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“The broad assumption on which this report is based is that of an expanding economy. 
…  We have achieved, and expect to achieve in the future, a constantly rising standard 
of living for a growing population.” 



1950 – 1980 – Era of Building 

Doyle et al. 2008, Science
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“The rise of water resources policy to meet ever-changing conditions provides one of the 
great examples of the effectiveness of a democratic society in meeting the widely varying 
needs of its people.”  
- President’s Commission, 1950  

Glen Canyon Dam, US Bureau of 
Reclamation



1970 – 2010: Era of Conservation and Restoration

Elwha Dam Removal, National Geographic
Dam removal data: American Rivers 

“The rise of water resources policy to meet ever-changing conditions provides one of the 
great examples of the effectiveness of a democratic society in meeting the widely varying 
needs of its people.”  
- President’s Commission, 1950  

0

20

40

60

80

100

120

1920 1940 1960 1980 2000 2020

Nu
m

be
r o

f d
am

s r
em

ov
ed



My hope/expectation 10 years ago - my generation would be one defined by 
Large-scale restoration
Adaptation to climate change  
Modernizing water data – Google for water, smart water grid…  

“The rise of water resources policy to meet ever-changing conditions provides one of the 
great examples of the effectiveness of a democratic society in meeting the widely varying 
needs of its people.”  
- President’s Commission, 1950  





National water development envisioned by dam-building, 



National water development envisioned by dam-building, but rarely by sewer-building 



Most public spending for water is on drinking water and wastewater utilities 

Data from: Congressional Budget Office



Data from: Congressional Budget Office

“How great a share of this investment [in water resources development] should be 
financed by the Federal Government and what should be the division of responsibility 
between the many agencies of Federal, State, and local government, private groups, and 
individuals are matters of proper concern to every citizen.”  
- President’s Commission, 1950  



Most public spending is being done by state and local governments, not the federal 
government 

Data from: Congressional Budget Office



If budgets = priorities, 
And if we are looking for a new national water policy 

Then a new national water policy needs to address local water & infrastructure 
challenges

Data from: Congressional Budget Office



Data: US Census; Analysis: L. Patterson 
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Data from: US Census
Analysis: L. Patterson 

Some cities are getting bigger and richer
Some cities are getting smaller and poorer



Data from: US Census
Analysis: L. Patterson 

“The broad assumption on which this report is based is that of an expanding economy. 
…  We have achieved, and expect to achieve in the future, a constantly rising standard 
of living for a growing population.”  - President’s Commission 



Shrinking cities often also have aging infrastructure
Aging infrastructure = violations & costs of consent decrees 

Doyle et al. 2020. JAWWA



As population declines/stagnates, costs increase, the costs of capital also increase

Municipal bond ratings for water/sewer projects in 25 PA cities 

Review of bond offering documents in PA cities, 1990 – 2020. 
Smull et al. in review. ASCE-JWRPM. 



Trends affecting declining/shrinking cities: 

1. Costs of service increasing (aging infrastructure, litigation, increasing regulations) 
2. Decreasing ratings of debt = increasing costs of infrastructure finance 
3. Little/no financial support from federal government 
4. Decreasing population, loss of industrial/commercial water users 

END RESULT: 
Must increase costs on remaining customer base, which itself continues to decline = 
Per-resident cost of water services increases 



END RESULT: 
Must increase costs on remaining customer base, which itself continues to decline = 
Per-resident cost of water services increases

Rate of inflation

Review of bond offering documents in PA cities, 1990 – 2020. 
Smull et al. in review. ASCE-JWRPM. 



END RESULT: 
Must increase costs on remaining customer base, which itself continues to decline 

WATER AFFORDABILITY 



What water affordability actually looks like

Patterson and Doyle. In review. 



Using AWWA metric of affordability, categorize utilities based on their poverty 
prevalence and the portion of income going to water services for low-income 
households (20th percentile income) 

Patterson and Doyle. In review. 



Visualizing affordability between utilities 

Patterson and Doyle. In review. 



Using block group data from census, can also examine affordability at higher granularity

Affordability within Greensboro, NC at 4,000 gallons/month/household
~ 2.5 persons/household @ 50 gallons/person/day  

Patterson and Doyle. In review. 



Patterson and Doyle. In review. 

Or, more simply, the number of hours needed at minimum wage to pay for 
water bill (4,000 gallons/month)



But think about a larger family in an older house, with slightly less efficient fixtures: 
6 persons/household @ 60 gal/person/day = 10k+ gallons/month 

In ~75% of water utilities in NC, families using 10k gallons/month, at minimum wage, must 
work 50 days per year to pay for basic water services 



The result is a trilemma for growing number of America’s cities

Doyle et al. 2020. JAWWA



The result is a trilemma for growing number of America’s cities

Doyle et al. 2020. JAWWA

Municipal bankruptcy Declining quality of 
water services

-
Unsafe drinking water 

Sewer overflows  

Unaffordable water 
for the poor



“How great a share of this investment [in water resources development] should be 
financed by the Federal Government and what should be the division of responsibility 
between the many agencies of Federal, State, and local government, private groups, and 
individuals are matters of proper concern to every citizen.”  
- President’s Commission, 1950  

Utilities serving stagnant/shrinking population are in an impossible situation under 
status quo national water policy approach. 



Water Policy for the American People – Affordability? 

What could federal government do to address 
affordability challenges? 

Utilities directly: 
State Revolving Funds 

Households: 
Low-Income Household Water Affordability Program 
• LIHEAP for water 
• Expansion of Customer Assistance Programs

Supplemental Water Assistance Program 
• SNAP for water 

“How great a share of this investment [in water resources development] should be 
financed by the Federal Government and what should be the division of responsibility 
between the many agencies of Federal, State, and local government, private groups, and 
individuals are matters of proper concern to every citizen.”  
- President’s Commission, 1950  





“Floods are ‘acts of God,’ but flood 
losses are largely acts of man”  
(Dissertation, 1942) 



Growing number of ‘utility’ disasters  

Lead crisis in DC Flint water crisis (Time magazine)

Toxic algal bloom, Toledo (Toledo Blade) PFAS/GenX crisis, NC 
(Encore Magazine)



Water Policy for the American People – Affordability? 

What could federal government do to address 
affordability challenges? 

Utilities directly: 
State Revolving Funds 

Households: 
Low-Income Household Water Affordability Program 
• LIHEAP for water 

Supplemental Water Assistance Program 
• SNAP for water 

Assist during utility disasters: 
• Increased use of “emergencies” under Stafford Act? 



Growing number of ‘utility’ disasters  

Lead crisis in DC Flint water crisis (Time magazine)

Toxic algal bloom, Toledo (Toledo Blade) PFAS/GenX crisis, NC 
(Encore Magazine)



FEMA initially declined request

Then-Gov. Perry (R-TX) appealed
(with vocal support from Sen. 
Cornyn, R-TX). 



If ‘utility emergencies’ become ‘utility disasters’ (under the Stafford Act), difficult to 
restrain federal government role  



“The rise of water resources policy to meet ever-changing conditions provides one of the 
great examples of the effectiveness of a democratic society in meeting the widely varying 
needs of its people.”  
- President’s Commission, 1950  
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