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Executi ve Summary

The AlbemarlePamlico (AP) watershed contains a rich and diverse stock of natural resources
thatare essential for theell-being of the regiods residents and economy, ahdtalso providebenefits
that are valued outside of the watershed. Of key importance are the land, waters, and ecosystems of the
watershed estuarine system and surrounding coastal plain.

To supporthe AlbemarlePamlico National EstuafyartnershigAPNEP)in its efforts to
measure and communicate the important societal contributions made by natural resources?in the A
watershed, in this study we conduct an economic valuation analysis of thesease3te analysis
focuses on two main questions

A What are the main ways in which the human populations in and around the watershed depend
on and benefit from the watersliedand and water resources and related ecosystems?

A How can the benefits they degieach year from their connectionghesenaturalassets and
systems be measured and expressed in dollar terms?

We addres these questions by applying an economic valuation framework that sepgaates
analysis into three main padtgirect use valugto the commercial sector, direct use and-nsavalues
to households, and indireasevaluesprovided through various natural process (referred to in this report
as regulating/supporting ecosystem servides)each part, westimateannualvalues for keyselected
benefit categoriedased on the availability of data and resources for this Sthége selected categories
do not cover all types of natural resource values in tffewfatershed, but they are intended to shed light
on some of the most signifiseonesOur value estimates for these selected categories are summarized in
Table ES1.

Someof the mairfindingsof the analysisnclude the following:

A The estimatedirect valueof naturalresourcenputs tocommercialgricultural productiofin
the waersheds $210 million per year=or commercial timber productidhe estimated
direct value is5245 million per yegrand$20 million per year ikcommercial fishing.

A For households engagedviaterbased recreatiomcluding fishing,hunting and wildlife
viewingin the watershedve estimate a total annual value of $3.7 billion. Alternatively,
focusing only on visits to national and state parks in the watemslgeestimate an annual
value of $640 millionBecause of overlaps in the recreation actisitievered by these two
estimates, the sum of these values ($4.3 billion) can be interpreted as abaipyer
estimatefor outdoor recreatian

A For residents living in close proximity to the shorelines of the estuary and coastal waters, we
estimate that thannual value of the aesthetic and natural amenities provided by this
proximity range between $44 milliand$96 million.
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A The AP watershed also provides important habitat for various nongame wildlife spexsies.
North Carolina residents, we estimatattthe annual value of preserving this wildlife is in
the range of $13® $202 million per year.

A One of the main regulating ecosystem services offered by natural resoutwa R
watershed is climate regulation through natural storage and sequestration of carbon. We
estimate that forests in the watershed currently store over 400 million tons of carbon,
providing an annual societal value of $1.7 billion per yEar.emergent wdands, we
estimateadditionalcarbon storage of 58 million tons, providing an annual societal value of
$263 million For seagrassewe estimate additional carbon storagd @ milliontons,
providing an annual societal value & ®illion.

A The second gulating ecosystem service analyzed in this report is the air pollution removal
benefits provided by tree cover in the watershed. By filtering, Mgbne, PMs, and SQ
from the atmosphere, we estimate that they avoid over $81 million in human healtiedama
each year.

Table ES-1. Natural Resource Value Estimates for the A-P Watershed

Natural Resource Value Category Annual Value ($ mil)

Direct Use Value to Commercial Sectors

Agriculture 210
Forestry 245
Commercial Fishing 20

Direct Use and NowiseValues to Households

Outdoor Recreation 3,668 4,303
Natural and Aesthetic Amenities to Nearshore Residents 441 96
Preservation of Nongame Wildlife Resources 133

Values for Regulating/Supporting Ecosystem Services
Carbon Storage by Forests, Wetlands, and Seagrasses 1,922

Air Pollutant Removal by Trees 81

aHigher value is thewm of recreation activity valuestimatesnd park visit valuestimats.

Although it is simple to calculate the sum of these values$6& billion and $71 billion per
yeal), it is also important tbe cautious in interpreting the meaning of this summakiat, it cannot be
interpreted as the total value of natural resources in tRenvatershed because it only includes values for
aselected subset of benefit categori@ther potentially significant benefits that are not included, but that
would begood @ndidates for future research include
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A benefits of groundwater and surface water resources to domestic users

A water quality regulation and storm surge regulation services provided by riparian buffers and
wetlands and

A natural waste assimilation servicesyided by land, water, and air resources.

Second, it most likely overstates the combined value of these selected categories because of
overlaps betweetinem In particular as discussed in the report, some recreation values may be double
counted in this smmation because they may also be included in the wildlife protection or nearshore
amenity value estimates.

In addition to these economic value estimates, we examine the economic contribution of natural
resources in the watershed through employment andswageusing on thenost resourcelependent
sectorspatural resourcgsrovideover 36 thousandirectjobsin the watershedroviding over
$672million in wages each yeafFhese direct jobs and wages are estimated to contribute indirectly to an
additional80 thousand jobs and $1.3 billionannuawagesto the region.
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The AlbemarlePamlico(A-P) watershed, which drains more than 30,000 square miles of eastern
North Carolina and Virginia, contains a rich and diverse stock of natssatsind ecosystems. These
natural resources are essential for the dveihg of the regio@ residents and economy, and they also
provide services that are valued outside of the watershed. Of key importance are the land, waters, and
ecosystems of the waterslie@stuarine system and surrounding coastal plain.

To support the Albemari®amlico National EstuariyartnershigAPNEP) in measuring and
communicating these contributions, tetadyprovidesan economic valuatioanalysisof thewatersheés
natural resarces.This analysis focuses on two main questions

A What are the main ways in which the human populations in and around the watershed depend
on and benefit from the watersliedand and water resources and related ecosyatems

A How can the benefits they deei each year from theiconnections téhesenatural systems be
measured anexpressed in dollar terms?

Importantly, the objective is not simply to measure how nincbmepeople generate from the
watersheés natural resources or to measure how manydepend on these resourcRather, the
purposes much broader. lis to measure (using a monetary equivaléety muchtheir connections to
thesenatural resourcdacreaseheir overallwell-beingeach yearDue to data and resourlimitations,
we cannbanswer these questions for every human benefit associated with all natural resources in the
watershedHowever,in this study we examine and assess values for what are argoatdyofthe most
significant natural resource contributions in the region.

To address these questions, we begiBdation 1 by providing an overview of the lands, wster
andprotected natural areas of tAeP watershedn particular, we define the boundaries of the study area
andsummarize the main land use and land cover oateg)in this areaWe also provide an overview of
protected federal and state lands in the watersHesbe landplay an important role in conserving and
sustaining key natural areas and ecosystems in the region fmrtaétof bothcurrent and future
generations.

In Section 2ve lay the groundwork for the natural resource valuation assessment by describing
the conceptual framework that guides our analysis. This section describes the concept of eanemic v
andhowit can be applied to the outputs of natural systémgarticular it descritea total economic
value (TEV) frameworkwhich defines distinct nonoverlapping categories of natural resource values,
includingbenefitsto humanghrough both market and nonmarka®dactivities.It also describes the
concept of ecosystem services, which are the contributions made by nature to human production
processes and human we#ing.
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Applying the conceptand frameworldevelogdin Section 2thevaluation analysis organized
into three sectionthat separately address the following value categories: direct use tathe
commercial sector, direct use and amevaluesto households, and indirect values through regulating
supportingecosystem services. In eachegpdry, we estimate annual values for key selected beriafies.
to data and resource limitation for this studhgdeestimatesio notcoverall types of natural resource
values in the AP watershedhoweverthey are intended to shed light on some ofitiost significant
benefits provided by these resources

In Section 3, we present capproach and ra#ts for estimatinglirect use valueassociated with
several natural resource based commercial sectors in the waténgbadicular, we estimate ttanual
benefits to commercial agricultuferestry, fishing, aquaculture, and minitig.addition to reporting
annual revenues for different activities in these sectors, where estimates are available (i.e., the first three
sectors) we focus on tmetreturns to these activitiesvhichdeduct the annual costs of using and
maintaining these resources.

In Section 4we present our estimation of direct @s®l norusevalues for households (i,éhe
nonmarket sector) his section focuses on thremintypes of benefitsThe first areghe benefits from
outdoor recreation in the watershed, including fishing, hunting, wildlife viewing, and visits to saltwater
beackes The second arehe natural and aesthetic amenities enjoyed by residents living near thismestua
and coastal shoreline of the watershite thirdare the benefits from the protection and preservation of
nongame wildlife. These benefits include values that not necessarily associated with any direct use of the
wildlife resourced that is the noruse values that househslaceive just from the knowledge thhe
wildlife exist and are being protected.

The natural resources of thePAwatershed also provide value to humans through more indirect
channelsin particular, by helping to regulate clirsaand environmental conditions they provide a
number of indirect benefite society In Section 5, we estimate values for two of these regulating
ecosystem servicefl) carbon storage and sequestration by forests and wetland and (2) air pollutant
removalby trees.

As previously mentioned, estimating economic values for natural resources is not the same as
measuring the incomes generated from activities related to these resdorgeser, to understand the
economic role of natural resources in the watisht is usefylas a separate exergise examine
employmentssociated with natural resowutased activitiedn Section 6, we present estimates of the
numberof jobs and total wages associated with selected activities in the watershed.

In Section 7, we conclude by summarizing and discussing key findings from the affaysis.
assist in interpreting these result& also point out some of the mdimitations and uncertainties
associated with the valwstimates
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Overview -pfWdatherafAlde d t s
Nat uUReadour ces

This study focuses on the natural resources oitRewatershed, which for the purposeshié
study aredefined by the boundaries of the APNEP management area (as sheiguaran2-1). This area
consists of roughly 20,000 square miles of land draining to the Albefanidico Estuary Systehplus
anotter 2,900 square miles of open waters that make up the estuary system itself. Located mostly within
the Mid-Atlantic Coastal Plain Ecoregion, and to a lesser extent the Piedmont Ecoregioi® the A
watershedncludes all or portions of 36 North Carolina ctes (makingup 79% df he watlamd shedos
area) and 19 Virginia countiés.

The drainage areaf the AP watershedhcludes six main river basins. The four largest basins,
which make upver 8@ of the watershedre the Neuse, Tdtamlico, Chowan, and Bguotank basins.
The other two smaller basins are the White Oak and Lower Roanoke. The natural features of this region
include a wide variety of habitat types, including dry coniferous woodlands, pocosin, oak forest, tidal
swamp forest, and beach and dhabitats. These habitats support a diversity of game and nongame
wildlife, including several threatened and endangered species such as the red cockaded woodpecker,
loggerhead turtle, and piping plover.

The main land uses and land cover in thE Watershedare shown irFigures 2-1 and2-2.
According to the most recent National Land Cover Datafdls€D) (Homer et al.2015), the area
primarily cansistsof pasture/hay and cultivated croplands (26%), evergreen, deciduous, and mixed forest
(26%), and woody anemergent herbaceous wetland (25%gveloped lands, which are most highly
concentrated in the western portion of the Upper Neuse basin, account for less than 10% of land cover.

1 This management area does not include the Upper Roanoke Basin, which also drains to the estuary system through
the Lower Roanoke Basin that is included.ded include the estuarine areas of the Currituck, Core, Back, and
Bogue Sounds and the Back Bay.
2 Three North Carolina counti@sDuplin, Sampson, and Harn@ttvith less than 1% of their land area in the
watershed are not included in this list or this analysis.
3The NLCD, produced by the MulResolution Land Characteristics Consortium, provides 16 land cove
classifications at a spatial resolution of 30 meters from decadal Landsat satellite imagery.
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Figure 2-1.

Map of Land Use/Land Cover in the A-P Watershed
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Economic Valuation of the Albemarle-Pamlico Overview of the A-P Watershed

Wat ershedbds Natur al Resour ces andits Natural Resources
Figure 2-2. Distribution of A-P Watershed Lands by Land Use/Land Cover
Category
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As a result of various federal, state, and private efforts to conserve its natural lands and resources,
the A-P watershedegion also contains over 1 million acres of protected lands. As shdviguire 2-3,
these areas include ov@5 million acres of national forests and wildlife refuge, including the Croatan
National Forest, and the Great Dismal Swamp, Alligator River, Pocosin Lakes, and Mattamuskeet
National Wildlife Refuges. In addition to iconic Narial Park Service sites, such as Cape Hatteras and
Cape Lookout National Seashores, they also contain 175,000 acres of state game lands, wild management
areas, parks, and forests.
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Figure 2-3.

Map of Protected Lands in the A-P Watershed
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Economic¢c Valwuati on of Nat ur

Conceptual FRmameéwar ky t i c al

The concept of economic value, whether applied to natural resources or any otheiptyysoai
assebr commodity, mustltimatelybe linked tohumang§preferences and the wéleing they derive
from tham (Just et al.2008. In short, resources have economic value to the extent that humans are
willing to paya pricefor them, rather thaliving without the resourcd-or this reason, to measure
economic value in dollar terms, economisiost commonly rely on the concept of witiness to pay
(WTP) (Freeman et al., 201d)that is what isthe maximum amount of income one would be willitog
pay, or forego, for environmental servied®r goods and services that adively traded, WTP can be
directly observed in their market pet.In contrast many of the benefits provided by natural resources
are not bought or sold in market®wever, they still provide important economic vaker examplewe
typically do not have to pay for a natural vista or for a hike in the woods, é&uthtve economic value
because there is some amount we would be willing to pay for theecéksary

To value natural resources, it is also helpful to introduce the concept of ecosystem services.
Ecosystem services represent the different ways in whicieneontributes to or supports human well
being(MA, 2005; UEPA, 201%). They include the human benefits derived from extracting and
consuming natural resources, such as through timber harvest, as well as those derived-édractve
activities or @preciation of nature, such as wildlife viewing.

To apply these concepts aadcount for thenany of the different types dnefits provided by
the natural resources of theFAwatershedye usea total economic value (TEV) framewd(RIottu &
Plottu,2007) As shown inFigure 3-1, TEV provides a hierarchical system for categorizing distinct types
of natural reourcesvaluesaccording to how they contribute to human wing. The first two
categories are associated with direct human uses of theaespeither by commercial secar by
householdsin the first case, commercial activities such as agriculture and commercial fishing, use natural
resources as inputs to their production processdéle second case, households derive benefits through
theiruse of and interaction with nature and ecosystdims third catego indirect use valug
represents the ways in which natural resources provide ecosystem serviaesilkaectly enjoyed by
humans. It includes the many natural procetissshelpto regulate climate and environmental conditions
(i.e., fregulating ecosystem servicesich as carbon storage and cydliagthat provide inputs to other
ecosystem processes (ifisupporting ecosystem servicesuch as providing forage for wildlife
Humans benefit immensely but indirectly from these proce$sestourth category is nemse value,
which recognizes that humans (households) are often willing to pay to preserve and protect natural
resources even if they never directly use or see thhay. benefisimply from the knowledge that the
resources exigir that they will be available for future generations.
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Wat er shedds Natur al

Conceptual Framework and
Analytical Approach

Figure 3-1. The Total Economic Value Framework for Valuing Natural Resources

Total Economic Value (TEV)

Use Value Non-use Value
Direct Use Direct Indirect Bequest
Value Use Value Use and
for for Value Existence
Commercial Households Value
Sector

Applying the TEV framework for our analysis is not intentteé@nply that we capture and
estimateall of the values associated with natural resources in tRenvatershed. Rather, we use TEV as

an orgarging framework for the analysis, with the objective of measuring selected benefits within each of

the main valueategoriesGiven this objectivethe next step is to estimate and exptksese selected
benefitsin monetaryterms using WTP as the guiding principléis important to emphasize that thePA
watershed would not exist without its natural resourcesetbre, at a most comprehensive level, their
value could be interpreted as the equivalent of sasi®{TP to preserve the existence of the watershed
as a wholeRather than trying taddress values at this scale, we focus instead on measuring values for
selected resources and human uses within each of the TEV catdgaaiddition to providing more
informative value estimates, théslective approadis also based on practical considerations. (due
resource constraints for this study, we must strietly on existing data sources and studies to develop
these estimates rather than on any extensive primary data collection or analysis.

To estimate direct use values for commercial sectors that directly rely on natural resource
inputy) agriculture, forestrygommercial fishing, aquaculture, and mirdngre are primarily interested
in estimatinghow much these producers would be willing to pay on an annual basis for access to these
resources. The annual revenues generated by these activities provide a rougb afeatue; however,
a more appropriate measurenetrevenue (i.e.profit or producer surplusyvhich deducts the costs of
using and miataining the resources in thesductive activitiesMoreover, to ensure comparability
across annual value estiteg, we convert and express all final estimates in 2014 dollars (using a
consumer price index adjustment).

3-2 Final Report
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Economic Valuation of the Albemarle-Pamlico Conceptual Framework and
Wat ershedds Natur al Resources Analytical Approach

Estimating direct use and naise values for households is in many ways more challenging
becausehese values are ndirecty linkedto observablanarkettransactionsand pricesAlthough
numerougnethods exist for assessing these types of nonmarket values, applying most these methods
requires data and resources that are beyond the scope of thisTsiergfore as a more practical
alternative, we japly a fibenefit transfeyapproach(Boyle & Bergstrom, 1992; Wilso& Hoehn, 2006)

That is we rely on and adapt evidencerfr existing nomarket valuation studidhathave been

conducted for similar natural resourcesr example, to value outdoor reatien in the watershed, we use
estimate®of ficonsumer surpldgper trip fromexisting recreation demarstiudies* These studies use data

on recreation behaviors and travel costs to estimate consumer surplus as a measure of WTRoper trip.
value the aesthetic amenities provided by shorelines to local residents, we use evidence from property
valuation studies. These studies measure the relationship between housing values and distance to
shoreline to estimate resideditmplicit WTP for sloreline amenities.

Estimating indirect values presents an additional challenge because it rbqthir@s approach
for (1) quantifying the impact of natural resous@m thefidownstreard environmentshat are directly
valued by humans and (2) valuing teespactsFor this analysiswe focus onndirectvalues for two
types of regulating servicéscarbon and air quality regulatidrprovided by vegetative cover in the
watershedin both cases we rely on existing modeling approaches that comianéfication of
downstream environmental impacts (climate change and air pollution impacts) with benefit transfer
methods for valuing these impacts.

It is important to emphasize that thell-being derived from these direct and indirect uses (and
nonusep and therefee the values we estimate for thiérdepends importantly on the quality of the
resources. For example, several activities, including agricultural production, commercial fishing, and
waterbased recreation depend critically on water quaitya resultthevaluecontributed bycurrent
water gualityin these uses is included in our value estimiitethese usesseparatelymeasuring the
valuecontributed bywater qualityalonewould result in double counting of benefifsseparate question
is howchanges invater qualitywould affect the values derived from thebectuses; however, that
guestion is beyond the scope of this analysis.

For this analysis, it is also important to distinguish between estimating the ecamduaiof
natural resources and estitimg their economignpact For the latter, conducting an economic impact
analysis typically involves measuring how a public or private sector invesaffiectisincome, salesand
employment in a regional econondithough the primary focus of this studyyon economic valuation,
we also briefly explore economic impacts by estimating the number of jobs and total wages that are
directly and indirectlydependent on natural resources in the watershed.

4 Consumer surplus is the difference between the total revealed benefits and the travel costs for the recreation trips.
5 Note that the regulating services aizald in this repoé carbon and air quality regulatidrresult in improved air
quality, and the benefits of these quality improvements are included in our value estimates (e.g., the health
benefits from improved air quality provided by trees).
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This section reports annual value estimates for direct use of natural resources-i the A
watershed for five main commercial sectbgiculture, forestry, fishing, @uaculture, and ming.
Together, these sectors comprisefimémaryo sector of the economy, whicdependsnost directly on
natural resource inputdlthough poducers in the secondary (manufacturing) and tertiary (services)
sectors also use land and water resoutbegusuallydo solessintensively Thereforepecausenost of
the direct use value in commercial activities is expected to accrue in the primary aedide to data
and resource limitations for this study, we do esttmate natural resource values in ogectors. For
similar reasons we do not attempt to separately estimate values for different types natural resource inputs.
For example, we do not estimate separate values for irrigation water, soils, and natural pollinators in
agriculture. Instead we estate combined direct use values for each primary sector, which include values
for water and other natural resources inputs.

4.1 Agriculture

Accounting for over onguarter of the land area within theRPwatershedagriculture plays an
important role in spporting the local economy and relies heavily on the natural resources within the
watershedOn over 3.3 million acres (5,163 square miledaohland, farmers in the-R watershed
generated $8.billion in commodity sales in 2012, according to th&. Departmenbf Agriculture
(USDA) Census of Agriculture (2012) estimates. Thasus is conducted every 5 years and provides
comprehensive data on farms and ranches at the state and county level. Commodity saleRin the A
region have increased by 36% si®7 and 83% since 2002ales dataeported in the Censusclude
crop, livestock, and aquaculture commodities and are reported at the couniy Teatdke 4-2.

The total farmland in the & watersheds approximately 20% pasture/hay area and 80%
cultivated cropshowever Virginia has a higher proportion of pasture/hay area (40%) than North
Carolina. Thanaintypes of commodities produced in theAregion include grains, tobacco, poultry and
eggs, and hogs and pigsvo North Carolina counties in the-P region (Wayne and Johnston County)
ranked first and second for tobacco value of sales among all U.S. counties in 2012 (USDA, 2012).

Table 41 aggregates the total agricultural area and market value by state. Farmland-ia the A
region accounts for 20%f the total farmland in North Carolina and Virginia, ai8§@of the total market
value of farm products sold in 2018.total, farmland in the A& region generated over $4.6 billion in
commodity sales in 2012.
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Table 4-1. Total Value of Agricultural Products Sold in A-P Watershed ($ 2014)
A-P
A-P Percent of State Watershed Percent of
State Watershed | Agricultural | Commodity | Commodity | Commodity
Agricultural | Agricultural | Areain A-P Sales in Sales in Sales in A-P
State Area (Acres) | Area (Acres) | Watershed | 2012 ($ mil) | 2012 ($ mil) | Watershed
North 8,414,576 2,773,374 33% 12,980 4,252 33%
Carolina
Virginia 8,302,444 531,3007 6% 3,870 383 10%
Total 16,717,020 3,304,381 20% 16,850 4,635 28%

As discussed in Section ®tal commodity saleare not the best estimate of the economic benefit
provided by natural resourcet® commercial activities such as agriculturéhe A-P watershedRather,
the profits, or producer surplus from those sales more accurately represents the benefits gaihed fro
land and water resources used in producing agriculture pro@uwsproxy fothis producer surplus is
the rent charged to farméis landused in agricultural productiqiGloy et al., 2011)In essencehe
rental valueshould reflecthe profit thatenants expect to earn framing the land and selling their
output.As these rental values vary by location, we reviewed the sales and rental value of commodity
goods at the county level within thePwatershedegion.

Table 42 provides the total farmland in acres, market value of agricultural products sold, and the
total rental value of cropland and pastureland by county within {RevaAtershedn 2012. Farmland
acres include all land designated as pasture,diayultivated land aarding to the 201 NLCD. For
counties that daot fall entirely within the AP boundary, we applied a proportion of the farmland area
and market value of agricultural products sdld.estimate the area of land attributable to tHe Aegion
for those couties, we calculated the proportion of cultivated and pasture land that falls withinRRhe A
boundary, and then applied that proportion to the total commaodity sales by ctatatyrental values are
calculated by multiplying the coungpecific rental vale per acre by land type (i.@rigated cropland,
nortirrigated cropland, and pastureland) by the total acres of land within each type.

In total, North Carolina counties within theAregion accounted for over $4.6 billion in
commodity sales in 2012, thi Virginia earning just over $380 million in sal@sSDA, 2012) The results
indicate that in North Carolina, five counties (Bertie, Greene, Johnston, Lenoir, and Wayne) accounted
for over onethird (39%) of the total market value of agricultural prodiret8012. In Virginia, the top
five counties (Isle of Wight, Southampton, Sussex, Chesapeake City, and Suffolk City) accounted for
more than half (58%) of the total market value of agricultural products in 2012.

The total rental value of farmland in 2002s $185 million and $26 million for North Carolina
and Virginia, respectivelfUSDA, 2012) Total rental value is calculated by multiplying the rental value
per acre (which varies based on the type of land, i.e., irrigated versirsigated cropland, @stureland)
by the total acres within each land type. Rental values for cultivated crops are approximately double the
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rental values of pastureland, on a per acre basis. This rental value, which represents over 4% of total
commodity sales in the-R regionserves as a proxy for the profit margin of agricultural goods
production, which can be attributed to the ecosystem services that the agricultural land (eatdair

and soilresources) provided to produce these géods.

Table 4-2. Value of Agricultural Commodities Sold in A-P Watershed Counties

Total Rental Value of
Commodity Total Cropland and
Farmland in A-P Sales in 2012 Pastureland
County Region (Acres) ($ 6000 pert ($ 6000 pet
Beaufort 148,140 125,386 12,378
Bertie 90,392 232,171 7,416
Camden 51,979 50,435 4,115
Carteret 56,021 30,116 3,136
Chowan 47,158 72,923 3,732
Craven 71,156 57,233 2,937
Currituck 47,207 26,679 2,509
Dare 5,237 1,163 0
Durham 15,215 9,034 488
Edgecombe 128,991 160,877 6,701
Franklin 79,614 84,001 3,011
Gates 45,175 68,895 3,348
Granville 42,017 16,565 $730
Greene 83,602 282,500 5,496
Halifax 132,025 128,739 11,739
Hertford 53,710 150,925 4,954
Hyde 111,615 137,561 8,589
Johnston 176,872 273,428 8,966
Northampton 102,982 133,936 9,840
Orange 29,335 17,339 466
Pamlico 38,149 36,963 2,347
Pasquotank 79,488 71,172 7,052
Perquimans 79,169 101,879 6,345
Person 28,046 20,353 827
Pitt 158,344 222,624 9,867

(continued)

6 Although dah on the average profitability of farms in thePAwatershed are not available, recent evidence for the
United States as a whole indicates that almost 70% of farms had operating profit margins of less than 10% in 2013
(http://www.ers.usda.gov/ambaraves/2015anuaryfebruary/profimarginincreasesvith-farm-
size.aspx#.VtSRK6Mo5AH
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Table 4-2. Value of Agricultural Commodities Sold in A-P Watershed Counties
(continued)
Total Rental Value of
Commodity Total Cropland and
Farmland in A-P Sales in 2012 Pastureland
County Region (Acres) ($ 6000 pert ($ 6000 pet

Tyrrell 68,477 61,403 7,276
Vance 16,970 10,394 301
Wake 62,369 58,552 1,969
Warren 21,377 14,480 460
Washington 96,232 70,492 7,077
Wayne 139,724 534,124 11,031
Wilson 96,663 185,220 6,994
North Carolina Total 2,773,374 4,252,053 184,660
Brunswick 41,964 23,698 1,311
Charlotte 2,060 737 49
Dinwiddie 46,921 22,233 1,569
Greensville 33,578 21,918 1,917
Isle of Wight 32,545 25,575 1,705
Lunenburg 41,986 19,068 903
Mecklenburg 13,635 7,206 83
Nottoway 14,864 20,987 266
Prince Edward 1,388 573 31
Prince George 15,881 6,505 486
Southampton 106,507 81,627 6,427
Surry 23,528 18,149 2,919
Sussex 49,425 38,437 2,105
Chesapeake City 44,592 37,864 2,843
Emporia City 387 o} o}
Franklin City 877 o} o}
Petersburg City 447 o} o}
Suffolk City 35,499 40,361 2,394
Virginia Beach City 24,924 17,819 910
Virginia Total 531,007 382,756 25,668
A-P WatershedTotal 3,304,381 4,634,809 210,348

Note: Althoughcommoditytotal salesncludecrops, livestock, and aquaculture, rental values are estimated basegpendbee
rental value for cropland (irrigated and riorigated) and pastureland, and are not available for aquaculture. Therefore, the
producer surplus from aquaculture farmisgdt possible to estimate via the rental value metBed.Section 4.4 for further
detail on the aquaculture sector in thé®Avatershed.

Source: USDA, 2012
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4.2 Forestry

The moderately mild and humid climate in #d® regionsupports a strong forestsgctor.Just
over onequarter of the land area in the APNERnagementoundary, or 3.3 million acres, is covered in
evergreen, deciduous, or mixed forests, supporting an active timber indursiogriand intheregion
consistgrimarily of loblolly-shortleaf pine, oaumcypress, and oagine forest typesiccording to
the U.S Forest Service, Forest Inventory Analysis (FIA), over tipeeters (86%) of forest land inokh
Carolinacounties, and 94% of forest land in Virginia countagprivately owned in the A watershed
Of this privately owned timberland, approximately @pgrter is corporately owned, with the remainder
owned by private individual@-igure 4-1).

Figure 4-1. A-P Watershed Forestland by Ownership Type

Area of forestland by ownership type

28.7%

0.5%

‘ 8.0%

3.5%

58.9%

0.4%

m Federal = State = Local = Private Individual = Private Industry = Private Other

To estimatedhe market value of harvested wood in th® Aegion, a number of data sources were
compiled.The FIA conducts Timber Products Output (TPO) studies on the status and trends of the
natiorts forests, including removal volumes by harvest at the county lgwgidzies group and product
type.According to the most recent studies, counties in tiierAgion harvest 436 million cubic feet of
roundwood annually. Softwoods (e.lpngleaf pine, loblolly pine) account for over twhurds of
harvests, with hardwoods.g, oak, hickory sweet gum) accounting for the remainder. By applying an
average harvest volume per acre, we estimate that over 155,000 acres are harvested for roundwood
annually in the AP region’ Forest revenues from these harvestse therestimaed using Syear historic

" TheNorth CarolinaHarvest and Utilizatin Study 2007) estimate that in North Carolina, 424,200 acres were
harvested between 2002 and 2007, producing over 3.31 thousand cubic feet of roundwood per acre annually.
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stumpage (standing timber) prices for roundwd8émilar to value estimates calctéd for the

agricultural sectofor counties that straddle the APNEP management boundary, vedsoproportion

of county harvest levels based on the proportion of land area classified as forests according to NLCD that
falls within the APNEP boundary.able 43 provides the historic stumpage prices for timber products in
Eastern North Carolina.

Table 4-3. Historic Stumpage Prices in Eastern North Carolina (20101 2014)

Timber Product Eastern NC Price History (5-year average)
Pine Sawtimber ($/mbf) $225.99
Pine Pulpwood ($/cord) $23.11
Mixed Hardwood Sawtimber ($/mbf) $210.15
Hardwood Pulpwood ($/cord) $14.31

Source: Historic North Carolina Timber Stumpage Prices, 1BY5. NC Cooperative Extension Resources. Available at
http://content.ces.ncsu.edwturicnorth-carolinatimberstumpageprices1976 2014 (Note: mbf= thousand board feet
Prices reported are in 2014 dollars.

We use lhese historic stumpage prices and harvest levels to estimate the average annual revenue
from forest harvests by county the AP region However the costs associated with managing and
treating the land for harvest must be subtracted to estimate the net revenue, or profit, generated from these
harvests. The profit generated from forest harvests represents theecalived from natural resource
inputs in the forestry sectdFhe forestrycosts, however, can vary substantially as landowners caseho
to allow land to naturally regenerate with minimal costs, or replant following a harvest, which incurs
substantial sitgpreparation and planting costs. According to a recent study, these costs can range from
$42 per acre to naturally regenerate (establish) hardwoods to $384 per acre to replant hardwoods
following a harvest (Bair et al., 2008 addition to establishmenbsts, landowners may choose
between vanusintermediate treatments to maintain productivity, including designing management plans,
fire protection, and surveyin@able 44 repors these establishment and management costs as estimated
for the Southeast.

Studies have estimated that over half of timberlarsbithern forests is naturally regenerated,
with the remainder undergoing replanting of the deforested land @lalig, 2006).For the purposes of
estimating management costs associated with regeneration of forestland, we also assumbdtiaifone
the harvested acrésalculated using an average harvest volume per ictie¢ AP region undergo more
managemenintensive replating costs, and orkalf are naturally regenerated. It is also assumed that all
industryowned forestland undergo intermediate management costs, and these costs are applied to all
private industrial acres in the-RA region.Table 45 summarizes these hasts, revenue, costs, and net

8 Historic North Carolina Timber Stumpage Prices, 1@084. Eastern North Carodirprice history was used for
pine sawtimber, pine pulpwood, mixed hardwood sawtimber, and hardwood pulpwood to estimate the stumpage
value of harvests in the-R region.
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revenue by county in the-R region.n total,we estimate thdbrests in AP counties generate ove24s
million in net revenue, or producer surplus, annually in marketable goods.

Table 4-4.

Stand Establishment, Planting, and Management Costs in the
Southeast ($ 2014)

Timber Activity Hardwood Softwood
Establishment via natural regeneration ($ per acre) 42.11 59.22
Establishment via replanting (site preparation and planting) ($ per a 383.59 253.07
Intermediatemanagement activities ($ per acre per year) 11.84 15.79

Source: Blai& Alig, 2006.

Table 4-5  Average Annual Harvest Levels, Revenue, and Costs in the
A-P Region ($ 2014)
Average Annual
Harvest Levels
(20027 2012)

County (6 0 @ubic feet) |Harvest Revenue* Costs** Net Revenue
Beaufort 35,238 $30,259,680 $7,358,415 $22,901,265
Bertie 22,139 $14,490,286 $5,558,189 $8,932,097
Camden 2,757 $1,507,659 $334,398 $1,173,261
Carteret 4,632 $4,559,053 $1,702,978 $2,856,075
Chowan 4,480 $3,031,014 $446,025 $2,584,989
Craven 17,109 $17,389,535 $5,012,766 $12,376,769
Currituck 1,761 $841,206 $102,063 $739,143
Dare 123 $126,189 $16,245 $109,944
Durham 2,376 $2,124,200 $309,035 $1,815,165
Edgecombe 7,933 $5,025,685 $1,543,674 $3,482,011
Franklin 8,256 $6,633,809 $763,986 $5,869,822
Gates 10,783 $8,991,205 $1,880,891 $7,110,314
Granville 6,590 $4,877,288 $885,545 $3,991,743
Greene 6,666 $2,992,593 $922,173 $2,070,420
Halifax 17,526 $12,472,485 $2,498,923 $9,973,562
Hertford 13,268 $9,758,267 $1,787,415 $7,970,852
Hyde 3,302 $2,318,415 $2,601,987 -$283,571
Johnston 7,978 $6,308,439 $1,398,576 $4,909,863
Jones 9,757 $7,302,251 $2,590,929 $4,711,322
Lenoir 6,331 $4,118,106 $849,177 $3,268,928

(continued)
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Table 4-5  Average Annual Harvest Levels, Revenue, and Costs in the
A-P Region (2014 dollars) (continued)
Average Annual
Harvest Levels
(20021 2012)

County (6000 c ubhHarvest Revenue* Costs** Net Revenue
Martin 16,136 $11,466,723 $2,956,131 $8,510,591
Nash 8,462 $7,004,157 $1,527,106 $5,477,051
Northampton 14,558 $9,192,857 $2,534,337 $6,658,520
Orange 2,045 $1,827,602 $146,266 $1,681,336
Pamlico 8,989 $7,421,275 $406,606 $7,014,670
Pasquotank 4,298 $2,674,533 $481,548 $2,192,985
Perquimans 6,725 $4,964,635 $496,112 $4,468,523
Person 3,511 $1,773,234 $236,216 $1,537,018
Pitt 11,627 $7,087,323 $2,527,780 $4,559,543
Tyrrell 3,699 $2,085,415 $1,327,320 $758,095
Vance 2,517 $2,004,356 $308,465 $1,695,891
Wake 8,158 $6,813,622 $2,046,299 $4,767,323
Warren 14,950 $8,530,673 $1,358,443 $7,172,230
Washington $5,952,294 $1,432,768 $4,519,526 $5,952,294
Wayne $8,441,557 $1,629,363 $6,812,194 $8,441,557
Wilson $4,577,370 $435,535 $4,141,835 $4,577,370
North Carolina Total 317,857 $236,994,990 $58,413,686 $178,531,304
Brunswick 17,722 $12,174,012 $2,041,635 $10,132,377
Charlotte 673 $384,884 $69,354 $315,530
Chesapeake 1,374 $692,077 $214,378 $477,699
Dinwiddie 11,925 $8,802,405 $1,701,578 $7,100,827
Franklin City 8,042 $7,211,869 $449,084 $6,762,785
Greensville 12,768 $6,433,506 $1,258,807 $5,174,698
Isle Of Wight 3,257 $2,196,290 $289,662 $1,906,628
Lunenburg 12,074 $7,029,936 $1,960,432 $5,069,504
Mecklenburg 558 $316,269 $167,010 $149,259
Nottoway 3,359 $2,636,889 $427,642 $2,209,247
PrinceEdward 372 $144,323 $48,770 $95,553
PrinceGeorge 3,276 $2,673,823 $718,661 $1,955,162
Southampton 21,482 $14,596,050 $2,374,458 $12,221,591
Suffolk 5,362 $3,440,486 $876,444 $2,564,042
Surry 2,135 $2,176,508 $638,171 $1,538,337

(continued)
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Table 4-5  Average Annual Harvest Levels, Revenue, and Costs in the
A-P Region (2014 dollars) (continued)
Average Annual
Harvest Levels
(20021 2012)

County ( 6 Ocolc feet) |Harvest Revenue* Costs** Net Revenue
Sussex 13,659 $11,120,042 $2,189,986 $8,930,056
Virginia Beach 243 $50,465 $14,471 $35,994
Virginia Total 118,280 $82,079,833 $15,440,543 $66,639,290
A-P Watershed Total 436,137 $319,024,822 $73,854,229 $245,170,594

* Based on 2012014 average stumpage prices for Eastern NC

** |ncludes establishment, replanting, and intermediate management costs. Assumes-tiaf ohkarvested acres are naturally
regenerated and eihalf are replanted.

4.3 Commercial Fishing

Fisheriesresources play an important role in supporting the economy is-theegion.n the
U.S., he AP estuaryis second in size only to the Chesapeake Biéti roughly 3,000 square miles of
open wate(Giordano& Holloman, 2001)Twenty water bodies are contained within the estuary,
includingeightsounds antivelve majorrivers. The AP estuary provides critical habitat and spawning
grounds for many fish species important to the commercial fisheries sector. It has in fact been estimated
that over 75% of all commercial fisheries catch have spent some time in eiu8EP, n.d.)

A variety of species are targeted among commercial fishermen infhestuary. A survey
conducted by the North CaroliepartmenDivision of Marine Fisheries in 2014 revealed thattwo
thirds of commercial fishermen target blue crabs, folldwy nearlyonehalf targeting flounder (Hadley
& Wiegand, 2014)Other popular species include white perch, striped bass, shad, catfishcpduer
striped mullet, speckled trout, croaker, oysters, and soft shelled blue crabs.

As shown inFigure 4-2, the value of landings in the-R basin in 2014 was just under $60
million with a catch of over 36 million pounds, up from $42 million in 2Qd&hding values are
approximately equal for water bodies in the Albemarle and Pamlico estuaries, with on alightige
higher landing values from the Pamlico estuary.

Commercial fishers incur substantial trip costs, however, when operating their fishing vessels,
which varies depending on the size of the fishing vessel. The NC Division of Marine Fisheries captured
trip expenditures by vessel sieboth the Albemarle and Pamlico Soutitiough a survey of fishermen
in 2014(Hadley & Wiegand, 2014)he survey found that trip costs can range from just over $100 per
trip in small vessels (defined as less than 16 teeover $2,000 per trip for large vessels (defined as
greater than 38 feet). Fuel and oil account for the greatest share of trip expenditure$ 5888a¥ihe
total cost in smalland mediurrsize vessels, and over 80% in large vessels. Other expedsele bait,
ice, and groceries. The finding of this survey allow us to estimate the trip costs of commercial fishers in
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the AP estuary by applying these cost estimates to the total number of trips in the region. By subtracting
these costs from the valoé commercial landings, we estimate the profit, or producer surplus, of fishing
activities. This value can be attributed to the natural resources and ecosystem services provided by the
estuary.Table 4-6 summarizes these costs and benefits from 220D4.As shown, commercial fisheries
generated over3® million in producer surplus in 2014, up from $17 million in 2012. On average, $20
million in producer surplus is generated in thé>Aegion each year.

Figure 4-2. Value and Weight of Landings in the A-P Basin

Value of landings in the Albemarle and Weight of landings (lbs) in the
Pamlico Basin Albemarle and Pamlico Basin
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Source: North Carolina Division of Marine Fisheries.

Table 4-6. Total Producer Surplus in the Albemarle and Pamlico Sounds
($ values in millions per year, 2014 dollars)

20101 2014
2010 2011 2012 2013 2014 Average
Albemarle
Total trips 41,668 34,732 41,020 45,312 43,242 41,195
Total sales $19.43 $14.62 $19.03 $26.58 $28.39 $21.61
Total costs $9.22 $7.69 $9.08 $10.03 $9.57 $9.12
Estimated producer $10.21 $6.93 $9.95 $16.55 $18.82 $12
surplus
Pamlico

Total trips 63,637 57,354 50,607 51,172 50,323 54,619
Total sales $26.83 $24.34 $23.07 $25.61 $28.28 $25.62
Total costs $20.32 $18.32 $16.16 $16.34 $16.07 $17.44
Estimated producer $6.50 $6.02 $6.91 $9.27 $12.21 $8
surplus
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4.4 Aquaculture

North Carolina and Virginia have abundant waiesources that support a robust and-fast
growing aquaculture sector. In 2012, 228 aquaculture operations existed in North Carolina, supporting a
sales and distribution value of over $23 million, an increase of 32% since 2002. Food fisiatfést,
trout, perch, bass) account for most (95%) of aquaculture sales in North Carolina, with catfish and trout
contributing over half of the values of sales and distribution in P08DA, 2012) Other species farmed
in North Carolina include prawns, clapamd oys$ers, although these account gosmall proportion of
salesIn Virginia, 160 operations generated a sales and distribution value of over $54 million in 2012, up
from $20million in 2002.0ver 90% of Virginid@s aquaculture value is generated from clamayrster
farming, with nominal sales in trout, catfish, and crustaceans (USDA, 2012). According to a recent survey
conducted by the Virginia Sea Grant Program, Virginia shellfish farmers sold nearly $60 million in
oysters and clams in 2014, leading theorain hard clam production and boasting the highest sales of
oysters along the East Coast (Hud&oRlurray, 2015) Table 4-7 provides the total number of operations
and value by state for tliereemost recent USDACensussof Agriculture

Table 4-7. Aquaculture Sales and Operations in North Carolina and Virginia,
20021 2012
2002 2007 2012

Total Sales Total Sales Total Sales

and and and
Number of | Distribution | Number of | Distribution | Number of | Distribution

State Operations | Value (%) Operations Value ($) Operations Value ($)

North Carolina 202 17,669,000 311 32,175,000 228 23,365,000
Virginia 182 19,945,000 182 53,032,000 160 54,665,000

Source: USDA2012.

Detailed information on aquaculture sales at the county level, however, is not avhiiaigg
the censugsdue to the limited number of operatica®d nondisclosure requirementhereforefo
estimate the sizend valueof both freshwater and marineusgulture markets in ® watershedounties,
we derivedestimates based amformation andyuidance from the NC Sea Grant and N€partmenbf
Agriculture NCDA, 2015;P. Andersonpersonal communicatiodanuary 212016.

Marine aquaculture in North Carolina consists of clam, oyster, and soft crab fafmisigown
in Table 48, the total statewide farm gate value of marine aquaculture was $2.81 million in 2014.
Accounting only for those leases and permits that fall withip watershed countiese estimate that
marine aquaculturie the watershegroduced $2.32 million in farm gate value in 2014, accounting for
over 80% of the total production value in the state.
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Table 4-8. Marine Aquaculture Statistics in North Carolina (2014)
Statewide : :
% of Leases/Permits Estimated Farm Gate
Farm Gate Value in A-P Watershed Value in A-P
Production (million) counties Watershed (million)
Clam 3,955 bushels $0.22 52 $0.12
Oyster 21,157 bushels $0.45 52 $0.24
Blue Crab 367,277 Ibs $2.14 92 $1.97
Total o} $2.81 o) $2.32

Source:North CarolinaDepartmenbf Agriculture and Consumer Services

Freshwater aquaculture production in North Carolina includes trout, catfish, hybrid striped bass,
tilapia, prawns, crawfish, and sturgeon. According to theDd@artmenbf Agriculture, over 90% of the
catfish, hybrid striped bass, and tilapia productiocuos within AP counties (P. Anderson, personal
communication, January 21, 2016). Therefore, this proportion was applied to the total statewide
production value to estimate the farm gate value of freshwater aquaculture goedsvistérshed
counties in Mrth CarolinaAs shown inTable 49, combinedcatfish, hybrid striped basand tilapia
production in the watershed was estimated to be rodghiyillion pounds with a farm gate value

$18.7million in 2014.

Table 4-9. Freshwater Aquaculture Statistics in North Carolina (2014)
A-P Watershed
Statewide (90% of Statewide Production)
Production Farmgate Value Production Farmgate value
(million Ibs) ($ million) (million Ibs) ($ million)
Catfish
Food fish 4.20 $4.96 3.78 $4.46
Fingerlings 3.50 $0.35 3.15 $0.32
Hybrid Striped Bass
Food fish 2.81 $11.10 2.53 $9.99
Fingerlings 3.00 $0.72 2.70 $0.65
Tilapia
Food fish 1.43 $3.28 1.28 $2.95
Fingerlings 1.86 $0.32 1.67 $0.29
TOTAL 16.80 $20.73 15.12 $18.66

Source: NortlCarolinaDepartmentf Agriculture and Consumer Services.
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Economic Valuation of the Albemarle-Pamlico Direct Use Value to
Wat er sheddés Natur al Resour ces Commercial Sectors

In total, we estimate thaA-P watershedounties in North Carolina generated nearly $21 million
in revenue in 201from freshwater and marine aquacultdtés important to note that, due to datad
resource limitations, th figure does nancludeaquaculture production in Virginia, nor does it account
for the costs of aquaculture practic€berefore, it only provides a rough indicator of the water&hed
natural resource values in aquaculturedoiction.

4.5 Non-Fuel Mining

Rich mineral deposits support a large mining economy in Virginia and North Carolina.
Combined, Virginia and North Carolina produced over,@00metric ton8 of nonfuel raw minerals in
2009, valued at over $1.7 billigOl, 2015) The predominant commodity mined in the region is
crushed stone, accounting for over 50% of total production valiler minerals mined in the region
include sand and gravel, feldspar, olivine, mica, and phosphate rock.

North Carolina has over 123,000 acres under active permits, with ovniahé35%) located
within A-P watershedountiesThe state continues to rank second out of ftates with phosphate rock
production. Beaufort County in the FTBamlico river basi (an area within the A& boundary)contains
the only active mining permit for phosphate rock in the regiowering overl4,000 acres of permitted
land.In Virginia, 18% of the 74,000 permitted acres lie within th€ Avatershedounties, accounting for
8 hillion tons(12%) of the total production quantity in 200A DMM, 2015). Over 95 of these
permitted acres are for titanium, granite, sand, and gravel mining.

Although annual estimates of the production quantity and value efuabnaw minerals extsat
the state level, there is sparse data available at the river basin or county $pegifioally estimatehie
value of miningactivitieswithin the A-P watershedvioreover, with even less data available on the costs
of these activities in the watdesd, we are not able to estimateducersurplus valuedn 2011, North
Carolinas nonfuel mineral production was $0.84 billion, down from $0.88 billion in 2010 and $0.85
billion in 2009(DOI, 2015) If we approximate the portion of these values that#irédutable to the A
watershedased on permitted acraer onethird of the total production value in North Carolina is
mined in the AP region This accountfor $360 million inrevenuesn 2010, and $315 million in 2011.

In Virginia, due to datéimitations, it was not possible teeasonablyestimate the production
value attributable to counties theRyegion!® However, the available data suggest that only a small
proportion of the total production value in Virginia can be attributable to {Reefyion.In total,
$1.2billion of nonfuel raw mineralevenues were generatied2011, up from $0.9 billion in 2009.
Crushed stone continues to be Virg@siteading nofuel mineral commaodity bgalesvalue, accounting
for nearly 60% of the total value 2009 2011.The primary commodities mined in areas within the

9 This estimate does not include production quantities from withheld entities aatbteaepresents the lower
bound estimate of production quantities.

1 The aggregate classification of production value by commaodity was not easily overlaid with the disaggregated
classification of acres by commodity, thus estimating the production ebii@mmodities mined in & counties
was not possible.
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Direct Use Value to Economic Valuation of the Albemarle-Pamlico
Commercial Sectors Wat er shedds Natur al Re

APNEP boundary, however, include sand and gravel, titanium, and granite, which make up a smaller
proportion of the total production quantity and value in Virginia.

As with the aquaculture emates, it is important to emphasize that these estimates do not account
of the costs of mining operations. Therefore, they only provide rough indicators of natural resource values

in mining activities.
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Dirédlete andushNonvatloueHsous e hol

In addition to providing key inputs for market sector production activities, the natural resources
of the AP watershed also provide ecosystems services to the nonmarket sector bystippatiying the
activities and welbeing of household§.his section reports annual value estimates associatethwath
important direct sources of natural resource benefits to housebotdsor recreation, natural and scenic
amenities for nearshoregidents, and nongame wildlife protection.

Oneimportantsource of direct use value for househalidsincluded in this sectioarethe
benefits associated with water withdrawals for domesticBessed on 2010 countgvel data on water
withdrawals Maupn et al, 2014 over onethird of total withdrawals in the # watershed are for
domestic use. Clearlthisis a very highvalued use of groundwater and surface water resources in the
region. However, e of the main challenges in estimating tibtal value ofthis water use iprecisely
because of its fundamental importance to hudahsat is,some amount of water is essential for human
survival. Therefore, nless householdsvater needs can be met by transferring water from other locations
outside the watershedaluing domestic water use is equivalent to measuring the value of human survival
in the watershedJnfortunately, standard economic valuation methods, which focus on housselld
and firmlevel decisions and tradsfs, are notvell-suited for addressing these types of changes
(Hammitt, 2000)

5.1 Outdoor Recreation

Among the most visible and widely appreciated nonmarket uses of the land and water resources
in the AP watershed are a wide variety of outdoor recreation activities. The Outer Banks barrier islands
alone extend for roughly 200 miles and are amongst tls paopular East Coast destinations for beach
recreation and saltwater fishing. The Albemarle and Pamlico Sounds together plmvide 500square
miles of shallow estuarine waters, which are also popular destinations for fishing, boating, and other
waterbased recreational activities. Meanwhile, the inland portion of tRewatershed coversughly
20,000square miles, which incled ninestate parks and recreation areas, dverillion acresof
protected lands and wilderness areas, and@&@80miles of rivers and streams. These areas support a
wide range of freshwater recreation, hunting, and other wiciitgted recreation activities.

Although detailed data are not specifically collected or available for outdoor recreation activities
in the AP watrshed, a number of data sources can be used to approximate the extent and overall value of
these activities in the watershed. In particular, the U.S. Fish and Wildlife Ser(liteFWS) National
Survey of Fishing, Hunting, and Wildlife Associated RecarafFHWAR) (USFWS, 2011) provides a
rich source of data on selected recreation activities in the United States. Conducted every 5 years,
FHWAR provides statéevel estimates of annual participation in freshwater and saltwater fishing,
hunting, and wildlifeviewing activities, most recently for 2011. However, due to the sample size and
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