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Preface

President Barack Obama has described the Chesapeake Bay as a “National Treasure,” and its 64,000-
square-mile watershed, which occupies portions of six states plus Washington, D.C., has an economic
value that some say is in excess of a trillion dollars. We are pleased to partner with the Delaware
Department of Natural Resources and Environmental Control to deliver this report—“Socioeconomic
Value of the Chesapeake Bay Watershed in Delaware.” While just one percent of the watershed is in
Delaware, the Chesapeake Bay watershed covers 35 percent of the state’s land mass.

The natural resources in the watershed—farms, forest, wetlands, streams, and aquifers—provide
significant economic value to Delaware’s economy, especially in the agricultural, tourism, and
construction-job sectors. Restoration of the Chesapeake Bay watershed promises to provide hundreds of
green jobs in agricultural conservation and stormwater management. In Delaware, this report
demonstrates that restoration of the Chesapeake Bay watershed can promote economic development while
cleaning up the nation’s largest and most valuable estuary.

Jerome R. Lewis, Ph.D.
Director, Institute for Public Administration
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Abstract

The Chesapeake Bay watershed in Delaware (1) contributes over $2 billion in annual economic activity
from benefits associated with water quality, water supply, ecotourism, recreation, agriculture, forest, open
space, and navigation, (2) provides annual ecosystem value of natural goods and services of $3.4 billion
(in 2010 dollars) with a net present value (NPV) of $109.6 billion over a perpetual lifetime, and (3) is
directly/indirectly responsible for 47,000 jobs with $1.2 billion in annual salaries.

Delaware occupies 702 square miles or just about 1% of the 64,000-sq-mi Chesapeake Bay watershed,
while the Chesapeake Bay watershed covers about 35% of Delaware’s land area (1,953 square miles).
Almost 140,000 residents—16% of the First State’s total population of 885,000—Ilive in Delaware
portion of the watershed. More than 41,800 people—11% of Delaware’s total employment—work in the
Delaware portion of the watershed.

Economic activity in the Delaware portion of the Chesapeake Bay watershed exceeds $2 billion annually
from water quality, water supply, ecotourism, recreation, agriculture, forests, open space, and navigation
benefits. These benefits include Clean Water Act Restoration ($1,550,543), water-quality recreation
($101,629,897), Chesapeake Bay restoration ($22,200,000), increased property value due to improved
water quality ($392,735,030), water treatment by forests ($550,000), wastewater treatment ($29,054,000),
septic-system assimilation ($16,099,500), drinking water supply ($50,453,374), irrigation water supply
($11,295,000), hunting/fishing/bird and wildlife watching ($108,900,000), agriculture ($522,000,000),
forest carbon storage ($854,600,000), carbon sequestration ($2,960,000), air-pollution removal
($27,210,000), building-energy savings ($5,730,000), avoided carbon emissions ($310,000), public park
health benefits ($188,537,846), community-cohesion benefit ($46,156,327), water-pollution control
($17,838,849), air-pollution mitigation ($1,704,472), and instream navigation ($570,000).

The estimated value of natural goods and services provided by ecosystems in the Chesapeake Bay
watershed in Delaware is $3.4 billion (2010) with a net present value of $109.6 billion based on an annual
discount rate of 3% over a perpetual lifetime (over 100 years). Natural goods are commodities that can be
sold, such as water supply, farm crops, fish, timber, and minerals. Natural services are ecological benefits
to society, such as flood control by wetlands, water filtration by forests, and fishery habitat by wetlands.
Ecosystem services areas within the Chesapeake Bay watershed in Delaware comprise habitats, such as
farmland (55%), forests (23%), and freshwater wetlands (18%).

Ecosystems with the highest natural-goods values are farmland ($600 million or $2,446 acres/year), forest
($28 million or $275 acres/year), and freshwater wetlands ($22 million or $270 acres/year). Highest
natural ecosystem services values are provided by forests ($1.4 billion or $13,887/acre), freshwater
wetlands ($1.1 billion or $13,351/acre), and farmland ($203 million or $827/acre). The Nanticoke River
($786 million), Broad Creek ($557 million), and Choptank River ($490 million) watersheds provide the
highest values of annual ecosystem services. Watersheds with the highest per acre ecosystem services
include Elk Creek ($11,209/acre), Gravelly Branch ($9,559/acre), Pocomoke ($8,750/acre), and Chester
River ($8,704/acre), as these systems are rich in forests and wetlands (over 75%).

Jobs in New Castle, Kent, and Sussex Counties within the Chesapeake Bay watershed in Delaware total
41,824, representing wages of $1.2 billion annually. Jobs pertaining to activities directly/indirectly
associated with the Chesapeake Bay watershed (such as farming, fishing, hunting, recreation, tourism)
total 12,800, representing annual wages of $310 million. Ecotourism such as fishing, hunting, and
bird/wildlife-associated recreation, accounts for 3,319 jobs in the Delaware portion of the Chesapeake
Bay watershed. Farming and agricultural-habitat conservation accounts for at least 2,500 jobs in the
Delaware portion of the Chesapeake Bay watershed. Delaware’s Chesapeake Bay Watershed
Implementation Plan has the potential to fund more than 200 green jobs annually.
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1. Executive Summary

1. Ecosystems and habitat in the Delaware portion of the Chesapeake Bay watershed:

Contribute over $2 billion in annual economic activity from water quality, water supply,

ecotourism, recreation, agriculture, forest, open space, and navigation benefits.

Provide an annual value of ecosystem natural goods and services of at least $3.4 billion (2010)

with a net present value (NPV) of $109.6 billion over a perpetual lifetime.

Directly/indirectly account for more than 12,800 jobs, representing $310 million in annual

salaries.

2. Delaware occupies 702 square miles or just 1% of the 64,000-sq-mi Chesapeake Bay watershed,
while the Chesapeake watershed covers about 35% of Delaware’s land area (1,953 sq. mi.). Almost
140,000 residents—16% of the First State’s total population of 885,000—Iive in the Delaware portion
of the watershed. More than 41,800 people—11% of Delaware’s total employment—work in the
Delaware portion of the watershed.

3. In the Chesapeake watershed, Delaware is a headwaters state, from which the Sassafras, Chester,

Choptank, and Nanticoke Rivers flow west through Maryland’s Eastern Shore to the bay.

4. Economic activity in Delaware portion in the Chesapeake Bay exceeds $2 billion annually from water
quality, water supply, ecotourism, recreation, agriculture, forest, open space, and navigation benefits:

Water Quality

Clean Water Act Restoration
Water-Quality Recreation
Chesapeake Bay Restoration
Increased Property Value

Water/Wastewater Treatment
Water Treatment by Forests
Wastewater Treatment
Septic-System Assimilation

Water Supply
Drinking Water
Irrigation

Hunting/Fishing/Wildlife Watching
Agriculture

Forests

Carbon Storage

Carbon Sequestration
Air-Pollution Removal
Building-Energy Savings
Avoided Carbon Emissions

Public Parks

Health Benefits
Community-Cohesion Benefit
Water-Pollution Control

§ 1,550,543
$101,629,897
§ 22,200,000
$392,735,030

$ 550,000
§ 29,054,000
§ 16,099,500

§ 50,453,374
§ 11,295,000

$108,900,000
$522,000,000

$854,600,000
§ 2,960,000
§ 27,210,000
§ 5,730,000
$ 310,000

$188,537,846
§ 46,156,327
§ 17,838,849
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Air-Pollution Mitigation $ 1,704,472
Port/Navigation
Instream Navigation § 570,000

10.

11.

12.

Port of Baltimore via C&D Canal $4.3 billion (exports)

The value of natural goods and services provided by ecosystems in the Chesapeake Bay watershed in
Delaware is $3.4 billion (2010) with a net present value of $109.6 billion based on an annual discount

rate of 3% over a perpetual lifetime (over 100 years). Forests, freshwater wetlands, and farms
provide the highest ecosystems values (Table ES1). Natural goods are commodities to be sold such
as water supply, farm crops, fish, timber, and minerals. Natural services are ecological benefits to
society, such as flood control by wetlands, water filtration by forests, and fishery habitat by streams.

Table ES1. Ecosystem goods/services in the Delaware portion of the Chesapeake Bay watershed

Ecosystem Area (ac) $/ac/yr 2010 $/yr 2010 NPV $
Freshwater wetlands 81,130 13,621 1,105,045,825 35,913,989,309
Marine 233 10,005 2,327,334 75,638,340
Farmland 245,509 3,273 803,557,787 26,115,628,085
Forest land 102,306 14,162 1,448,848,947 47,087,590,792
Saltwater wetland 353 7,236 2,557,110 83,106,069
Barren land 844 0 0 0
Urban 17,019 342 5,813,781 188,947,882
Open freshwater 1,780 1,946 3,462,694 112,537,541
Total 449,174 3,371,613,478 109,577,438,019

Ecosystem services areas within the Chesapeake Bay watershed in Delaware include farmland (55%),
forests (23%), and freshwater wetlands (18%). Only 4% of the watershed in Delaware is urban.

Ecosystems that provided the highest natural goods values are farmland ($600 million or
$2,446/acre/year), followed by forest ($28 million or $275/acre/year) and freshwater wetlands ($22
million or $270/acre/year). The highest natural ecosystem services values are provided by forests
($1.4 billion or $13,887/acre), freshwater wetlands ($1.1 billion or $13,351/acre), and farmland ($203
million or $827/acre).

The Nanticoke ($786 million), Broad Creek ($557 million), and Choptank ($490 million) watersheds
provide the highest values of ecosystem services. Watersheds with the highest per acre ecosystem
services include Elk Creek ($11,209/acre), Gravelly Branch ($9,559/acre), Pocomoke River
($8750/acre), and Chester River ($8,704/acre), as these systems are rich in forests and wetlands (over
75%).

Jobs in New Castle, Kent, and Sussex Counties in the Chesapeake Bay watershed in Delaware total
41,823, representing wages of $1.2 billion annually. Jobs pertaining to farming, fishing, hunting,
recreation, tourism directly associated with the bay and its tributaries total 12,800, representing
annual wages of $310 million indirectly.

Ecotourism such as fishing, hunting, and bird/wildlife-associated recreation accounts for 3,319 jobs in
the Delaware portion of the Chesapeake Bay watershed.

Agriculture and land conservation provides 2,566 jobs in Delaware in the Chesapeake Bay watershed.

Delaware’s Chesapeake Bay Watershed Implementation Plan has the potential to fund more than 200
green jobs annually.
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2. Introduction

Objectives

This report summarizes the socioeconomic value of natural resources and ecosystems in the Chesapeake
Bay watershed in Delaware by tabulating:

* Economic activity, including market use and non-use value of agriculture, water supply, fishing,
hunting, recreation, boating, ecotourism, and aesthetic benefits in the watershed.

* Natural capital or ecosystem services value of natural goods and services provided by habitat
such as wetlands, forests, farms and open water.

* Jobs and wages associated with the study area.

Chesapeake Bay TMDL

On December 29, 2010, the U.S. Environmental Protection Agency established a pollution diet to restore
clean water in the Chesapeake Bay by reducing nitrogen, phosphorus, and sediment loads in the
watershed from Delaware, Maryland, New York, Pennsylvania, Virginia, West Virginia, and the District
of Columbia. On November 29, 2010, DNREC submitted Delaware’s Phase I Chesapeake Watershed
Implementation Plan to EPA (DNREC, 2010). Delaware’s WIP was prepared by an interagency
workgroup representing DNREC, Delaware Department of Agriculture, Department of Transportation,
Office of State Planning Coordination, County Conservation Districts, U.S. Department of Agriculture,
U.S. Geological Survey, and stakeholders from the farming and development communities.

On September 1, 2010, the six Chesapeake Bay states and District of Columbia submitted draft WIPs to
EPA as part of a federal-state partnership to restore the bay by 2025, with 60 percent of the work to be
completed by 2017. On September 24, 2010, EPA announced Chesapeake Bay watershed TMDL limits
for nitrogen, phosphorus, and sediment for the watershed states. On July 1, 2010, EPA announced draft
TMDL allocations for nitrogen and phosphorus to meet water-quality standards in the Chesapeake Bay
and tributaries. In May 2009, President Barack Obama issued an Executive Order that recognizes the
Chesapeake Bay as a “National Treasure” and called for a renewed effort by EPA and the bay states to
restore the nation’s largest estuary.

The Value of a Watershed

Studies for the Chesapeake Bay, Great Lakes, and Florida Everglades conclude that (1) watersheds have
significant economic value and (2) restoration can result in green jobs and favorable cost-benefit
investment ratios. The Chesapeake Bay Watershed Blue Ribbon Finance Panel (2004) concluded the bay
was worth over a trillion dollars. Recreational boating in Maryland was measured at $2 billion per year.
Fishing activities in Pennsylvania resulted in $4.7 billion a year in expenditures and generated 43,000
jobs in outfitting, guiding, and lodging. The University of Maryland (1988) reported that the Chesapeake
Bay was worth $678 billion.

The Brookings Institution (Austin et al., 2007) found that restoration of the Great Lakes would cost $26
billion in present value and aggregate economic benefits would exceed $50 billion (2:1 B/C ratio). Great
Lakes benefits include $6.5—11.8 billion in tourism, fishing, and recreation dollars, $12—19 billion
increase in property values from contaminated sediment cleanup, $50—125 million in reduced municipal
water-treatment costs, and $30 billion in short-time-multiplier benefits. The Great Lakes Coalition (2010)
concluded that investment in watershed restoration creates good paying jobs and leads to economic
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benefits while restoring the environment (Table 1). The Everglades Foundation estimated that the
Comprehensive Everglades Restoration Plan (CERP) would result in $6 billion in benefits and 443,000
jobs over 50 years (McCormick et al., 2010). Net present value of Everglades’ restoration benefits would
be $46 billion, resulting from investments of $11.5 billion or a benefit-to-cost ratio of 4:1.

Table 1. Jobs and salaries created by watershed restoration work

Job Mean Salary Job Mean Salary
Wetland scientist $45,730 Fisheries Biologist $60,670
Research scientist $45,730 Archeologist $57,230
Construction manager $93,290 Operating Engineer $44,180
Biologist $69,430 Environmental Engineer $80,750
Toxicologist $70,000 Hydrogeologist $92,710
Chemist $72,740 Environmental Planner $64,680
Geologist $58,000 Plumber/Pipefitter $69,870
Helicopter Pilot $90,000 Carpenter $43,640
Information Technology $70,930 Electrician $50,850
Admin. Staff $32,990 Truck Driver $39,260
Mechanics $37,000 Concrete Workers $39,410
Excavator $38,540 Dredge Operator $38,330
Landscape Architect $65,910 Conservation Scientist $61,180
Civil Engineer $81,180 Biological technician $41,140
General Laborer $33,190 Pile Drive Operator $51,410

Source: Great Lakes Coalition (2010) from U. S. Bureau of Labor Statistics
An Economic Engine

What do Perdue, DuPont, Red Lion Foods, Delaware State Fairgrounds, Wawa, Starbucks, C&D Ship
Canal, and the nation’s most lucrative lima bean farms in Sussex County have in common? They all
depend on the waters of the Chesapeake Bay watershed in Delaware to sustain their businesses.

Most economists agree that water is an undervalued resource, yet it is a key driver of the economy and is
an essential part of the gross domestic product (GDP) of any government. The astronomer Copernicus
and economist Adam Smith (of the invincible hand of the economy fame) both considered the “diamond-
water paradox.” If water is more valuable to society than a precious gem, then why is water sold for a
fraction of a penny per gallon for drinking or not even valued at all as an ecological resource in the river
or bay? Just as under-compensated police officers or teachers are more valuable to society than
multimillion-dollar movie stars, perhaps the value of water is just as marginalized. We tend to underprice
water based on its marginal value for single uses (i.e., drinking) and not consider its full value for all its
myriad uses.

This report quantifies the multi-objective value of water in foto for a wide range of habitat, recreation, and
ecological benefits in the Chesapeake Bay watershed in Delaware. If dihydrogen oxide is society’s most
valuable chemical, then the Chesapeake Bay, which holds eight trillion gallons of it, is one of our nation’s
most invaluable economic assets. The Chesapeake Bay has been an economic engine ever since Captain
John Smith sailed up the Nanticoke River into present day Delaware in 1608 in search of gold and beaver
pelts. In 2010, millions of gallons per day of drinking water and irrigation were withdrawn from the
creeks and aquifers in the Chesapeake Bay watershed to sustain the domestic, commercial, and
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agricultural economy. The watershed’s rivers, wetlands, forests, and farms support a multi-billion-dollar
tourism, recreation, and hunting/fishing/birding economy. The Chesapeake Bay watershed in Delaware is
situated between the 5th (greater Philadelphia) and 9th (greater Washington, D.C.) largest metropolitan
economies in the United States. The following report tabulates the substantial economic value of this
irreplaceable asset.

The Watershed

Delaware occupies 702 square miles or just about 1% of the 64,000-sq-mi Chesapeake Bay watershed,
while the Chesapeake watershed covers about 35% of Delaware’s 1,953-sq-mi land area (Figure 1).
Almost 140,000 residents—16% of the First State’s total population of 885,000—Ilive in the Delaware
portion of the watershed. More than 41,800 people—11% of Delaware’s total employment—work in the
Delaware portion of the watershed (Table 2). In the Chesapeake Bay watershed, Delaware is a
headwaters state, from which the Sassafras, Chester, Choptank, and Nanticoke Rivers flow west through
Maryland’s Eastern Shore to the bay (Table 3 and Figure 2).

Table 2. Land area, population, and employment in the Chesapeake Bay watershed in Delaware
Area

Jurisdiction e ) Population' | Employment’
New Castle County 31,503 6,630
Kent County 35,726 8,595
Sussex County 71,460 26,598
Total 702 138,689 41,823

1. Delaware Population Consortium, 2010. 2. U.S. Bureau of Labor Statistics, 2009.

Table 3. Watersheds in the Chesapeake Bay watershed in Delaware
Watershed (s[:rﬁ:) Portion
Elk Creek 1 0.1%
Perch Creek 2 0.3%
C&D Canal West 17 2.5%
Bohemia Creek 9 1.2%
Sassafras River 8 1.1%
Chester River 40 5.6%
Choptank River 97 13.8%
Marshyhope Creek 96 13.7%
Nanticoke River 144 20.5%
Gum Branch 30 4.3%
Gravelly Branch 38 5.5%
Deep Creek 63 9.0%
Broad Creek 120 17.0%
Wicomico River 2 0.3%
Pocomoke River 35 4.9%
Total 702 100.0%
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Figure 1. Delaware portion of the Chesapeake Bay watershed (WRA, 2010)



