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What do these enterprises have in 
common?

• Boeing
• Sunoco
• Campbell’s Soup
• DuPont
• Wawa
• Astra Zeneca
• Crayola Crayons

• Starbucks
• Iron Hill Brewery
• Philadelphia Eagles
• Salem Nuclear 

Plant
• United States Navy
• Guggenheim 

Museum
They all depend on the Delaware Basin!



Delaware River Basin
• Federalist model of shared power 

in water management
• 1961 DRBC Compact manages 

“without regard to political 
boundaries.” 

• 4 states, 24 counties, and 838 
municipalities

• 8 Senators, 25 Members of HR
• 19 federal, 43 state, 14 interstate 

agencies 
• Use charges on water allocations 

($0.10/1000 gal.).





1609 – H. Hudson runs aground



1682 – W. Penn, oysters too big…. eaten whole.
1739 – B. Franklin petition remove tanneries. Creek choked w/ hair, horns, 

guts. 
1790 – B. Franklin leaves funds for Phila. water system.
1832 – Cholera kills 900 in Philadelphia.
1885 – “Privies for 250 men over a brook 40th St. abv. Girard Ave. 
1886 – Gloucester serves 10,000 planked shad dinners.
1897 – Phila. councilman thought Schuylkill water was lemonade.
1920’s – Schuylkill so dirty, people emerged from tubs dirtier…
WWII – Pilots a mile up, rotten egg smell.  Ship turns to rainbow. HMS Nelson
1952 - Delaware R. “outstanding example of destruction of bass habitat…

1961 – PA Gov. Lawrence convinces JFK to sign DRB Compact.
1968 – DRBC issues waste load allocations.
1971 - “gross pollution …extirpated the striped bass…” 

1972 – Congress and McGovern overrode Nixon’s veto of CWA.
1973 – EPA says “extirpation of the…(shad) runs is distinct possibility”.



1945

HMS Nelson





Background
• Since 1961, water quality has improved in tidal Delaware River.
• Yet, DO doesn’t meet fishable standard (3.5 mg/l) in summer.
• American shad/striped bass abundance increasing in river.
• 2012, NOAA puts Atlantic sturgeon on Endangered Species list
• Atmospheric warming and sea level rise (increased salinity) 

may decrease DO saturation.
• Considering more protective DO criteria to 4.0 or 5.0 mg/l?







Blue Crab Landings 1978-2005
Delaware Estuary
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Recreational Striped Bass Harvest
Delaware Estuary
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Catch per Haul vs. Dissolved Oxygen
Delaware River at  Ben Branklin Bridge

Ben Franklin Br DO American Shad White Perch Striped Bass

American Shad
CPH = 0.47(DO) - 3.27
R2 = 0.66
White Perch
CPH = 0.68(DO) - 2.29
R2 = 0.46

Striped Bass
CPH = 0.13(DO) - 0.40
R2 = 0.53

Weisberg et al. 1996 and USGS



Costs to Acheive Dissolved Oxygen Objectives
Delaware Estuary near Philadelphia
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First river econ study
FWPCA 1966



The Delaware River Basin in Del., NJ, NY, and 
Pa. is an economic and ecological system 
that contributes:

1.  $22 billion in annual economic value from recreation, 
water quality, water supply, ecotourism, forest, 
agriculture, open space, and port benefits.

2. Ecosystem goods and services worth $21 billion per 
year, net present value (NPV) = $683 billion.

3. Over 600,000 jobs with $10 billion in wages.



Commercial Fish Landings

• $34 million
• $0.60/lb
• 58 million lb
source: NMFS



Paddling

• $362 million
• 4,226 jobs
• Gear: $66 mil
• Trips: $296 mil
• 620,860 paddlers

source: Outdoor Industry Assoc. 2016



Fishing, Hunting, Bird Watching
• Fishing $576 million

(18 trips/angler, $53/trip)

• Hunting $340 million
(16 trips/hunter, $50/trip)

• Bird Watching $561 million
(13/trips/yr, $27 trip)

Source: USFWS 2011



• Wetlands - $6.8 billion
• Farms - $4.8 billion
• Forests – $8.6 billion

Ecosystem Goods and Services

Ecosystem Services Value
Delaware River Basin
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 Marine & Water-related 
Construction

 Fishing & Aquaculture
 Ship/Boat Building
 Tourism/Recreation
 Marine Transportation  
 Hunting/Fishing/Wildlife 

Recreation-related 
 Farming
 Water/Wastewater Utility
 Ports
 Watershed 

Protection/Management

>600,000 jobs ($10 billion in wages)



Nitrogen Loads
Delaware River Basin

Agriculture
14,625 tons/yr

29%

Suburban/
Urban

7,073 tons/yr
14%

Atmospheric 
Deposition

6,063 tons/yr
12%

Wastewater
23,241 tons/yr

45%



Nitrogen Marginal Abatement Cost Curve
Delaware Basin

Agricultural
Conservation

0

10

20

30

40

50

0 100 200 300 400 500
Costs to Reduce N Loads by 32% ($ million)

N
 L

oa
d 

R
ed

uc
tio

n
(m

ill
io

n 
lb

/y
r)

Wastewater
Treatment

Atmospheric
Deposition

Urban/Suburban 
Stormwater BMPs

Costs



Resources for the Future water quality ladder
(Carson and Mitchell 1993)

Benefits



Category Activity
Existing Value
(DO 3.5 mg/l)
($ million/yr)

Benefits
(DO 5 mg/l)

($ million/yr)

Low High Low High
Use
Recreation Viewing, Boating, Fishing 28 56 11 22

Boating 212 472 61 350
Fishing 286 528 172 315
Shad fishing 0 0 0 5
Bird/Wildlife Watching 430 437 22 43
Waterfowl Hunting 2 22 0.1 2
Swimming 0 0 0 0
Beach Going 9 63 3 20

Commercial Fishing 46 46 0 26
Indirect Use Property Value 762 1,523 61 122
Water Supply Municipal Water Supply 196 196 12 24

Industrial Water Supply 31 31 8 16
Nonuse
Existence/Be
quest WTP Fishable WQ 85 171 65 131

WTP Swimmable WQ 73 147
Total 2,087 3,545 488 1,223



Optimal Water Quality
Delaware Basin
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Watershed
Conservation

$1.5 B

Forest Buffers
$3.10/lb N

Wetlands
$0.47/1000 gal

Water Filtration Plant
$10 B Wastewater 

Treatment
$8.56/lb N

Conventional WWTP
$3.24/1000 gal
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New York City Chesapeake Bay N Reduction Wastewater Treatment

Savings from Payment for Environmental Services

How to Fix the River?  Nature.



Thank you!


