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Climate Change and Water 
Quality
While climate change is expected to 
have dramatic impacts on water supply 
availability, extreme weather and climate 
change will also significantly impact 
water quality. 

According to the report Climate 
Change: How Does the Weather 
Affect Surface Water Quality, 

out of the seven fundamental components 
of weather—temperature, precipita-
tion, wind, solar radiation, humidity, air 
pressure, and cloud cover—temperature, 
precipitation, and wind have the main 
impacts on surface water quality. “These 
components are expected to vary substan-
tially with climate change,” according to a 
summary of the research, which was con-
ducted by a team headed by Hazen and 
Sawyer, in the American Water Works 
Association’s Opflow magazine.

“Strong winds can affect source-water 
quality—particularly in large lakes and 
reservoirs susceptible to erosion from 
wind-wave action—and redirect inflows 
resulting in short-circuiting between 
inflow locations and water supply intakes 
[and] unexpected mixing in lakes and 
reservoirs.”

Heat waves and higher temperatures 
encourage harmful algal blooms (HABs) 
and can increase formation of disinfec-
tion byproducts (DBPs) in distribution 
systems and nitrification in chloraminated 
systems, according to the summary.

Lack of precipitation, i.e., drought, can 
increase the relative impacts of point-
source pollution from wastewater treat-
ment plants, power plants and mines as 
reservoir volumes and lake levels decline. 

Of course, strong wind and heavy rain 
often occur simultaneously, and as the 
Opflow summary makes clear, the biggest 
water quality impacts of climate change 
will come from “a combination or series 
of weather events that may occur rapidly 
or over a period of months to years.” As 

discussed below, the sequence of more 
intense dry and wet cycles can lead to a 
particularly difficult set of challenges.

Changing views of historic and 
future weather

Anthropogenic climate change is 
not the only factor in play as the water 
industry adjusts its climate assumptions. 
Tree-ring research has revealed evidence 
of droughts that occurred within the last 
two millennia and lasted far longer than 
any droughts in the previously known 
historical record—the record upon which 
water supply and water quality planning 
have been based. 

“What we’ve done as an industry is de-
velop our drinking water treatment plants 
based on the historical climate record, but 
the climate is not stationary,” said Ben 
Stanford, director of applied research for 
Hazen and Sawyer and lead author of 
the Climate Change report (which was 
funded by the Water Research Founda-
tion, Water Environment Research 
Foundation [WERF] and the Water 
Services Association of Australia).

 “Water treatment planning was based 
on looking back at the available dataset 
for a particular contaminant to determine 
the maximum drought or other extreme 
weather event that had ever occurred 
and how frequently those big events oc-
curred,” said Stanford. “In reality what we 
may have been doing is looking at a time 
period during which we were at the mid-
level. So, if we have what we thought was 
a one-in-1,000-year event, can we handle 
it? And what if we have two one-in-
1,000-year events in one year?”

Nutrient loads increase with heavy 
rains

As discussed in the story on New 
York State in this edition, water qual-
ity in heavily farmed watersheds will be 
particularly affected by more intense pre-
cipitation. “We are already seeing climate 
change intensifying rainfall,” said New 
York state climatologist Mark Wysocki. 

“We’re starting to get more of these daily 
one-inch storms. Some spots have gone 
from five such events annually to eight. 
That can have a huge impact in terms of 
localized flooding and runoff.”

Increased runoff in farming regions 
means heavier loads of phosphorous, ni-
trates and even e coli in rivers and streams. 
“That can be a problem for communities 
that get their drinking water from lakes 
like the Finger Lakes,” said Wysocki. This 
phenomenon can also increase pollution 
in receiving water bodies such as Chesa-
peake Bay. Wysocki and his colleages at 
Cornell University are working with farm 
groups on best practices, including better 
timing of manure applications to avoid 
intense rain.

The biggest water quality 
impacts of climate change will 
come from “a combination or 
series of weather events that 
may occur rapidly or over a 
period of months to years.” 

Stanford reported to CCBJ that recent 
research shows that drought followed by 
heavy rains can compound the problems 
from polluted non-point source runoff. 
“Where you have an extended period of 
drought, you can have a greater buildup 
of animal waste in the watershed from 
livestock and wild animals,” said Stanford. 
“All that waste material contains potential 
pathogens. When you get a sudden rain 
event, all those pathogens are flooded 
down into the water supply.”

Nutrient loading grows fastest in 
developing countries

In Murky Water, a recent study by 
the International Food Policy Research 
Institute and Veolia, researchers mod-
eled water quality trends on a global scale 
using three economic projections and 
two sets of climate change projections 
(CSIRO-Mk3.0 and MIROC 3.2). 
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Nitrogen, phosporous and biochemical 
oxygen demand (BOD) loading increased 
under all scenarios. “Water quality dete-
rioration is projected to rapidly increase 
over the next several decades which, in 
turn, will increase risks to human health, 
economic development and ecosystems,” 
states the report.

 Of the two climate scenarios used in 
the paper, the one forecasting a wetter fu-
ture showed more water quality problems, 
especially in Asia. “People tend to think 
drought will be the major problem [as-
sociated with climate change] our research 
showed a wetter climate will actually be 
more problematic because there will be an 
increase in agricultural production with a 
resulting increase in nutrient impact,” said 
Ed Piñero, Veolia’s chief sustainability 
officer.

As anyone familiar with China, India, 
Vietnam, Thailand or other fast-growing 
Asian economies knows, infrastructure 
for drainage, sewerage and wastewater 
treatment is far below standards in the 
developed world; infrastructure manag-
ers are struggling to finance upgrades and 
new capacity to catch up with existing 
environmental needs. 

The Murky Water study ties the future 
of water treatment and water quality 
closely to economic development. Its 
“optimistic” scenario forecasts the rate of 
municipal wastewater treatment increas-
ing by 30% by 2050 and nutrient use effi-
ciency, expressed in kg of crop yield per kg 
of nutrients applied, improving by 40%, 
except for the least developed countries. 

Amplifying this point, Piñero under-
scored to CCBJ that climate change is not 
the main driver for increasing water qual-
ity challenges in the developing world. 
“The bigger variables are population 
growth and socio-economic conditions,” 
he said. “The relative impact coming from 
the climate change factor is not as much 
as what you would get from population 
and economics.”

“If climate change were not to hap-

pen, but we still had population growth 
and economic development, we’d still see 
most of these impacts,” said Piñero. “The 
climate change story is now part of this, 
though, and it will change the percentages 
and it may change the geography of where 
things are occuring.”

Veolia, whose water business accounted 
for €11.2 billion of its €23.8 billion in 

2014 revenues, funded this report and a 
companion report on water quantity to 
“raise awareness and encourage implemen-
tation of best practices in watersheds,” said 
Piñero. 

Obviously Veolia has a large interest 
in wastewater treatment markets—the 
growth of which is highlighted as a top 
solution for water quality challenges in 

Water Quality Impacts of Extreme Weather-Related Events:                           
Lessons Learned and Recommendations 
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Source: 2014 report funded by Water Research Foundation, Water Environment Research Foundation, Water 
Services Association of Australia
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the report. But echoing the “business 
ecosystem” approach to “wicked problems” 
covered in the corporate water strategies 
story in this edition, Piñero says Veolia’s 
focus on upstream ag practices, where it 
has no direct business line, is part of the 
company’s desire “to be more broadly 
involved in addressing this critical issue.”

Water quality trading offers hope
One of the approaches to cutting 

nutrient pollution from agriculture 
highlighted in Murky Water is nutrient 
trading, also known as water quality trad-
ing. In broad strokes, water quality trading 
is similar to carbon trading systems in 
which heavy GHG emitters—or NGOs 

or other market participants concerned 
about climate change—pay a per-ton 
price to entities that reduce GHG emis-
sions either through internal abatement or 
through a carbon offset project.

Water quality trading is already being 
implemented in some U.S. watersheds 
heavily impacted by agricultural runoff, 
notably Chesapeake Bay, portions of the 
Mississippi and Ohio river and Oregon’s 
Willamette and Rogue rivers. “Farm-
ers are paid to implement certain best 
practices that reduce contaminant runoff 
and nutrient runoff,” said Piñero. “The 
reductions can be quantified in a way that 
the farmer receives a credit he can sell to 
a municipality or some other entity that 
wants to contribute to reducing the con-
taminants in a particular water body.”

According to a February 2014 report 
by World Resources Institute, buyers 
also include point-source polluters seeking 
credit to offset their own releases of water 
contaminants. But WRI also reports that 
the emerging water quality trading market 
is rife with uncertainties that will chal-
lenge those who wish to see it grow into a 
major driver of improving water quality. 

Key categories of uncertainties include: 
Biophysical and scientific. Accu-

rately estimating how best management 
practices (BMPs) such as forest buffers 
or cover crops will actually perform is 
difficult, as is keeping track of how perfor-
mance changes with the weather. (Climate 
change compounds these uncertainties.)

Extreme events. Will these lead to 
failure of the BMPs?

Behavioral uncertainty. Will the cred-
it seller really abide by their agreement 
and implement the BMP as planned? 

Regulatory uncertainty. How will reg-
ulations change in ways that make credits 
worthless (as happened with landfill gas 
carbon offsets under California’s cap and 
trade program)?

Market uncertainty. Will credits fetch 
a price high enough to compare to fore-
gone revenues? 

The Murky Future of Global Water Quality
Solutions for consumers, cities and industry:

More aggressive investment in wastewater treatment. Planning and constructing 
new treatment facilities where they do not exist and upgrading existing sanitation 
infrastructure that is aging in North America and Europe.  

Adoption of innovative and alternative approaches, such as the use of Green 
Infrastructure (urban forests, constructed wetlands) to control non-point source pol-
lution in urban and rural environments.  

Improved home and industrial design to minimize pollution: recycling grey-wa-
ter; separation of various water sources; (for industry) re-cycling and reuse of water 
on site and safe disposal of polluted water.  

Enhanced management of stormwater runoff to avoid contamination of treated 
water supplies.  

Close nutrient cycles: While agriculture accounts  for much of the nitrogen and 
phosphorous loading, industries and households also produce large quantities of 
these pollutants, which can be recovered more easily with new technologies.

Continued development of new models of water management such as water-
shed scale approaches, alternative utility governance that includes improvement of 
upstream practices and nutrient trading to encourage upstream best practices.

Solutions for agriculture:
Enhanced nutrient use efficiency to reduce loadings: breeding of nutrient ef-

ficient staple crops; enhanced fertilizer management such as deep placement of urea; 
precision agriculture methods, such as yield monitors; and replacement of furrow 
irrigation with drip, which allows direct fertilizer application.

Phase out fertilizer subsidies.
No-till or reduced tillage and other conservation measures, such as terraces, soil or 

stone bunds, or buffer strips along water bodies.

Cross-sectoral solutions:
Water quality trading.
Increased implementation of the polluter-pays-principle.
Enhanced monitoring of both point and non-point sources.
Enforcement of existing regulations on water pollution.
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Anyone familiar with the carbon mar-
kets will recognize similar types of players 
in the emerging water quality trading 
market: banks, clearinghouses, aggrega-
tors, registries and verifiers. Many of these 
exist to mitigate uncertainty. Aggregators, 
for example, “pool together credits from 
multiple projects and act as intermediaries 
between buyers and sellers, absorbing the 
up-front capital risks and liability.” Veri-
fiers confirm “that a practice is installed 
and maintained to meet design specifica-
tions, creating a system of transparency, 
accountability, and consequences for 
noncompliance.” 

Water quality trading has 
a long way to go before 
it becomes a signficant 

mechanism to improve water 
quality.

But WRI noted that “as water quality 
markets have developed and evolved over 
the years, each program has developed 
unique approaches to address uncertain-
ties and risks.” One example is the range 
of parties empowered to verify projects. 
They include: “certified third parties, a 
state agency or other program administra-
tor staff, or the project developers them-
selves.”

WRI highlighted the Willamette Part-
nership as having a “robust framework for 
verifying credits in the Rogue River ba-
sin.” The partnership requires third-party 
verification by accredited verifiers in year 
one to confirm project eligibility, accurate 
credit quantities, and appropriate plans 
and funds for long-term maintenance.”

Monitoring verifications are required 
annually for the life of the project, while 
full verifications, including site visits, are 
required every five years through year 20. 
Willamette Partnership has developed its 
own General Crediting Protocol, now in 
its second version. (For a copy of the WRI 
report, go to bit.ly/1HPrlgk) 

Water quality trading has a long way to 
go before it becomes a signficant mecha-
nism to improve water quality. Jessica 
Dexter, an attorney with the Environ-
mental Law & Policy Center, pointed 
out that most programs in the Mississippi 
and Ohio basins are pilot programs, and 
that regulatory incentives are lacking 
in most state. There are very few states, 
for example Wisconsin, Minnesota and 
Florida, that have actually adopted water 
quality standards for nutrients. From our 
perspective, that regulatory framework is 
a necessary foundation for any legitimate 
trading program.”

EPA Focus on Harmful Algal Blooms
Not only will water utilities face pres-

sure from their users to meet water quality 
standards, but state and federal regula-
tions—already a moving target to some 
degree—will be a greater challenge. 

“Nutrient pollution is everywhere, and 
it puts all of our water supply at risk,” 
said Dexter of the ELPC. “EPA’s new 
health advisory will help better identify 
when water is unsafe to drink, but we still 
have a long way to go to fix the problem 
that’s threatening our water.  And climate 
change will make that job a lot tougher.”

A major thrust of EPA at the moment 
is harmful algal blooms, HABs for short. 
HABs were headline news in 2014 when 
the city of Toledo had to warn residents 
not to drink the water—even after boil-
ing—because an HAB had colonized 
Lake Erie’s Maumee Bay, source of the 
city’s drinking water.

According to a summary of events on 
Time.com, the emergency only lasted 
a couple days because the HAB moved 
away from the water intake, probably due 
to winds, and Toledo enhanced its treat-
ment system with activated carbon “to 
specifically address the blue-algae and its 
toxins.”

EPA says on its website that recent 
research suggests that “climate change 
may promote the growth and dominance 
of HABs through a variety of mechanisms 

including, but not limited to: warmer 
water temperatures; changes in salinity; 
increases in atmospheric carbon dioxide 
concentrations; changes in rainfall pat-
terns; intensifying of coastal upwelling; 
[and] sea level rise.”

Recent research suggests that 
“climate change may promote 

the growth and dominance 
of HABs through a variety of 

mechanisms.”

Dry-then-wet cycles mean more 
waste in water

Non-point sources including urban 
runoff and nutrients from farms, lawns 
and turf “are all well known to make 
harmful algal blooms worse,” said Stan-
ford. “What is really difficult is when we 
start to have dry and wet periods occur-
ring closer together. In dry periods, lots 
of nutrients get built up in the watershed. 
When a sudden rain flushes them all 
down to a low volume water body, it’s a 
perfect storm for a large algal bloom.”

These combinations of events “af-
fect more than just algae,” said Stanford. 
“There are all sorts of water quality 
events that occur when you have different 
extreme weather events occurring back to 
back.”

“One interesting one is the formation 
of disinfectant byproducts,” said Stanford. 
“Let’s say during a dry period a reservoir 
is down well below capacity, and during 
that period, although the rain is infre-
quent, there’s enough to allow grasses, 
shrubs and bushes to grow on banks.” 

“When you get your rain back in the 
fall, that vegetation is submerged and 
starts to rot over the winter. When the 
water heats up in spring and summer, 
you’re basically making tea in your lake,” 
said Stanford. “It’s much more challeng-
ing water to treat even that what occurred 
during the drought.”
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“This is fairly easy to control. You get 
your crews to clear the brush and vegeta-
tion off the reservoir in dry years, but you 
need to understand what the implications 
are and understand that these impacts 
may not happen during an event but 
months or years after,” said Stanford.

Harvesting vegetation growing along 
reservoir edges and stream banks dur-
ing  droughts is one of the key recom-
mendations in the Water Quality Impacts 
of Extreme Weather-Related Events 
report.

Hazen and Sawyer collaborated with 
the University of New South Wales, U.S. 
environmental consulting firm Kennedy 
Jenks and independent water consultant 
Jan C. Routt on the research project. 

According to Stanford, his total fee for 
the project was $265,000, but was worth 
quite a bit more when in-kind contribu-
tions by the project team and participating 
utilities is considered. “The total value of 
the project was about $650,000, which 
included significant in-kind contribu-
tions, the largest of which came from our 
partner utilities who volunteered their 
time and case studies for the project,” said 
Stanford.

“When the water heats up 
in spring and summer, you’re 
basically making tea in your 

lake.”

As discussed in the overview to this 
edition, climate change is not yet a large 
business driver for consulting services to 
the water sector. Just as Veolia’s Piñero de-
scribed above, climate change is a multi-
plier for other major challenges that water 
utility planners and their consultants—not 
to mention policymakers, regulators and 
water consumers—will have to contend 
with in the coming decades.

But it’s here, affecting assumptions 
about water quantity as well as quality. 
“Despite the uncertainty associated with 
climate change, there’s no doubt it will 
become increasingly relevant to water 
resource managers in the 21st century,” 
concludes the Hazen and Sawyer story in 
OptfloW. R
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