
The results are in: 2012 was the hottest 
year on record for the continental US.  
Every single state exceeded its average 
annual temperature and every single state 
contained a location that hit its record 
warmest year.  Nineteen states (including 
Massachusetts) had a record high annual 
temperature. One notable warmest year re-
cord occurred in New York City’s Central 
Park, which has a period of record dating 
back 136 years.

As well as temperatures going up, more 
rain is falling as heavy downpours. Very 
heavy precipitation events (the heaviest 
1%) now drop 67% more precipitation 
in the Northeast and 31% more in the 
Midwest than they did 50 years ago. Less 
precipitation is falling as snow, meaning 
that the gradual snowmelt in the spring is 
being replaced by spring downpours. 

As the below figure shows, there is a very 
clear trend in extreme precipitation—and 
our region is at the epicenter.  Extreme 
downpours and snowstorms in New 

England have become 85% more frequent 
since the 1950s. This means that in Mas-
sachusetts, heavy rain or snow storms that 
60 years ago would have occurred, on 

average, once per year now occur once ev-
ery 9 months. In New Hampshire, they are 
recurring, on average, every 5-6 months—
in other words, twice as often. 

So when it rains, it is more likely to pour, 
and pour hard. As a result, rain water is 
less likely to soak into the ground and “re-
charge” our aquifers and wells. Instead it 
quickly carries pollutants and eroded soil 
into the streams and rivers, creating flood-
ing in the process.  All that stormwater can 
overwhelm wastewater treatment plants, 
reducing wastewater treatment, as well as 
flood septic systems and wash pollutants 
into local streams.  

And when the flood is gone, so is the 
water. When rainfall runs off instead 
of soaking into the ground, the amount 
of water stored as groundwater and in 
aquifers decreases. Cool, clean ground-
water should feed streams during the dry 
months, so with its loss it is more likely 
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Frequency of extreme storms, 1948-2011. (Storms with the largest 24-hour              
precipitation totals)  Source: Environment America, “When it Rains, It Pours,” 2012.

Average temperature ranking in 2012, by state.  
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that streams will dry up and rivers become 
sluggish during the summer and fall.  Re-
search shows that stream temperatures are 
already rising in response to both rising air 
temperatures and reductions in groundwa-
ter flows to small streams. 

That is good news if you are an invasive 
water chestnut plant or a carp, or one of 
the other species that can capitalize on 
warmer conditions and outcompete native 
vegetation and wildlife. Maybe we should 
just embrace them! But before we do 
that, we should consider what services a 
healthy water balance and native species 
diversity provide to us.

In a healthy watershed, most of the rain 
and snowfall soak into the soil where 
they are either used by growing plants 
and returned to the atmosphere, or flow 
deeper into the watertable where they feed 
streams and rivers. Once in the ground, 
stormwater also supports the thousands 
of wells of homeowners, municipalities, 
and businesses that withdraw the water.  
When the water re-emerges in streams and 
rivers as clean base flow, the clean water 
dilutes and conveys treated sewage out 
to the sea, and it provides a habitat for an 
amazing diversity of animal and plant life 
enjoyed through fishing, photography, bird 
watching and many other activities. The 
water floats our boats, flushes out nuisance 

nutrients and vegetation, supplies drink-
ing and irrigation water, and gives our 
communities inspiring and calming vistas 
of nature.  

A watershed can do all these (often con-
flicting) things because it has water as its 
lifeblood—it hosts an abundantly complex 
physical and biological system. There are 
many studies that put dollar figures on 
these services, as well as those of wetlands 
and floodplains, and they are millions and 
billions of dollars.  Global ecosystem ser-
vices have been estimated to be worth $33 
trillion.  Protecting the watershed of New 
York City’s drinking water supply saved 
the city $6-8 billion in treatment costs.  
But, of course, some services are valuable 
beyond measure.  

In an unhealthy watershed, large areas 
are paved, polluted stormwater is piped 
directly into rivers, wells suck streams 
dry, nutrients fuel excessive aquatic plant 
growth, invasive plants and animals re-
duce the diversity of species, and wetlands 
and floodplains are filled. Such a water-
shed cannot provide any of the ecosystem 
services properly.

Massachusetts has made a significant ef-
fort to not be caught flat-footed in the face 
of extreme weather. The Global Warming 
Solutions Act of 2008 directed state agen-

cies to develop a report on strategies for 
adapting to the predicted changes in cli-
mate. In 2011 the Massachusetts Climate 
Change Adaptation Report was released. 
It makes for compelling reading (available 
on our website).  The anticipated climate 
disruption impacts are disturbing, particu-
larly in that they are already occurring, 
were avoidable, and are happening faster 
than the models predicted. But the actions 
that we can take to minimize the negative 
impacts are encouraging and within our 
abilities if we have the will. 

The adaptation report lays out Guiding 
Principles that, for natural resources and 
habitat, include:  protecting ecosystems 
of sufficient size; maintaining large-scale 
ecosystem processes, preventing isolation 
of ecosystems and maintaining diversity; 
and using nature-based adaptation solu-
tions. The strategies it proposes include: 
ecological management and restoration; 
monitoring and research; and land protec-
tion. 

The goal is to build resilience into our 
ecosystems so that they can resist damage 
from climate extremes and rebound from 
damaging effects.  How can we apply this 
in our watershed? We can:

1. Improve and protect stream flow:  re-
charge stormwater and reduce impervi-
ous cover, increase water conservation 
(private wells are not the solution), 
and protect and reconnect natural flood 
plains.

2. Restore river and stream continuity: 
remove dams and replace culverts to 
allow wildlife passage.  Where natural 
floodplains are protected and continu-
ity is restored, streams and rivers will 
be more resilient to disruption by the 
changing climate and native wildlife 
can move around to survive and repro-
duce. 

3. Restore the water balance: recharge 
and re-use wastewater and stormwater. 
A combination of water conservation, 
efficient water use and water re-use, and 
recharge of stormwater are essential to 
keeping water where we need it.
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Top five hidden health risks of extreme precipitation and flooding

1. Drowning while driving: Almost half of 2010 flood fatalities involved 
people who drowned while attempting to drive through floodwaters. 

2. Waterborne diseases contaminating drinking water:  Drinking water 
infrastructure and wells can be overwhelmed, which reduces or prevents 
water purification. 

3. Sewage back-up in plumbing or basements: Flooding can cause local 
sewage lines and septic tanks to overflow, sometimes resulting in sewage 
backing up into residences. 

4. Bacteria, sewage, and other contaminants in waterways: During flood-
ing, untreated sewage, pesticides, and street contaminants (motor oil, dog 
excrement, etc.) can flow into local rivers, lakes, and ponds.

5. Mold and dangerous indoor air quality: Water intrusion anywhere in a 
building can cause toxic mold to grow in ceilings, walls, or insulation.

Source: Union of Concerned Scientists, “After the Storm,” 2012. http://bit.ly/zAxGhT
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Climate Disruption and Jobs
Massachusetts’ 136-page Clean 
Energy and Climate Plan for 2020 
contains a “portfolio” of established 
and new measures that reduce en-
ergy waste, save money, and stimu-
late the adoption of clean energy 
technologies, thereby creating jobs 
at the same time that they reduce 
GHG emissions. It is estimated that 
42,000 to 48,000 jobs would result 
from full implementation of the plan 
in 2020. These would be jobs that 
fill every niche in the clean energy 
supply chain—electricians, installers, 
researchers, architects, manufac-
turers, plumbers, energy auditors, 
technicians, and scientists—and jobs 
throughout the economy as lower 
fossil-fuel energy expenses lead to 
more spending on in-state goods and 
services.

Source: http://1.usa.gov/14O5kYO

Drought Threatens River Traffic
“Drought in the Mississippi River Valley is affecting barge traffic. While trade 
groups fear that river traffic could come to a halt entirely, the U.S. Army Corps 
of Engineers is dredging the river . . .  to maintain a navigable waterway. . . .  
According to the American Waterways Operators (AWO) trade association, in 
December and January alone, the Mississippi River generates $130 million in 
wages and supports 20,000 jobs. However, AWO estimates that every 1 inch of 
water loss decreases barge carrying capacity by 17 tons — the equivalent cargo 
of about 130 tractor-trailer trucks per tow of 30-45 barges.” 

Source: Stormwater Report, Jan. 2013.  Water Environment Federation.                            
http://bit.ly/X0gKWT.

Eastern Brook Trout are among the most 
sensitive of our native fishes in 
Massachusetts. Dependent on cold, flow-
ing streams throughout their life cycle, 
they will be among the first to lose habitat 
with a warming climate. They are, there-
fore, harbingers of change for all species. 
Recent studies have shown that climate 
change has resulted in changes in stream 
temperatures and in the behavior and 
breeding success of trout.  To protect our 
cold-water streams and trout, we need to 
continue work to understand and predict 
where and how the effects of climate 
change will be felt and prioritize conser-
vation efforts.  “Basic fish distribution 
monitoring programs are needed so that 
anticipated shifts in species distributions 
can be accurately described in future 
decades to provide a clearer understanding 
of how salmonids integrate and respond to 
changes in thermal conditions” (Isaak et 
al., 2010).

In addition, we need to act now to ensure 
that our streams are resilient to distur-
bances associated with climate change. 
How? All of the streamflow and ground-
water protection, Low Impact 
Development, riparian area protection, 
and river continuity efforts already being 
worked on will help rivers by: reducing 
impervious areas, increasing groundwater 
recharge, reducing and treating stormwa-

ter runoff, reconnecting streams with their 
natural flood plains, and protecting flood 
plains and river-edges from development.

In 2012, OARS began a collaboration 
with Greater Boston Trout Unlimited, 
USGS Conte Fish Labs, Sudbury Valley 
Trustees, and the Sudbury Conservation 
Commission to study several small trout 
streams in the Sudbury River watershed. 
Work in 2013 will include stream temper-
ature monitoring, and habitat assessments. 
Fish population surveys on these streams 
will contribute to USGS regional model-
ing of trout populations and climate 
change.  
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4. Reduce green house gas emissions: with 
the impacts of climate disruption staring 
us in the face we should be motivated to 
substantially reduce our greenhouse gas 
emissions.

Our communities will benefit from the re-
search we can do and the wise investments 
we can make armed with knowledge and a 
longer-range vision. 

References:

National Research Council. 2004. Valuing 
Ecosystem Services: Toward Better Envi-
ronmental Decision-Making. The National 
Academies Press. 

Union of Concerned Scientists:          
http://bit.ly/zAxGhT.

Climate, page 2

Climate effects on native brook trout
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“Tools are needed to forecast where important changes may occur and how conserva-
tion efforts should be prioritized.” (Haak et al., 2010)

The climate effects on native brook 
trout project is funded by the 
Massachusetts Environmental Trust. 


