional buffe

withheld or any additional deductions because of different rules for land eligibility or carbon accounting
FNRY GKS !'/w awS&aid2NrdAzy 2F 5S3INFRSR 5S8tilA0 2
(Appendix ¢ However it is important to note that standards and methodologiesn differ, impacting

marketable volumes of offsets such as:

Methods ofcarbon accounting

Project crediting period

Methods of estalishing risks and additionsfi
Carbon pools thaare included orexcluded
Project boundaries

Eligibleproject start dates

9 Eligibility rules

= =4 =4 4 -4 4

3.1 0Offset Wblumes

The volume of offsets that can be counted and qualified under a stardizpdnds on the difference

between the carbon sequestration rate of an approved bas&lineg KA OK NI LINBs@lZA yizl & £ & 0 dz
practices, and the rate which results from the restoration activity. However, carbon market standards
require that a percentage of carbon offsets from each project are not sold on the carbon market and,
instead, arekept in a reserve buffer pool to guard against risk of reversal. The required buffer is based

on assessed risk of reversal of carbon sequestration for each project, and may decrease the volume of
offsets available for sale by 10 percent (the lowest bufégjuirement under ACR rules) to more than 50

percent. In this study, a buffer of 2fercentwas deducted from offset yield estimates from the

scientific literature review previously described.

The carbon offset yields, refined to include this buffer aeitbn, were then appliedo the amount of
corresponding area that can be restorddr the various restoration techniqueas determined by
[2dzA aAl Yy Qa [/ 2YLINBKSYaA@dS ECWRRASNI2Rdstbrationfezhdifues { dza G I
that were not detailed in the Master Plgne., wetland assimilatiormangrove plantingsvere analyzed
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separatelyto determine the potential applicable area of the restoration technigirestoration acreage
estimates were categared into current, planned, and potential restoration areas. Because carbon
market rules exclude many projects with early start dates from claiming offedtset estimate
projections only include pos2000 project aread For simplicity, in this study rpjects were all assumed
tohave a5@ S NJ f SyaidK G2 O2NNBaALRYR 6A0K LINBRAOGSR I C
Plan for a Sustainable Coast. The volume of offsets generated per acre was also assumed to be the
same each year for the full B@a project period. It is important to note that carbon project life and
crediting periods differ from this 5@ear timeframe. The ACR requires that wetland restoration projects
utilize a 40year crediting period and 4fear project life. In contrast, thARB requires that forest
carbon projects have a Afear crediting period and the project must continue monitoring and reporting
offset project data for 100 years after offset issuar@gpendix A) The results are summiaed in
Appendix D which portraysannual net offsets for current wetland restoration projects, planned
projects, and potential restoratioareas.

Coastal wetland restoration in Louisiana has the potential to prodweel.8 million offsets per year
almost 92 million offsets over 50 yearsAs shown in Figure 3jver diversion wetland restoration
projects and mangrove plantings have the potential to generate the largest volumafgets in
Louisiana These estimates do not account for the potential @fuding prevented wetland loss carbon
benefits.
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Figure3: Net offset potential in Louisiana by wetland restoration type including a 20% buffer deduction

®In ACR, eligible projects may start as early as 1997, but this will change to 2000. See Appendix A.
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3.2 Prevented Wetland Loss Carbon Project Potential

[ 2dZA AA L Y I Q& [/ 2 Y LINB &« SugtdginatdeCoastlutilized prddictite ImygdelF t8 &ldluate a

W¥ dzl dzNB 6 A (i K 2 dzijear ltirdeiram2 (CW/PRRA1Z)NIRdnges of high and low values for

SIOK SY@ANRBYYSYyGlFf dzyOSNIlIAyde 6SNB OKz2aSysx F2N¥A
2LIAYiRaE R @OzZA AAl yI Q& [/ 2YLINBKSyaA@dS al atoSiwrovet 'y F2
readabilitytheauk 2 NA 2F (GKAa NBLEZ2NI NBYlFYSR (GKS Y2RSNI (S 3
GKS fSaa 2LIWAYAAUGAO aOSy IFgire4 shows tiiafuder the folv B$6 rafe2 a & NI
scenario, their analysis predicted 770 square miles (492808s) of wetland loss over the next 50

years, which increases to 1,750 square miles (1,120e00e9 of wetland loss uder the high loss rate

scenario
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Figure4: A comparison of estimated land change along the Louisianast at year 50 under moderatglow loss
rate) and less optimistiqhigh loss rate)scenariosof future coastal conditions. Green indicates areasraftural
new land creation anded indicates land that is likely to best (CWPRA2012).

[ 2dzA @A L Y Q& [ 2 YLINB K S ystaikaieS Coast eraluéted riverf divgfsiods 2antd other { dz
restoration technigues to maximize land building over 50 years. The results indicate that approximately
620 square miles (396,800 acres) in tbe/ loss ratescenario and approximately 1100 square miles
(704,@M0 acres) in the high loss ratezenario would be prevented from converting to open water
(Appendix . Assuming that 285% of the carbon in the top 50 cm of sediment would be prevented

from releasing geenhouse gases results in over 20,000;000,000,000mtCQe over 50 years before

buffer deductions. Figure 5 portrays e substantial offset volume potentialhighlighting the
importance ofincorporaingthe prevention ofwetland loss into carbon accoting methodologies.
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Figure5: Net offset potential for prevented wetland loss in Louisiana including a 20% buffer deduction
*Note: assumes maximal land building and 50% of carbon stored in the top 50 cm of sediments is released as CO

3.3Carbon Fices

Drivers of pricedemand and buyer motivation differ significantly between compliance and voluntary
marketsas well as from project to projecEcosystem Marketplace and Bloomberg New Energy Finance
noted that in the voluntary carbon market thers bften a premium for quality, ebenefits, and
charismatic value, for example, when a forest has Forest Stewardship Council certification, or a project
achieves Climate, Community, and Biodiversity Alliance certificafR@tiersStanley et al., 2013)
Vaduntary offset projects can rangeom less than $1 per offset to more than $8 per offset depending
on the charisma of thesoluntary offset projects Forest Carbon offset prices in 2012 in voluntary
markets averaged $8.40 for ACR, $8.90 for Climate ARmerve offsets, and $7.50 for Verified Carbon
Standardoffsets. California compliance offset price prediat® have ranged from $7.50 to $10the

first compliance periocending in 2014to $38 to $51 per offset by the end of the third compliance
period. Redictions vary greatly, and recent trends have led some to predict a slower increase in
compliance market offset prict.

In this analysis, rangef possible price scenarios were evaluated to accountémrservativdow- and

high-end ranges oéxpected prices in both compliance and voluntary carbon mariégipendix . The
low-price scenario, of $4.40 per offset (based on average price regdiiteorically for ACR offsetajps

used to representa situation when offsets are not eligible for ogpliance market and have low
charismatic value perceived by buyers. The high price scenario, of $10.80 per offset, was used as a

*There is a lot of uncertainty in the California market post 2020, making estimates of offseb@yiand 2020
quite conjectural.
® https://pointcarbon.com/research/promo /research/1.2200807?&ref=searchlist
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conservative estimate of compliance offset prices in California or a somewhat less conservative estimate
of a highquality chaismatic voluntary carbon offset.

Potential revenue from these offsets, if all potential restoration projects were undertaken, range from
$8.1 million per year under the low price scenario to over $19.8 million per year if the higher offset price
is achi@ed. These values include the 20 percent buffer contributidcreage predictions according to

the Louisiana Comprehensive Master Plan are for 50 years. Assuming that the crediting period for the
carbon projects could be extended, and carbon offsetdgiehre steady over the 50 year period,
potential offset revenues could total about $400 million under the low price scenario to almost $1
billion if the higher offset price is achieved. These financial values do not deduct the costs of restoration
or carlon commercialization costs, which can be considerable, as noted in Apdenkix show that
wetland restoration has substantial potential to generate important revenue to support restoration.
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Figure 6 Projected revenue potential of wetland carbomffsets in Louisiana due to wetland restoration
including a 20% buffer deduction

Includingthe prevention ofwetland loss in carbon monitoring and accounting may provide stronger
financial incentives to develop wetland offset projects. Currently, theegrgage of carbon that is
released as GHGs during wetland loss is unknbutnmany research initiatives are under wayhe
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financial proceeds from projected potential offsets from prevented wetland loss according to what is
perceived as possible in the wisiana Master Plan ranges from $72 million (25% of carb@ased as
GHGs, low loss ratdéow price) to almost $1 billion (75% of carbon releaasdGHGs, high loss rate
higher price). For the purposes of this study an assumption was made thaif kizf carboncontained

in the top 50 cm of sedimentan be prevented frombeing released agreenhouse gaseand that these
offsets would be additional to those estimated above. If these prevented emissions could qualify as
offsets, they could produce additional 32.8 million offsets valued at 0\&t40 million (low loss rate

low price) to over 58.1 million offsets valued at nearly $630ianil(high loss ratehigher price) over a

50 year time periodFigure §. The large offset potential from prevesd wetland loss demonstrates the
importance of creating a clear mechanism for quantifying and monetizing the carbon benefit of
prevented loss. Including prevented wetland loss in carbon accounting will significantly increase the
wetland carbon offset yiels thus increasing the rational for private investment in wetland restoration
projects.
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Figure 7 Projected revenue potential of wetland carbon offsets in Louisiana due to wetland restoration and
prevented wetland lossncluding a 20% buffededuction®

In summary, there are many factors that may influence the ultimate amount of funding that carbon
finance will contribute to wetland restoration in the Mississippi River Delta. Major factors include the
price of the carbon offset, whether prevented watld loss can be included in carbon accounting
methodologies, and finally the amount of wetlands that can be successfully restored for the project life.
Eligibility rules for inclusion of projects in carbon market participation, including issues of atest d
easement typestandardized emissions factonsse of federal funding in project implementation, and

® For the purposes of this study an assumption was made thaofittie carboncontainedin the top 50 cm of
sediment @anbe prevented fronbeing released agreenhouse gaseand that these offsets would be additional to
restoration offsets.
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required buffer deductions will also be important. Wetland restoration techniques identified in this
study could potentially generate $400 million &most $1 billion in offset revenue depending on the
dollar value of the carbon offset. Including prevented wetland loss in carbon accounting may provide an
additional $140 to almost $630 million depending on the dollar value of the carbon offset, tasdafa
wetland loss, subsidence, and sea level rise. Considering the various factors impacting carbon offset
prices and yields, carbon finance has the potential to bring a total of $540 million to almost $1.6 billion
to assist with wetland restoration ithhe coastal areas of the Mississippi Riedta(Figure §.
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Figure 8 Total projected revenue potential of wetland carbon offsets in Louisiana due to wetland restoration
and prevented wetland losincluding a 20% buffer deduction

Carbon marketdhave the potential to provide a revenue stream to support restoration, but project
development costs as well as the leteym commitments to project monitoring and reporting are
important factors to consider when deciding if a project Wil financiallyviable. Carbomrojects
require longterm commitment to therestoration activityand to reporting Therefore, longerm costs

are an important consideratiorfor project developes and landowners that are assessing puje
feasibility and viability. While there are many commonalities acras® multiple standards, rules on
eligible project start dates, the permissible length of time between project start and first verification,
the required frequency of verification, offset prigeand other differenes can impact the number of
offsets a project will be able to verify and sellhe costs of carbon market participation across the
project life, and ultimately, whether the project will be financially viablentributes to the final
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determination In gereral, in developing a carbon project, larger projects are more likely to be viable,
since many of the project costs are relatively fixed. However, smaller projects can potentially be
aggregated to achieve an economy of scale.

In most cases the costs adstoration will exceed potential carbon revenue streams. Capital intensive
restoration projects will likely need to leverage carbon finance with traditional state and federal
restoration programs. This may present challenges where state and federahpragre not allowed to

be used in a way that results in profits for privately held entities. However, carbon finance may prove to
be ideal for paying for parish or state cestares where it can be demonstrated that carbon funds were
used directly towardgroject costs or longerm monitoring and maintenance, (which is usually not
budgeted into state and federal programs). Considering that 80% of wetlands in Louisiana are privately
owned, the remaining challenge will be negotiating wimn agreements wittgovernment agencies and
private landowners that entice landowners to participate in programs instead of causing further
conflicts between private landowners and governmental entities. In some instances, restoration
projects may be able to be fully funddxy carbon revenues and implemented by private landowners
thus expediting coastal restoration. However, even in these instances it is likely that the projects will
need to be aggregated.

4.0 Landowner ldentification and Expressedtérest
It is clear hat wetland restoration has substantial potential to generate climate benefits and to produce

carbon offsets that can be sold to support restoration and monitoring. However, without willingness of
stakeholders to undertake restoration projects and to coinno long term monitoring and
maintenance, wetland carbon projects cannot succeed. During 2012 and 2013, an initiative began to
identify wetland landowners and provide outreach about emerging opportunities to restore wetlands
via carbon offsets. To datapproximately 50 wetland landowners who collectively own over 2.3 million
acres of the nearly 4 million eligible acres were identified. -Omene meetings were held with
landowners who collectively own approximately 1.7 million acres. Landowners sgaingg
approximately 1.5 million acres expressed interest in exploring wetland carbon project participation.
Tierra Resources has identified multiple landowners interested in ppbliate partnerships,
substantial viable acreage for restoration progcand several possible physical locations for potential
project sites. These efforts demonstrate that there is substantial interest among landowners, and
provides a strong foundation for future carbon project development in the region.

5.0Commercialiang Carbon: Carbon Market Trends ané\&lopments

Carbon markets include both voluntary and compliance markeffiere are important differences
betweenthe two, but trends in both favor higlguality landbased projects, such as wetland restoration
offset projects(Appendix B)

The voluntary carbon market is fundamentally driven by the demand for carbon offsets from private
AaSO02N) O2YLI yASa gK2 &aSS 2F¥FasSda a |+ YSlkya G2 N
demonstrate corporate social respsibility, and enhance public relationsThere are also saller

voluntary buyerssmallcompanies oindividuals that desire to offset emission from personal activities,

such as aithe travel ormiles driven Ly LN} OGAOFf (GSN¥yaz GKS @2fdzyalt
market. The primary objective for offset projects in this space is to find a buyer that is voluntarily willing
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to pay a high price for offsets. Voluntary buyers assign higher value to prbgesss primarily on the
perception of their quality or charismatic appeal. Voluntary buyers also focus on projects with strong
and perhaps more importantly, easily commuatied - social or environmental outcomes beyond carbon

reductions. Thesecarbonprojects are often most appealing if nearth2 ¥ LJ- y @ Q& 2 LISNI GA2Y

Voluntary buyersmay buy offsets generated fromither voluntary or compliancelriven market
standards and methods. Demand for offsets in the voluntary market is inherently vaealnd
uncertain, and prices paid for offsets vary substantially based on their perceived quality, value, and fit
with buyer desire for project type, location, or other factors.

Compliance carbon markets are fundamentally driven by the demand for altmsaand offsets by
regulated GHG emitters. The criteria for offset project development and accounting in a compliance
YFEN] SG NS O2yaNRttSR SydANBfte o0& (GKS LINBINIYQA
allowances and/or offsets at théowest possible compliance cost. Concerns remain over strong
GSNAFAOIGAZ2Y YR OFNb2y F002dzyiAy3a LINARYINARE& (2
specific offsets or projects. There is virtually no price distinction between ofisdtsyms of project
charisma or cébenefits. In contrast to voluntary markets where buyers are psieers, compliance
markets offer a more level playing field where offset supply, demand, and prices are relatively more
predictable.

52/ I £ A T 2 Mpfidnte Warket/ 2

In 2006, California passed the first econewige climate law in the United Statahat aimed at
reducing greenhouse gas emissions to 1990 levels by @tigfing varied mechanismshich included

an emissions tradingtructure. The capsithe aggregate limit on GHG emission from carbon sources
from 2013, to 2020 andenters its second phase in 201®hich will cover 85% of California's
greenhouse gas emissions. The program uses a phased approach, expanding to cover more entities and
to lower the cap over time. Covered entities include entities with over 25/900Qe emissions

yydd ttes &dOK +3a Ly@Sad2Nl hsySR ' GAfAGASE 6Lh!

companies, and more.

The California compliance markiticludes two compliance instruments: California Carbon Allowances
(CCAs), issued by the California Air Resource Board (ARB) to emitidrsraiise marketed byauction,

and California Carbon Offsets (CCtbaj are generated by qualifying carbon offsetgjects. CCOs are
designed to be a cost containment mechanism that covered entities can use to offset up to 8 percent of
their compliance requirement. Presently, onlyef offset project types have been approved for the
compliance market by ARBTheseinclude Forestry, Urban Forestry, Livestock Methane, @ubne
Depleting Substanceand Mine Methane Rice Cultivation is another project type that is expected to

be added in 2015Anothernoteworthy point is that CCOs can be generated from projectGalfifornia,

or in any location throughout the contiguous U.8s a resultpffset projectsare now being developed
throughout the lower 48 states, including Louisiana.

Entry into the California compliance market is a priority to receive large finaneedtments in wetland

offset projects. Theompliance instrument demand in the California market is driven by regulation, and
consequentlyit is expected to produce more predictable, stronger demand/ I £ A F2 Ny A Q&
market entered its first comfance period January 1, 2013 aedded on December 31, 2014%6everal
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important milestoneswere achieved setting the stader continued growth and successthe final two

compliance periods currently scheduled to end in 202bnportant strategic marketlinkages were

formed duringthe first compliance periodhat & G NSy 3G KSy SR/ | flrtheF goditisrling Qa LJ2 &
the overall market for growth geographically, in volume, and in climate impégppendix B)
Furthermore, the California compliance markeashestablished a relatively consisteptice for its

offsets, which, by law are supported by an escalating price floor, rising at 5% annually, adjusted for
inflation. The strength and expected growth of ti@@alifornia market, and the likelihood that the market

may serve as a model or foundation for expanded regulated maiketsher areas makes entry into

the California compliance markef paramount importance.

6.0 Targeting Compliance Approval for Wetlda Methodology

The ARB approved Compliance Offset Protocols, which currently only indielprbject types have

been developed fronexisting methodologies for GHG quantificatithrat were vetted under rigorous
voluntary standards The expectation of stained demand for offset credits and higher prices has
attracted significant interest in lobbying the California Air Resources Board (ARB) to adopt additional
offset project protocolsfrom voluntary carbon standardsctive inthe US. While there is no
requirement that compliance offset projects take place in California, public pressure and political will
suggest that projects that can demonstrate local benefits are more likdhe considered for adoption.
California has a substantial need for innovatapproaches to wetland restoratiorin the San Francisco

Bay Area, more than 80 percent of historic tidal wetlands disappeared in the last 150whgkerghe
SacramenteSan Joaquin Delta has also suffered significant losBes. ACRypproved methodolgy for
guantifying GHG emissions reductions from Restoration of Degraded Deltaic Wetlands of the Mississippi
Deltaprovides a strong foundation for testing and expansion under ARB.

In December 2013, the American Carbon Registry formally announced thbaration between Tiga
Resources and other partnefsr expansion of theurrent ACR wetlands methodology be eligible in
California’ The overall objective is the potential adoption of the methodology as a compliance protocol
by ARB.In order toadapt the ACR wetlands protocol to California, the scope of project activities is being
expanded beyond the Mississippi Delta, particularly to address potential wetland conservation projects
in the Sacrament&an Joaquin River Delta as well as tidal weltlastoration. Th expansiorwill also
require incorporating several regulatory criteria into the methodologhe ACR approval process for

the methodology, which includes stakeholder workshops, a public comment period and a scientific peer
review proces, is expectetb be completed in 2015

The Climate Trust and Tierra Resources participated in an engagement trédeg the
commercialization of the Restoration of Deltaic Wetlands of the Mississippi Delta Methodology that
focused mainly on emissions ngction market players, carbon buyers, and greenhouse gas accounting
protocols. The primary objective was to educate those involved and to allow for the recognition of the
existing ACR wetlands method among counterparties that influence future compliaolteep. A
secondary objective was to position and promote the modification of a wetlands project type that could

" Partnersmclude the Sacrament8an Joaquin Delta Conservancy, the California Coastal Conservancy, the
California Department of Water Resources (DWR), the American Carbon Registry (ACR), the Nature Conservancy,
and Hydrofocus.
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ultimately be acceptable in the California compliance market. This was done in a series of carbon
industry and stakeholder meetings in Gatifia, Washington DCand Louisiana.

7.0Conclusions and Recommendations
The objectives of this study wete; 1) evaluate the commercial potential of blue carbon in Louisiana, 2)

identify information needs for future scientific investigation to suppoutrent and future wetland
carbon offset programs3) identify scalable restoration methods that show commercialization potential
as wetland offset projects, 4) determine the potential offset supply that can result from coastal
restoration in Louisiana, arg) provide financial estimates that carbon finance can contribute to coastal
restoration.

Recent developments pave the way for carbon markets to support wetland restoration. In 2012, the
American Carbon Registry (ACR)eading carbon markettandard, certified the first wetland offset
YSGK2R2f 238> awSaid2NlridAzy 2F 5S3INIRSR 5StaGlFrA0 28
Tierra Resources, and funded by Entergy Corporation thrasdgbnvironmental Initiatives Fund. This
methodology createdhe first route-to-market, opening the potential of carbon market investment into

wetland restoration projects. Other recent developments also show the growing recognition of the
importance of leveraging ecosystem markets for wetland restoration and teiofenge mitigation.

Restoration techniques that were identified as having potential as wetland offset projects include river
diversions, hydrologic restoration, marsh creation, wetland assimilation, and mangrove plantings.
Marsh creation was eliminatefiom the study based upon a lack of empirical data to model carbon
yields, concerns over the permanence of the restoration technique, and the need to deduct significant
fossil fuel emissions that occur during the pipeline conveyance of sediment. Febrestéand
assimilation systems have the highest net offset yield per acre. However, it was concluded that river
diversions and mangrove plantings have the potential to generate the largest volume of offsets in
Louisiana due to the large amount of acreatat these restoration technigues can be applied. It
should also be noted that carbon credits from wetland assimilation systems and river diversions show
potential to be staked with water qualitycredits should these markets evolve in Louisiana.

Theprimary barrierto wetland cabon commercialization that waislentified through this study is the

high cost of wetland restoratian In most cases, wetland restoration costs that range from $20,000
$150,000 per acre far exceed potential carbon revenueasti® This will create challenges to
incentivize business, government, and financial organizations to invest in wetland restoration projects
when there is no obvious ngirofit. High restoration costs will require that carbon finance be leveraged
with government restoration funding programsequiring new publigrivate partnership paradigms to
stimulate investment into wetland projects.

The high cost of measuring variability of greenhouse gas emissions in wetlands adds to the challenge of
creating a bumess case for investment into wetland restoration. Wetland GHG emissions can vary
greatly depending on the season and hydrologic site conditions. QHE variability may make the
monitoring of greenhouse gases to reach confidence intervals requireghthysions trading markets
costprohibitive. The literature review performed as part of this study revealed that restoration
projects have no measurable net increase in GHG emissidmes exclusion of GHG emissions in wetland
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carbon accounting or the delopment of regional emission factors could significantly expand this
project type.

Carbon financeshows significant potential to be leveraged with current restoration programs to fund
wetland projects. The final results of this study revealed thadagal wetland restoration in Louisiana

has the potential to producever 1.8 million offsets per year almost92 million offsets over 50 years.
Wetland restoration techniques identified in this study could potentially generate $400 million to almost
$1 bilion in offset revenue depending on the dollar value of the carbon offset. Including prevented
wetland loss in carbon accounting may provide an additional $140 to almost $630 million depending on
the price of the carbon offset, and rates of wetland lomshsidence, and sea level rise. Conservative
estimates, considering factors impacting carbon offset prices and yields, indicate that carbon finance has
the potential to bring a total of $540 million to almost $1.6 billion to assist with wetland restorati

the coastal areas of the Mississippi River Delta.

The recommended next steps increase the commercial viability of wetland carbon offsets and realize
the significant potential of wetlands to sequester carbon in the Gulf Coast and other ardas OfS.
include:

Technical Recommendations:

1 Undertakingefforts to reduce project development costs and simplify monitoring, reporting and
verification including:

o Furthering research to either justify the exclusion of Gétdssions in wetland carbon
accounting orthe development ofregional emissions factorBy restoration project
type.

0 a2RATEAYI [2dAaAlLYylIQad /21 a0Gd6ARS wSFSNByYyOS
carbon offset monitoring parameters.

o Developing wetland caon and GHG emission models.

o Creating a technology tracking database that allows for the management of large
volumes of information associated with wetlands in a systematic fashion.

91 Furthering research to determine the carbon impacts of prevented wetlalods and
incorporating results into current wetland carbon accounting methodologige large offset
potential from prevented wetland loss demonstrates the importance of creating a mechanism
to quantify the carbon benefit of preventing wetland loss ider to optimize the amount of
offsets that can be achieved out of a specific restoration project.

1 Publishing lessons learned from existing pilot projects including:

0 Analyses of costs antbenefits,

o0 Publicprivate paradigms that demonstrate the ability leverage carbon finance with
government restoration dollars.
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Policy Recommendations:
1 Advocating with carbontandards on issues thatnpact the viability of wetland carbon projects
including
o Allowing use of federal funds considering the high cost and multiplbenefits of
wetland restoration,
Environmental credit stacking,
Types of conservation easements eligible for carbon projects,
Rules and processes for project aggregation, and
0 Qrediting period length for wetland restoration projects.
9 Establising funding pools that will allow wetland project development to scale up to meet
future carbon demands in the compliance market.
1 Modifying existing wetland methodologies and protocols to fie thompliance market for
LR GSYdAlLt AyOfdaizy 2F 6SitlFyRa Ay [ FEATF2NYALC
for offset credits &higher offset prices.

o O O
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Appendix A: Carbon Market&@rminology

ACR American Carbon Registry, a U.S. carbon market standard and registry. ACR serves as a platform
for development and registration of projects for the voluntaryhn market and also serves as an
Offset Project Registry serving in review and listing of projects under the California compliance market.

Additionality- A key eligibility requirement for carbon offset projects. A project is additional if it can
demonstate that it creates emissions reductions or stores more carbon than in a busisessial
scenario. A project cannot receive offsets for simply following local, state, or federal laws.

ARRB California Air Resources Board, the body that oversees desigimguheimentationof Californi® a
compliance emissions trading system

Baseline An offset project must establish a carbon storage baseline, which represents the amount of
carbon that would bestored (for example in the wetland plants and soil) without the carbon project.
Additional carbon stored by the project is compared against this baseline using the rules of the carbon
standard and methodology. The baseline may be based on historicalgescir practices of similarly
situated neighbors.

Blue @arbon- Blue carbon is the carbon stored in mangroves, seagrass, and coastal wetlands.

Buffer- A pool of carbon credits that are held in case of reversals of stored carbon increases (for
example, through a forest fire or hurricane). A percentage of carbon offsets from each project are not
sold on the carbon market and, instead, kept in reserveuard against risk.

Buffer deductiorr A percentage of carbon offsets from a project that not sold on the carbon market to
guard against risk. The percentage is determined by a risk assessment of the carbon project.

CAR Climate Action Reserve, a Ucarbon market standard and registry. ACR serves as a platform for
development and registration of projects for the voluntary carbon market and also serves as an Offset
Project Registry serving in review and listing of projects under the California coospiearket.

Carbon allowancesGovernment issued permits to industries that allow them to emit greenhouse gases
up to a certain limit.

Carbon finance Carbon finance is a branch of environmental finance, and explores the financial
implications of livingn a carborconstrained world, where carbon dioxide emissions and other
greenhouse gases (GHGSs) carry a price. The general term is applied to investments in GHG emission
reduction projects and the creation (origination) of financial instruments that adatoée on the carbon

market.

Carbon market A financial market where governmergsued permits that regulate greenhouse gas
emissions are traded as a commaodity.

Carbon offset (carbon credit) is one metric toreduction in emissions afarbondioxide or geenhouse

gases made in order toompensatefor, or to offset, carbon dioxide or other greenhouse gas (GHG)
emissions elsewhere.
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Emissions tading- Emissonstradingis a marketbased approach used to control pollution by providing
economic incentives for achieving reductions in the emissions of pollutants.

GHG Greenhouse gasicluding carbon dioxide, methane, nitrous oxide and many refrigerants.

Greenhouse gasA type of pollutant that scientists say contributes to global warming. The primary
pollutant is carbon dioxide, but there is also methane, nitrous oxide and many refrigerants.

LeakageA loss of carbon or increase of emissions outside of a project dfregoroject causes leakage,
it may not be eligible as a carbon project, or may have to deduct a corresponding volume of offsets
generated by the project from those available for sale.

Permanence/ | Nb2y 2FFaSid ljda ftAde adlyRIFINR&a NBIjdZANB (KI
for example, that stored carbon in vegetation and soil in a wetland are not lost through a natural
disaster or management changeTo guard against this, project d&opers need to provide legal

assurance as to the permanence of lamk projects (for 40 years under ACR and 100 years under ARB

rules), and contribute a portion of offsets to a required buffer (calculated depending on assessed risk of
reversals).

VCSVerified Carbon Standard, a global voluntary carbon market program.

Verification Verification is the thirgparty audit of offsets caldated and claimed by a project.afon
standardsrequire offsets generated by a projetd be verified before they gabe transacted. Carbon
standards set ruls on the required frequency ogvification, who is authorid to conduct a verification,
and what ‘erifiers will audit. Br example, how data used in calculating baseline and project level
carbon stocks are cayred, recorded, and reviewed, or a site vigit tneasure soil carboand ensure
that reportedvalues match those observed

Wetland carbon squestration- Wetland plants capture atmospheric CO2 through photosynthesis. As
the plants die and decay, thaioot mats and other decayed material build up the soil, which results in
permanent storage of carbon, or carbon sequestration. When wetlands degrade and turn into open
water, the carbon stored in the soil can be released back into the atmosphere. Wedlsimdlation is a
critical tool to combat wetland loss, as well as an effective climate change mitigation strategy as it
enhances carbon sequestration and prevents carbon release resulting from wetland degradation and
wetland loss. Therefore, wetland managem and restoration projects can be measured as GHG
offsets.
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Appendix B Carbon Market Trends and Developments

Critical Distinctions between Voluntary and Compliance Markets

Carbon markets include botlvoluntary and compliance marketshere are imprtant differences
between thetwo, but trends in both favor highuality landbased projects, such as those in wetland
restoration.

The voluntary carbon market is fundamentally driven by the demand for carbon offsets from private
sector companies who seed®@ Sia +Fa | YSFya (2 NBRddzOS GKSAN O2Y
demonstrate corporate social responsibility, atal enhance public relations. Large voluntary buyers
typically purchase offsets as part of a corporate social responsibility (CSRystratelmany have an
internal mandate to become climate neutraitherwithin a given time framer for a partcular product

they manufactureThere are also satler voluntary buyersmallcompanies oindividuals that desire to

offset emission from pemnal activities, such as airé travel or electricity useMajor companiesare
increasinglyadopting internal carbon pricing; this allows them to plan for #pectation of future
regulation andto demonstrate climate leadership to their customenglany of these businesses
recognizethat addressing climate change will be both a business cost and possible business opportunity
regardless of the regulatory environment. Microsoft, Disney, and General Electric are among at least 29
companies incorporating arige on carbon into their longerm financial plans.

In practical terms, the voluntary ca&2by’ Y I NJ SG A & The pridzénSdijeciive 6r olsetS i @
projects in this space is to find a buyer that is voluntarily willing to pay a high prio&dets. Voluntary

buyers assign higher value to projects based primarily on the perception of their quédityntary

buyers also focus on projects with strangnd perhaps more importantly, easily communicabkocial

or environmental outcomes beyond carbon radions called cebenefits An improved forest
management project, for example, may have-lmmefits in watershed health, biodiversity or local

economic developmenDemand for offsets in the voluntary market is inherently variable and uncertain,

and prices paid for offsets vary substantially based on their perceived quality, value, and fihevith

0dz22 SNDR& LIzZNDOKIFasS adNrdS3aed t NP@BiSna aré alLi®ortarit 2 OF { A 3
considerations for voluntary buyers.

Compliance carbon markets are fundamentally driven by the demand for altmsaand offsets by

regulated greenhouse gas emitterBhe primary concern for buyeis this type of markeis acquring

allowances and/or offsets at the lowest possible compliance .c@sincerns remain over strong
verification and carbon accountingJNA YI NAf & G2 YAGAIFLGS | o6dz2 SNDRa f
projectsbe invalidated by regulatord.here is viually no price distinction between offsets in terms of

project charisma or ctenefits In contrast to voluntary markets where buyers are pisetters,

compliance markets offer a more level playing field where offset supply, demand, and prices are
relatively more predictable.
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The criteria for offset project development and accounting in a compliance market are controlled
entiref @ 0@ (KS LINPSBWalYhididtiveddeJedzérding foNdhnect compliance programs
between countries and states, butvery compliance progranturrently sets itsown rules and
regulations for offset credits and projects, which significantly limits finegibility of offset credis
between compliance programbBor example, despite functioning within the scope of the Kyrimtocol,

the EU ETS chose to exclude the use of any Kymtpliant offsets from forestry or other land use
projects intheir own compliance programAlthough international, regional, and state carbon markets
approve the use of terrestrial carbon offsetmost programs only have provisiofee upland forestry
projects. However, in 2012 the American Cdmon Registry (ACRertified the first wetland offset
YSGK2R2ft 238 awSauz2NrdAzy 2F 5SaANFrRSR 5StdGFAO 2Sif
Resources, and funded by Entergy Corporation through its Environmental Initiatives Fund.

California Compliance Market Background

In 2006 California passedB32 otherwise known as the California Global Warming Solutionsthet

first economywide climate law in the United States which aimed at reducing greenhouse gas emissions

to 1990 levels by 2020 through varied mechsams including an emissions tradisgstem.The cap is the

aggregate limit on GHG emissifrom carbon sorces from 2013 to 2020 and, since the beginning of

2015, covers 85% of Califoria's greenhouse gas emissiorihe program uses a phased approach,
expanding to cover more entitieqd to lower the cap over timeCovered entities include companies

with over25,000 mtCg8 SYA daizya lyydzZdftfes adOK +ta Ly@Saidz2N
Utilities (FOUs), producers and importers of transportation fuels, and natural gas producers

The programincludes two compliance instruments: California Carbonwillces (CCAsS), issued by the
California Air Resource Board (ARB) to emitters or auctioned, and California Carbon Offsets (CCOs)
generated by qudlying carbon offset project€CCOs are designed to beast containment mechanism,
which covered entities camse to offset up to 8 percent of their compliance requirene@COs can be
generded from projects outside of Californiasso there are offset projects now being developed
throughout the lower 48 states, includinglisiana. Presently, only fivproject types have been
approved for the compliance market by ARB, including Forestry, Ufbeestry, Livestock Methane,
Ozone Depleting Substancasad Mine Methane Capture. In early 2015, it is expected that ARB will
approve a protocol for Rice Cultivai- the first protocol to deal with an agricultural product type. It is
also expected to approve an addition to its existing forestry protocol which will allow the eligibility of
forested land in Alaska.

I FEAT2NYALFI Q& OF Nb2y Micdjerdd Jatighylls 2083 Rnadsdhadsa stogMidti 02 Y L.
two years, achieving important milestones for cantied growth and success in 2015 and beyond. The
LINEANF YQAd TFANRG AYLRNIFYG fAy] |l 3a8a strédnghenddkaéhd / | y I R
progresed, further positioning the market for growth geographically, inuned, and in climate impact.

The concluding section of this appendiarbon market update and trendgrovides additional detail.
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Why the California Compliance Market?

The California@mpliance market is attractive for several reasons, but the relatively high price of offsets
in the market and the expectation of growing demand driven by regulated GH&e@re the primary
factors. While the voluntary market is fundamentally driven the demand for carbon offset credits
FNRY LINAGFGS &aSO0G2NJ O2YLI yAaASa ¢K2 a&aSS 2FfFasSia
footprint, demonstrate corporate social responsibility, and enhance public relations, compliance
instrument demand in theCalifornia market is driven by regulation, and consequently is expected to
produce morepredictable, stronger demand. dzZNNB y & NB I dz  dA2ya ft2d y»
obligation to be met through the use of offsets. This amis to a maximum of ahd 200 million
mtCQe of offsets over thehree compliance periods: 25.8 milliont@0se in the first comphance period
(20132014), 91.8 million n€Qe in the second compliaecperiod (2018017), and 83.1 million
mtCQe in the third compliance period (282020) as additional entes are regulated (Eure 9below,

from ARB/ICF).
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Figure9: Projected emissions, caps, allowances andsetf in California

Further, allowages in the California market have historically tra@de¢e reldively high price, and by law

are supported by an escalating price floor, rising at 5% annually, adjusted for infl&tienmportant to

note that offsets in the system do not have a floor price and are expected to trade at a discount relative
to allowances because of a limit on the offsets that can be used by each regulated entity and the added
risk associated with offsetmostnotably invalidation risk.

Offsets may be invalidated for one of three reasons: material (greater than 5%) errors in credit
calculation, double counting of credits, and nhoncompliance with state or federal regulations. In 2014, a
portion of credits from an Ozone Depleting Substances (ODS) project listed b{lE@%& was
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invalidated by ARB for regulatory noncompliance, stemnfiiagn an improper handling of a byproduct
of the destruction process. The invalidation caused an outcry in the market, and the exit of the Clean
Harbors ODS destruction facility as a market actor.

To protect from invalidation, project developers may cheds attain additional verifications. A second
verification within a threeyear window from issuance will result in a G&Ca Californiecompliant

offset with a three year, rather than eight year, invalidation window. If credits from a project are not
invalidated within the three years, they become Golden CCOs, offsets that carry no invalidation risk.
Since the Clean Harbors ruling, second verifications have become more common and attainment of CCO
3 status is on the rise.

As the market learns to adjust footential risks the strength and expected growth of the California
market, and the likelihood that the market may serve as a model or foundation for expanded regulated
markets, make entry into the California compliance market a priority.

Targeting Compéince Approval for Wetlands Methodology

The expectation of sustained demand for offset credits and higher prices has attracted significant
interest in lobbying the California Air Resources Board (ARB) to adopt additional offset project protocols
by voluntay carlon standards active in the USRB has a strong political interest in methodologies that
enable projectdo be developed in Californidierra Resources and all project partners have a strong
interest in ensuring the highest value for offset credjenerated under the methodology, which leads
directly to a goal of adapting the current ACR wetlands methodology for potential adoption as a
compliance protocol by ARB.

Projects that produce California compliance offsets are not restricted to Califontiaather may be
from projects anywhere ithe contiguous United Stateslowever, all compliance offset projects must
be developed according to ARB approved Compliance Offset Prototids, @urrently only include five
project types.However, wetland restration projects may be a good fit fahe California market for
several reasons:

1) They come from a sectaot covered by theegulation.

2) They produce offsets that are real, additional, quantifiable, verifiable, permanent @fiodceable.

The appreoed protocols built from existing methodologies for GHG quantification being developed and
vetted under fgorous voluntary standards demonstratieat offsets met these quality requirements.

The ACRapproved methodology for quantifying GHG emissions rddost from Restoration of
Degraded Deltaic Wetlands of the Mississippi ®gitovides a strong foundation for $ting and
expansion under ARB (Mack et al, 2012).

3) Theyare wellsuited for the longterm management required under California Offset Protocols. To
ensure environmental integrity, ARB requires that forest projects produce lasting changes, requiring
monitoring for a period of 100 years following the final essce of any ARB or registry offset credits to
meet permanence requirement§Vetlands can continue to increase stored carbon oveetin soils and
biomass, andre well matched with the lonterm maragement requirements under the standard.
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4) California hs a substantial need for innovative approaches to wetland restoration. In the San
Francisco Bay Area, more than 80 percent of historic tidal wetlandspdiasgd in the last 150 years.
Degrading drained and cultivated organic soils continue to oxidizejdeiland emit an estimad 1.5 to

2 million mtCQ@e annually While there is no requirement that compliance offset projects take place in
California, public pressure and political will suggest that projects that can demonstrate local benefits are
more likey to be considered for adoption.

The Climate Trust and Tierra Resources participated in an engagement strategy for commercialization of
the Restoration of Deltaic Wetlands of the Mississippi Delta Methodology focused mainly on emissions
reduction marketplayers, carbon buyers and greenlse gas accounting protocolBhe main objective

was education and recognition of the existing ACR wetlands method among counterparties that can
influence future compliance policy. Anothgoal was to position and promot#he modification of a
wetlands project type that could ultimately be acceptable in the Cali@ocompliance markefThis was

done in a series of carbon industry and stadieler meetings in Californiayvashington, D.Cand
Louisiana.

In order to adapt theACR wetlands protocol to California, the scope of project activities are being
expanded beyond the Mississippi Delta, particularly to address potential wetland conservation projects
in the Sacrament&an Joaquin River Delta as vasditidal wetland restori@on. In December 2013, the
American Carbon Registry formally announced the collaboration between Tierra Resources and other
partners for expansion of themethodology for this region.This adaptation will also require
incorporating seval regulatory criteéia into the methodology.

Carbon Market Update and Trends

The past two years have been strofag carbon markets and for forest carbon projects, with positive
developments for the California compliance market and increasing commitment in the private sector
account for and mitigate climate impactdt a national level, the US National Climate Action Plan,
released in June 2013, focused eneagy attention on climate change. This has included considering
the role of forests in mitigating climate changedacalling for new approaches to protect and restore
forests, grasslands and wetlandshallenges are inevitable in an evolving market, and ARB Rules on
easements in forest carbon projects may set challenging precedent for somandetstoration offset
projects. Howeverthis energy for innovative solutions, together with trends in voluntary markets
favoring highquality land use and forestry projectand the continued progress of the California
compliance market, provide strong potential for support of highality, scientifically rigorousrpjects

in wetland restoration.

Notable achievements and developments in the Gali compliance market for stfirst two years
include:

1 Market signals growing confidence that the California compliance market is here to sfhy.
date, California has conductadne successful auctiongf which the most recent was the first
joint auction with Quebecwith prices elatively stable dspite some initial volatilityDemand
was strong in the most recemtuction, with all available current and future vintagowances
sold during the auction and almost two bids received for each available allowance, meaning
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strong demad exists among bidder©n average, 100% of current vintage allowances and 73%
of future vintage allowances have sold at auction to date. While current vintage allowances have
consistently cleared the price floor, future vintages have sold at the floseweral auctions,
indicating that to date, entities are having little difficulty securing enough allowances to meet
their compliance obligations, consistent with a long market where roughly 60% of allowances

have been freely allocated.
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Figure10: Calibrnia carbon market allowance and offsgtrices have been relatively stabl¢Note: CCA
= California Carbon Allowances; CCO = California Carbon Offsets generated by qualifying carbon offset
projects; CRT = Climate Reserve Tonne)

Strong interest in future mtage allowances was also displayed in the most recent auction, most

likely in response to newly linked demand from Quebec, as well as the entry of transportation

fuels under the cap at the beginning of 2015. Current and future vintage allowances dieared

price floor of $11.34 by $.76 and $.52, respectively, indicating that most entities under the cap
KFE@gS |t NBFRe& aLINAOSR A ythis 8hv® stidrf) @onfidencedronfthie2 2 NJ 2
market that thecompliancesystem will continue

Please noteThe carbon market information provided here is derived from price raoifed
by third party buyers. Prices clloctuate based on energy markets, evolving CARB rules, and
general supply and demarmtynamics

California Air Resources Boarsisues millions obffset credits.In September 2013, ARB issued

AGAa FANBRG O2YLX Al yOS 2FFasSi ONBRAG&A G2 F2dzNJ LN
protocol and @proved early action protocollhis demonstrated the successful organization of

requisite support framework, including offset project registries and verifiers, to produce a

steady flow of offset creditfor the program.By February 1, 2015, 87 projects had been issued a

total of over 16.7 million verified offsets.
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1 Forestry Protocol acounts for nearly half of offsetsForest carbon projects have achieved
broad success as an offset sector for twmplianceprogram, to date making up nearly half of
the available offset supply, with over 8.5 million credits listed to 14 projects. Ig 2aL5, it is
expected that ARB will approve the addition of lands in Alaska to its forestry protocol, increasing
the potential for forestry to remain one of the key sourcdsoifset supply into the future and
confirming strong preferences toward lath@dsed offsets in this market.

f First compliance surrender occurs smoothly and with 10@#&mplianced ¢ KS LINE ANJ Y Q&
compliance surrender date passed on November 3, 2014, with entities required to surrender
allowances and offsets equal to 30% of thefigations for the first compliance period. Over
360 entities participated in this surrender and all of them were 100% compliant, owing in part to
the effort ARB has expended in educating firms about their obligations and how to comply.
Offsets accountedfor nearly 4% of surrenderechstruments for all firms. Some entities
surrenderedhigher percentages of offsets, signalagreference among these firms foffsets
as a loweicost compliance option than allowances.

9 Lnkage to other emissions tradingorograms provides basis for geographic and market
expansion.hy WI ydzr NBE MX HamnI /[ FEAF2NYALFIQa O Nb2y
the province of Quebec, a loranticipated linkage under which each jurisdiction can accept the
2 (I K S Mdhallowdinces and approved offsets for compliance under their respeativgsions
trading programs.This linkage maprovide a pathway for other jurisdictions that may link, or
provide a working model for other states and provinces that are seeking-efiestive
approaches to reducing their greenhouse gas emissions, sud¢b asmply withthe newly
announced rules for emission reductions from existing power plants under section 111(D) of the
OYBANRYYSYylGlf t NRGSOUIARufently Bf&ts G Q¢ allowedSunger | A NJ !
section 111(D) but hopefully the agency will consider the option.

In addition, in October of 2013, leaders of British Columbia, California, Oregon, and Washington
formally joined forces to reduce emissions &igning the Pacific Coast Action Plan on Climate
and Energy committing to link and maintain their respective climate and renewable energy
policies, and tcharmonize their 2050 emissions reduction goals while developing shiamer
targets in the interim an important first step toward larger linkage. The state of Washington
has recently announced legislation to createamplianceprogram, while other carbomarkets,
including those in China and British Columbia, continue to explore linkage potential with
California.

1 Market poised for continued growth, evolution, and innovatiorin addition to the highlights
above, notables for 2015 and beyond include:
o InJanuary 2015, the minimum reserve price for allowances increased to $12.10.
o The first triennial surrendetthe first time entities will have to meet their obligation for
a full compliance periodwill take place in November 2015. Strotrgding in both
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allowances and offsets seems to indicate that entities under the cap are taking this
obligation seriously.

o InJanuay 2015, the emissions trading prograrpanded to include additional entities,
including transportation fuel providers and commercial naturas groducers, bringing
yp: 2F GKS adlFisSQa Gz2d0Ff SYAaarazya dzyRSNJI {F

o0 New offset protocols in the pipeline: four protocols were originally developed for the
voluntary offset market and modified by ARB to ensure theetrthe requirements of
AB32.A new Compliance Offset Protocol for mine methane capture was adopted by
ARB in April 2014 to supplement those currently approved: Forestry, Urban Forestry,
Livestock Methane, rad Ozone Depleting Substancés additional new protocol for
rice cultivation is aticipated to be approved in early 2013\dditional protocols,
including additional agricultural protocols and a protocol for Wetlands are a second tier
consideration.

Trends in the Voluntary Market Favor High Quality Land Use Projects

1 An increasedocus on quality of offsetsWith increasing volumes of offsets being produced for
compliance markets such as the Califorotanpliancesystem and the nowepealed Australia
carbon tax, total traded volumes on the worldwide voluntamarket declined in 203, to 76
million mtCQe. Of this, 32."Million mtCQe were produced by projects in the forestry sector,
representing a 17% increase over 201@terest has continued to grow in forest carbon,
particularly among companies purchasing offsets voluntarilyaasqd a climate commitment or
corporate social responsiblitstrategy, and interest has also grown in thelmnefits of forest
projects, including biodiversity protection, local economic growth and watershed serVices.
significant increase in tradedlume over the past year owes in part to a decrease in voluntary
pricing for forestry offsets, as purchases in this sector are often highly-geitgtive, though
Ecosystem Marketplace and Bloomberg New Energy Finance note that there is often a premium
for quality, coebenefits, and charismatic value, for example, when a forest has Forest
Stewardship Council certification, or a project achieves Climate, Community, and Biodiversity
Alliance certification. This increased focus on quality has been coupled indteased
awareness about both the ecosystem service benefits of forests and the crucial need to balance
forest management strategies with the increased threat of climate change.

1 Major companiesare adoptinginternal carba pricing.Many major publicly tded companies
across various indtrty sectors have integrated an internal carbon pra® a core element of
ongoing business strategies, in expectation of future regulation, to demonstrate climate
leadership, and in recognition that addressing climatengfeawill be both a business cost and
possible business opportunity regardlest the regulatory environmentMicrosoft, Disney,
Entergy,and General Electric are among at least 29 companies reported by the Carbon
Disclosure Project to be incorporating ageron carbon into their lontgerm financial plans.

With Opportunity Comes Challenges

1 ARB Rules on easements in forest carbon projects may set challenging precedent for some
wetland restoration projects.In November 2013, ARB shared guidance on its rules, including
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easement isnoteligo £ S (2 LI NIAOALI (S hig://winkKeBb.cdgav/ 2 FFa S
cc/capandtrade/protocols/usforest/resources/faq_102913 post)dfwhile this rule and

guidance currently apply only to forest projects (as thexesurrently no wetland protocol for

the California compliance market), this may set a challenging precedent for some wetlands
restoration carbon offset projectsThe primary issue identified that precludes projects with
federallyheld easements ithat ARBdefines the forest owner a8 1 KS 26y SNJ 2F Fyé )
GKS NBFf o6Fla 2LJIJ32aSR (2 LISNER2YFf 0 LINRPLISNIE Ay
easement holdersandmineral rights holders Furthermorethere is a lack of clarity that federal

agencies have authority to accept obligations that &ieBrequires of owners of forest offset

project lands. Despite this challenge, strong interest regionally, nationally, and globally from

public and private sectsrfor innovative marketased approates to restore and protect

wetlands, forests, and grasslands suggest a collective will to overcome challenges to achieve
these goals.
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Appendix CWetland Carbon Sequestration Modeling Analysis

Wetlands and Carpon quue,stratio,n o ] o A
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mechanisms, which can mitigate greenhouse gases released as a result of changes in land use and the
burning of fossil fuels. The carbon sequestered in vegetatedtal ecosystems, specifically mangrove
F2NBaGax aSrraINraa o0SRax yrR alfid YIFINBRKSa:X KIFa o6SS
Louisiana, blue carbon also refers to carbon sequestered in soils and trees of tidally influenced cypress
tupelo forests and freshwater marshes. Wetland restoration is an effective climate change mitigation
strategy because it enhances carbon sequestration and avoids carbon releases that would occur in the
absence of restoration activities.

There are five gesral carbon storage pools in wetlands: 1) aboveground trees; 2) aboveground
herbaceous vegetation; 3) surface litter; 4) dead wood; and 5) belowground organic soil that include all
organic matter from belowground productivity and also some organic mattedyced aboveground

that is buried as detritus. Wetland restoration techniques enhance carbon sequestration via increased
vegetative productivity, carbon burial, and avoided carbon release. Increased productivity and accretion
result in enhanced aboveguod biomass and root production, leading to increased organic soil
deposition and carbon sequestration (Day et al., 2004). Geological subsidence of this organic soil
results in significant permanent carbon burial. Overall, the amount of carbon segeést highly
dependent on the health and productivity of the wetland, as large amounts of previously stored carbon
can be rereleased to the atmosphere if the wetland deteriorates (Davidson and Janssens, 2006).

Wetlands can also emit greenhouse gases. thidiee production tends to occur in low salinity and
freshwater tidal flats and marshes because of the high organic matter content of the soils at anoxic
depths. As salinity increases, methane emissions decrease or cease completely due to the av&ilability
sulfate, the reduction of which inhibits methane formation. Small amounts of nitrous oxide can also be
emitted by wetlands during nitrification and denitrification. However, denitrification can occur in
organic bearing continental shelf sediments begdhe estuary. Though wetlands emit small amounts

of nitrous oxide, the compound could be produced elsewhere in the estuarine or in the adjacent
continental shelf and would likely occur without the presence of the wetland. Further research is
needed toconfirm whether nitrous oxide precursor compounds and their associated emissions would
remain unchanged regardless of whether the wetlands are there or not. In general, wetland emissions
can contribute to greenhouse gas impacts and require further ingastin. The Intergovernmental
Panel on Climate Change (IPCC) requires land use change assessments to quantify only those emissions
resulting from direct human impacts. For the purposes of quantifying and valuing carbon sequestration
in wetlands, it is te change of emissions beyond what is naturally occurring that must be quantified.

Restoration Bchnues and Carbon Modeling
The objective of wetland restoration is the restorationhgfdrology, vegetation, and wetland functions

to sites where wetlandsrpviously existed or are currently degraded. Various techniques are used to
achieve wetland restoration, and not all approaches are suitable for all wetland systems. As part of this
study, existing restoration techniques were examined to identify reskmmamethods that show
commercialization potential as wetland offset projects. The analysis included the likely yield of carbon
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offsetsfor each restoration techniquand thecorrespondingarea of land suitable forestoration The
restoration techniqueshat were identified include:

1 Riverdiversiong(alsoreferred to as sediment diversions améshwater diversions)use of new
channels and/or structures to divert sediment and freshwater from the Mississippi and
Atchafalaya Rivers into adjacent basins

1 Hydrologic restorationt installation of features that restore natural hydrologic patterns either
by conveying freshwater to areas that have been cut off by-maxde features or by preventing
the intrusion of salt water into fresh areas through maadechannels and eroded wetlands.

1 Marsh creation- creation of new wetlands in open water areascluding bays, ponds, and
canals through sediment dredging and placement. Most projects involve pipeline conveyance
of sediment.

1 Wetland assimilation- the introduction of treated municipal effluent intaimpounded and
degraded wetland$o provide freshwater and nutrientfor restoration purposes.

1 Mangrove plantings- assisted natural regeneration, seeding, or tree planting of black
mangrovesAvicenniagerminansy.

A literature review was performed as part of this study to develop a database of currently available
empirical data on carbon sequestration and GHG emissions from various types of wetland systems in the
Mississippi River deltaic plain, as vasdlother areas of the world. The database was assembled from 47
peer-reviewed literature sources. Carbon sequestration from soils and trees, as well as methane (CH4)
and nitrous oxide (N20) emissions, were the primary parameters of interest. Varaliles database
included water inflow (none, diversion & wastewater), salinity (fresh, brackish & salt), type (forested,
emergent & mangrove), and location (LA, gulf & world). Data were analyzed as applicable to wetland
carbon offset projects and carbonarket rules. The carbon impacts of preventing wetland loss were
also analyzed. All itees were converted tontCQe/acre/year.

The likely carbon offset yield was determined for each offset restoration technique based upon results

from the database. Thamount of carbon sequestered that can be counted toward carbon credits
depends on the difference between the carbon sequestration rate during an approved baseline, which

NB LINBE & Sy (-dsdza dzbl& &4 y 83K OG A OS&as> | yR G KSonhitiaty Tie&k | & NI
and soil carbon pools were conservatively selected to represent the amount of carbon being
sequestered. The net carbon offset yields were then applied to the amount of corresponding area that

OFly 06S NBal2NBR | & GoipeSaddiva MBtBr Plardfor i Sustainible |Cyakt Qlfithe

specific restoration technique (i.e., wetland assimilation, mangrove plantings) was not detailed in the
master plan, an analysis was performed to determine the potential applicable area of toeatem

technique.

Baseline Analysis
Table 2presents baseline sequestration values derived from the database. This table contains baseline

values for freshwater forested, freshwater emergent, brackish, and saltmarsh wetland types.

| Mean Min Max S.e. n |
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Baseline Tree:
Baseline Soil (Fresh - Forested):
Baseline CH4 (Fresh - Forested):

Baseline N20 (Fresh - Forested):

Baseline Soil (Fresh - Emergent):

Baseline CH4 (Fresh - Emergent):

Baseline N20 (Fresh - Emergent):

Baseline Soil (Brackish):

Baseline CH4 (Brackish):

Baseline N20 (Brackish):

Baseline Soil (Salt):
Baseline CH4 (Salt):

Baseline N20 (Salt):

2.7

2.0

8.3

171

3.2

44.6

0.1

4.8

60.4

0.3

3.8

6.8

0.7

0.6

2.3

15

0.1

2.7

0.4

0

4.8

28.2

89.5

4.6

85.4

0.3

7.1

136.6

0.7

5.8

34.1

3.7

0.4

4.2

14.5

0.3

11.0

0.1

0.7

171

0.1

3.7

5.5

0.6

10

6

6

Conner & Day (1976); Conner et
al. (1981); Day et al. (2006);
Hunter et al. (2009); Megonigal et
al. (1997); Shaffer et al. (2009)

Day et al. 2004

Yu et al (2008)

Yu et al (2008)

DeLaune & Smith (1984); Feijtel
et al. (1985); Hatton et al. (1982,
1983); Nyman et al. (2006);
Rybczyk et al. (2002)

Crozier & DelLaune (1996);
DeLaune & Smith (1984);
DelLaune et al. (1983); Feijtel et
al. (1985)

DeLaune et al. (1989); Smith et al |
(1983a,b)

DelLaune & Smith (1984); Feijtel
et al. (1985); Hatton et al. (1982,
1983); Nyman et al. (1995, 2006)
Alford et al. (1997); Crozier &
DeLaune (1996); DeLaune &
Smith (1984); DeLaune et al
(1983); Feijtel et al. (1985)
DeLaune et al. (1989); Smith &
DeLaune (1983); Smith et al.
(1983a)

Feijtel et al. (1985); Hatton et al.
(1983); Nyman et al. (2006); Perry|
& Mendelssohn (2009); Smith et
al. (1982, 1983h)

Crozier & DeLaune (1996);
DeLaune et al (1983); Feijtel et al.
(1985); Smith et al. (1982)
DeLaune et al. (1989); Smith &
DeLaune (1983); Smith et al.

(1982, 1983a)

Table 2 Baseline carbon sequestration values derived from theientific literature (units in mtCQe/aclyr).

s.e.= standard error. Positive values denote carbon sequestration arefjative values denote net GHG

emissions.

Baseline with Prevented Wetland Loss

Unfortunately, many wetlands in Louisiana are deteriorating resulting in thelease of large amounts
of previously stored carbon. Many areas of coastal Louisianaifaniment wetland loss thatanalso

be incorporated into the baseline scenaribthe wetland loss can babated through restoration.
Wetland loss refers to vegetation death and conversion to open water.
accounting includes th&LINS @Sy (G SR
would decrease over time (Mack et al., 2012) However, providing wetland offset credits for the
prevented rerelease oftarbonpreviously storedn soilsmay be essential to providing a strong business

t2aaqQ

case for carbon investment into wetland restoration pragec

Many restoration technigues can prevent the conversion of land to open water thus preventing-the re

27

Currently, wetland carbon
T dz(i dasI weédlhndlBareay

281ld

release of previously stored carbon when the wetland deteriorates (Davidson and Janssens, 2006).

When vegetation death occurs, organic carbon undesgocomplex cycling, with fate dependent on

specific type and source (Reddy and DelLaune, 2008); part of the soil organic carbon is oxidized resulting

in GHG emissions and patrt is buried, either in situ or exported and buried elsewheeeop 50 cm of

the wetland soil horizon generally includes the living root zone, which is most geomorphically unstable,

most susceptible to erosion, and can be oxidized when the vegetation #ies.example, Day et al.
(1994) observed the presence of the chemoautotroptdacterium (Beggiatoa sp.) in a dying salt marsh,
and suggested that rapid decomposition of the roots by anaerobic suiéalecing bacteria led to

collapse of the marsh substrate. In separate studies of the same marsh, DelLaune et al. (1994) and

5C
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Nyman et al (1995) described the physical collapse of the marsh and oxidation of the peat root
structure. On average, the top 50 cm of Veetd soil contains 2081tCQe/ac (Table 3.

Organic Carbon
Wetland Matter in 50cm C

Literature Source Type Comment (g/m2/yr) Accretion (cm/yr)  (Kg/m2)  (mtCQelac
Hatton et al. 1982 Fresh Levee 477 1.06 11.3 166.9
Hatton et al. 1982 Fresh Backmarsh 306 0.65 11.8 174.6
Nyman et al. 2006 Fresh Stable 538 0.82 16.4 243.4
Mean Fresh: 13.1 194.4
DelLaune & Pezeshki 2003  Brackish 406 0.85 11.9 177.2
DelLaune & Pezeshki 2003  Brackish 237 0.51 11.6 172.4
DelLaune & Pezeshki 2003  Brackish 302 0.6 12.6 186.7
Hatton et al. 1982 Brackish Levee 797 1.35 14.8 219.0
Hatton et al. 1982 Brackish Backmarsh 269 0.64 10.5 156.0
Hatton et al. 1982 Brackish Levee 826 1.4 14.8 218.9
Hatton et al. 1982 Brackish Backmarsh 348 0.59 14.8 218.9
Nyman et al. 2006 Brackish Stable 604 0.88 17.2 254.6
Nyman et al. 2006 Brackish Deteriating 542 0.96 14.1 209.5
Mean Brackish: 13.6 201.8
Hatton et al. 1982 Salt Backmarsh 675 1.35 125 185.5
Hatton et al. 1982 Salt Backmarsh 435 0.75 14.5 215.2
Nyman et al. 2006 Salt Stable 424 0.59 18.0 266.6
Nyman et al. 2006 Salt Deteriating 618 0.98 15.8 234.0
Nyman et al. 1995 Salt Burial 796 1.3 15.3 227.2
Nyman et al. 1995 Salt Burial 434 0.85 12.8 189.5
Mean Salt: 14.8 219.6
Overall Mean: 13.9 206.3
25% of overall mean: 51.6
50% of overall mean: 103.2
75% of overall mean: 154.7

Table 3 Carbon sequestrated in the first 50 cm of the wetland soil horizon of fresh, brackish and saltwater
wetlands. Values derived from the scientific literature.

The potential exists for this carbon to be claimed as carbon offsets if restoration effergiccessful in
preventing the loss of the wetland soil horizon. Research initiatives are currently underway to
determine the proportion of the root zone that becomes oxidized as GH®@Aile this information is
being developed, a consattive estimateof 25% (51.6ntCQe/ac), 50% (103.2ntCQe/ac), and 75%
(154.7mtCQelac) of the carbon contained in the root zone were used for the purpose of estimating
potential wetland carbon offsets.

Prevented Wetland Loss Carbon Project Potential

[ 2 dzA & A | pfehefisive Maatyt Plan for a Sustainable Coast used predictive models to evaluate a

W¥ dz dzNBE 6 A (i K 2 dzijear ltiteiram2 {CW/PRAZZD1R). IRanges of high and low values for

each environmental uncertainty (i.e., subsidence, sea level rise, ratettdnd loss) were chosen based

on expert panel recommendations or by using best professional judgment, forming two scenarios
RSAONAOGSR | &4 WY2RS NTointp@ve regdRbility theSaauthiors dflthis keokt tetaméQ ©

the moderate scenariodm (1 KS Wi 2¢ f23da NIGSQ a0SYyIFINA2I |yR (K¢
NI G0SQ auddeytheNdwads ratescenario, their analysis predicted 770 square miles (492,800

& ConocoPhillips and Tierra Resourceseurrently performing research on the fate and transport of carbon
(prevented wetland lossgt saline, brackish, and fresh emergent sites
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acres) of wetland loss over the next 50 years, which increases to $gixre miles (1,120,@) of
wetland loss under the high loss rateenario (Figure 31

et . -
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770 square miles lost Ay 53 '
1,750 square miles lost Ol ¢ S

Figure 11 A comparison of estimated land change along the Louisiana coast at year 50 under mod@oaie
loss rate)and less optimistic(high loss rate)scenariosof future coastal conditions. Green indicates areas of
natural new land created and red indicates land that is likely to be Ig§WPRA, 2012).

[ 2dZA &AA L YI Q& [/ 2YLINBKSyaA@S aladSNI tflry F2NJ I {dzai
restoration techniques to maximize land building over 50 years, usingya&0river flow record of the

Mississippi River. The results of the maximize land scenario indicated that approximately 4750 square
miles @,040,000 acres) in the low loss rateeario and approximately 4250 square miles (2,720,000

acres) in thehigh loss ratescenario could be nmatained (CWPRA, 2012; Figure.12

Potential Land Area Change Over Next 50 Years Potential Land Area Change Over Next 50 Years
Moderate Scenario Less Optimistic Scenario
5000 5000

-~ Maximize Land
4500

Maximize Land
Multiple Small Diversions

&
@0
=3
S

No Diversions 4000

(Square Miles)
(Square Miles)

Multiple Small Diversions
No Diversions
3500

Total Land in Coastal Study Area
Total Land in Coastal Study Area

Future Without Action

Future Without Action

3000
2012 2021 2031 2041 2051 2061 2012 2021 2031 2041 2051 2061

Figure 12 Comparison of land changes in the coastal study area using different restoration strategies
under moderde (low loss rate) and less optimistig¢high loss rate) scenario®f future coastal
conditions. (modified: CWPRA, 2012).

Unfortunately, even with the maximize land building restoration techniques, some land loss will still
occur. Subtracting the maximized land building scenario from the current wetland land area results in
150 square miles (96,000 acres) of land loss indiheloss ratescenario and 650 square milgkl6,000
acres)of land loss in the high loss raseenario. Subtracting the predicted wetland loss from the acres
that will still be lost in the maximal lanbuilding scenario results iapproximately 620 squa miles
(396,800 acres) in the low loss rateenario and approximately 1100 square miles (704,000 acres) in the
high loss ratescenario that would be prevented from convertittgopen water (Table)}4 Assuming that
25-75% of the carbon in the top 50 oofi sediment could be prevented from releasing greenhouse gases
would result inover 20,000,00€.00,000,000vetland carboroffsetsover 50 years.
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Low Loss Rate Scenario

High Loss Rate Scenario

Predicted wetland loss with no action
Acres lost with maximal land building

Prevented wetland loss
Carbon impact 25%
Carbon impact 50%
Carbon impact 75%

492,800 acres
96,000 acres
396,800 acres
20,474,880 mtCOe
40,949,760 mtCO,e
61,384,960 mtCOe

1,120,000 acres
416,000 acres
704,000 acres
36,326,400 mtCOe
72,652,800 mtCOe
108,908,800 mtCO,e

Table 4 Estimated prevented wetland loss using values fra&liVPRA 2012.

Economic Flooding Damages

The additional risk of flooding can be calculated as coast wide expected annual damages, which are
predicted to increase from $2.4 billion today to $7.7 dilliby year 50 under the low loss rateenario.

If we experience théigh loss ratescenario, the average annual flood damages could reach $23.4 billion
by year 50 (CWPRA, 2012).

River Diversion& Hydrologic Restoration

A major focus of current wetland restoration strategies has been the reconnection of the Mississippi
River with the delta using river diversions and siphons (Day et al., 2007, 2009; DeLaune et al., 2003,
2005; Lane et al., 2003, @6; LDNR, 1998). Approximately 28.5% of the Mississippi River delta plain has
been lost since 1956 (Barras et al., 2008). A major cause is believed to be due to flood control levees
that prevent seasonal inputs of nutrients and sediments from the Miggis®River, which formed the

delta over the past 6003000 years (Kesel, 1988, 1989; Mossa, 1996; Roberts, 1997). Other factors
certainly exacerbate wetland loss, such as the proliferation of access canals andveledhuid
withdrawal associated with # oil and gas industry (Turner et al., 1994; Morton et al., 2002; Chan &
Zoback, 2007), intentional impoundment for waterfowl management (Boumans & Day, 1994), and
herbivory by nutria (Evers et al.,, 1998). However, a major focus of current wetland t&stora
strategies has been the reconnection of the Mississippi River with the delta using river diversions and
siphons (Day et al., 2007, 2009; DeLaune et al., 2003, 2005; Lane et al., 2003, 2006; LDNR, 1998), which
are water control structures built into tnMississippi River levees that allow river water to pass through

or over the levees intsurrounding wetlands (Figure 13

Figure 13Schematic map of current and future river diversion projecE¢mCWPRA, 2012)
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