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Executive summary

Humans have been harvestiongsters for food for millennia. In addition to sustenance, oyster
reefs provide myriad additional benefits including:

1 Increased catches of fish and crabs that rely on oyster reefs for food or shelter;

1 Protection from coastal erosion and flooding causgdiaaves; and

1 Removal of nitrogen from coastal waters which causes algal blooms and dead zones.

Oyster reefs have lost an estimated 85% of their historic extent globally, more than any other
marine habitat. Yet recent research demonstrates that lasgae reef restoration is technically
feasible and that restored oyster reefs are functionally comparable to natural reefs, thus
opening up the prospect for larggcale restoration of reefs and the benefits they provide to
people.

Generating quantitative eghates of the benefits that oyster reefs provide has only recently
become possible. Using information from two reef restoration projects in Mobile Bay, Alabama
and specific estimates of various benefits from other studies, this study is one of the first to
guantifythe benefits that oyster reefs provide in the northern Gulf of Mexico and calculate the
social return on investment in reef restoration.

In general terms, northern Gulf oyster reef restoration will generate benefits from enhanced
seafood harvess, a large portion of which will accrue to the poor coastal communities highly
dependent on seafood resources. In addition, lasgale reef restoration will deliver a short to
mediumterm output, income and employment boost during the construction peaad a
longterm economic boost from increased output of the seafood sector. The restoration of
oyster reefs along the northern Gulf coast will also reduce the high vulnerability of many of
these coastal areas to climate impacts from coastal erosion.

More specifically, the two oyster reef restoration projects, with a total length of 3.6 miles, will
produce the following outputs:

1 Fisheries6,900 pounds/year of additional finfish and crab catch, with an economic
value of $38,006646,000/year producing atal economic output of $39,000/year.

The two study reefs are expected to generate additional catch of over 6,900 pounds per
year of fish and crab species for commercial and recreational fishers. These harvests will
generate estimated net benefits of $88-$12,500/year in the commercial and
$28,000%$34,000/year in the recreational sectors for a total of $38;8d®,000/year.

The higher catch will increase local economic output by an estimated $39,000/year.
Currently the two reefs are not planned for oystearvesting due to concerns about
ensuring the sustainability of such harvests. If sustainable harvesting were

implemented, however, oyster harvests could yield 20 oysters per square meter of reef
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per year for an estimated additional net benefit of $361Q00year. This would increase
local economic output (sales) by an estimated $494,000/year and create seven jobs.

1 Coastal erosion51-90% reduction in wave height and-88% reduction in wave energy
at the shore.

The majority of the Mobile Bay coastlineshanedium to very high vulnerability to
erosion. Higkrelief (~0.51.0 m) oyster reefs function as nearshore breakwaters and
reduce the height and energy of waves hitting the shore. Using the dimensions of the
reefs, local bathymetry, wind and fetch datancha standard coastal engineering model
of wave attenuation, the two reefs are expected to reduce wave height E§084 and
wave energy by 789%. This will reduce shoreline erosion and associated damages to
private property and public infrastructure as ivas flooding due to extreme weather
events. The local economic value of this wave attenuation may be large based on
evidence from other studies looking at property values and insurance premiums for
coastal U.S. areas. Importantly, the reefs will reddwermedian height of waves at their
shorelines to below the threshold of 0.15 m for coastal marshes in Mobile Bay.

1 Nitrogen abatement:280-4,160 pounds of nitrogen per year removed from Bay waters.

Oyster reefs increase nitrogen removal from the wateluom, reducing the likelihood

of harmful algal blooms or local anoxic conditions. In addition, reducing nitrogen loads
in Mobile Bay helps reduce the export of nitrogen into deeper offshore waters where it
creates "dead zones." The stuhefs are estimatd to remove between 280 and 4,160
pounds of nitrogen per year from bay wateWhile this reduction is too small to

noticeably affect nitrogen levels bayide, it nonetheless is likely to improve water

guality in the vicinity of the reefs sufficiently tegerate economic benefits from

avoided algal blooms or fish kills and in the form of increased property values for coastal
homes.

1 Economic impacts from reef construction itse$8.4 million in local output, $2.8 million
in earnings and 88 jobs created.

Reefs construction and associated activities, such as reef monitoring and community
workforce training, will inject $4.3 million into the local tweounty area. Each dollar
spent by the project ripples through the local economy and generates almostt&tin
local economic output (sales in the tvoounty area) and 64 cents in household
earnings.

The Southeast Asiamerican community in the study area accounts for a large share of local
seafood harvest and processing and earns between 80 and 90 peicienincome from
seafoodrelated activities. &rge-scale restoration of oyster reefs in the northern Gulf of Mexico
will not only improve existing income sources for this communitydisid can diversify local
livelihoods through new employment opportities in coastal restoration projects, while
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increasing the resilience of local communities to the impacts of natural disasters and rising sea
levels.

Perhaps most importantly, oyster reef restoration makes sense onlmrstfit grounds: Over a
50-year imeframe, the present valugNPV)of the economic net benefits from just the fishery
enhancement provided by sustainably harvested oyster reefs (including oysters) is $5.6 million,
giving the project a social return on investment (ROI) of 2.3. If avoidethdes from coastal
erosion and flooding are considered, the economic rationale for reef restoration becomes even
stronger. Importantly, economic benefits and impacts increase proportionally with oyster reef
area.

The value proposition of reef restoratioasts on the ability of the reefs to perform a number

of functions in addition to fishery enhancement, such as water quality improvement and coastal
erosion control. While other approachedgraditional "grey infrastructure” solutions such as
bulkheads orock revetments might perform individual functions similarly well or at similar

cost as oyster reefs, none of them produce the multiple benefits that reef restoration does.
Thus, oyster reef restoration is likely to generate greater total benefits for oitian

competing singlebjective solutions.
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1. Background

Oyster reefs have experienced the largest global loss of any marine habitat type, with an
estimated reduction of 85 percent comparedtteeir historic extent (Beck et al., 2011). The
primary causes for the decline oysterreefsare overharvesting and destructive harvesting
practices (dredging, trawling), disease (often associated withnadive oysters used in
aquaculture), alteration of shorelines, changes in salinity as a result chtdtes of freshwater
inflows, and increased loadings of sedimentation, nutrients and tqkiasional Rsearch
Council, 2004). Oyster reefs have fared somewhat better in the Gulf of Mexicapniytho-
89% of the historic abundance lost. However, thaestaf oysterreefsis highly variableamong
different areas inGulf. In the northern Gulf, documented losses range feomestimated30%
in Mobile Bay(zu Ermgassen et al., 201%)90-99% in the Mississippi Sound and Pensacola Bay
(Beck et al., 2011).

This dramatic loss of oyster reefs is of concern because oyster reefs provide a wide range of
ecosystem functionsiiaddition to oyster production. These include the reduction of water
turbidity by filtration; the hodeposition of organics containing plantitnients; the induction of
denitrification associated with organic deposition; the sequestration of carbon; the provision of
structural habitat that promotes epibiotic diversity and fish and crustacean production; and the
stabilization of species habitahd shorelingNational Research Coun@10).These functions

in turn support many valuable ecosystem services that generate economic beoefibsal
communities and the wider economiylany of these services have been quantified e pleer
reviewed iterature (see Appendix 1).

Although the harvest of the oysters themselves always has been recognized as an important
benefit, the growing body of literature on the services provided by oyster reefs indicates that
thisdirect use value of oysters aharvested commodity likelgales in comparison witthe

value of the other servicesysterreefs provide Grabowski andPetersen, 2007Peterson et al.,
2003. In fact some suggest thahe value of the landings of fish that use oyster reefs may
exceed ogter harvest valug(Beck etal., 2011).

Importantly, research suggests that thareay beno significant difference in service provision
levels between restored and intact natural reéfReef restoration thus offers the potentitar
reversing the higirical loss of ecosystem services from these systems.

! The table follows the definition of ecosystem services suggested by Boyd andaB&dv), ashe final inputs
from nature that are directly consumed or otherwise enjoyed to produce humathemetj While a number of

other definitions are in use, the focus €inal ecosystem services that suppapecific benefitéacilitates the
comprehensive accounting for ecosystem services while avoiding danhbieting. Kroeger and Casey (2007) and
% For example, a study on Ocracoke Island, NC showedHbafalue of fish caught on restored reefs was equal to
that of fish caught on natural ree(dlorth Carolina Sea Grant, 1997).
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Such restoration would yield economic benefits. Importantly, these benefits may substantially
SEOSSR (KS Oz2aia 2F NBail2NIGA2yd C2NJ SEI YLX S=
benefits ofa native oyster reef restoration project in Chesapeake Bay indicates that the

economic value of the benefits exceeds the costs sexeldl The feasibility of largecale

restoration has been demonstrated (Schulte et al., 2009), as has the superiormpanice at

least with respect tayster productivity) of highelief or vertical reefs (Schulte et al., 2009;

Coen et al 2007; Gregalis et al., 2008)

However,as is the case for many habitat types, the absolute and relative magnitude of the
various sevices provided by oyster reefs depends on site characteristics and thus varies across
different locations(Gregalis et al., 2008)aking into account key site characteristics that drive
reef performance and selecting restoration sites accordinglg tanincrease thdlows of

particular ecosystem servicé®m reefs (North et al., 2010This sitespecificity is even more
pronounced for the economic values of these services, which depend not just on the quantities
of flowsgeneratedbut also on thenumberof beneficiaries and theelative scarcity of the
respective services in a particular location. Thus, the estimation of the flows and associated
valuesproduced by a restoredysterreefdepends on the availability of local information about
service flowsand about the demand for those flows.

Choice oftsidy area, scope andobjectives

¢CKS wSa0l2NIGA2Y t NRINIY 2F (GKS ,mkolatiekedBon/ 2 y & S NI
withstafffromi KS / 2y aSNWI yOe Qa DdzZ ¥ 2T aé&dlkadigg 22848 0SN
oyster specialisthas developed geospatial tools that map suitability characteristics for oyster
restoration in thenorthern Gulf of MexicoThe Global Marin@eam recently also completed an
assessmenof historic and present oyster stocksthe lower 48 States and produced estimates

of the nitrogen removal by oyster reefs for a series of estuaries along the Atlantic, Pacific and

Gulf coasts (zu Ermgassen et al., 20Iiaddtion, the Natural Capital N2 2 S O0G Q& al NAY S
teamhasdevebped a simulation model that generatesstimates of the wavéeight and
energyattenuationprovided by oyster reefg-urthermore, several recent scientific studies in

Mobile Bay provide estimates of the fisheries enhancement effect of restored reefs.

Thepresent study dravs on thisrecentwork to develop estimates adelected ecosystem

service flows for two planned oyster reef restoratiprojects in Mobile Bay; andihere

possibleto estimate theeconomic value of those services and the economic impefdtse

restored reefs. Because Mobile Bay is home to a large, economically disadvantaged population
of Southeast Asian immigrants and their famili@s,alsoassess thextent to which this

community benefits from andupportsoyster reef restorationFirally, because our two study

reef projects form part of a much larger planned restoration effort in Mobile Bay, we scale up
our estimates to gain an approximate understanding of the economic benefits and impacts of
baywide reef restoration.



StudyJustifiation

Restoration of oyster reefs, especially if done in a way that createsld@ting, selsustaining
reefs requires a considerable investment of resourdasa world where worthwhile project
opportunitiesfar exceed available funding, smart resaaiadlocation requires an assessment of
the comparative returns of competing alternatsré his is true both within conservati@s well
asacrossconservation and nowonservation projects and whether returns are defined in
monetary terms or in different mtrics. The principal value of assessing the returns of
competing investments is that it allows for the maximization of target objectiweish the
important caveat of data availabilityand that it requires making expli¢he trade-offs and
choices.

Red restoration certainly offers the prospect of largenefits:

G¢eKSaS OoONBI1glGSNI RSaAadya ogAff f SaasSy ol ¢
thereby lessening erosion. They will also restore oysters and their associated

ecological benefits, as well as enltencommercially valuable oyster reefs in

other parts of the bay. Finally the construction of the reef materials and the

NESTa gAff KSELI NBad2NBE FAAKSNE NBfIFGSR
2010:20)

This study aims to begin to provide a quantitativnderpinning to those expectations.
However, the information it generates will serve several additional purposes.

Need forassessinghe relative cost-effectiveness obysterreefrestorationas a pbol for
economicrevitalization

Ecosystem restoratioim general, and largecale oyster reef restoration in particular, is being
proposed as an approach that can help contribute to the revitalization of the economy of the
northern Gulf of Mexico, which has been hard hit by recent natural and manmade dsaster
(Oxfam America, 2010%ubstantial public and private resources are being devoted to coastal
restoration and other efforts that support economic activity in the region, and these efforts are
likely to continue or even increase in the coming yeKrsowlalge of the economic benefits

and impacts of oyster restoration will allow comparisons of the return on investment (both in
terms of cost/benefit and costffectiveness) of reef restoration with those of 1) other
restoration projects; 2) non restoration gexts (e.g., puandtake oyster fishery projects;
coastal hardeninghat aim to generate or substitute some of the ecosystem services provided
by conservation or restoration projegtand 3) projects whose primary purpose it is to increase
economic outptior jobs in the areaThis information will be crucial for making the economic
case for largescale oysterestoration in the Gulf, as envisioned for example by the-1000



project in Alabam&.Qurveys of coastal residents in the region show thabpleare aware of

the benefits shellfish providd-@irbank, Maslin, Maullin and Associates, 2009), that they
recognizeeconomic benefits as an important reason (alongside ecological benefits) to protect
and restore oyster reefshat there is strongupport foroyster reef restoration and protection
(Scyphers and Powera011), and that they supponnakingshellfish protection andastoration

a priority for state agencies Fairbank, Maslin, Maullin and Associates, 200®toyster

restoration projects are likglto attract more public funding if they calemonstratetheir cost
effectiveness compared to alternative projects with the same economic giiails study will
provide some of the data needed to conduct such assessments.

Dataavailability andrepresentaiveness of thetudy area

The Mobile Bay area was chosen as a case study site for several reasons. First, the Conservancy
is implementing several oyster reef restoration projects in the area that are generating site
specific data against which to compditerature estimates on oyster ecosystem services from

other areas in the Gulf. Even though these projects are still too young to generate the service
flows provided by more mature reefs, the data they provide in many cases do allow qualitative
comparisors with literature observations, including several recent studies conducted in Mobile
Bay. In addition to these observational data, medated estimates have been developed for

the denitrification provided by oyster reefs in the Bay.

Finally,Mobile Bayalso isrepresentative of many other sections of the northern Gulf coast in
that oyster reefs and shéishand finfish harvests form an important component of the local
economy and represent crucial income sources for some sectors of the community tieat hav
few alternative employment options (Oxfam America, 2010; Mississippi Coalition of
VietnameseAmerican Fisherfolk and Families, 2010). Thus, the findings of our study are
expected to be fairly representative of other areas along the northern Gulf coast.

Identifying oystereaefrestorationbenefits fordisadvantagecommunities

In addition to benefiting the local economy at large, coastal restoration projects also specifically
benefit marineresource dependent and often underprivileged local commeasitHowever, the
extent of those benefits depends on project design and implementation and has not been
examined for oyster reefs in the northern Gulf.

Identifyingobstacles anapportunities for disadvantagedmmunities toengage tilly in the
restordion economy andliversifylivelihoods

The identification of obstacles and opportunitiesr disadvantaged local communities to
actively engage and benefit from coastal restoration efforts is a necessary first step in reducing

3 Seehttp://www.100-1000.ag/final%20fact%20sheet.pdf
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the often high dependency @dhose communities on seafood harveskigsissippi Coalition of
VietnameseAmerican Fisherfolk and Families, 2Dpa@d in diversifying livelihoods. More

diverse livelihoods in turn are likely to increase the resiliency of local communities in the region
to natural disasters and the impacts of climate chandgng focus grougdiscussionsind key
informant interviews, our studyepresents dirst effort to identify obstacles and opportunities

for more community involvement in the restoration economy, amt inform future research

efforts that employ more robust techniquesich as statistical analyse

Assessing theffectiveness and cosfffectiveness obysterrestorationas aclimate adaptation
approach

Finally,by reducing coastal erosiand flooding oyster reef restoration also could play a part

in the adaptation of coastal communities in the northern Gulf to climate change and in reducing
impacts from cuent climate eventsSuch ecosystetinased adaptation approaches in many

places of the world haesbeen found tde among the more costffective measures to reduce

damages from climate events (Economics of Climate Adaptation Working Group, 2010;

Caribbean Catastrophe Risk Insurance Fa@@y0. In fact, a preliminary analysis identified

G SUINIBYERIZ NI GA2y ¢ | a 2y S-teBnfactionkts protdst@na noxerf RSR vy S
Ddzt ¥ NB3IA2Y 09y iSNHE /2NlLJPS HamMnLud | 26SOBSNE a
ecosystems, the restoration cestfectiveness of which may vary substantially. Theseach

on the economic performance specifically of oyster reefs is needed.



2. Methodologyand Results

In thissection wefirst outline the metrics used in the economic analysis of the serflows

from two restoredreefs followed by a brief descriptioof the study sites and reef

characteristics. This is followed by the estimation of the physical flows provided by the reefs
(section2.1), the economic benefitséction 2.2 and impactgsection 2.3}hose services

produce Finally, we examine the lodal2 dzi KSI ad ! aAly O2YYdzyAdGeéQa
resources, their support for coastal restoration and the obstacles and opportunities for
increasing the engagement of that community in restoration projés¢stion 2.4)

Metrics used for assessing teeonomic outcomes from oyster reef restoration

We apply two commonlysed, complementary metrics to assess the economic dimension of ref
restoration. These araet economic benefitandeconomic impactsNet benefits represent the
actual increase in webeing particular individuals, communities or the study area as a whole
derive from the services provided by the restoratiorttud study reefs. Net benefits are an
important metric for project evaluatiorbecause they indicate whether, and by how much, a
project makes society better offn general, the net benefit to an individual from increased
service provision is the difference between the gross value of the additional service flows and
the costs required to obtain these additional flows. For examplerder to land additional
guantities of oysters, crabs, shrimp and finfish, harvesters generally incur additional costs for
capital, labor, energy and materials. The net benefit to the harvesterrofitt is the

difference between the gross value of thefrased landings and the additional cost associated
with actually realizing these increases in landings. Likewise, consumers of the additional
seafood derive a net benefitthe soccalled consumer surplasfrom its consumption that is

equal to the differencdoetween the price they had to pay to obtain the additional seafood and
the maximum amount they would have been willing to pay to obtain the additional seafood

In addition to net benefitsthe metric ofeconomidmpactis often used to express the aftts a
project has on the local or regional economy. Economic impact analysis generates estimates of
the total changsin output (sales), employment and earnings that result from a project. While
these metrics do not help answer the question of whethenot a project actually is beneficial

for societyin the sense of increasing aggregate wmding they are understandably afterest

to local communities and policy makers. Furthermore, the economic impacts of reef

restoration can be compared to the imgia from other, competing projects such as oyster shell
put-andtake programs or coastal hardening, indicating the relative performance of reef
restoration in terms of economic impacts.

Spatial Scope of theroject

The restoration project assessadthis study is @lannedoyster reef restoration project
comprising two sites at the western and eastern endsobile Bay Alabama TheNature
Conservanchas been carryingut severaloyster reef restoration project the areaat
Coffee IslandPortersvile Bay)andin Alabama Porand Helen Wood Paifobile Bay)Figure
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1), while the Alabama Department of Conservation of Natural Resources and Dauphin Island

Sea Lab have restored reefs along much of Little*Béese projects form part dhe sites
targeted by the 1060000 Restore CoastAlabamaPartnership which aims to restore 100
miles of oyster reefalong the Alabama coaéindicated by the light blue areas kigure2-1),
protecting more than 1000 acres ohkwater marsh and sea grakabitats

5 ‘i i TheNat
Gulf of Mexico Restoration Decision Support Conser “'f(*' gésommz\
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Figure2-1: Existing oyster reef restoration projects (colored dots) in Portersville Bay and the

southern part of Mobile Bay, Alabama and additional restoratiplanned under the Alabama
100/1000 project(light blue areas)

The project whoseservices and associatedonomic benefits and impactge model in this
study is substantially larger than tketent ofexistingreef restoration.Historically, oyster reef
covered much oMobile Bay(Fgure A2.1). While not all of the lost reefs in thee areasnaybe
restorable, a substantial shars. In fact, lased on the keyestorationcriteria of water depth,
salinity, historic presence of reefs, shoreline erosigmat settlement and project permit
feasibility,much ofPortersvilleand GrandBay arehighly suitable for restorationas is the
northern portion of Bon Secour Béyigure2-2).”

“Theb | G dzNB / 2y aSNDI yOe Qa [/ 2FTFSS ehedrfinayided witlyféds! front tsel Y |
American Recovery and Reinvestment Act (ARRA).

®The suitability ranking in the figure is based on assigning maximum twesgthe scores for depth, salinity,
shoreline erosion, spat settlement and project permit feasibilitgdium weight tohistoric presence of reefs and
zero weight to natural resource dependency and transparency scores.
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The Conservancy has sevegsinned reefrestorationprojectsin Mobile Bay Thetwo projects
analyzd in this study are the ones that are furthest along in the planning protesSwift
Tractreefon the eastern shore of northern Bon Secour Bay, wbighentlyis undergoing
permitting by the US Army Corps of Engineensdthe Barton Islandeef, loated at the
western end of Grand Bay, which cemtly is in the design phas€ifure2-3). Deployment of
these projectss expected tdeginin 2012.
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Ecosystem service flowgluded in the analysis

This studydevelops quantitative estimates ttie flows ofthree ecosystem servicdbat the
planned oyster reef restoration projects at Swift Tract and Barton Island would provide. The
three services we focus on atfeosebest documented in the literaturéhe enhancement of
fisheries; the attenuation of waves at tha@elinebehind reefs and the removal of nitrogen
from the water column.

Ourfishery enhancement and denitrificati@stimatesfor the two projectsare based on
findings reported irpeerreviewedstudies Most of these studies were conducted in Mobile
Bay area, while a few have a larger geographic scope. Our wave attenuation estimates are
generatedthrough application ostandard hydraulic modelgto reefs(Tallis et al., 2011).

Because some ohe fishery enhancemengstimatesin the scientific liteature are from reefs
that differ structurally from the planned Swift Tract and Barton Island reefs;omgparethose
estimates withmeasurementgrom recentreef restoration sites in Mobile Bahat employa
designsimilar to thatthe Swift Tract and Bartolsland reefs will featurelhese measurements
are fromtwo heavily monitoredestoredreefs at Coffee Islandconstructed in spring 203@&nd
Alabama Port (constructed in 201 Monitoring data for theesitesincludeoyster production,
diversity andabundance ofpopulations of fiskand shellfistspeciesand shoreline erosiafi

While ideally a study of thimcaleconomic benefits and impacts from oyster reef restoration
would usemeasuredchanges irecosystem service flovet mature restorationsites there is no
mature site inMobile Bayfor which such data are being collectéd@he existing restoration
projectsin the area for which monitoring data are available so new thatthey are not yet
producing thefull flows of the ecosystem services exaradhin this studyFor these reasons,
our approach obcalinditerature data reported for other sites to owtudysitest cross
checked withocal measurements of service flows from young restoratiorssitepresents the
only available option of generaig service flow estimates fanature restoration projecin our
study area.

Reef characteristics

The overall characteristics of the two reefs analyzed in this study are sholablel. Ther

high vertical relief set these reefs andll other recert Conservancy reefs apart from less
permanent structures employed in some research studies in the Mobile Bay (e.g., Scyphers et
al., 2011; Stricklin et al., 201T)he reefs themselves may be constructesing a range of

different materials. Recent restoration projects in Mobile Bagdbaggedoystershelt dreef

® Monitoring comprises both preonstruction and postonstruction, with quarterly reports for prepared by
Dauphin Island Sea Lab and the University of South Alabama.

"The Nature Conservancy does have restored reefs in other areas of thia@waife older than the Coffee Island
reef.
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blockg iroa rebar cagefined with oyster shell anddreef ball€ (round structures madef
concrete (Dauphin Island Sea Lab and University of South Alalizohaa), but other shapes
have been applied at other sites in the Bay (e.g., Swann, 2008ping monitoring at Coffee
Island and Alabama Porthgingused toevaluatereef performance

Tablel: Key characteristics, Swift Tract aihrton Island reef projects

Swift Tract Barton Island
Distance from shore 21-33 m(69-108 ft) 30-50 m
Water depth(bmiw) 5093 cm 20-37 in) 40-70 cm (1628 in)**
Water depth (bmsl) 70-113 cm (2845 in) 60-90 cm (2436 in)
Segment length 125 m(410ft) * 50 m (164 fty}*
No. of segments 36* 12**
Total length of segments 4,500 m (14760 ft) 768 m (2520 ft)**
Segment height 50-93 cm (2637 in) 40-70cm (16-28in)**
Segment widthat base 4-5 m (1316 ft) 4-5m (1316 ft)
Gap length 12 m(39 f) * 15 m (49 fty*
No.of gaps 35* 11*
Total length of gaps 420 m (1378 ft) 165 m (541 fty*
Total length of project 4,920 m (16138 ft) 933 m (3,060 ft)
Total project footprint(top view) 20250 m? (217,97 1ft%)* 3456 nf (37,200 ff)
Shorelindength behind project 6,334 m (20775 ft) 1,038 m (3405 ft)

Notes bmlwt below mean low water level. Bmsbelow mean sea leveNumbers may not add up due to
rounding.*Segment lengthsre based on treatments applied at Coffee Island and Alabama Pootaéish
sites andmay vary due to specific type of treatment applied in particular sections oSthié project. **
Estimates” Based on avg. segment width at base of 4.5 m.

11



2.1. Estimates ofincreases in Ecosystem Servitmws from Restored Oyster
Reefs in Mobile By

In this section, we develop estimates of the service flows for each of the three services analyzed
in this study. The economic benefits and impacts associated with these flows then are analyzed
in sections 2 and 3, respectively.

2.1.1. Augmerted Finfshand Crab Productionfrom RestoredOyster Reefs

Reekincrease fish and crustacean production in two ways (Peterson et al., 2003). First, reefs
increase the abundance of both highly and less-tEgfendent species by enhancing
recruitment,where recruitment is defined as th&urvival of individuks to a size that can be
reliably censusedThis adds additional fisknd crustacean® the system. Second, reefs also
enhance fishand crustaceaproduction by enhancing survival of ree$sociated spaesthat

use the reef structure to seek refuge from predation, and by increasing the availability of reef
associated prey resources. This second pathway does not add neav fiskstaceansbut

rather enhances survival of existifige., postrecruitmert) individualsand subsidizes their
growth.

Peterson et al. (2003) review six studies for the Southeastern US that compare differences in
fish and crustacean abundance, respectively, between oyster reefaearthyunstructured
sedimentary (sand/mud) aess.Synthesizinghe findings of those studie$eterson et al. (2003)
guantify the relativeabundanceesnhancement effect specifftsh and crustacean species
experience in the presence of/ster reefslUsing speciespecific density estimates, age
distributions and growth curvesnd scaling the observed enhancement effect by the
percentage of food a particular species derives from reefs vs. mudisaodenwater

habitats,the authors then develop estimates of the annual increase in the biomass of reef
enhanced species, for the subset of species identified asepvbénced that is found in Tampa
Bay, Florida, the focus of their study.

In addition to the species for which Peterson et al. (2003) estimate quantitative enhancement
values,Table2 also shows six species whose production their review indicates is, or possibly
may be enhanced by oyster reefs but for which the authors do not develop quantitative
enhancement estimates because these species or close equisasnnot found in their area

of interest. Of these, all except for the tautog are fished in Mobile®Bay.

Several other studies since Peterson et al. (2003) provide additional information for the species
for which enhancement estimates are not develogsdthose authors. Scyphers et al. (2011)
compare fish and shellfish abundance and community composition at two young breakwater

® Based orhttp://www.dcnr.state.al.us/fishing/saltwater/fish.cfnand confirmed in interviewvith Mr. Avery
Bates, a local Bayou La Batre fisherman on Aug. 16, 2011.
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reefs in Mobile Bay constructed of loose oyster shell with those observed at nearby control
(mud/sand bottom) sites. They finthat several commercially or recreationally harvested
species showed significant abundance increases from réafd43).

Table2: Estimated increase in productiorof fish and large mobile crstaceans
due to enhancement effect of oyster reef, based on Peterson et al. (2003)

Species Fish production Increase in production
enhancement (Table 5 kg/yr/10nfof reef

Gobies Yes 0.644
Blennies Yes 0.050
Sheepshead Yes 0.586
Stone crab Yes 0.653
Gray snapper Yes 0.114
Toadfish Yes 0.022
Gag grouper Yes 0.293
Black sea bass Yes 0.046
Spottail pinfish Yes 0.005
Pigfish Yes 0.135
Sheepshead minnow Yes 0.000
Bay anchovy Yes 0.019
Silversides (mullet) Yes 0.002
Southern flounder Yes* n/a
Killetfish Yes n/a
White perch Yes n/a
Tautog Yes n/a
Red drum (redfish) Possibly” n/a
Speckled seatrout Possibly* n/a

Notes: Noestimatesof productiongainswere developedor speciedn italicsbecause
they arenot found in Peterson et al.'s (20p&rea of interest (Tampa Bay, FL)
*Enhancement factor of-B.3. * Contradictory results in studies; may depend on
differences in life stages of individuals in samples.

Table3: Commercially or recreationallyished species witlihe
highest abundance enhancement from oyster reefsmpared to
control sites as found on two tweyear old reefs in Mobile Bay

Species Abundance enhancement
Black drum 325%
Blue crab 297%
Silver perch 199%
Red drum 108%
Atlantic croaker 105%
Sotted seatrout 88%
Sand seatrout 74%
Southern founder 79%

SourceScyphers et a(2011)table S2
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Scyphers et al. (2011) do not reptinie mean weight of each of these speciesthe reefor
control plots,so their estimatesannotbe readly converted intcabsolute production
enhancementalues of kgper unit reef area.

In another study in Mobile Bagregalis et al. (200%) 20032004 constructeda total of 24
small (25m x 25 m) reefs at three sites characterized by different combinsatif sediment
type, proximity to established oyster reefs, water quality and water movement patternsf All
the reefs were placed in depths of 2.5 to 3 m. One half of the reefs wereréiigii (1 m in
height), the otherhalf, low relief (10 cm)Compaed with the unstructured bottoms, reefs
increased abundance of several species of small demersal fishegssitk invertebratebut
the total abundance otow-relief reefs and unstructured control areas was similar and often
greater than that on highelief reefs.Based onheir finding of highly variable responses by
resident and transient species to reef restoration, the authors sugfesthe predictability of
community responses to oyster restoration may be limited duthinteractions among
locaion-specific biophysicalharacteristics.

A third study in Mobile BayGeraldi et al.2009) foundthat oyster restoration in tidasalt
marshcreeks oror nearDauphin Island in Mobile Bay had a significant positive effect on
abundanceand a marginallgignificant effect on biomass demersal fishesut not of other
groups, although means for all groups were higher after the addition of the.réatsauthors
hypothesize that this lack of an increase in all species may be dhe &dundance of salt
marshes in their studgreeks, whichn many aspectée.g., nursenhabitat [Minello et al., 2003;
Heck et al., 2003pnaybe functionally equivalent to oyster reefs and thus may make reefs
redundant.The impact of surrounding habitats on the enhancemdifeat of reefs on fish was
also documented by Grabowski et al. (2005) wbmpared the effect of reefs for seagrass,
marsh and sand/mud bottoms areas.

Geraldi et al. (200%9eparatelyanalyzethe enhancementffect of reefs orthe five most
abundant denersal species at their sites. They findignificant increase in abundance and
biomass for southern floundésut a significantlecreasefor silver perct? Scyphers et al. (2011)
(Table 3andmonitoring resultsat the Alabama Port and Coffee Island reatmn sites
(Dauphin Island Sea Lahd University of South Alabant2011b) document positive effects of
reefs on both silver perch and southern floundéténecdotal evidencérom the Coffee Island
and Alabama Porestoration sitesfurther confirms the psitive effect on flounders*

°The authors adviscaution when interpreting these results because the variances of both species are not
homogenous, which may reduce the reliability of these findings.

silver perch caught at the two restoration sites increased from 28 individualepomstruction to 8 half a year

post reconstruction@auphin Island Sea Lab and University of South Alab2pi4,).

" According to the monitoring data, southern flounders in the samples taken at the two sites increased from zero
pre-construction to eight during Au@ct. 20D. Local fishermen are now fishing for flounder along (~10 ft

distance) the reef restoration projects at Coffee Island and Alabama Port (pers. comm., Judy Haner, Marine
Program Director, TNC Alabama; 17 Aug, 2011).
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The biophysical characteristics of the restored reefs reported on by Gregalis et al. (2009) and

Geraldi et al. (2009Jiffer in important respects from those of the reefs analyzed in this study
DNB3IIfAa Si deptuirduchiigherthagpat ousstudy Stés)(2.53.0m vs.0.7 m)

andtheir reefswere of different construction (limestone or concrete marl base covered with

oyster shell veneews. bagged shell, ReefBLK or reef ballthiwtwo studyreefs).Geraldiet

Ff ®Qa O6HvHnnpv NBSFa oSNB t20F0SR Ay GMwRIef YI N&
our restoration sies are locate@longlinearshorelines Also, their reefs had a much less

pronounced vertical relief, with a height of 10 cm compared to 490 cm (Table }. An

increased vertical reliedenerallyis expected to result ianincreasedish enhancement effect
(e.g..Coenetal.,200F (Kdza GKS SyKIyOSYSyid STFSOG 206aSNIK
smaller than what would be expected ourrestorationsites.

The ree$ constructed by Scyphers et al. (2011) are sinmldocation anddesignto those

analyzed irour study. Therefore, we expect their findings of clear enhancemeatwvafriety of

species, including several economicaiiyportant onesto be more indicative of the community
impactthat will result at the Swiffract and Barton Island site$he initially comparably high

relief (1 m)of their reefswas reducedo around 0.3 nduring thecourse of their studyThus,

evenSe LIKSNE S | f®dQa 6Hnamm0 SYyKFEyOSYSyid SadGAYl

Thisexpectationof aclearenhancemeneffectis supported by thenonitoring reports for the
Coffee Island and Alabama Paestorationsites (Dauphinisland Sea Lab and Warsity of
South Alabama2011a).

We develop conservative production enhancement estimates for our study area for the species

not induded in Peterson et al. (2003joli NI yaf I S { OBLIKSNBR Si f dQa
enhancement estimatesl@ble 3 into annual production enhancemengstimatesper unit of

additional reefareal K G Ol'y 06S dzaSR G2 O2YLX SYSy{d t SiGSN&
estimates for additional species important in Mobile Bag use th& control sitecatch per

unit effort (CPUEmMeasured as individuals caught per hpdata from theirlOcmmesh size
(stretched)gillnet samples-* Since their gill nets werésoaked for two hours, we multiply

their per-hour CPUE estimates layfactor oftwo in orderto obtain for each species thetal

mean biomass caught #teir control sites duringgachsampling event.

Because here we cannot develop growdmd survivorshigased production enhancement

estimates a la Peterson et al. (2003), we need to use a different approach to translateiScyph

Si fdQa ounmm0 SYyKIFIyOSYSyid SaidAyraSa Ayidz2 Sa
so, we make the explicit assumption that the quantities of fish harvested in their gillnets during

their study period are sustainabl&his is an arbitrary bueasonable assumption given the

imperfect efficiency of gillnets and their relatively low sampling frequemoyobtain annual

2 Since Scyphers et al. report blue cetiundance only for their seine net sampling, we develop estimates for blue
ON} 6 &aSLINrdSte Ia RSaONAROSR o0St2p0 2SS dzaS { O@LKSNA S|
highest number of significant findings.
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production enhancement estimates of the gillagize fractions of the species included in our
analysis, we multiply Scypherstef ® Q& Yt sympldpyitiKotal number of sampling
events (40) and divide the result By5 to scaléhe estimate of the mean total biomass of each
species caught during 30 months of sampling events to one year, the time period for which
Petersa et al give their enhancement estimate$dble 3.** We then multiply this mean

annual control site catch by O @ LIK S NR  SréspektivegnQancedentfaates (Table 3

YR 6& DSNIfRA Si FfodQa 6unndd YStypherset 2 WIOHE O
CPUE estimates are for 75 m long and Wide reef treatments (three 2Bn sections), witt80

m gilinets placed on each side of the reef complex perpendicular to the shore. Thus, their catch
data are for a reef with a 375%footprint. Theefore, we divide our annual production
enhancement estimates by a factor of 37.5 to obtain production enhancement estimates per 10
m? of reefas reported in Peterson et al. (2003).

For the four speciesf interestfor which Scyphers et al. also providem gillnet data (spotted

seatrout, sand seatrout, Atlantic croaker and silver perch), we repeated the above procedure

for the 5cm sample results and then added the two production enhancement estimafes.

blue crals, Scyphers et al. reporésultsfrom seine netsamplesonly, presumably because

gillnetting is a very inefficient technique for that speci8gines catch much wideisizerange

2F o0fdzS ONYo GKIYy 3FAfttySiad ¢2 O2y@SNI { O_LKS
gillnet equivalent we use the gilinet (Bm stretched mesh size) and seine resultsaloundance

of blue crabs reported in Geraldi et 2009).a dzf G A LJX @ Ay 3 { OB LIKSNER Sid I f ¢
at their control sites of 0.0Individualsm?’byD S NJ f RA  Sib-seiné abundanca datiof vy S (i
forbluecrabsof 0.8 A St Ra |y AYLIzi SR 3IAftySi | o6dzyRFyoS |
0.003individualgm?, assuming that the size distributions of crabs at the sites examined in the

two studies are the sam¥ Multiplying this imputed number of gillnesize crabs that would

have been caughty a gillnewith 5 cmmeshsize it { OB LIKSNAR S | f dQa 02y
weight of the gillnetsampled blue crabs reported in Geraldi et al. of 163.7 g yields an imputed

control sie biomass of gillnetted crabs of 0.5 ¢ffof reef, or 5 g/10 rhof reef.Multiplying this

OA2Yl aa o0& {O@LKSNHE Si IfodQad o6fdzS ONIXo SyKlFyoO
production enhancement of 15 @0 m? of reeffor gillnetsize blue crahsissumig that the

enhancement effect of oyster reefs on blue crabs is identical across crab size.Gasded

from the mean sampling event to one year (during which 16 sampling events occurred), this

13 Scyphers et al. (2011) repighat gillnet sampés were takerwice per month for oneyear following

construction (June 200May 2008; 24 eventgnd monthly thereafter (JunéNovember 2008; MarciNovember

2009; 15 evenfsexcept every other month during winter months ([@ether2008Felkruary 2009; 1 event)for a

total of 40 sampling events.

“ 8§01 dasS {OeLKSNA SG Ftfd onvnmm0d R2 y20 NBLRNI YSIYy 0A2°
(2009) values.

P OBLIKSNE SO f®Qa on Y 3IA tdmpléivére cBripbdedob tBoRL5Bng paBdisOK & A RS
each, one with 5 cm mesh size and one with 10 cm mesh size. Thus, the results from the two net sizes can be

combined.

YDSENI f RA SiG | f dQa ONI 0 | “gadgyclritrgl &n8 treatdenties figp7) for A&trigithetR dzk £ & LIS
samples and 0.17 individuals pe?(avg. treatment and controll672/9959 M, table ] fortheir seine samples.
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translatesto an estimated production enhancement of (5 gilinet-sized crabs) of 229 §d m?
of reeflyr. Because gillnet sampling is very inefficient for blue crabs, our estimate of crab
production enhancement is likely to be conservative.

The resulting production enhancement estimates are showreiple4. These estimateare

likely to be conservative for several reasons. Perhaps most importantly, we assume that the

mean biomass of individuals of each fish species in our analysis is equal to that reported in
Geraldietalo H nnpo @ | 26 SHSNE DSNI Tt RA SiG fdQa YSIYy ¢
mesh size (5 cm) of those used by Scyphers et al. (2011). This will bias our fish production
enhancement estimate downward, and possibly substantially so, if smaller indidcedunt

F2NI I fFNBHS aKINB 2F (GKS &LISOASA Ay ljdSaitrazyo
indeed the case for all the species caught with gillnets of both meshSizes.

Table4: Mean production enhancemengestimatesfor
selected speciedor individuals catchable in gillnets

Species Production enhancement
(kg/10 nf reef/yr)
Black drum 0.0034
Blue crab* 0.2288
Silver perch* 0.0204
Red drum 0.0251
Atlantic croaket* 0.0029
Spotted seatrout* 0.0534
Sand seatsut** 0.0455
Southern bobunder 0.0151

Source Appendix3. Mesh size was 10 cm (stretched), except where
indicated otherwise.* 5 cm mesh size* Based on results from 5 cm
and 10 cm mesh samples.

In addition,densities of adult oysters at the youngefe constructed by Scyphers et al.
(between 20 and 75 specimens pef)rduring the study periodemained substantiallpelow

the estimated mean natural density of oysters in the northern Gulf of around 150 per m
(Geraldi et al., 2009Y.he reduced vertidaelief of their reefs and relatively low oyster density
is likely to reduce the habitat quality of their treatments compared to the Swift and Barton
reefs.Finally the samplingefficiency of the gillnetsleployed by Scyphers et ak their sites

over 2hr periodsis unknown Gillnets are considered effective at capturing transient pelagic
species and migratory reef species but are inefficient for estimating fish density (Clark et al.,
2009)

Y¢KS dziK2NBEQ NBLEZNISR O2yiNRBf &AGS /t!9a F2No6p OY o6mn
for Atlantic croaker; 0.5 (0.16) for spotted seatrout, indicating that between 3 and 20 times more individuals of
these species were caught in the smaller (5 cm) gillnets.
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Because of thlikely downward biassof our estimatesit is perhaps not surprisinthat our
estimatedmean production enhancemesfor the species shown ihable 4aret on average
anorder of magnituddower thanthosereported by Peterson et a{2003)for their species

(Table 2.

Importantly,our estimates shold be expected to be lower than estimates of total production
enhancement a la Peterson et aincethey only coverspecimens large enough to be caught in
nets with10 cmmesh siz€5 cm for blue crabs). Thus, our estimates do not include the weight
of the lower size classes of each species. This nmkesstimatesvell suited to calculatinghe
portion of the fish production augmentation tha of interest from a harvesting perspective

To derive the fraction of the harvestable production enhancementtie species for whictve
estimateSY Kl yOSYSy (i o6l aSR 2y stllBilineed¥oadjustiSede | f dQa
estimates for the fraction of individuals too small to be of interest to fisherifsee next

section).

Scaling SG SNA 2y S id obrffisheydprodusationenhéancdment estimateshe total
footprint of the two reefs, we estimatéhat the two reefs combined will increaggoductionof
the species included in the analysis by a totahwdr 7,000kg (296 gm™ of reef) peryear
(Tableb5), with fished species accoungfor approximately three quartex(5,400kg) of this
enhancement® We consider this estimate to be conservative.

2.1.1.1. Estimated increase fimfish and cratharvests by commercial and
gportfishing sectors resulting from production enhancement

In order to estimate additional landing volumes expected to be generated as a result of the two
reef restoration projects, estimates are needed of the share of the enhanced production that
could beharvested. This requires adjusting total production enhancement as estimated in the
preceding section for, first, the shaod the productionthat is of catchable size and second, the
portion of the latter that is actually harveale. This increase in Ingest then needs to be

attributed to commercial ad recreational uses for specieSuch attribution is necessary

because theer-unit economic impacts and benefits associated with commercial and
recreational harvests can differ substantially.

®The reef areas in Table 1 are divided by 10 prior to the multiplication lsecanhancement factors in Tables 2
and 4 are expressed in kg/102.m
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Table5: Estimated enhancement adinnualproduction of selected
species by the Barton and Swift restoration projects
Production enhancement, kg/yr
Swift reef Barton reef
Species for whom total enhancement (all size
classes) is estinted

1 Gobies 1,304 223
2 Blennies 101 17
3 Sheepshead 1,187 203
4 Stone crab 1,322 226
5 Gray snapper 231 39
6 Toadfish 45 8
7 Gag grouper 593 101
8 Black sea bass 93 16
9 Spottail pinfish 10 2
10 Pigfish 273 47
11 Bay anchovy 38 7
12 Silvesides 4 1
Species for whom only enhancement of the 5cm/10cm mesh size fraction is
quantified:
13 Black drum 7 1
14 Blue crab 463 79
15 Silver perch 41 7
16 Red drum 51 9
17 Atlantic croaker 6 1
18 Spotted seatrout 108 18
19 Sand seatrout 92 16
20 Southern flounder 31 5
Total, all species 6,001 1,024
Total, fished species * 4,596 784

NotesRowsiMH o6l aSR 2y t SGSNaR2Yy Si | f oDabledINR RdzOGA2Yy Sy
multiplied byrespectivereef area(Table J); rows 1320 based on productio

enhancement estimates ifable 4multiplied byrespectivereefarea(Table ). * Excludes

gobies and blennies.

2.1.1.2. Adjustment of enhanced fish and crab production for size and catch

Adjustment of additional fish and crabs for size is needed to reflectattethat not all size
classes of the enhanced species are suitable for harvest. The purpose of this adjustment is to
calculate the portion of the production enhancement that can be harvested.

For the species for which we develop estimates of produatioimancementbased on findings
reported in studies in Mobile Bgghown in the lower portion ofable §, no adjustment for
specimen size is needed because these estimates already reflect the-gidledt(hostly 10 cm
stretched mesh size but in some casesm mesh sizeportion of the enhanced production.
However, size adjustment is needed for the production enhancement estimates that are based
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Peterson et al. (200Bexpect that their estimated annual fish and crab production

enhancement values can be maintained over the functional lifetime of the pee¥idedthat

reefs are protected from destructive oyster harvesting techniqaeslcalculatethe estimated

landings value of the production enhancement by multiplying enhancement by dockside prices

for their speciegPeterson et al., 2007However, their enhancement estimatespresent the

total increased productiomacross all age classg®t someof their speciesare commercially

valuable or even harvestabtmly from age class 2 or 3 (see Peterson e2a8D3, table 3)

¢2 |R2dzaldG t SGSNR2Y SiG |f ®Qa OH AN obasedoyisizdey OSYSyY
we use the data provided in that study to ddop estimates of the mean lengtind weightof

each age class for the various speceswell ashe proportion of each age clas$ a species

that survives until reaching the next age clas&ing into account speciespecific mortality

ratesfrom natural causes and from fishingrom theage classpecific survival ratese

calculate the cumulative survival rate feach age classnd species. We then multiply for each

age class of a species the mean weight of individuals in that age class with thiatwen

survival rate to obtain the survivorshipeighted mean weight bggeclass for each species.

Dividing the survivorshiveighted mean weight of each age class by the sum of the mean

weights of all age classes of a given species yields the disbrb(ini percent) of the total

gSAIKG 2F SIFOK alLlSOASa IONraa Fftt |13S OftlaasSa
that falls into age kas®sthat arebelow harvestable agedeterminedbased on dta reported

in Peterson et a2003) yields the pecentage of each speci@stal production enhancement

that isaccounted for by specimens of beldarvestable sizéTable A4.Y. These arethe

percentage by which we reduce those of our enhancement estimates (top porticraivle 5

that are basedon P&EINE 2y S |t ®Qa SyKIFIyOSYSyid SaidAylrdSa

Theharvestable production enhancement of fished species that is expected to result from the

restoration of the Swift and Barton Island reefesimated at approximately 3,140 kg/yor
58% of the total enhanced pduction of fished specigd able6).
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Table6: Estimatedannualenhancement of harvestable production of
selected species by the Barton and Swift restoration projects
Productiorenhancement, kg/yr

Swift reef Barton reef

1 Gobies Not fished
2 Blennies Not fished
3 Sheepshead 575 98
4 Stone crab 290 49
5 Gray snapper 165 28
6 Toadfish 39 7
7 Gag grouper 484 83
8 Black sea bass 66 11
9 Spottail pinfish 9 1
10 Pigfish 237 40
11 Bay anchovy 20 3
12 Silversides 0 0
13 Black drum 7 1
14 Blue crab 463 79
15 Silver perch 41 7
16 Red drum 51 9
17 Atlantic croaker 6 1
18 Spotted seatrout 108 18
19 Sand seatrout 92 16
20 Southern flounder 31 5

Total,harvestable

specimens 2,683 458

NotesRowsMH Ol &SR 2y t SGSNER2Y Si | f oDable3JINPRdzOGA2Y Sy
adjusted with belowharvest age classes excluded, and multiplied by respective reef area

(Table J; rows 1320 based on production enhancement estiratinTable 4multiplied

by respective reef ared@ble ).

SourceTable 5 andAppendix 4

2.1.1.1. Adjustment of increase in harvestable production based on share actually
caught

To reliably determine the portion of production increases in harvested specesrizef

restoration that will be harvested would require accurate information on total harvest and
stock for each species for Mobile Bay. This information does not exist. Neverttalessling

to the State of Mobile Bay Repoitbbile Bay National EstuaProgram and Science Advisory
Committee,2008) the populations of most of the species reviewed in two recent assessments
appear to have remained stable between 1981 and 2007, with the exception of blue crabs and
brown shrimp.Stable stocks would indicatbat harvests and natural mortality roughly balance
recruitment.

On the recreational catch side, our assumption of the potential additional catch being actually
harvested is supported also by the fact that recreational fishing pressure in Mobile Bgl is h
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(Dute, 2011)Because our estimates of harvestable production enhancenieatilé § due to

reef restoration are already corrected for natural mortality and specimens of below harvestable
age, we do not adjust our production enhancement estimates furdred instead make the
assumption that they fully translate into additional harvests.

2.1.1.2. Apportiomment ofadditionalharvestvolume to recreational and
commercial fisheries

The available data on commercial landings and recreational harvests of salspatzes cover
Alabama as a whole and thus include the Mobile Bay system as well as federal waters off the
Alabama Gulf coasTable7 summarizes these data féine year 2010 fothe species for which

we develop produdbn enhancement estimates.

Table7: 2010Recreational and commercial landings Alabamaof fish species
enhanced by oyster reefs

Recreational Commercial Commercial share

harvest Ibs landings Ibs
Atlantic croaker 30,137 2,876 9%
Black drum 41,526 35,394 46%
Red drum 551,981 No harvest * 0%
Sand seatrout 139,337 36,143 21%
Spotted seatrout 40,529 No harvest ** 0%
Southern flounder 104,924 n/d ~30%"
Pigfish 2,813 n/d
Mullets 33,722 1,199,304 97%
Pinfishes 39,678 3,369 8%
Sheepshead 392,703 200,463 34%
Silver perch n/d n/d 0%"
Gray snapper 15,531 464 3%
Bay anchovy 1009
Gag grouper Sedext ~40% **
Black sea bass Sedext 50% ~
Blue crab Seetext 80%"
Stone crab Sedext 25%

Notes * Commercial red drurfishery still closed in 201&Game fish only statugAlabama
Department of Conservation and Natural Resources, R&t0Gulf d Mexicowide (Genher,
2009) * Average of commercial catch share in Louisiana (around 10 percent on average during
19962002;Stevens, 2004) and Texas (around 50 percemesine late 19803)§.LellisDibee et
al. (2008)"* Tatum (1982)* Assumed.

SourcesUnless stated otherwisepmmercialharvestdata arefrom NMFSAnnual Commercial
Landings by Groupatabase query for 210, Alabama
(http://www.st.nmfs.noaa.gov/stl/commercial/landings/gc_runc.htimRecreational landings
from Marine Recreational Fisheries Statistics Sugeesryfor 2010 usinghe following query
settings: Year: 2010, Wave: Annual, Geographic Area: AlalFashing ModeAl Modes
Combined, Fishing AreAl Ocean Combined, Type of Cat@lotal Catch (Type A + B1 + B2)
(http://www.st.nmfs.noaa.gov/stl/recreational/queries/catch/snapshot.htjnl
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The National Marine Fisheries Service (NMFS) database from which these values were extracted
does not have data on commercial landings of southeararitler in Alabama or on recreational

harvests of gag grouper. Coaside data were used to estimate the commercial catch share for

gag grouper, Wile the commercial catch shafer southern flounder was calculated as the

average of the commercial sharesirK & &aLISOAS&aQ OIF 6OK Ay [ 2dzA &aAl
directed commercial fishing for red drum in Alabama in 2010 because the commercial fishery

for that species both in the state and in Federal waters was closed in 1986 (Alabama Marine
Resources Divin, 2008)*°

NMFS does not collect data on recreational shellfish har®Recreationablue crabharvest in
Alabama was conservatively estimated to be 20% of commercial hgegsim, 1982)which

iswithin the range of estimateseported forother Guf States(Perry and Mcllwain, 1986

Jordan et al., 2009NMFS data also do not provide information on commercial or recreational
harvests of black sea bass in the GUlWVe assume the harvest of that species is split equally
between the two sectordNMFSharvest data for Alabama also do not cover toadfish and only
cover commercial harvest of pigfish. For both of these species, we assume equal harvest by the
commercial and recreational sectoi@iscussions with local fisherman suggest that most stone
crabsharvested in the Bay amgsed forpersonalconsumption®! Thus, we assign75% of stone

crab harvesto the recreational sdor.

2.1.2. Denitrification

Although it is weldocumented that oysters increase the rate of denitrification in sediments
(e.g., Newell etl., 2005) there are only two studies that estimate denitrificatibg oyster

reefsin field experimentgPiehler andSmyth 2011;Kellogg et al.2011)). Both of these studies
were conducted on the US Miéitlantic coasunder different conditions, and gid very

different results Because a variety of factors including oyster density, water temperature,
nutrient loading, intertidal vs. subtidal location of oysters and productivity of the system likely
influence denitrification rate¢zu Ermgassen et a011) the sparse field data make it difficult

to extrapolate from those study sites to our Mobile Bay sitésvertheless, zu Ermgassen et al.
(2011 construct a model that estimates denitrification as a function of water temperature
usngY St f 2 B3 FSAR MHIAGGSKE SNI I yR {YeliKQa 20aSNBI A2y
respectively of denitrificatiotvy oyster reef systems along the US Atlantic, Gulf and Pacific
coasts. Applying the model to Mobile Bay oyster reefs, zu Ermgassen and colleaguateest
meanannualnitrogen (N) removal rates of between 0.14 and 2.81 kea\ay* (Table8).

*The commercial catch share by weight for red drum in the last five years before commercial fishing was
discontinued (19841986) was around one third of total catch (NMFS RecreatiorfafyiStatistics Catch
database,http://www.st.nmfs.noaa.gov/st1/recreational/queries/catch/snapshot.html

*Sea basses are lumped together in recreational harvest atadathe category is not listed among the

commercially caught species. Unlike in the South Atlantic where black sea bass harvests are regulated and specific
catch shares allocatemughly equallyto the commercial and recreation sectors, this is not theeca the Gulf.

' Based on interview with Avery Bates, local fisherman (Aug. 16, 2011).
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Applying trese ratesto our two reefs with a total area &*3,706m?(2.3706 ha; Table } yields
meantotal N removalestimatesof 1251888 kgyr ™.

Table8: Mobile Bay system characteristics and mean estimates of N
removal by oyster reefs, from zu Ermgassen et ahgublished data

Total oyster density, reef systems (ind?m 47.08

Mean oyser length (mm) 51.39

Total N input (kg kifyr™) 55,514

Water temperature (°C) 11.8 (Jan.)30.0 (Jul.)

Mean N remova{>mol N n’hr'/ kg N hadday") 42.9649.2 / 0.1442.182

YStt233 SG fdQa 6unmm0 &l dzR @muahihigHer ofsier /| KS & | LIS
RSyaAdAisSa FyR ydzZiNASy(d fS@Sta GKIy tASKESNI Iy
Nitrogen loading and eutrophication in Mobile Bay lie between those observed in the other two
estuaries (Bricker et al., 2007, Piehler angy®, 2011). Oyster densities at the planned

restoration sites are expected to fall within the range observed at existing restoration sites in

the Bay, where they range from around 50 to over 750 individuals per square riietee9).

Due to the gaps in our current understanding of the impacts of oyster densities and nutrient

f S@Sta 2y RSYAGNARFAOIGAZ2Y NIXdSax AG Aa AYLRaa
estimates denitrification estimates usiisge-specific data on those two parameters.

Table9: Oyster densities of restored reefs in Mobile Bay

Location Densityof live oysters Source

East Dauphin Island >150 ind. rifon each of 3 created reef:Geraldi et al. (2009)
Pont aux Pins Avg. of ~35 adults1? during samplingsScyphers et al. (2011
Alabama Port Avg. of ~45 adults? during samplingsScyphers et al. (2011

Lower Bon Secour Bagff ~ Avg. of >750 ind. fhon 3 created reefsGregal et al. (2009)

Dauphin IslandCedar Point

TNG- Coffee Island Avg.of 148 adulsm?on 3 treatments DISL & U. Southern /

TNG- Alabama Potrt Avg. of 37adults n¥¥ on 3 treatments  (2011a)
Notes:DISE Dauphin Island Sea LaEING The Nature Conservandypdt individuals* Conpletion of
the Alabama Port reef was delayed by the Deepwater Horizon spill in April 2010 and was completed in April
2011, over one year after completion of the Coffee Island reef.

2.1.3. Reduction in Shoreliner@ésion

The National Assessment of Coastal Vulhiity to Sealevel Riselhieler and HammakKlose
20000F2dzy R GKF(G YdzOK 2F 1 fFol YlFQarefagdve 8l SEKAOAGSZ
vulnerability of the coast to changes due to future rise in-kse@l (Figure2-4). The main risk

factorsthat contribute this vulnerability are geomorphology prone to erosion (higtsk

barrier islands and marsheg)high tide range, moderate to high relative sea level nisthe

area, and moderate to very high erosion rates.

Oneimportant reason for the high shoreline erosion rates in the area is the fact that wave
SYSNEHASa Ff2y3 I NHS LR2NIA2ya 2F 'flolYlQa ak
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unprotected vegetation cannot naturally persist (Roland and Douglass). 2BfEakwaters
constitutea potential mechanism for reducing these wave energies (ibid.).

5 EXFLANATION
{abile
e RISK RAMKING
- i Low
1 b Moderate
h._..u:., J % -

High
e VETy High

]
L — '-*.F

Figure2-4: Relative coastal vulnerability to

sea level rise
SourceExcerpted from Thieler and Hammdlose (200)

Oyster reefs act as natural breakwaters that stabilize shorelines by reducing wave energy and
resulting erosion from boats, storms and predominant wind direction (Stricklin et al.; 2010
National Research CoundDO07. Meyer et al., 1997Atlantic Sates Marine Hsheries

Commission 2007). Oyster reefs also can increase sedimentation on their landward side,
enhandéng growth of emergent marskhat in turnfurther stabilizes shoreline€pen et al.,
2007;Stricklin et al., 201,0Piazza et al., 2005everal modeling and field studies in Mobile Bay
provide evidence of the shoreline protection function constructed oyster reefs perform in the
Bay.

¢KS bl GdzNT f /| LInNViESTearhmvd@erdhe tedustionan-wishide ¢y that

would be achievedtby a hypothetical breakwater reef locatgdst offshorein the center of

Grand BayGuannel, 2011and bythe planned Barton Island and Swifiact reefs (Guannel,

2012).%2 Thecentral Grand Baseef, the characteristics of which were based on The Nature
QRYaSNDIyoOeQa [/ 2FFSS L wdslkesimated tgtkenubtéthe ddightiof at 2 NI
storm wave of 0.6 m in incident heighy approximately 60 percent.

To estimate wave attenuation by tHgarton Island and Swiftrdct reefs local wind datdrom
NOAAStation DPIAAt Dauphin Island and estimated fetch distances were used to generate
local wave characteristics (height and periotilgle A.1). Estimated wave characteristiesd

the localbathymetric profileat each site then were combined to geagée estimates of the

wave attenuation the two reefs would provide. Attenuation was modeled for two waves: 1) a
high-impact wavewith a height of Im and a period of 4.0 seconds, whigpresents the mean
of the estimatedtop 5% andop 10% of all wave hghtsin Mobile Bayand 2) ardaveragé&
wavewith a height of 0.4m and a period of 2.0 seconds, whigitesents theestimated

average wave height Mobile Bay Table A5.2

Themodel outputs indicate that th&arton Island and Swift Tract reefs wodidmatically

*The wave energy attenuation was modeled using the Coastal Protection Model that forms part of the Marine
INVEST suite of models (Tallis et al., 2011).
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reduce theheight andenergy of incident waves along the approximately 7.4 km of shorelines
behind the reefs, most of which currently are being eroded and are at medium to very high risk
of erosion from rising sea levelSpecifically,le rees would reduce the incident height of the
mean of the top 5% and 10% of all waves at each location by ovenalhéarton Island) to up

to nearlythree quarters (Swift Tract), and would reduce wave energies even more dramatically
(Figure2-5 and6; Tablel0).
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Figure2-5: Reduction in incident wave height by Swift Tract oyster reef, for higipact

wave (top left panel) andnedianwave (top right panel)Blue lines indicate wave height
without reef; green lines, with reef. Lower panels show bathymetry of transect perpendicular
to shoreline.Source Guannel (2012)
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Hgure 2-6: Redtction in incident wave height by Barton Island oyster reef, for highpact

wave (top left panel) andnedianwave (top right panel)Blue lines indicate wave height
without reef; green lines, with reef. Lower panels show bathymetry of transect perpendicula
shoreline.Source Guannel (2012)
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Tablel0: Estimated wave height and energy attenuation by Barton Island and Swift Tract
reefs

Barton Island Swift Tract
Highimpact wave Medianwave Highimpact wave Medianwave
Reducion in incident 51.3% 53.0 % 73.7 % 90.5 %
waveheight
Reduction in incident 76.2 % 77.9 % 93.1 % 99.1 %
waveenergy

Importantly, both reefs would reduce the median wave height to below 0.15 m, the threshold
above which coastal marshes in Mobile Bagraa persist (Roland and Douglass, 200%)e

fact that oyster reefs reduce erosion along marshy shorelines has been confirmed by several
studies in the Mobile Bay area. For exam@eyphers et a(2011) measured the impact on
shoreline erosion of fouranstructed subtidal reefs in Mobile Bay at Alabama Port and Point
aux Pins (Portersville Bayt the Alabama Port site, the breakwater mitigated vegetation
retreat by more than 40 percent over two yeaed the Pointaux Pins site, no significant
difference in shoreline retreat was observed between reef and control treatments. However,
Scyphers et al. (2011) note that the vertical relief of the Point aux Pins reefs was reduced from
1m to 0.3m over the course of the sampling, which reducedsti@reline prdection function

of the reef.

In another studyStricklin et al. (2010) found that constructed intertidal oyster reefs in three
bayous in Grand Bay (located at the western end of Mobile Bay) reduced wave erosion of
marshes behind the reefs more than dltetnearby natural control reefs.

¢CKS bl Gdz2NB / 2yaSNBIFyoOeQa AYGSNIARFE 2@8aiSNJ NB
location from those studied in Scyphers et al. [2011]) are located bsfweelineghat display

the characteristicaypicalof eroding shorelines in this aréBauphin Island Sea Lab and

University of Southern Alabama, 2011a). Overall, within approximately one and one half years
andeight months, respectively, after reef constructidrathymetric profiles showhat

sediment acretion has occurredlirectly shoreward of the breakwatersvith little significant

movement on the majority of shoreline positions, either seaward or shorewalttere

shorelineshave experienced erosigthis erosion is actually helpful in that it is reglirag the

bathymetric profile with the shoreline now exhibiting a less vertical and more stable beach

face(ibid.).
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2.2. Net Economic Bnefitsfrom Reef Restoration
2.2.1. Conceptual approacand operationalization

The net benefits from reef restoration aren@easure of how much individuals are made better
off as a result of the ecosystem services provided by the restored rEaéseconomic value of
a change in welbeing isdefinedas the maximum amount an individual is willing to pay to
obtain (an additionalinit of) the good or servickgom which the change in welleing is derived
(e.g., an additional seafood mead)y the minimum amount she is willing to accept as
compensation in order for her to give up (the next unit of) the good or service. Willingmess
pay WTP)and willingness to accept compensation (WTA)theepreferred measureof value

in economics becaugkeyrely onthe assessment of value by the actual individuals whose
changes in welbbeingare being measured (Arrow et al., 1996).

The netvalue to an individual from an additional unit of a good or service is the difference
between her willingness to pay for that unit and what she is actually paying. For example, if an
individual would be willing to pay a maximum of $10 for an additionallroe@ataining one

pound of crab meat but the actual cost of the meal to her is $5, then the net value of the meal
to her is $5. This difference between willingness to pay and actual price paid is called the
consumer surplus. Fdiusinessesnet benefit is éfined asa change imet revenue from

production ofan additional unit of a good or service. This net revenue is the difference
between thechange in totaproduction cosias a resulbf the production of aradditional unit
andthe pricethe producer obténs forthat unit. This difference isalled the producer surplus.

To estimate the consumer surplus associated with the increase in an ecosystem service
produced by the new reefs, one needs to know the demand curve for that service. For market
traded gads such aparticularseafoodspecies demand curves can lmnstructedbased on
observedquantities transacted atlifferent prices, if sufficient data points are available. Based
on demand curve and market price, the total consumer surplus associatbdliffitrent

guantities of the service can then be estimated. In cases where the service itself is not traded
on markets (e.gthe stockof a certain speciesupporting recreational fishing), demand for the
ASNIAOS Oly 06S SaidAaYldiueRon markettaled 2oyhpldrdSrasL) S Q &
(travel and equipment spendiman fishing trip3. Alternatively, if sufficient market information

is lacking, se@alled stated prefeence approaches can be applied in which value estimates are
derived from surveys instebof observed behaviotn the most common of these approachies
contingent valuation (CV)a hypothetical market for a particular resource is constructed by
presenting individuals with @ell-definedchange in the quantity or quality of the resource, and
then asking them directly how much they would be willing to paglitain thatchange (in case

of a positive change) or to prevent it (in case of a negative change), or how much they would
require in compensation to accept the change (in case of a negatarggel). In a less often

used stated preference techniqueconjointanalysis (e.gMilon et al., 1999) respondentsare

not directly asked to state their WTP or WTA for a hypothetical changeather are

presented with and asked tahooseamong different options, each of which represents a
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bundle of particular resource quantity and ajity changes and project cost&/TP or WTA then
areSa0AYIFGSR GKNRdzAK adl dAadAort Fylrteara 2F NE

The construction of hypothetical scenarios that yieldwaate and logically consistent answers

from respondents is a complex undertaking because there are several factors that can result in
biased responses that do not express respondents true W.HP,Diamond and Hausman,

1994; Stevenst al, 1991,1993)L y | GK2NRdzZK NBOASS 2F GKS Aaac
influential economists convened by NOAA (Arrow et al., 1993) established a set of guidelines for
the use of CV methods and concluded that CV can provide a valid economic measure of value
associate with resources people do not actually use but whose existence they may
nevertheless valueComprehensive literature reviews found that while good CV study design is

a significant challenge, there is broad evidence that CV estimates in general areesungitt
economic theory and similar to their revealed preference counterparts (Carson et al., 1996,
2001).

Producer surplus is measured by examining the supply (cost) and demand (revenue) curves for
commercial producers of seafood, including harvestprecessors, wholesalers and
distributors, as well as the supply and demand cuder-hire recreational service providers.

For both the recreational and commercfahing and the seafood sector®tal economic
value is the sum of consumer and proéusurplus.

Tablell showsthe benefits from oyster restoration quantified in this study, whether those

benefits accrue to producers or consumers, and indicates those benefits for which we
develop monetary value estiates.
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Tablell: Benefits quantified andvalues estimatedn this study

ServicéBenefit

Incidence of benefits

Producer Surplus

Consumer Surplus

Fishery enhancement
Seafood products
Harvesting
Processing
Distribution
Wholesale

Retail (shops, restaurants

Recreational fishing

V Mostly local
V Mostlylocal
V Mostly local
V Mostly local

V Mostly local

(?) Not quantified **

n/a
n/a
n/a
n/a
V Local, regional anc
national benefits
from seafood
consumption
V localand outof-
state visitors

Denitrification
Fish enhancement

- commercial harvests Not quantified Not quantified
- recreational harvests
N trading n/a n/a
Swimming(reduced algal
blooms,improvedwater n/a Not quantified
clarity)
Property valus n/a \%
Reduced shoreline erosion n/a Not quantified
Avoided health damages n/a Not quantified
Avoided property damages n/a Not quantified
Avoided loss of beach Not quantified Not quantified

recreation

Notes: * Increase in oyster harvests on surrounglireefs open to harvesting not included in
analysis. **Benefits to barter boatownersand other sectors receiving recreationists spending
likely small since the resource change we analyze is expected to be too small to result in many
additional trips Rather, benefits accrumostlyin the form of anincrease irthe success rate.

2.2.1. Net benefits of oyster restoration to the commercial fishing and seafood

processing sectors

2.2.1.1. Profits to commercial fishg
Increases in producer surplus in the fighindustry brought about by the enhancement of
oyster reef related fisheries through constructed reefs are estimated by subtracting the
production costs associated with the additional harvest from the dockside value of those
harvests. In practice, thisiwrmally done by multiplying gross revenues from additional catch
by the mean profit margin of the respective fishing industries (crabs, finfish etc.). Information
on profit margins in the fishing business is generally very difficult to obtain (see Apg@ndi
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Fortunately, our analysis does not require information on profit margirntbeseefs are
constructed in areas thadre currently fished commerciallyThusthere are expected to be
negligibleadditionalfishing costassociated with the dditionalharvests. As a resulhe
revenues from the enhanced catelne expected to translate fully or almost fully into increased
producer surplus (profitj®

Based on published information on local dockside prafabe reefenhanced species and the
catch enhacement estimates constructed in the previous section, we estimatelibti the
increased dockside (evessel) revenuand the profitsfrom the harvestedshare of the
enhanced fish production will beearly $4,@0 per year withira year or twoof construdion of
the two reefs, valued at 2010 docksigaces(Tablel2).

Tablel2: 2010 Docksidgrices andvalue ofincreasedcommercial landings of
fish species enhanced by oyster reefs
Enhanceccommercial Dockside Total dockside value of

landings Jb/yr price, $/lb  enhanced landingR010$

Sheepshead 501 0.51 256
Stone cral{claws) 187 2.77* 517
Gray snapper 12 2.1 26
Toadfish 51 1.56 79
Gag grouper 500 3.08 1,539
Black sea bass 85 1.56 132
Spottail pinfish 2 0.43 1
Pigfish 306 1.56 477
Bay anchovy 52 1.56" 82
Silversides <1l 0.52 0
Black drum 8 0.27 2
Blue crab 957 0.79 756
Silver perch n/a n/a
Red drum n/a n/a
Atlantic croaker 1 0.67 1
Spotted seatrout n/a n/a
Sandseatrout 49 0.71 35
Southern flounder 24 2.05° 48
2,75 3,952

Notes Unlike in earlier tables, weights here are expressed in pounds (not kg) as that is the unit of

the price dataCommercial landings estimates based on share of spgmieduction enfancement

assumed to be harvestetbmmercialy (Table §.* Docksideprice per pound of claws. Stone crab

landings weight is reduced by 80% to calculateessel value of stone crabs. Price for stone crabs

is from Louisiana as no data are available fobataa.” No price data available. Average price of

"Finfishes, unclassified general" was used for these spetiellh OS F2NJ ¢ Ff I 6 FAaKé Of | 43
price for southern flounder.

% 0r, equialently, the increased revenues would fully translate into reduced losses for businesses that are not
breaking even. In both cases, the additional revenues are equivalent to net benefits.
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For purposes of comparisofiall of the production enhancemerlat is & commercial interest
were harvested commercially except for game fish status species (spotted seatrout, red drum)
instead of less than half as assumed in aoalysis Table 7, it would result inan estimated ex
vessel valuand associated profitsf approximately $.0,300 per year

2.2.1.1.1. Profit margins along the seafood vatadded chain

Information on profit margins in the seafood processing industry in Alabama is not easily
available. Such information could be generated only through conducting businesysanv
based on tax filings. For publicly traded companies, annual reports could in principle be used.
However, very few of the companies involved in the Alabama seafood sector are publicly
traded, and those that arpublicly tradedare alsagenerally actie in other states, so their
published information may not be reflective of the Alabama portion of their operations.

Given the absence of Alabama or even Gulf cepstific information on industry profit
margins for the seafood sector, we need to relymare general source® develop our
estimates Even these are very few.

One study TCW Economics, 20083timated that the combined average profit raite2006in

the finfish harvesting and processing sectof$Vashington State was 23 perceAtcordirg to

a 2009 surveyof seafood distributor¢SeaFood Busines&)09),in 2008the average profit

margin for seafood distributors in the U.S. was 13.86%vn from 19.9% in 2006n a broader

study covering the whole U.S. food and agribusiness sector, Schemauad Boland (2003)

found that the average profit ratios (the ratio of operating income to assets) in U.S. food and
agribusiness firms in 1982001 were 11.4% in processing, 8.2% in wholesale, 8.8% in retail and
5.8% for restaurantdn the interest of naking our analysis conservative, we use Schumacher
FYR .2t yRQa NBLR2NISR LINRPFAG YINAAYyasX ¢KAOK
reported in the other two studies. We generate estimates of profits along the seafood-value
added chain resultigp from the enhancement of commercial fisheries by our two study reefs by
multiplyingthe enhancementausedncreasesn outputat each linkalongthe chain byeach

f Ayl Qa pRofitinargims.i SR

To estimate thesencreaseain output alongthe seafoodprocessinghain we feed the ewessel
value of the enhanced commertiigshery landings ($3,952eeTablel?2) into the Alabama
seafood processing chaiRigure2-7) and obtain the increase in sales for each link by
multiplying its input cost for seafood purchases by its value added factor (processing/
distributingandrestaurant) or markup factor groceries/retailandwholesale)Tablel3).
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Tablel3: Valueaddedand mark-up along the seafood processing chain
Processing/  Wholesale Groceries/  Restaurants

distribution retail
Value added/mariup 126% 63% 33% 182%
Valueadded/markup factor 226% 163% 133% 282%

Notes Valueaddedbased on natioal-level data Valueadded/markup factor is the ratio of sales value of
seafood at each link to the cost of seafood for that link. Based on Kirkley (2009).

AL seafood
landings

| |
90% 5% 2.5% 2.5%
Processors Restaurants/ Groceries/ Final
wholesale Food service retail markets consumer
| | | | |
51.7% 17.7% 23% 0% 7.6%
[ | | |
60% 30% 8% 2%
SourceKirkley (2009)

Figure2-7: Flow of seafood and products through the Alabama seafood processing chain

The total increase in seafood product revenuatthesults from the initial $3,95& additional
landings value due to the two comgtted reefs is estimated at $4B1 Multiplyingthe
increased sales at each link in the seafood processing blgaime respective estimated profit

margins yields an estimated totatiditionalprofit along the processing chain of $2,8{Rable
14).

Table14: Estimated increase in sales and profits in
the commercial seafood processing chain from the
two constructed reefs

Sales Profit

Processing $8,038 $916
Wholesale/distribution $7,096 $582
Retailgroceries $5,293 $466
Restaurang $15752 $914
$2878

Notes Sales estimated based éppendix 8

Together with the increased profits for harvesters, the two reefs thus yield an estimated
increase in totaseafood sector profits d6,830per year.
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We expect that most of these sales gmabfits will occur in the twecounty (Mobile and
Baldwin)coastalarea in which the twa@onstruction(or restoration)projects are located, for
several reasons. First, while Alabama exports seafood products to other states and abroad,
almost all of thes®ut-of-state sales are accounted for by shrimp, and to a much lesser extent,
blue crabs, whicin 2009made up88 and2 percent, respectively, of total seafood landings
value in the stateNMFS, 2010Even for these two species, much of the processingaeast

a portion of the wholesale and distribution occur within Alabama. The additional commercial
harvests of the other specienhanced by the two reefs are expected to be mostly consumed
inad -S> oFaSR 2y (GKS FI OG dnsumgtionletcéedsithél ya Q Sai
seafood landingi the state?® Taking into account shrimpased exports to other states and
abroad, thismakes it likelythat most of the emaining seafood is consumed in thiate.

2.2.2. Net benefits (consumer surplus) from additiosalfood consumption

Consumer surplus gains from the additional commercial seafood harvest could occur as a result
of either a reduction in the price of seafo¢e.g., Anderson, 1989y as a result of the

increased consumption itself. The first effecurdikelyto occursince the estimated increment

in commercial seafood landingstributable tothe two reefs(2,735 poundsTable12) would

account foronly approximately0.01 percent ofotal 2009 Alabama seafood landingfs27.6

million pounds

Unfortunately, very few consumer surplus estimates for seafood consumption are available. We
were able to identify just one study providing such values that was useful for our analysis. Haab
et al. (2002purveyed MidAtlantic households in four stat¢Belaware Maryland, Virginia and

North Carolim) andthe District of Columbia to estimate the loss in consumer surplus

associated with @ublished or reported fish kill in agstuary in the region. Based ¢ime

seafood consumption and cost information collectedhair 1,797 usefuburveyresponses

Haab and colleaguesstimated that the average consumer surplus per seafood meal was
between$1.70 and $3.31irf 2000$) for their sampleThe seafood most frequently eaten by

their respondents were flounder, shrimp drmrabs.

Many factors may influence consumer surplus from seafood consumption. These include the
aLISOASE O2yadzYSRI (GUKS 023G 2F aSIF¥22RXI 02y adzy
complements and substitutes, and preferences and information,(ergthe health aspects of

seafood consumption in general or of particular speciBspause the Alabama Gulf coast and

*In 2010, average annual seafood consumption in the US was @6r®lp of edible meat per person (NMFS,

2011). With a state population of 4.78 million and assuming that averagegmta seafood consumption in the

state is the same as for the country as a whole, Alabamans consumed a total of 75.5 million poundke of edib
seafood meat, a value that far exceeds total landings, which were 27.6 million pounds of total live weight in 2009
(NMFS, 2011). (2010 landings were just 14.4 million pounds [NMFS, 2011], due to the disruption in fishing caused
by the Deepwater Horizoail spill).
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Mid Atlantic differ in many of these characteristidsis likely that consumer surplus for seafood
consumption inour study arealiffers from that in the MidAtlantic section of the country.

2 KAES AG A& AYLIRaaAaot S KS Niferefices inhll WERIggevant! | | 0
characteristics between our and their study sites, we note that floundeedbsand many other
species are consumed botly people in our region and by their responderasd adjust for
differences in mean household income between trsgimpleand our study area.

(0p))
[N

Haab and colleagues found that as income incredsetil0%willingness to payn their sanple
decreasedy 0.33%. While this appears counterintuitive, the authors also observe among their
respondents a positive effect of the price variable on willingness to pay, and interpret these

findings as indicating that risk reductiondiincome are suligute goods.Assuming a constant
elasticity of WTP ith respecttoA y 02 YS> ¢S | R2dzad 1o Si It dQa
multiplying it by theproduct of theabsolutedifference in mean hasehold incomes in their
sample($50,120 in 200Pand our stuly area(populationrweighted median household income

in Baldwin and Mobile counties of $35,410 in 199Xpressed in percenand their estimated

income elasticity of WTP é0.033.¢ KA &4 | R2dzAGYSyd Ay ONBIFasSa 1116
percent.Expressed in 2010 dollars, thestimated consumer surplus of a seafood meal in our
dlidzRe FNBF oFaSR 2y | | I$2.14%i0$4.16.0Qa SaidAYlFGSa A

To translate our enhanced commercial catch into the number of corresponding seafood meals,

we assume thiehalf of the catch will be turned into filets while the other half will be turned

into steaksThis is expected to result in a conservative estimate of the number of meals as
undoubtedly a portion of the fish will be prepared whole d.JLJ & (K Serdga C{ Q& | @
conversion factors from live weight to fillets (33 percent) and steaks (60 pergeaptypn,1990

exceptfor stone crabs, for which wase a conversion factaf 20 percent that represents the

ratio of clawmeatto total body weight (Grabowski andfrsen, 2007)Assuming that a

seafood meal contains on average one pound of seafood, the enhanced commercial catch of
2,735 pounds will produce an additional 1,222 seafood meals per year, with an associated total
consumer surplus of $233-$5,711

2.2.3. Netbenefits of oystereefrestoration to the ecreationalsector

The biomass enhancement by oyster reefs of recreationally fished species may result in net
benefit gains fomnglers and fobusinesseshat provide inputs to sportfishing. The latter
includemost importantly charter boat owners and fishing gear and bait shops, but also
restaurants, lodging places, and retail outlets, as well as the supply chains that support all of
these businesses. However, the restored reefs will generate producer surgiutodhe extent
that they result in additional angling trips or equipment purchases. Givenehesmall

increasen the overall Alabama recreational fishery that would be produced by theregts
(Tablel5)t 4,190pounds or 0.1 percent ofthe nearly 3.5 million pounds caught by
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sportfishermen and women in 208 we do not expect that hhe reefs will lead tanany
additional trips. Rather, the increase in the resource will primarily lead io@ease in the
successate (recreational catch per unit effoyfor existing anglers.

2.2.3.1. Consumer surplus from sportfishing

Many salt water anglers think that reefscrease catch rates (Johns et al., 20@8tch rates are
a prime determinant of the satisfaction participaneceive from fishing (e.g., Cantrell et al.,
HannT W2Kyadz2y S f®dX Hancod® 2KAES Y2ad aid
GKS 0SYSTAG aa20AFGSR gAGK ALISOATAO FAAK
willingness to pay foreef fishing. For example, a survey of recreational anglers fishing over
oyster reefs off the coast of Louisiafaund that anglers stated that they were willing to pay an
average of $13.21 per person per year (2003 Dollars) to maintain the right tovistoyster
reefsendS N&E 2 Yy | v R )3 Subvé/4 df Iacal residertt and visiting recreational anglers
in Florida found that both had a positive willingness to pay for maintaining reefs, both natural
and artificial ones (Johns et al., 2001).

Tablel5: Estimatedincrease in recreational catcfiom the two reefs

Species Enhanced recreational Species Enhanced recreationa
harvest,Ib/yr harvest,Ib/yr

Sheepshead 982 Black drum 9
Stone crab 560 Blue crab 239
Gray snapper 413 Silver perch 106
Toadfish 51 Red drum 131
Gag grouper 750 Atlantic croaker 14
Black sea bass 85 Spotted seatrout 279
Spottail pinfish 21 Sand seatrout 189
Pigfish 306 Southern flounder 55
Bay anchovy 0 Black drum 9
Mullet 0

Total 3168 1031

Notes Based on total harvestable biomass enhancement as showalite 6 reduced by species
specific commercial catch share as showmable 7

Fewpublished studiesf recreationalconsumer surplufrom coastal reefs or gurtfishingare
available for Aabama To generate our net benefit estimatese draw on the results of these
studies as well agn thoseof studiesfrom other sites in thenorthern Gulfof Mexicoor the
SoutheasterrS{ dzOK & 0 Sy StFthelapplicaidn gf @xdsthlEaléiation estimates from
(an) original study site(s) to a new site for which valuation estimates are sought but where an

% personal communication from the National Marine Fisheries Service, Fisheries Statistics Division, Silver Spring,
MD. 15 December, 2011.

% Approximately 23 percent of the annual marine fishing days in Louisiana occur over oystereredegon and
hQbSAtZ HANoOOL®
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original study is not feasible due to lack of time or cost constraBe¢sgstrom and De Civita,
1999 arecommon pratice (ibid; Allen and Loomis, 200&nd can take the form of simple
point or averagevalue transferor more complexXunction transfers based ometa-analysis
(Richardson and Loomis, 2009; Kroeger and Casey, 20p@&ference calibration (Smith et al.,
2002) Becauseeconomicvaluesalwaysare context dependent, the validity of transfbased
estimates depends on the closeness of the match between study and policy site comteids.
to ensure validity, our estimates should be drawn from valuation stuthat are similar to our
site in terms of the key variables influencisygortfishing values: species, angler characteristics
and resource context (Johnston et al., 2006).

The eight studiesve were able to identify that estimate consumer surplus forr$fghing in

the northern Gulf of Mexico or the Southeastern Wpgendix T develop willingness to pay
estimates for specific individual species (e.g., spotted seatrout, red drum, gag grouper) or
broader groups of fish that together cover most of the spe@nhanced by oyster reefs (e.g.,
bottom fish, flat fish). The only species for which no willingness to pay estimates are available
are blue crabs and stone crals we omit these two from our valuation analy$i¢here

studies provided a range of valestimates, we used the mean of these estimates. In cases
where estimatedor a species were available from more than one study, we chose the lowest
estimate for our analysig.ogether withthe omission of blue and stone crathss introduces a
conservativebias into our estimates. This conservative bias is intended to counteract a possible
upward bias in some of our value estimates for the other species that may result from our using
mean species weights for recreational catch from Magional Marine Fisiéh Sa { SNIDA OSQa
(NMFSYecreational survey data to translate our biomass enhancement estimates into numbers
of fish, as the NMFS cautions that their weight estimates are minimums that may not accurately
reflect actual weight$®

Tablel6 showsthe recreational consumer surplus estimates per fish we use in this study, the
units to which the estimates refer (e.g., fish, pound of fish), and the estimated total consumer
surplus by species. Summing over all species, thé totasumer surplus the two reefs are
expected to provide to recreational anglers is estimated at approximately $28,000 per year.
Using the mean of the values from all available studies for a given speciggposed to the
lowestvalue would increase totastimated net benefits to over $33,600 per year.

While we used literature observations specific to the species for which we construct value
estimates, we did not examine any potential differences in angler or resource context

" In addition to these factors, estimation methodology also impagtsrtfishingvalue estimates (Johnston et al.,
2006). However, since benefit transfers do not actually involve an original valuation study to generate value
estimates, this variable cannot be used to match available studies to the policy context unlesstithatedvalues

are intended to reflect the use of a particular elicitation forn(atg., travel cost methods or contingent valuation)

?8 personal communicationdm the National Marine Fisheries Service, Fisheries Statistics Division, Silver Spring,
MD. 15 December 2011.
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characteristics between thigerature sites and our site, such as mean income, share of
respondents that were residents or visitors, or baseline catch or success rate. While this
potentially introduces biases into our estimates, most of the studies surveyed both residents
and visibrs, and all were conducted in areas thatith the exception of Florida have
reasonably similar mean p&apita incomes. For these reasons, we expect our total net value
estimate to be a reasonably good indicator of the actual recreational net benefitsvitnald

result from the two constructed reefs.

Tablel6: Consumer surplus estimates of enhanced recreational catch due to the two reefs

C%unit CS unit Source Total CS
Species (2010%) (2010%)
Sheepshead 4.02 per expected additinal fish caught McConnell et al(1994) 1,563
Stone crab n/a (no studies available)
Gray snapper 22.18 additional fish caught & kept Haab et al(2009) 3,089
Toadfish 4.02 per expected additional fish caught McConnell et al(1994) 409
Gag groupe 14.67 per pound Gentner (2009) 10,996
Black sea bass 4.02 per expected additional fish caught McConnell et al(1994) 2,889
Spottail pinfish 4.02 per expected additional fish caught McConnell et al(1994) 658
Pigfish 4.02 per expected additionaigh caught McConnell et al(1994) 5,947
Black drum 4.02 per expected additional fish caught McConnell et al(1994) 27
Blue crab n/a (no studies available)
Silver perch 4.02 per expected additional fish caught McConnell et al(1994) 856
Red drun 12.07 additional fish caugh& kept Haab et al(2009) 397
Atlantic croaker 4.02 per expected additional fish caught McConnell et al(1994) 427
Spotted seatrout 6.61 additional fish caugh& kept Haab et al(2009) 1,393
Sand seatrout 4.02 per expected additional fish caught McConnell et al(1994) 2,021
Southern flounder  1.77 per expected additional fish caught McConnell et al(1994) 62

Notes SeeAppendix for more details. McConnell et alestimatethe CSof the probability ofcatchingan
expectedadditional 1/2 fish on average per day for two montlg¢ith anaverage of 0.82 trips per twmonth
periodtaken by theirstudy populationthisis equivalent tacatching an additiona.41 fish.We therefore divided

a O/ 2y y S {dS/urft ialuesbly @A ¥ derive the value padditionalfish caught *Assumes all fish caught are
kept (avg. weight is 3 Ibs%ssumes all fish caught are kept (avg. weight is 4%s$umes all fish caught akept
(avg. weight is 1.3 Ibs)stimated recreatnal biomass enhancement of each species due to the two reefs
converted to numbers of fish (except for Gag grouper) based on available datanuvers andveight of
recreational catchby speciesn Alabamaobtained through queries oNMFSRecreational Figery Statistics Catch
database (http://www.st.nmfs.noaa.gov/stl/recreational/queries/catch/snapshot.htrejeepshead, 2.5 Ib; gray
shapper,3.01b; spottail pinfishQ.1 Ib; pigfish, 0.% [Gulfwide]; black drum, 1.4 Ib; red drum, 4.0 Ib; Atlantic
croaler, 0.1 Ib; spotted seatrout, 1.3 Ib; sand seatrout, 0.4 Ib; southern flounder, 1IF®itspecies for which no
information on weight or numbers caught Alabamawas available in the NMFS databasdor which more
reliable data were availabjehe folloving average weights were use@ag grouper? Ib (Gentner, 2009klack sea
bass2.14 Ib (NMFS recreational catch database, all sea basses combined); silvedfelelispecimens caught in
0§KS NBONBFGA2YylFf TFTAAKSNE rdaghomePddddK / I NBf Ayl Q& !/ 9 ol aiy
http://nerrs.noaa.gov/Doc/SiteProfile/ACEBasin/html/resource/recfish/rfmarrec.htam¢ toadfish 0.5 Ib.

2.2.1. Denitrification

The removal of nitrogen by oyster reefs through denitrification reduces nitrogen concentrations
in the Mobile Bay stuary. zu Ermgassen et al. (2011) estimate that the oyster reefs found in
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the Bay at the beginning of the #@entury would remove between 0.04 and 0.6 percent of

presentday total nitrogen inputs, estimated at 59,900 metric tons per year (Bricker,et al.
HANTO® . & O2YLI NRaz2ys (G2RI&2Qa NBSTaz gKAOK O2
biomass (zu Ermgassen et al., 2011), are estimated to denitrify only around 0.01 to 0.15 percent

of total nitrogen inputs into the Bay.

While oysterreefs have arelativelysmall impact on average bayide N concentrations, locally
their impact may be much larger. For example, the eastern sectibfobfle Bay suffers from
eutrophicationand has experienced harmful algal blooms that caused fisH{Mitibile Bay
National Estuary Program and Science Advisory Committee). B8&use denitrification by
oysters is highest during summer months which also is the wmen eutrophicationrelated
problems such akarmful algal blooms or low dissolved oxygen contm@tmost severe,
removal of arestimatedadditional107-1613 kg Nyr'* by the Swift reef projectnaymake a
noticeable contribution to maintaininglocal water qualityin that sectionof the eastern Bapy
avoidingnitrogenconcentration thresholdshat may triggeralgalblooms

Harmful algae blooms causeute health effects in the form @éspiratoryproblemsin humans
from the inhalation otoxic sea sprayr skin irritation through contact with the algae in the
water or on beachedobile Bay NationdEstuary Program and Science Advisory Committee,
2008 or poisoningfrom the ingestion of toxishellfish(Watkins et al., 2008Harmful algae
blooms also can disrupharinefood chains and caugmisoningrelated morbidity and

mortality in marine animalHARRNESS, 2005 addition to these health impacts, harmful
algae bloomdead to losses irecreationvalues (Carson and Mitchell, 1993; Freeman, 1995;
Lipton, 2004) that negatively affettie tourism sectofMobile Bay National Estuary Program
and Sa@nce Advisory Committee, 2080w concentrations of dissolved oxygevhich are
caused by blooms of both harmful and harmlefigae also oftenlead to fish kills and thus
negatively affect both recreational and commercial fisheded the seafood indusy
(HARRNESS, 2005)substantial body of literature exists that quantifies the economic values
associated with changes in water qualitythe USVan Houtveret al., 2007).

Reduced nitrogen levels in coastal sections of thedsy mayincrease the #iractiveness of

coastal propertieandthus property valuesWhile the impact of water quality on home values

has been weldlocumented in the literature(an Houtveret al., 2007, relatively few studies

focus on estuaries or coastahters(e.g., Leggetand Bockstael, 2000; Parsons, 1992,

Czajkowski and Bin, 201Epr examplePoor et al. (2007) conduct a hedonic analysis in the St.
al N2Qa wWAGSNI g GSNAEKSR 2F / KS&al LSF1{S . L& GKIG
prices. The authors found thétte estimated marginal implicit price of a one milligram per liter
reduction in total suspended solidsvhich oysters also reduteand total dissolved inorganic

N were almost $1,100 amaver $17,600, respectivelin another analysis of home sales prices
andwater quality in Southeast Florida, Czajkowski and Bin (2011) estimate that a one percent
improvement in visibility, evaluated at the mean value, increases home values by over $36,000,
or nearly four percent of mean home valud@$ese values only capturethe benefits local home
owners receive from improved water qualitythey do not include the value of any recreatiain

or fishery benefitsWhile these values are not directly transferable to coastal properties in
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Mobile and Baldwin counties due to differeexin mean home prices, income, and possibly
AYRAQDGARdzZIt aQ LINBFSNBYyOSa ItyeRnewsihSesalbwitieS Ny & 2 F
generaton of orderof-magnitudeestimates of the property value increasgsnerated bythe N
reductionsachieved byur Swift reef whichis located at the southern end of a developed
stretch of shore an@ccounts for 85% of the total area and an equivalent portion of N removal
by our two study reefaNitrogen concentrations in the eastern central coastal section of Bon
Secour Bay at water quality monitoring stations BRNSD1 and the mouth of the Intracoastal
Waterway were measured as 0.0296 and 0.0203 mg (s\g.concentratiors during the 2005
measurement campaignjespectively, whickallsinto i K S € DX00MdhgL Hrange of the
Natioy I £ / 2 & d | twaterdQaality Gritérih yoki (Rldbile BayNational Estuary

Programet al., 2008)Assuming that the reported concentrations are representative of annual
mean concentrations along the eastern Bon Secour Bagtcare multiply the mean water

depth in the coastal section of the bay of around 1.5Molfile Bay National Estuary Program

et al., 2008) by the length of the reef (4,920m) and by 100 to obtain the water volume within
100m from shore over the length ofélreef. We multiply the result by the average of the two
measured N levels (0.02495 m{ land a factor of 1,000 (L to®) to calculate the total N

contained in that volume of water. Finally, to calculate théhik the Swift reef removes from

this body ¢ water, we multiply the mean daily removal rate of the reef by a factor of 9, which is
the mean residence time of water in MobiBayin days(Bricker et al., 2007).

We use a large real estate website providingtogate (2012) satellite images of tloeastline
where the Swift reef is located to identify waterfront and waterview homes on Beach Rd., N.
and S. Bay Rd. and Shore Dr. in Foley CCD (Census Tract 114.01, Balthwit @m)es are
located within 65m of the shore, and the majority are withROm of the shore. The same
database provides prices for 36 percent of these homes. We use the mean price of this
subsample as the average price of the homes located near the Swift reef. We calculate the
estimated increase in total home value due to redd N levels by multiplying the mean home
value by the product of the change in value (9.6%) Poor et al. (2007) report for a INng L
reduction and the reduction the Swift reef would achieve, and summing over all properties.
Given the average residentene of water in the Bay (9 days) and the 0.28219 kg N the

Swift reef removes on average per day, the reef would reduce daily N concentrations within
100m fromshore by 14100%along its 4,920 m extent (i.e., over an area of 49.2 ha). In fact, at
the upper estimated removal rate, the reef would remove an amount of N equivalent to all N
contained in the surrounding 106 ha of water. Improvements in water quality would be even
larger during summer months when N removal by oysters is highestatndphicdion-related
problemsare most severe.

Thesereduced N levels are expected to affect the market value o#ithevaterfront or
waterview homes located just off the northern end of the Swift résfth an estimated mean
price of $165,00@nd a reduction ifN concentrations by the reef of 0.0036025 mg L, the

#Search performed avww.homes.conon 21 February 2012.
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reef is estimated to increase total home value by an estimated total $25@0600. Note that

unlike the benefits from fishery enhancement, this is dimee benefit. The property value

increases dmot reflect any benefits reduced N levels may produce for human health or local
commercial and recreational fisheries in eastern Bon SecourBsould be noted that the

mean reported N concentration from the two monitoring points in Bon Secour Bayrdye

approximately 1/3 of the lower end of the concentrations in Poor et al. (2007) study (0.082 mg

LY. Thus, if there is a threshold effect with respect to the benefits home owners receive from N
removal, and if that threshold is located above the ¥&els observed in our study area, our

estimates would be biased upward. However, the fact that N levels in the bay are sufficiently

high to occasioally cause algal blooms and thus visibly impair water uses would seem to

suggest that N levels are sufficignhigh to obtain benefits from reducing them. Note also that

t 22N SO fdQa ounntO addGdzReé O2O0SNBR 620K &1 SN
waterfront residents on average receive higher benefits from water quality improvements than
nonwaterfront properties and since the vast majority of the properties in our study are

G GSNFNRY (G LINPLISNIASAE YR GKS NBYFAYRSNI KIFa ¢
value water quality improvements should introduce a downward bias intcegtimates, all

else equal.

Reduced neashore nitrogen concentrations also generate-site benefits The main offsite
impactof increased denitrification in the Bay is a reducdtiogeninput into the hypoxic zone

off the northern Gulf coastGommittee on Environment and Natural Resources, 2020

reduction in the extent or intensity of the hypoxic zone is likelygnegatebenefits in the form

of avoided fishery lossesd endangered species impa¢ldARRNESS, 2005). Nevertheless, it is
likely thatlargescale restoration of oyster reefs along large sections of the northern Gulf would
be required to reduce nitrogen loads sufficiently to affect the hypoxic zone

Because the quantities of N removed from the water column by the two planned reefaidye
small in terms of total baywide N quantities, it is unlikely that the reefs will have an impact on
the extent of the hypoxic zone. The local impacts on recreation and fisheries are difficult to
estimate as they would require the estimation of tharginal effect the reduced N would have
on the likelihoodof occurrenceandthe severity of local algal blooms. Deriving such estimates is
likely challenging and eyond the scope of this papdXevertheless, it is likely that reef
restoration, especid if carried out at a scale larger than the two reefs examined in this study,
would generate meagable benefits from water quality improvements.

Finally, nitrogen removal by oyster reefs could generate net benefitsdiarces facing nitrogen
emissionrestrictionsand oysterreef owners. Principally, the benefits to nitrogen emitters can
take two forms. First, if oysters maintain nitrogen levels in estuaries below thresholds that
would lead to the imposition of emission limits, oysters effectively shgesources the
compliance costs they otherwise would inctihat oysters indeed have the capacity to
dramatically impact nitrogen levels in estuarine systems has peered outin several

studies. For example, Newell et al. (2005) estimate that if oysdpulations in the Bay were
increased from an estimated 1 fin 2000 to 10 rifT approximately one tenth of their historic
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population levels they would remove about half of all nitrogen inputs into the Bay in summer
months.

Second, in cases where rdstrons on nitrogen emissions into surface waters are in place and a
tradablemarket exists for nitrogen creditsgstoredoyster reefscould be a producer otredits
similar to agricultural producers in some trading markets. Currently, sewattar qualty

markets in the U8xistthat allow the generation of nitrogen credits thrgh changes in

nitrogen effluentreducing land use practices on agricultural lands (8ay, Bank, 2012//orld
Resources Institute,7), and additional ones are under developméEnvironmental

Protection Agency, 20)1Those credits are purchased by regulated point sources whose end
of-pipe nitrogen abatement costs exceed the price of theditsoffered on theapplicable
nitrogen marketBy allowing regulated sources to pursleeemission credits from others who
can achieve such reductions more cheaply, water quality madeetachieve pollution
reductions more cheaply than if each source had to reduce its own emissions. This reduces
overall compliance costs, yielding net beite{increased profits) to both credit buyers and
suppliers.

It is important to note that 8 thesewater quality markets require regulatory drivers that
impose emission limitdn the absence of such drivers, sourtask the incentive to reduce
emissiors.>° Absentincentives for pollution reduction, the potential benefits oyster reefs
provide in terms of minimizing the costs of achieving such reductions remain unrealized.

Regulatorydriversof water quality improvementsommonly take the form of Cleanatér Act
based TMDL (total maximum daily load) limits that cap permitted emission by individual
sources in a watershed as part of an Eip@roved plan to bring water quality to a lewehere

it is sufficientto supports all designated uses faparticularwater bodyor portion thereof In
Alabama there currently exist no water quality markets. Nevertheless, the ivasiexistfor

the creation of such markets in the Mobile Bay afeanitrogen.Specifically, in the Mobile Bay
HUC 8 watershe(HUC cod®3160205, Rabbit Creek, Dog River and Threemile Creek all have
approved TMDL plarfer nitrogen (among other pollutants), and the Middle Fork Deer River
and Baker Branch are listed for nitrogen impairments awaiting TMDL plan development (EPA,
2012). Likewisetowards the western end of the Bay in the Mississippi Coastal8HBIOC code
03170009)ocated close to th&arton Islandeef site Bayou Cumbedias an approved TMDL

for nitrogen, andhe East Pascagoula Riwvaits a TMDL fasrganic enrichment (iloi.).

While these TMDLs are not for Mobile Bay but rather for specific waterstegdsring the Bay
conditions in Mobile Baglo affect water quality in these tidalinfluenced streams (e.qg.,
Alabama Department of Environmental Management and Tetra Tech2005. Thus, TMDLs
could be modified to allow achievement of load reductions partially through nitrogen

*The exception to this are the rare cases in which detrimental impacts on downstradiespare attributable
beyond a reasonable doubt to a particular source and property rights are clearly defined, in which case liability
laws in some cases may serve as a sufficient incentive for some level of effluent control.
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reductions in Mobile Bay, with the option of achieving such reductions through trationg.
assess Wether or not this is realistiand what quantiy of terrestrial nitrogen loads into these
water bodies could beffsetthrough reduction of nitrogen levels in Mobile Bagguires further
analysisof the relative importance of Mobile Bay nitrogen loads for the nitrogen levels in the
listed water bodies.

In addition,nitrogen markes could be createditherin Alabamao reduce nitrogen loads in

Mobile Bay(perhaps under a bawide TMDL analogous to the one that exists for the
Chesapeake Baygr across the Gulf Statesd the Mississippi watershed reduae nitrogen
inputsinto the deeper waters of the Gulf of Mexico and redtice hypoxic zone in the Gulf.
Research suggests that reducing nitrogen runoff into the Gulf of Méixioagha tradable

permit market could produce significanbst savinggRbaudo et al., 2005Restored oyster

reefs could form an important source of nitrogen creditstftgsemarkets by providing
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credits has been proposed or expdd in the literature for wetlands, stream restoration and
biomass harvests (Heberling et al., 2007; Cherry et al., 2007; Shabman and Stephenson, 2007,
Newell, 2004)In theChesapeake Bayy O2 N1J2 NI A2y 2F 28 a0 SNJ LINR2SO
tradingmarket is currently being studidoy NOAA and the Bay Bafik.

It is not our intention to suggeshat effective, weHlfunctioning nutrient credit markets are
easy to desigor implement On the contrarythe institutional design and local context matter
greatly and deserve wdepth analysis if the resulting market is to achieve its objectives
(Stephenson and Shabman, 201M&vertheless, the fact remains that reductions in nitrogen
loads in both Mobile Bay and the northern Gulf as a whole could generateadi@benefits in
terms of fishery enhancement alone. Oyster reef restoration could play an important part in
bringing about such reductions in a cedtective manner.

2.2.2. Reduction in shoreline erosiand associated costs

The Gulf coast already is exparcing high annual economic losses from climate, and these

losses are expected to increase over the next decades as a result of an increase in development
and the frequency and severity of extreme climate events (Entergy Corporation, 2010). Recent
studiessuggest that the restoration and protection of coastal ecosystems may form part of a
costeffective adaptation strategy against damages from major climate events (ibid.). Equally
importantly, coastal ecosystems also reduce continuous, incremental damagesbn

catastrophic climate events. An example of the latter are losses of portions of shoreline

properties or damages to coastal infrastructure such as roads caused by creeping shoreline
SNRPaAA2YZ GKAOK Aa 2O0O0dzNNAy 3 irde {TgledandHaryimar 4 SO0 A 2
Klose 2000 including in the areas in which our two study reefs are located (Stricklin et al.,

*pers. communicatiorAriana SuttonGrier, NOAA. Feb. 1, 2011.
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2010; Dauphin Island Sea Lab and University of Southern Alabama, 3911b).

To date, no study exists that assesses the erosion redugtbue of oyster reefs in the Gulf of
Mexico.At the conceptual level, therosion reduction value ainoyster reef is equivalent to
the coststhat would be incurredabsentthat reef. The most accurate approach to estimating
these costs is an engineeri@gonomis approach that maps out projected shoreline erosion
and stormrelatedflooding for the coastal areas lying behind the reef for scenarios with and
without the reefand analyzes the incremental damages to humaade and natural assets and
human heéth. Due to the stochastic nature of climate events, lsdamage assessmergbould
span multiyear time periods and calculate avoided damages in any given year as average
annualized damages over the period of analysws. prospective reefs, such analysegquire
forecasts of development footprints and climate impacts (e.g., Entergy Corporation, 2010;
Economics of Climate Adaptation Working Group, 2@H}jbbean CatastrophRisk Insurance
Facility,2010 that are beyond the scope of this paper.

A recentGulfwide analysis of projected climatelated impacts and available adaptation
measures (Entergy Corporation, 2010) estimates that beach nourishment and wetland
restoration would avoid average annual losses in 2030 of $3.0 and $7.5 billion, respdotively
all U.S. gulf states combinedlong many sections of the Alabama coast oyster raefshe
intermediate ecosystem service that produces the final ecosystem services of coastal wetlands
and beachesecause the lattewould be eroded in the absence thfese protectivenatural
breakwatergRoland and Douglass, 200%hus, it woulde appropriate to attributehe

protection values of coastaletlandsand beaches$o oyster reefsUnfortunately, this still
prevents downscaling of the Entergy Corporatig@X0) loss avoidance values of wetlands and
beach nourishment because those values are driven by local geomorphological, climate and
economic characteristi¢enaking itdifficult to assessvhetheraverage, Gulf coastide values
estimated in that study arappropriateindicators ofavoided losses Mobile Bay.

Furthermore, these values would tend to underestimate the full damage avoidance value of

oyster reefs becausereafs\ Yy | RRAGA2Y (G2 AGLINRPRdAzOAYy 3¢ RIFYLF 3S

maintenance of wetlands and belaeg produce their own, additional damage avoidance by
reducing wave height and thus the extent of coastal floodingh major storm events

Inthe case ofossessuch as flooding that can lm®vered by insurancelifferences in insurance

rates among prperties protected by oyster reefs and those not protected by reef could serve

as an indicator of the damage avoidance value of reefs for those specific properties. Conversely,
properties not insured against flood damages would be expected to command jowes, all

else equal, because in a wélinctioning real estate market, flood risk and associated expected
losses would be capitalized (though likely not perfectly) into property valuissudy of

property values in a flood zone in coastal Carteret @puxiorth Carolina (Bin et al., 20P8

% For example, Shell Belt Road in Coden, located just south of Bayou La Batre, is currently protected by a concrete
sea wall that is failing and will need to be repaired or replaced.
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found thatwhen location amenities were controlled fdocation in a flood zone indeed
lowered property value&®

The authors found thaflood insurance premiumis the coastal housing market dmnvey risk

information, and thatlocation within a floodplain lowedd KS I gSNJF 3 S LINE LISNI & Q.
($163,911 in 2004%)y 7.3 percentFurthermorethe price discount for location withinlaigher

risk area for flooding wasignificantly larger than for location within a lowesk area. Location

within a 100year floodplain loweedthe average Bl LIS NI @ Qa O fwkale 68 T dy L
location within a 506year floodplain lowers average propenglue by 6.2 percent.

Using current and projected flood footpringgd real estatericesin the Mobile Bay area,

these findings potentially could be transferred to our study asesd possible differences in risk
attitudes and experiences with flood events may affect the validity of such a tratidfer.

addition, insurance premiums manpt accurately reflect changing flood risks due to climate
change. They also do not cover incremental losses to shoreline property values due to ongoing
erosion from normal wave action. Such losses in principle could be estimated through a
statistical analsis of changes in property values over time that correctefioer important

variables. Most importantly, analyses that infer the damage avoidance value of coastal
protection from insurance premium differentials do not capture the value of avoided ldgses
public infrastructure and natural assets such as beaches and marshes used for recreation. The
value of these avoided damages requires separate analyses.

Alternatively, following an approach used by Shepard et al. (2011), spatial maps of reductions in
the area flooded by storm surges could be combined with storm surge probability distributions
and real estate data to estimate the reduction in flood damages the reefs produce as a result of
reducing wave heightyet analyses of reductions in damages froerosion or floods areutside

the scope of our study.

Because the Swift and Barton reefs will be located along eroding shortiatesre at

moderate to severe risk from climate change impacts tad support a variety of human uses
from residential torecreational, it is clear thahese reefs will provide economic benefits in the
form of coastal protection from flooding and erosion.

% The authors controlled for mostfshe ameniy values of floodplain locaticthat influencesthe price of coastal
properties.Without such controls the amenity values mask the negative risk value associated with floodplain

location.

% For example, Bin and Polasky (2004) found firate dscounts2 NJ £ 2 OF GA 2y Ay | FE22RLI I Ay
Pitt County increased significantly after Hurricane Floyd.
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2.3. Economic Impacts from ReetBtoration

Economic impact analysis is a technique used to develop quantitativeagssrof the total
change in output, earnings and employment that are causeddefined area as a result of a
changein sales in a given sector or group of sectors. It is commonly used to estimeate
change in output, earnings @mploymentexpected to esultin a particular area from the
opening, closing, expansion or contraction of a particular fadtitydustry(e.g, an airport, a
power plant,a factoryor whole sector such as steel product)omotal impacts are defined as
the sum of direct, indect and induced impacts, where direct impacts represent the initial,
GRANBOGE¢. OKFIy3aS Ay 2dzildzi | aa20AF 4GSR gA0GK (KS
are the changes in output, earnings or employment in other industhasresult from the
initial change in output, and induced impacts are the changes in output, earnings and
employment in the area associate&dth the change in spendinigy employeesn all affected
industries

Impact estimates are constructed based @nultiplierst that representquantitative

information on the inpuoutput relationships between that facility or industry and all other

industries in the areaViultipliers take several forms, includisg-calledd FAY I £ RSYI y R
multiplierst that describeby how mucha $1 change ithe output of a particular industry

affectstotal output, earnings or employment of all industries in the aoéinteres& | Y R & RA NB ¢
STFFSOO Ydzf GALIX ASNBEE U &anings Bre&mphidedn$he aréa ciatge Y dzO K
as a result of a $1 chaagn earning®r employmentin a particular industry, where earnings
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income The multipliers are derived through statistical analysis of the monetary flows among all
industries in an area.

For example, oyster reef restoration entails a large share of construction activities carried out
by local contractors. The businesses providing these services in turn putbkeasaputssuch
asconstruction steel, trucks, gakiee, laborand so forthfrom other companieswhich in turn
purchase their inputs from other companies. Likewise, because labor is required as an input,
increased output in the construction sector leads to increased wage and salary earnings of
affected enployees, who spend some of their new income causing a further round of output
changes. Thus, an increase in the demand for construction causes ripple effects throughout the
local economy that lead teuccessive rounds afcreases in output, earnings anchployment

in a range of sectors. Importantly, each roungdsome of theeffecta £ S { a 2 dziie 2F (K¢
the form of inputs imported from other areas. The amount that leaves the preduces no
multiplier effect in the area becausedoes not lead tgurchase from nonlocal businesses.

The larger the area of analysis, the more diversified generally its economic base, and the less
leakage. For this reason, multipliers are always specific to a particula(iaeahey already

account for leakagerndare generally larger for larger areas of analpgisausenore of the

ripple effect is captured within the are@hus, total impacts from our reefs in the tveounty

area are smaller than they are for Alabama as a wHolehe Gulf coast or for thentire

country.
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For our analysis &vuse the Bureau of Economic Analysis (BEA) RegionalOnptit Modeling
System (RIMS Mype IR002benchmarkmultipliers J.S. Department of Commerc&997)for
Baldwin and Mobile countie§hesemultipliers(U.S. Depament of Commerce, 201Hccount
for direct, indirect and induced impaci@ndare based on 2002 natiorrvel inputoutput data
and 2008 regional data'hey cover 472 industries at the national level, out of wHithare
presentin the two-county area

The economic impacts from the two reef restoration projects conisdditional output

(sales), earnings and employment genedi®th by the reef construction itselés well as by
the increased commercial and recreational harvests supported by #is.rAs discussed in the
previous section, in this analysis we assume that the recreational catch enhancement is too
small to increase the number of angler days and thus does not cause economic impacts.
However, larger restoration projects may enhance eational catch sufficiently in order to
increase the number of angler days, and thus would create economic impacts.

We identify the industries thagxperiencedirect sales impactas a result ofeef construction
itself or of the resulting fishery enhaement and then multiply the sales increases in those
industries by the final demand multipliers to obtain estimates of the total increase in output,
earnings and employment in the twoounty area that result from the two reef projects.

2.3.1. Impacts from reef @nstruction and monitoring

Table 17 shows the expected expenditures for the Swift and Barton reef restoration projects.
The amounts shown are based on extrapolations from recent reef construction projects in
Mobile Bay, adjusted to the two study sites.eReonstruction is expected to be completad
approximately one year.

We assigned the expenditure categories to the appropriate RIMS Il industries as shoalvlen

A9.1 In the few cases where there was no obvious match between a spending category and a
RIMS Il industry, we identified the appropriate industry based on the Standard Industry
Classification (SIC) equivalents of RIMS Il industries and the detailed descriptions of SIC sectors.

TNQocalLINR 2 SOl & iprbjdctidesih, SupeNdsiGhaR YoAdy A aitiTdbled7) 2 v ¢

represent an increase in the demand for services in the lbcdly A NR Y YSYy Gl f Yy R 2
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total impacts in the study area.

The two reef construction projects are estimated to generate increases in total output and
household earnings in the twoounty arezof $8.39 milliorand $2.76 millionrespectively, and
generate a totabf 88 fulland part tine jobs. Because the total output includes the spending by
the project($4.28million), the total output effect estimatef $8.39 millionindicates that the
project is expected to generate an additional outditb4.12million in the region. Most (80
percert) of the output, earnings and jobs result from construction activity, which accounts for
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most and of the project spending and has the largest multipliers of all the sectors the project
impacts directly Table 8.1).

Tablel7: Edimated expenditures associated with the two reef projects

Swift reef Barton reef
Construction
Project design, supervision, administratio $326,880 $63,182
Contractors reef construction $2,850,000 $550,870
Osprey platforms $5,000 $2,500
Subaward
Monitoring - university/fresearch institute $225,000 $43,490
Community outreach $25,000 $20,000
Workforce development $15,000 $15,000
Marketing $20,000 $20,000
Travel, meetings, workshops
Gas (car and boat) $27,076 $20,150
Conferences reg. fee $400 $400
Airfare $4,050 $4,050
Lodging $2,380 $2,380
Rental cars $1,530 $1,530
Restaurants $1,530 $1,530
Parking $200 $200
Groceries $495 $495
Supplies
Field and office supplies $10,000 $2,000
Communications (phone, internet, GPS) $10,600 $2,10
Total $3,525141 $749,876

Because the total impacts are dominated by construction, it is important to note that our
construction impact estimates are based on multipliers for the construction industry at large in
the two-county area. Even through tHgEA dataset includes over 400 industries, it contains
only one generic construction industry. To the extent that the activities involved in reef
construction (e.g., welding, concrete production, tug hdahing boat andruck operation,

well drilling have multipliers that differ systematically frothe multipliers of the average
construction activity in the twaounty area, our impact estimates may be biased. However, the
multipliers ofmostindustries in the twecounty aredie within 10 percent of theonstruction
industry multiplier, so any error is likely to be fairly small.

2.3.2. Impacts from enhancement of commercial fisheries through the two reefs

Output increases in the seafood industries that generate multiplier effects in the local area
(harvestng, processing, wholesale and dilstrtion, retail and restauranjswere quantified in

the sectionNet benefits of oyster restoration to the commercial fishing and seafood processing
sectors For each industry, we subtract from the additional seafoodsséle, the increase in

sales attributable to the two reef¢he purchase cost of the additional seafo(hblel8).
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Qubtracting the value of seafood inputs at each stageidsdouble-counting of impacts
(Kirkley, 209).

Tablel8: Valueaddedin the fishing and seafood products sectas a result of the two reefs
Harvesters Processors Wholesalers/ Restaurants/ Groceries/
distributors Food service retail markets

Increased sales $3,952 $8,038 $7,006 $15,752 $5,293
Increase in value adder  $3,952 $4,481 $2,743 $10,166 $1,313
SourceAppendix 8

We then assign these increases in value added in the respective industries to the corresponding
RIMS Il industrie@fableA9.2 and used the RIMSTlpe Il multipliers for the twaounty area

in order to estimate the total increase in outp(#38945), earningg$10,913) and jobs(1 part

time) in the area attributable to the commercial fishery enhancement effect from the two
reefs.As in the case dhe benefits estimates, these impact estimates are based on the
assumption that the seafood sector activiti@boccur within the twecounty areaWhile this is
certainly true to a large extent (see next subsectionks fierhaps more realistic to assurtiat

the associated impactwill occurat leastwithin the stateQa 06 2 dzy RF NA S& -NI G4 KSNJ
county areaThus, our estimates may overestimate the impacts captured in Baldwin and

Mobile counties. However, since they were derived using multiplierhimBaldwinMobile

county area, ourmpact estimates arenderestimatingstate-level impactdor the simple

reason thatstate-wide multipliers are highethan our BaldwirMobile multipliers for many

industries

Tablel9shows the total impacts expected to result from the construction of the Swift and
Barton Island reefs. Note that the two impacts have very different time profilesimpacts

from reef construction itself are a oriéme event, as they are caused betsingle, non

recurrent pulse of spending over approximately one year that is associated with construction
and associated activities. In contrast, the economic impacts caused by the increased levels of
ecosystem service flows supported by the new reeéssarstained over the functional lifetime

of the reefs, which may be decades (Peterson et al., 2003). Since our estimates of ecosystem
service enhancement by the reef were calculated as flows during a single year, the associated
economic impact estimates peesent annual impacts that will occur each year for as long as
the reef remains functionally intact and at the same level of productivity. Of course,
fluctuations in reef productivity due to natural or humamade events as well as changes in the
prices ofthe marketed ecosystem services outputs produced by the reefs will results in
fluctuations of the economic impacts from the reef over time, so the impact estimates
developed above are best interpreted as averages.
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Tablel9: Total economic impacts in study region from restoration of the two oyster

reefs
Output Earnings Jobs
Reef construction

Project design and management $846,407 $296,331 9
Construction $6,805,833 $2,204,875 68
Monitoring $526,965 $187,352 8

Communityoutreach, workforce
development, marketing $214,168 $67,007 2
Total, reef construction $8,393,372 $2,755,564 88

Commercial fishery enhancement
Harvesters $6,947 $2,060 0.1
Processors $7,383 $1,450 0.1
Wholesalers/distributors $4,495 $1,393 0.0
Regaurant/Food service $17,871 $5,300 0.3
Groceries/Retail markets $2,248 $711 0.0
Total, seafood sector $38,945 $10,913 0.5

Notes Region comprises Mobile and Baldwin counties, Alabama, Bas€édlesl7 and 18 and
Appendices8 and 9. Numbers may not ddip due to roundingAll dollar values are in 2010 prices.

2.3.3. Share of Benefits and Impactapuredin Baldwn and Mobile Gunties

The benefit and impact estimates developed in the preceding sections describe thes gfect
construction ofthe Swift ard Barton reefs are expected to have in the Mobile and Baldwin
county areaHowever, gzen thelack ofinformationon the exact movement of produsamong
seafood sectors (Kirkley, 200®)is impossible t@stimate with any degree of confidentee
portion of these effects that will accrue areas outside oBaldwin and Mobileounties

As discussed abovi# Alabamans consume seafood at a rate similar to the national average,
GKS adGli8Qa aSIF22R 02yadzyLliAzy ifseb@SharBaf f | yYRA
the additional finfish or crab harvest produced by the two reefs to leave the study area. To a
large extent, this is also true for the additional crabs harvesfélile a portion of the

additional seafood undoubtedly auld be absorbed byetail shops and restaurants other

regions in the statemostof the seafoodprocess®rs, distributors/wholesalers and retailers in
Alabama ardocatedBaldwin and Mobile countie§ able20). In addition, given the lgih density

in the coastal area afeafood restaurants catering to visitors from amnd outof-state, it is

likely that much of the additional catch purchased by restaurants will end up in the two coastal
counties as wellThe concentration of processora@wholesalers in the area is not surprising
given that mosseafood harvesteth Alabama watersnd a sizeable share of seafood caught in

Louisiana and Mississippi are landed in Bayou La Batre.

*1n 2009, Bayou La Bate main fishing porin the area, ranked as the ?4argest seafood port in the US in
terms of landings value and as th8 largest in the Gulf of MexicdN@tional Marine Fisheries Service, 2D
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Table20: Seafoodrelated employmert in Baldwin and Mobile counties i2009 (prespill)

Industry Mobile and Baldwin Alabama Mobile and Baldwin
Counties share of state total

Shellfish Fishing 356 387 92%

Finfish fishing 500 609 82%

Fresh and Frozen Seafood Processir 1053 1763 60%

Fsh & Seafood Merchant Wholesaler 141 176 80%

Fish markets 120 201 60%

Source: Mobile and Baldwin numbers froEMSI I Quarter Employment statistiagported in Hanson and Baker
(2010) Alabama numbers from 2009 Alabama Employment Statistitgs//w ww.aces.edu/dept/fisheries/
aquaculture/marineassessment/reports.phmlownloaded January 12, 2012.

2010, landings were much lower duettee mandatory closures and seafood mortality in the wakéhef
Deepwater Horizon oil spill.
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2.4.Resource Dependence, Support for Reef Restoration, and Share of
EconomicBenefitsand Impacts from Reef Restoratiobsdrbed bythe
SoutheastAsianAmerican @mmunity

Ly 2NRSNJ (2 RS@St2LI Yy AYyAGAlFf dzyRSNRGIY
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reef restoration, we conducted a series of focus grougetings and key informant interviews
in Bayou La Batre. These formatsre confirmed to be appropriate for the Asi#@merican
community in the area through consultation with the Gulf Coast office of Boat People SOS
(BPSOSH national organization thatrpvides support to Southeast Asian immigrants and
communities.Due to the fairly strong segregation of the three maéctors(Vietnamese,
Laotian, Cambodiani) the local AsiatAmerican community both by origiand by main
seafoodrelated activity (shrim@nd finfish vs. crabs vs. oysters; haruegts. processingjhe
BPSOS&ulf Coast office in Bayou La Batteommended three focus groups, one for each
sector of the populationBFSOS informed community membeykthe upcomingmeetings,
invited selectedindividualsto the focus group meetings, and converibé meetings, which
took place in the BPSOS offices in Bayou La Batkagusi2011.

RAyY 3
R FTA

In discussions with community members, BPSOS also identifiegreandjedfour key
informant interviewees Thesancluded two individuals from theaotianAmerican community
who substituted for the initially planned Laotian focus grpape Caucasian fishermarho was
identified in discussions with the Organized Seafood Association of Alalaach@neowner of
aseabod processing planfThe lashowever eventually wasnavailable foran interview.

The meetings and interviews were intended touge the magnitude of the dependence of the
localAsian American community on seafood resourcesi@ftlS O 2 Y dvaériess &f,Q a
attitudes toward,interest in, potential for and obstacles to increased capture by the community
of benefits from coastalestoration. A later survey conducted as part of a larger,-@idé
projectfocusing on enhancing community resilience throwglastal ecosystem restoratioill

build on the insights generated by the focus groups and key informant interviews to generate
reliable quantitative findings.

Thehighdependence of the Asian American community in Bayou La Batre on seafood resources
is documented imable21. Boththe Laotian and Cambodian communities derive over three
guarters of their overall income from seafoodlated activities. While we did not obtain an

estimate of the overalllependence orseafood2 ¥ . | & 2 dzVigtrramesé conNbIgy,

based orour Viethamese focus groupeeting and other source8(rrage, 2009Mississippi

Coalition of Vietnames@merican Fisherfolk and Famili€X)10) we expect dependence to be
similarly highin that mommunity. All three are engaged heavily in both the seafood harvest and
processing sectors as both business owners and employees. Many Vietnamese and Laotian men
also work as welders in shipyards or in boat repair shops.
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Table21: Selected characteristics of coastal resource dependence of A8iarerican
community in Bayou La Batre, AL area

Laotians Vietnamese Cambodians
No. of families ~10032* ~1%% of pop. ~125**
Share of community  ~80% ? ~90%
income from seafood
Families w/ fishing ~40%; crab boats (15% of Shrimp /finfish boats Crab, oyster, finfish
boats men), 5 shrimp, % oyster boats
boats
Other seafood jobs Crab picking (90% of Oyster shucking (90% Crab picking (75% of
women) women, 50% of men)
4 seafood shops (incl. 1 2 crab shops
crab)
Oyster shucking

2 restaurants

Main other Welding/shipyards, boat ~ Welding Some trucking and
occupations repair shops carpentry, scrap
metal collection

Notes Information collected during focus grps and key informant meetings on &6d 16 Augus2011in Bayou
la Batre. * Approximately 100 families in neighboring town of Irvington; 32 in Bayou LaBair&ayou La Batre
and surrounding area.

The focus group meetings began with all participantsoducing themselves-ollowing this,

the researchers provit a brief description othe roles oyster reefs play in coastal ecosystems,
the objectives of the preserdtudy,andthe purpose of the meetinglThe meetings lasted
between oneand-one-half ard two hours. Based on their community outreach, BPSOS
expected seven to nine individuals to attend each of the three meetings. However, only three
persons attended the Cambodian group, @hd Laotiangroup was replaced by two key
informant interviews withtwo prominent leaders from that community.

The Viethamesé&merican focus group consisted of six Viethamese women and one man, all
longterm seafood workers and residents of the local community. Most work primarily as oyster
shuckers, with one also worlg on a shrimp boat. Because the local oyster fishery was closed
immediately after the Deepwater Horizon oil spill in May of 2010, many of the focus group
participants had been out of work until recently, and a f&tll were unemployedat the time of

the meeting. Those who were working were doing so at reduced hours. Participants reported
that demand for oyster shuckers still was substantially belowgilrepill levels, with only three

of the 15 local oyster shops open. While the langter fishery on pblic reefs wanot

expected to start until October &011, local oyster shops also process oysters harvested in
other Gulf States and from private local red®articipants stated thabefore the oil spillabout

53



half of the oysters processed by locabpks came from local waters, but that share decreased
to around one fifth in the 2011 season.

Oyster shuckers get paid by weight of oyster meat produced. The average shucker processes
about seven sacks of oysters a day. During winter months when oystetdd be bigger, this
yields around seventy pounds of meathile during summer months it yields around-33

pounds. Shuckers get paid about $1 per pound of meaitimer and $1.10 in summer, for
average earnings of around $70 and $80) respectivelyper day for the average shucker.

Focus group participants observed that the average size of oyster has declined, stating that
while currently there are about eight oysters to a pound, ten years ago there were three. Only
one of the seven participants ha@éérd about local oyster restoration projects. That person

had been hired for the Coffee Island restoration project, where she was paid $15 per hour for
filling oysters into sacks. Others in the gralpoexpressed interest in participating in future
restoration projects, stating that there was no work to be had in the afdbattendees were in
favor of restoration, with job creation during the construction period the key reason for their
support.Asked whether they thought that the community would beebd rely on coastand
marineresources in the future, participants thought that generally,ymg that they were less
certain about oysters in particular, stating that while shrimp and fish can swim away from
pollution and later return, oysters cannescape. People stated that the oil spill had changed
things While livelihoods weréall righ pre-Katrina and recovered within several months after
the hurricane, that had not been the caater the oil spill. Asked what jobs they would want

for their dhildren, people chose computer science, engineering, welding, government worker,
the military and chef. When prompted about entering the seafood business, none considered
that desirable.

The Cambodia#\merican focus grouponsistedof three women. Onef the three works as a

crab picker specializing in crab claavel has beemvorking in crab shopfsom an early ageThe
group stated that this is quite common as many parents do not have family members to watch
their children at home ath sothey take them to work where thechildrenbegin crab picking at

an early ageo increase household incom&he other two participants used to pick crabs as

well but do not do so now. One of theaurrently isunemployed her Caucasian husband werk

as a crab coaklhe aher participantnow works as a translator f@a community support
organization The three stated that many in their families also pick crabs. While the crab season
is yearround, catch is low during October thru Mard@ecause of their high dependence on

crab picking, this means thatonthlyincome for most Cambodian families drops off sharply
during half of the year. For this reason, most Cambodians in Bayou La Batre who have a chance
to obtain ayearround job leave the crab picking business. Howevers¢hare mostly younger
people quite a few of whom enter nursing deautician careers or pursweducationbeyond K

12. Most older CambodiaAmericans in the area lack sufficient English skills to be able to
obtain jobs other than in seafood processirmghoughsome are engaged in scrap metal

collection Those who have sufficient English skills often work as truck drivexenstruction

site carpenters.This is seen as standing in stark contrast to Laetiarericans, whose
comparatively good English skilave allowed them to move into weldinglocal shipyards
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The three stated thamost crabpickers lost their jobs after the oil spill, but thiaarvestsby
now have recovered to preil spill levelsAbout three quarters of the crabs processedhe
areaare harvestectlsewhere.

Crab pickers are paid per pound of meat picked, earning around $&rspound for claw meat
and $2 for body meat (which is more difficult to pick). Workdaysftast ten to overtwelve
hours during the high season anften run from the very early morning hours thru eatty
mid-afternoon.Many crab pickers try to work as much as possible during the high season in
order to earn enough income for the rest of the year, due to the scarcity of other job
opportunities.Crabpickerspick between 50 and 100 pounds per dagrning between $75 and
over $180 a day during the simonth crabhigh season.

Participants could not describe what they thought the tefinoastal restoratiof meant, but

they had heard about an oysterggect the preceding year that employed around ten people
from the AsiarAmerican communityConstruction jobs were seen as the most important
benefit to the local community from reef restoration, but the increase in seafood harvests the
researchers had deribed earlier was seen as important as wadlked how they thought the
local community could benefit more from reef restoration projects, participants thought that
more construction work would be good as it would create more jobs and income.

Asked vhether they thought their community could rely on coastal and marine resources in the
future, participants responded in the affirmative. They also stated that more restoration would
help sustain resources, and the increased seafood and jobs would hegnstistir

community. Respondents thought that access to reeafood jobs was limited not just by the
pervasive language barrier for the older generation but also by a strong sense of pride and self
sufficiency that keeps individuals from asking for asaistaand makes outreach to the

community difficult.

All three ethnic groups considered the restoration of seafood stocks in Mobile Bay to be of high
importance and stated they were highly supportive of oyster reef restoration if it helped to
achieve thatgoal. In addition, they saw coastal restoration projects such as reef construction as
desirable because of the jobs such projects might bring to the area.

2.4.1. Share of benefits and impacts received by the Southeast Aswerican
community

The Southeast Asmi-American population in the area is heavily concentrated along the coast in
the towns of Bayou la Batr€odenand Irvington where most of the seafood processing shops
and plants are locate(Figure2-8). Likewise, rany of the seafood markets and restaurants are
located along the touristlense coastal portion of the twoounty area.
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Figure2-8: Southeast Asian population in study area by Census tract
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The shares okconomic benefits and impactsom oyster reef restoratiorthat arelikely to
accrue tothe Southeast AsiaAmerican communityre difficult to quantify. The gtimation of
those sharesvould require information orSoutheast Asia\mericanemployment and
ownershipshares irall seafoodrelated sectorsandin the economy overallSuch information is
not readilyavailable Neverthelessa fewstatisticsare available thaindicate that theheavily
seafooddependent AsiarAmericancommunity is likely to shar@ the benefits and impacts
brought aboutby the enhancement of commercial fisheries througkf restoration.

For exampleabout 65percentof shrimp licenses in Alabama for vessels over 4bifelength
are held by Asiansnostly ViethamesédmericangBurage 2009) Because shrimp vessels also
target othercommercial species, it is likely that these vessels will catch a portion of the
additionalfinfish stock produced by our two reefEhe Southeast Asiadimerican community
alsoowns crab and smaller fiish boats operated in Mobile Bay (TaRl®), but the percentage
these account for of all such vessels is unknd@ambodians and Laotians togetresoown
six(Table21) of the approximately60 seafood processing shops in Alabaanad the largest
procesing shop, Grand Bay Seafoodowened by arhaiAmerican family® While our
interviews revealed that members of ti®utheastAsianrAmericancommunity do own at least

% A Yellow Book search in January 2012 returned 64 seafood processors in the state, while the latest available

edition of theFisheries Economics of the (Wational Marine Fisheries Service, 2010) identified 56 such
establishmens in 2009.
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two restaurants in the area, the Southeast Asfamerican sharef ownership ofseafood etail
establishments and restaurants is unknown.

Based on this information, it is clear that the community is poised to capture a significant
portion of the producer surplus associated with the harvesting and processing of the fishery
enhancement produed by the two reefs, awell asa smaller portion of te producer surplus
associated with seafood retailing anelstaurants.

Our discussionwith community membersilso revealed that AsiaAmericans make up a
substantial share of the deckhands employetfishing vessels in the area. In additiomae
number of seafood processimdants in Alabama, Mississipgnd Louisiana are primarily staffed
by AsiarAmericanswith Vietnamese making up the largest percentage of the work force
followed by Laotianand Cambodian@Burrage 2009) Whilethe shares of the AsiarAmerican
workforce in othemparts of theseafood sectorand the economy at largare unknown, it is
obvious that ths community will receive some of the employee earnings associated with
increased fish harvests and resulting multiplier effectstiner sectors irthe local and regional
economies.

This superficial assessmeobnfirms the view community members expressed during our
meetings that an improvement in the seafood resource woulddfithe community A more
detailed evaluation would requirenan-depth householdand businessurvey of the
community.

By comparison, reef construction itséif date seems to have had very limited benefits for and

impacts on the Southeast Asid@merican communityOne participant in our focus groupsd

been contracted for manual labor by the main contractor for construction of the Coffee Island
NESTod {SOSNIf 20KSNA KIFIR KSINR 2F (KIFdG ,LIN22SO
who had leen contacted by the local Conservancy chapter to alert them to the project and the
short-term employment opportunities it offeredrhe lack of construction businesses operated

by Southeast Asiahmericangrecludesthem from capturing a share of thenstuction

businessand associategrofits and a larger share of the earninfyjem employment

Clearly, thecommunitycurrently is notwell-placedto fully realize the economic opportunities
coastal restoratiorprojects could offerindividualsdo beneift indirectlyfrom coastal
construction projects through the boost such projects deliver to employment imider local
economyand through limited shorterm employment as manual laboHoweverthese
benefits are fairly diffuse and incremental compatedhe concentratedand largebenefits
that accrue toprofessionals oowners of companies directly involved in reef construction.

Still, opportunitiesexistfor increasng the benefitsfuture coastal restoratiornprojectsprovide

to this community Redizing heseopportunitiesrequires two keyconditions increased access
and improved capacity. Communityvolvement in andiccess to construction projects can be
enhanced immediately through improved outreach to the community and through emgttigtic
promoting the application é equal hiring practicesn the part ofcontractors, andn the
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mediumterm through language trainingmportantly, our discussions with community
members suggest that the effectiveness of outreach could be much improved if déuckey
community institutions such as churches and templte hckon the part of many community
membersof the ability to communicate in or even understand Enghsis been a key obstacle
for government agencies to engagithe community (Burrage, 20R%ur focus groups
confirmed that this is equally true for business@ghile federal agencies appear to have begun
to address this problem by hiring bilingual staff (ibid.), thignlikely todramaticallyincrease
community access to private employmespportunities. The latter can only be achieved by
equipping as many individualstime community as possible withe ability to communicate in
English.

In turn, the capacity of the community for more fully engaging in restoration projects can be
improved in the short termthrough workforce trainingHowever, there are several measures
that require more time to implement but are equally crucial. These inctademproved access
to state and federal agencies involved in coastal management and restoeattan active
support for the creation of private or communitwnedenterprises that can work as |leamt
subcontractordor the construction workBPSOS staff stated that at present, nobody in the
community even conceives of the possibilitystdrtingconstruction businesses, either jointly
or individually owned ones. This may have a variety of regsanging fronobvious onesuch
as a lack ofamiliarity with thisfield of business or with administrative licensing requirements,
to less obvious ones shas limitedcreditaccessA more indepth discussion with community
members would be needed to ascertain the key obstacles, repéieived.

All of the measures outlined above would not only benefit the community by improving their
ability to engagen coastal restoration projectsut would help diversify the economic basé
the communityand thus its resiliency to mamade or natural disasters.

Several of theshort-term measuregsliscussed are already being incorporated into the planning
of the current suite of restoration projects, includj Barton Island anthe Swift Tract These
include improved outreach, workforce training, and contractor requirements regarding
community hires for the projects.
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3. Conclusion

Thewidespreadhistoricdegradaton coastal and particularly estuarine systehave
experienced has reducdde flows ofmany of thebenefits these systems provide to humans.
This is true for the Gulf of Mexico as well as for the couasra wholeand globally. Oyster
reefs, whch playa key role in the functioning of most estuarine systeand directly or
indirectly sustain many of the benefits people derive from these systéiange experienced the
highest rates of loss globally of any ecosystem type (Beck et al., 2011). Fortunatedyche
suggests that the loss of oyster reefand of the human benefitthey sugportt in many cases
may bereversible(Schulte et al., 2009T his has spawned public and private initiatives to
restore reefs

3.1 Economic benefits and impacts from enhancemaeintommercial and
recreational fisheries

Building on recent research that quantifies several key ecosystem functions performed by
oysters, in this paper wikavedeveloped estimates of the economic values and impacts two
reef restoration projects in MobilBay, Alabama, are expected to produce viarthe
enhancementeffect on local commercial and recreational fisheries. We estimate that the two
reefs which havea combined project length &.64 milesand are located in Grand Bégaton
Island reefland BonSecour BaySwift Tract reef)respectivelyyould lead to additional fish

and crab harvests of approximdye6,900 pounds per year. This additional catch generates net
benefits for producers or what economists refer to as producer surglus the form ofprofits
for harvesters, processors, wholesalatstributors, retailers and restaurants. It also generates
net benefits forconsumers or consumer surplus both from seafood consumption and
recreational fishingThese begfits are estimated to total $3800-$46,200 per year Table22).

Table22: Average annual economic net benefit from enhancent of fisheries
produced by 364 milesof oyster reef restorationin Mobile Bay

Commercial sector Recreational sector

2010%
Producer surplus 6,800 Negl.
Consumer surplus 2,9005,700 28,00633,600

Notes SeeTable for allocation of total harvest enhancemeto commercial and
recreational sectors. Only harvestable portion of enhancement is inclirdadalysis.

The project is estimated tbavetotal expenditures of $4.28 million in thevo-countyarea, for

reef construction itself as well as supporting activities such as planning, ecological monitoring,
community outreach and workforce developmeithese expendituresnd the resulting

multiplier effect in the local economy are estimated to increbsmloutput bya total of $8.39
million, generate earnings of $2.76 million, and create 88 jdlble23). These mpacts will be
spread out over the duration of the construction and supporting activities, which is expected to
span one to two yearsn addition the enhancement of seafood harvests by the reefs will

create their own economic impagctestimated at $300 in outputand$10,90 in earningper
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yearand one paritime job.In contrast to the project impacts, these fisheagsociated impacts
will be sustainedg/ear after yeafor the lifetime of the reefs, which may span many decades
(Peterson et al., 2003)

Table23: Total economic impacts from commercial fishery enhancement and reef
construction for3.64 milesof oyster reef restoration in Mobile Bay

Output Earnings Jobs
(2010%) (2010%)
Fishery enhancement (per year) 38,900 10,900 0.5
Reef construction (onetime) 8,393,000 2,756,000 88

azald 2F GKS o0SySTAaida FYyR AYLI Ola Faaz2o0Al GSR
two coastal counties (Baldwin and Mobile), though some porisdikely tooccur in other parts
of the state.

Some of the direct spending by the project and some of the resulting indirect and induced
effects leak out of the study area, causing economic impacts in neighboring states or even
farther away. Our impact estimates already account for #skage and do not include these
out-of-area increases in output, earnings and jobs caused by the two reefs. Because of this
leakage, the total economic impacts the project causes in the Gulf region as a whole or at the
national levelexceedthe local impats presened in Table23.

The above benefits and impacts do not inclutie improvementsthe two reefs would bring

aboutAy (GKS . lF&Qa 28a0SN)J FAAKSNE® ¢KS NBAadG2NBR
oyster harvesting due to the difficulty ehsuring such harvesting is carried out in a sustainable
manner. Still, spat production on the reefs will increase spat levels in the Bay which in turn is
expected to raise the productivity of harvested oyster reefs.

It neverthelesss worthwhileto congder the benefits and economic impacts that sustainable
harvesting of the restored reefs wouftoduce Adult populations of oysters oseveral
recentlyrestored reefs in Mobile Bay ranged from 35 tn nearly 150 nfwithin two years or
less of restoratin (Table9). If the restored Barton Island and Swift Traeefs would support a
harvest of on average only 20 oysters per square meter of reef per year, they would generate
economic benefits and impacts about twenty times those associated witfirifish and crab
fisheryenhancement effecof the reefs(Table24). A controlled harvesat that ratewould yield
an estimatedotal of 2,155 sacks of oyste(at 220 oysters per sapknd15,000pounds of
oyster meat per garfrom the two reefs with a total dockside value afearly $51000 (at 2009
prices),yieldtotal net benefits of $36,000 per yeafor producers and consumers, produae
total value added of $28@00 per yearand generat total output and earnings peyear of
$494,000 and $88,000, respectively, and a total sévenjobs.
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Table24: Economic benefits and impacts generated by harves20
oysters per square meter per yedrom Swift Tract and Barton Island reefs
if reefs wereopened up to harvest

Net benefits 2010%
Producer surplus 70,000
Consumer surplus 291,000

Impacts 2010%
Value added 287,000
Total output 494,000
Total earnings 138,000
Total jobs 6.9

Notes Dockside price of oyster meat in 2009 in Alabama ($3.83%@end) from National

Marine Fisheries Service commercial fishery landings database query. Average weight of

landed oysters estimated at 0.356 Ib, based on interview with Mr. Avery Bates, oyster

fisherman in Bayou La Batre (Aug. 16, 2011). Avesagght of meat per pound ofvhole

oyster estimated at 1/8 Ib, based on focus group meeting with Vietnamese oyster shucker

group (Aug. 16, 2011). Producer surplus (PS) for harvesters estimated at 65 percent of

dockside value, based on interview with Mr. Avery Bgi&ug 16, 2011). Producer surplus

for other seafood sectorassumed to bd 1.4%for processrs, 8.2%for wholesales, 8.8%

for retailersand 5.8% for restaurants, based on Schumacher and Bolund (2003). Average

consumer surplugéCS) of oysters estimated $6.14 per oyster meal, derived by multiplying

a2NBIFIY Si Ff ®Qa 06 Hnndystermepl fobtieil Roridasudvey2z T bwmn dcp LISNI
households by the ratio dhe mean household incomes of Baldwin and Mobile county (a

populationweighted $43,850in2068n mn 0 | YR a2NBAFY S | f ®Qad NBalLR2yRSy
respectively. Our CS estimate assumes an average of ten oysters per oyster meal (Morgan

et al. defined an oyster meal as including heom®ked or restaurantneal, including

cookedandraw meals with oysterssathe main components or one of many ingredients

theydidnoteliciti KS  @SNJ} 3S ydzYoSNJ 2F 28aiGSNAR O2yilFAySR Ay
Value added based on movement of seafood through AL seafood-adlled chairand

value added/markup ratios from Kkley (2009). Economic impacts estimated using

methodology described in discussion of fishery enhancement above.

Experience indicates that controlled harvests, which would permit only hand tongs and would
establish strict bag limits, may be difficultitaplement in practicdBerrigan, 1990). At a
minimum, they would require frequent reef monitoring and inspectionsaxfks or oyster boats
to ensure sustainability and coni@hce with harvest restrictionghese activitiesequire

resources to implementeducing the net benefits society would derive from the harvests
addition,there may berade-offs between oyster harvestand otherecosystem benefits

provided by the reefs. For example, harvesting would focus on the largest, most commercially
attractive specimensHowever, larger oysters remowdésproportionally higher quantities of
nitrogen from the water columnThus, opening the reefs to oystering wouddluce the

amount ofdenitrificationand reduction of turbidity provided by the reei$.also nay slow the
increase in the structural strength of the reef that results from increased reef girth, negatively
affecting the ability of the reefs to withstand wave action during catastrophic storm events.

Neverthelesssome of theeconomicbenefits andmpactsassociated wittharvesing oysters
from the two reefs are in fact likely to occur esall likelihood there will be some measure of
illegal harvesting, even if the reefs are not opened to oystering.
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3.2 Benefits from vaveattenuation

The Barton Isind and Swift Tract reefs would also reduce the energy and height of incident
waves along the approximately 7.4 kmshiorelines behind the reefs, most of which currently
are being eroded and are at medium to very high risk of erosion from rising sea Tewelreefs
would reduce the incident height of the mean of the top 5% and 10% of all waves at each
location by over ondalf (Barton Island) to up to almost three quarters (Swift Tract), and would
reducewave energies even more dramaticallyable25). At Barton Island, averageeight

waves are attenuated bgbout the same measure as highpact wavesvhile at Swift Tact

they would be almost completely absorbed.

Table25: Reductionin waveheight andenergy by the two reefs

Barton Island Swift Tract
Highimpact wave  Average wave Highimpact wave Average wave
Reduction innciden 51.3% 53.0 % 73.7% 90.5%
waveheight
Reduction innciden 76.2 % 77.9 % 93.1% 99.1%
waveenergy

Notes: Highimpact wave has following offshore wave characteristics: height, 1m; period, 4.0 sedtieds.
characteristics correspond to the average of all waves that generate the top 5% and top 10% highest wave
power values in the BayiAverage wave has offehe wave characteristics corresponding to the average wave in
Mobile Bay: height, 0.4m; period, 2.0 seconds.

Redudion of bothaverage andhigh waves reduces shoreline erosion and associated damages
to private property and public infrastructure. Reductiohhigh power waves in addition

reduces the amount of coastal flooding and associated damages to property, infrastructure and
human health and life. While additional analysis is required to quantify these benefits in
monetary terms for our two study sitesvidence from other castal areas indicates that their
economic valuenay be very large to the extent that it could easily exceed the fishery
enhancement benefits produced by the reefs.

3.3 Benefits associated witreductionof nitrogen levels in the &y

Oyster reefs remove nitrogen from the water column and fitiat suspended soliddfReduction

in suspended solidacreasewater clarity,makingthe water more attractive to beach goers,
swimmers and boaters. Removal of nitrogen reduces nutrientsdlgme depend on and can
reduce the likelihood or extent of harmful algal bloomdawalanoxic conditionsboth of

which have been observed in Bon Secour Bay where the Swift Tract reef will be ldcated
addition, by reducing nitrogen loads in the Bayster reefs reduce the export of nitrogen from
the Bay into deeper offshore waters where it exacerbates hypoxic conditions that negatively
affect fisheriesHarmful algal blooms are toxic to many animal species and can negatively affect
humansvia consunption of poisonous seafood, skin contact or inhalation of toxic sea spray
while anoxic conditions negatively impact fish and shellfish populations and thus harvests. In
addition, improved water quality generally increases coastal property values andruri
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While nitrogen removal byhe two restored reefsstoo low to affect nitrogen levels baywide
(Table26), it maynonetheless improvéocal water quality. The quantification of the economic
value ofwater qualityimprovementsbrought about by the two reefs beyond the scope of our
study and is likely to be small compared to the value of direct enhancement of fisheries and
avoided coastal erosion and flooding.

Table26: Annualquantities of nitrogen removed by the two reefs

Barton Island Swift Tract
kalyr
Lowestimate 18 107
Highestimate 275 1,613

Nitrogen removal by oysters may generate additional benefits in the form of reduced
compliance costs for regulatezimissionsources and revenues from nitrogesredit sales from
reefs, in caséocal or regional water quality trading markets for nitrogen develdfater quality
markets are driven by Clean Water Aesed total maximum daily loads (TMDL), which place
legallimits on theamountsof specified pollutants thaparticular sources can emit into a water
body. Mobile Bay contains several waters wittrogen TMDLSs, and severalore thatare
awaitingsuch TMDLs. Water quality trading could be incorporated into nitrogen TMDLs,
allowing regulated sources to purchase nitrogen cretfiben other sources that can achieve
reductions more cheaply. In some water quality markets in the US, oyster reefs have been
proposed as sources for such credits, as have been wetland or stream restotatidarger
market for nitrogen were to emerge gmrt of a largescale effort to reduce the hypoxic zone
off the cost of the northern Gulif Mexicq restored oyster reefs could qualify as souroés
nitrogencreditsin such a market

3.4.Scaling thingap: Benefits and Impacts fromobile Baywide oyster reef
restoration

Theseresultsclearlyshow thatthe two restored reefs would producgzeableeconomic
benefitsfor local and regional producers and consumasswvell as significaminpactsin the

locd and regional economie¥et these benefits and impacts pale in comparison to what could
be achieved through largscale restoration obysterreefs in the Bay.

For exampleRestore Coastal Alabafdai 3 2 I f 108 rfilesbf Re&giwodd go a long way

towards returning oystereef coveragan the Bay to the estimated 1,13t wasaround the

turn of the previous century (zu Ermgassen et al., 2@Lpplementary dataOysters in Mobile

Bay have been harvested since prehistoric tinag¢sin avergerate of a million pounds per

yearsince the 1880s (Wallace et al., 19885 have been negatively affected by other human

activities such as pollutiotHeck and Spitzer, 20p3rhug S @Sy GKA & G KA ald2NAKOE
reefs does not represent pristine cditions.In any case, construction of oyster reefs need not

be limited to sites in whicheefs have been documented to occur historically. Rather,
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establishment of successful reefs is limited primarily by suitable hahbitaie Bay, whiclsome
estimates pit at 24,000 ha (Wallace et al., 1999).

Estimates of the economic benefits to people and impacts on the economy from larger reef
restoration projects can be derived fairly straightforwardly through a proportional scaling up of
the benefit and impact estiates developed for our two reefsinless the project in question is
large enough to affect prices of outputs (seafood products) or inputs (e.g., construction
materials or labor)

A 100mile reef restoration project that sesthe breakwater reef designneployed by the
Barton Island and Swift Tract reefsaple ) would produce 90 miles of reef segments with a
total footprint of approximately 65.2 h&l61 aces), or 27.5 times theombinedfootprint of

the Barton Island and Swift Tract ree®ich grojed would produce an estimated 118,000
pounds 63.5 metric tonsper year in additiondlinfish and crab harveghat would generate an
estimated $1$1.2 million in economic net benefits per yearen without accounting fothe
producer surplugssociated wh increases in recreational anglifigely to result from a non
negligible increase in attractiveness of the Bay for sportfisiegrwomen; sustainable oyster
harvests from those reefs would increabese net benefits by an order of magnitu{Eable

27).37

Table27: Averageannual economic net benefit fronfisheriesenhancement produced by
100-mile oyster reef restoration project in Mobile Bay

Commercial sector  Recreational sector Sum
2010%

Finfish and crabs

Producer surplus 188,000 >0 >188000

Consumer surplus 81,000-157,000 770,000:924000 850,000-1,081,000
Sum 268,000-345,000 770000924000 1,038000-1,269,000
Oysters

Producer surplus 1,918,000 n/a 1,918,000

Consumer surplus 8,009,000 n/a 8,009,000

Notes SeeTable 7or allocation of total harvest enhancement (117,908 Ib) to commercial and recreational
sectors. Only harvestable portion of enhancement is included in anaBxgiter harvests assumed to be 20
individuals rf12yr'l. Note:Numbers may not add up due to rounding.

The additional reefalso would remove an estimated451.9 metric tons (7,60aL14,000

pounds)of nitrogen from the Bay each yeaWhile this is equivalent to less than one tenth of

one percent of totahitrogen loading of the Bay, these reductions are concentrated in the

shallow coastal waters of the Bay where they in some cases may make a significant contribution

%" Because the increase in commercial landings amounts to only about one fifth of one percent of total seafood
landings in Alabama (based on 2009,-ppdll landings of 27.5 million pounds), the project will have a negligible
effect on seafood pces.
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to reducing the occurrence of anoxia or harmful algal blooms and associated negative effect
on fisheries, recreation and human health.

Finally,sincé £ Y2ald (GKS Sy (dANBGe 2tFatidchdsified & medarately? | & § | f
highly or very highly vulnerable to erosidrdure3-1) alsois highlysuitable for oyster

restoratiomt based on the key habitat variables of salinity, depth and spat settlem@xigure

3-2), such a projectvould allow for theinstallation oflong-lasting andargelyselfmaintaining

breakwaters alongearlyall of themosterosionpronesections othe a (i | do&siina. While

these breakwater reefdo not protect against impacts from hurricafherce events, they do

substantially reduce the height and kinetic energy of incident wavesiciad both coastal

erosion and flood impacts. We do not attempt to estimate the avoided damages from this

control of coastal erosion and flooding, but merely note that they could easily surpass those
associated with the enhancement of fisheries by reefs.

Figure3-1: Vulnerability of Mobile Bay shoreline to erosion

The attenuating effect oyster reefs have on coastal erosion and flooding would appear to make

reef conservation and restoration an obviousdagtal part of any comprehensive climate
FRFELIWGFGAZ2Y aGNXGS3ed ¢KdzAX 28a0SNJ NBST NBaid2N.
AYFNF a0NHzOGdzNB¢ azfdziAzya G2 OftAYFGS TRIELIGKFGA
conservation and rderation and beach nourishment that have been identified in the literature

(Entergy Corp, 2010n fact, because oyster reefs not only reduce coastal flooding directly

through wave height and energy attenuation but indirectly by protecting coastal wetland

beaches, they provide a double benefit for floatienuation. Thuspyster reefrestoration

perhaps should be considerdle green infrastructure solution to climate adaptation in coastal
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