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Where do droughts and floods come from?  Why do they happen?  Do they happen in New 
England?  Often?  Regional scale climate models for the northeastern United States predict 
changes in precipitation patterns, quantities, and intensity in the coming decades.  Agricultural 
practices in Massachusetts and infrastructure for managing stormwater were designed based 
on weather patterns over the last 100 years or more.  This workshop will present an overview 
of climate science today, predictions for our changing local climate with specific attention to the 
extremes.  We will discuss the effects climate change may have on water resources and 
agricultural practice.  The solutions are up to you.  



•  The weather in Massachusetts 
•  Do we have droughts and floods in New 

England?  How often? 
•  Is this weather or climate? 
•  Let’s talk drought 
•  How big is the flood? 
•  Resilience to drought and floods 
•  Being river-smart and lessons from floods 



Principal sources and patterns of delivery of moisture into 
Massachusetts. (Clark and Lage, Wisconsin Geological and Natural History survey) 

Blessed by rain… 
• Precipitation exhibits no 
distinct seasonality.  
• Continental. 
• Rain: 40-50 inches/ year 
• Snow: 30-75 inches 



New England 
HydroClimatology  

Long-term average of 
monthly precipitation is 
essentially constant 
across seasons 
 
Annual stream flow and 
ground water trends are 
controlled by P-PET and 
snow melt 
 

0

10

20

30

40

50

60

70

80

90

100

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Months

Av
er

ag
e 

St
re

am
Fl

ow
 (m

3 /s
)

Av
er

ag
e 

G
ro

un
dW

at
er

 L
ev

le
l (

m
)

100

99

90

99.5

-100

-50

0

50

100

150

200

Pr
ec

ip
ita

tio
n 

(m
m

)
Po

te
nt

ia
l E

va
po

tra
ns

pi
ra

tio
n 

(m
m

)
Pr

ec
ip

ita
tio

n-
Po

te
nt

ia
l E

T 
(m

m
)

A

C

B

P

P-PET

PET

0

10

20

30

40

50

60

70

80

90

100

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Months

Av
er

ag
e 

St
re

am
Fl

ow
 (m

3 /s
)

Av
er

ag
e 

G
ro

un
dW

at
er

 L
ev

le
l (

m
)

100

99

90

99.5

-100

-50

0

50

100

150

200

Pr
ec

ip
ita

tio
n 

(m
m

)
Po

te
nt

ia
l E

va
po

tra
ns

pi
ra

tio
n 

(m
m

)
Pr

ec
ip

ita
tio

n-
Po

te
nt

ia
l E

T 
(m

m
)

A

C

B

P

P-PET

PET

0

10

20

30

40

50

60

70

80

90

100

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Months

Av
er

ag
e 

St
re

am
Fl

ow
 (m

3 /s
)

Av
er

ag
e 

G
ro

un
dW

at
er

 L
ev

le
l (

m
)

100

99

90

99.5

-100

-50

0

50

100

150

200

Pr
ec

ip
ita

tio
n 

(m
m

)
Po

te
nt

ia
l E

va
po

tra
ns

pi
ra

tio
n 

(m
m

)
Pr

ec
ip

ita
tio

n-
Po

te
nt

ia
l E

T 
(m

m
)

A

C

B

P

P-PET

PET

Streamflow 
(=Runoff) 

Groundwater 



Climate of Massachusetts 
• Precipitation exhibits no 
distinct seasonality.  
• Continental. 
• Rain: 40-50 inches/ year 
• Snow: 30-75 inches 

Northern 
winds that 
lead to 
drought 

Most 
Moisture 

Hurricanes 
lead to 
flooding 

Nor’easters 
lead to 
flooding 



http://md.water.usgs.gov/publications/wsp-2375/ma/ 
 U.S. Geological Survey Water-Supply Paper 2375 

National Water Summary 1988-89--Floods and Droughts: 
MASSACHUSETTS  Floods and Droughts 
      Frequent weather changes and abundant precipitation in Massachusetts 
result from frontal systems or storms that move across the continent and exit 
through the northeastern United States. Dominant airmasses that affect 
national weather patterns are polar continental, tropical maritime, and, to a 
lesser degree, polar maritime. Widespread flooding is caused by intense 
rainfall and snowmelt, northeasters, and tropical storms. A combination of 
intense rainfall and snowmelt caused the floods of March 1936, March 1968, 
and March-April 1987. Hurricanes or tropical storms caused the floods of 
November 1927, September 1938, and August 1955. The floods of 1936 and 
1938 affected the largest area of the State. Droughts of 1929-32, 1939-44, and 
1980-83 were widespread but not as severe as the 1961-69 drought, which 
was the severest on record.       Floods and droughts have affected the 
water-management and planning activities of several State and Federal 
agencies. Water management at the State level is coordinated by the 
Massachusetts Water Resources Commission, which recently adopted water-
use and supply-management measures. Potential drought conditions are 
reviewed by State and Federal agencies. Development in the flood plain is 
controlled by the State and most local governments.   
 



Date Area RI (years) Remarks 
1927 Multistate 10 to 100 Conditions created by torrential rains from tropical storm and Oct. rainfall. 

1929-32 Statewide 10 to >50 Water-supply sources altered in 13 communities. Multistate. 
1936 Statewide 5 to >100 Large snowfall, frozen ground, and two major rainstorms in Mar., $36 million. 
1938 E. MA 5 to 40 Series of showers and thunderstorms July 17-25 produced 10 inches of rain.. 

1938 MA 40 to >100 
Intense rains, hurricane, and tidal surge. Estimated deaths, 500; damage, 
$330 million in Northeastern United States. 

1939-44 Statewide 15 to >50 More severe in eastern and extreme western Massachusetts. Multistate. 

1944 SE MA Unknown 
Hurricane wave surge arrived before low tide but produced record tidal levels 
along the southern coast. 

1948 W MA 5 to >100 Intense rainfall of 5-12 inches. Snow cover did not affect peak flows.5 Deaths 
1954 SE MA Unknown Hurricane Carol. 
1955 S. MA 5 to >100 Hurricanes Connie and Diane. Multistate. Deaths, 12; damage, $133 million. 
1955 W. MA 5 to 30 Intense rainfall from localized storms. Damage, $790,000. 

1957-59 Statewide 5 to 25 Record low water levels in observation wells, northeastern Massachusetts. 
1961-69 Statewide 35 to >50 Water-supply shortages common. Record drought. Multistate. 

1968 E MA 5 to >100 Multistate. Damage, $35 million. 
1978 E MA Unknown Record tidal levels. Multistate. Deaths, 54 in NE. Major disaster declared. 
1979 Cent-E. MA 5 to 40 Intense rains Jan. 21-25. Multistate. Disaster declared. Damage, $30 million. 

1980-83 Statewide 10 to 30 Most severe in Ipswich and Taunton River basins; Nashua R, Multistate. 

1984 Statewide 5 to 80 
Prolonged 6-day storm left 5-9 inches of rain. Flooding on Connecticut, 
Housatonic, and Merrimack Rivers. Multistate. 

1987 Multistate 10 to >100 Intense rains Mar. 30-Apr. 2 and snowmelt. Major disaster declared. 
1985-88 Housatonic 25 Duration and severity as yet unknown. Streamflow showed mixed trends. 

Floods and Droughts 



http://waterwatch.usgs.gov 
Flood Years in Massachusetts: 
1928 (#4) 
1938 (#5) 
2006 (#1) 
2009 (#7) 
2011 (#11) 

The Hoosic River tears down a building in North Adams, 
MA, in 1927 (now the site of River Street Package Store). 
Photo from the North Adams Transcript.



http://waterwatch.usgs.gov 
Flood Years in Massachusetts: 
1928 (#4) 
1938 (#5) 
2006 (#1) 
2009 (#7) 
2011 (#11) 

Rapid floodwaters from the Swift River in Ware, MA, 
destroy a stone bridge and flood buildings (NOAA)



http://waterwatch.usgs.gov 
Flood Years in Massachusetts: 
1928 (#4) 
1938 (#5) 
2006 (#1) 
2009 (#7) 
2011 (#11) 

Hurricane Irene flood waters in the 
Cold and Deerfield River undercut 
hillslopes causing up to 900 ft 
slides along MA Route 2 (Fellows/ 
Condit), dumping large amounts of 
sediment into the Connecticut 
River, seen from space (NASA)



http://waterwatch.usgs.gov 
Drought Years in Massachusetts: 
1965-66 (#1-2) 
1981 (#5) 
1985 (#3) 
2002 (#4) 
2016 (#13) 

Quabbin reservoir pump intake station during the 
historic drought of 1965-1966



http://waterwatch.usgs.gov 
Drought Years in Massachusetts: 
1965-66 (#1-2) 
1981 (#5) 
1985 (#3) 
2002 (#4) 
2016 (#13) 

The (UMass) Amherst Campus itself 
became a dramatic example of the 
problem in early September (1980) when 
nearly 19,000 students were sent home 
for three days because the water ran out. 



http://waterwatch.usgs.gov 
Drought Years in Massachusetts: 
1965-66 (#1-2) 
1981 (#5) 
1985 (#3) 
2002 (#4) 
2016 (#13) 

Massachusetts 
Wetlands 

Protection Act 



Timeline of Water Policy and 
Regulations 

1972 
Clean Water Act 
Establishes basic 

structure for 
regulations on 

pollutant discharge 

1992 
Water 

Conservation 
Standard 

Was created to 
aid MA water 
suppliers with 

water efficiency 

2004 

Water Policy Act 
uses previous 

policies to influence 
economic growth 
and sustainable 

water use 

2006 
Water 

Conservation 
Standard 
based on 
previous 

standard but 
involves 
everyone 

2012 
Sustainable 

water 
Management 

Initiative 
Framework 
Released 

SWMI Pilot 
project Case 

studies 
2013 1986 

Massachusetts Water 
Management Act 

Allows Mass DEP to 
regulate quantity of 

Surface and Groundwater 
withdrawal 

USGS 
Scientific 

Investigative 
Reports 

published 
2009 - 
2011 

2014 
SWMI 
starts 

proposed 
permit 

schedule 



http://waterwatch.usgs.gov 
Drought Years in Massachusetts: 
1965-66 (#1-2) 
1981 (#5) 
1985 (#3) 
2002 (#4) 
2016 (#13) 

Surface Water 
Management 

Initiative (SWMI) 
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Energy balance of the earth 
•  Input – Output = Heat 



The State of Climate Science 
(this is not new…) 

•  Global temperatures are increasing 

•  Sea level is rising 

•  These affect the hydrologic cycle 

•  The cause is anthropogenic 

Welcome to the 
Anthropocene 



B
ack in tim

e à
 

today 



Climate Observations and Future 
Predictions: It Matters. 

•  Weather and Climate Variables 
– Temperature, Precipitation, Winds 

•  Extreme Phenomena 
– Monsoons, El Niño, (Extra)tropical Cyclones 

•  Impacts on the Physical Environment 
– Floods, Droughts, Sealevel rise, Coastal 

Erosion, Permafrost melting 



How does temperature change effect the 
hydrologic cycle? 

The Climate System

• air
• water
• energy
• pressure



Warm air holds more moisture 

The Climate System

• air
• water
• energy
• pressure



Changes in the Hydrologic Cycle 
•  Temperature over the oceans rises 
•  Sea surface temperatures increase 
•  Ocean heat content increases 
•  Sea ice melts, volume decreases 
•  Sea level rises 
•  Humidity increases 
•  Troposphere air temperatures increase 
•  Land surface temperatures increase 
•  Glaciers melt 
•  Snow-covered area decreases 



Climate change predictions for the 
N.E. U.S. and the hydrologic cycle 

•  More winter rain (4”) 
•  Increased snow density  
•  More days T > 90°F 
•  Longer growing season  
•  Rising sea-surface 

temperatures and sea 
levels 

•  Earlier peak river flows 

Summary from: Frumhoff, et al,. 2007. Confronting Climate Change 
in the U.S. Northeast: Science, Impacts, and Solutions. NECIA, UCS.

•  Less snow 
•  Reduced extent of snow 
•  Shorter winter 
•  Earlier breakup of winter 

ice on lakes and rivers 
•  Earlier spring snowmelt 



Temp. 

 (Rawlins et al., JGR 2012) 

REA:  ∆T (2041–2070 minus 1971– 2000), 
AVE: averaged ∆T,  
VAR: natural variability  
  



Consequences of rain vs. snow: 

•  Shorter duration winter 
– Effects on recreation and tourism 
– Less water “storage time” in snowpack 

•  Early, warmer spring 
– More mosquitoes (and associated 

illness) 
– Spring flooding 

•  Longer growing season 
– Forest changes 
– Some crops like it cold 

Summary from: Frumhoff, et al,. 2007. 
Confronting Climate Change in the 
U.S. Northeast: Science, Impacts, and 
Solutions. NECIA, UCS.



 (Rawlins et al., JGR, 2012) 

Precip. 



Consequences of rising sea level:  
 • Coastal flooding 
 • Increased damage from storm surges 

Today’s 100-year coastal floods are projected to recur much 
more often. On average, under the scenarios of:  

   Higher-emissions vs. lower-emissions 
    there will be a 100-year flood every: 

•  Boston   1-2 years           1-2 years (50-100%) 
•  Atlantic City  1-2 years           1-2 years 
•  Woods Hole  9 years (11%)  21 years (5%) 
•  New York City  11 years (9%)  22 years (5%) 
•  New London  17 years (6%)  32 years (3%) 

Adapted from: Frumhoff, et al,. 2007. Confronting Climate Change 
in the U.S. Northeast: Science, Impacts, and Solutions. NECIA, UCS.



Consequences of changing precipitation: 

•  Increased intensity of precipitation 
–  Landslides 
–  Erosion 
–  Flooding 

•  Increased frequency of extreme events 
–  Design storms are inadequate predictions 
–  Storm surge damage 

•  Increased likelihood of droughts 
–  Water shortages for crops and municipal supply 

Summary from: Frumhoff, et al,. 2007. Confronting Climate Change 
in the U.S. Northeast: Science, Impacts, and Solutions. NECIA, UCS.



Consequences of changing precipitation: 

•  Increased intensity of precipitation 
–  Landslides 
–  Erosion 
–  Flooding 

•  Increased frequency of extreme events 
–  Design storms are inadequate predictions 
–  Storm surge damage 

•  Increased likelihood of droughts 
–  Water shortages for crops and municipal supply 

Summary from: Frumhoff, et al,. 2007. Confronting Climate Change 
in the U.S. Northeast: Science, Impacts, and Solutions. NECIA, UCS.



Let’s talk about the drought 













http://waterwatch.usgs.gov 



30-day average streamflows 





September 19, 2016

Wetness percentiles are relative to the period 1948-2012

Projection of this document is Lambert Azimuthal Equal Area

http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx

Cell Resolution 0.125 degrees

GRACE-Based Surface Soil  Moisture Drought Indicator

The surface layer is defined as the top 2 centimeters of soil

http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx 

GRAVITY ANOMALIES = CHANGES IN WATER 
CONTENT AT EARTH’s SURFACE 



September 19, 2016

The rootzone is defined as the top 1 meter of soil

Projection of this document is Lambert Azimuthal Equal Area

http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx

Cell Resolution 0.125 degrees

GRACE-Based Root Zone Soil  Moisture Drought Indicator

Wetness percentiles are relative to the period 1948-2012



September 19, 2016

Wetness percentiles are relative to the period 1948-2012

Projection of this document is Lambert Azimuthal Equal Area

http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx

Cell Resolution 0.125 degrees

GRACE-Based Shallow Groundwater Drought Indicator
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Historical Context of drought in New England: 
D1 (1962-1967) – Quabbin was 20 feet lower than today 
D2 (1980’s) – UMass was closed to conserve Amherst water supply 
D3 (2000’s) – SWMI discussions began 
 
The current drought: 
Not yet in the top 5 
Since ~2013 (droughts are not 1 year events) 
During the growing season! Impacts farmers, home owners, gardeners 
 
Rain à groundwater à streams can take 5-25 years to become baseflow 
 
 

1940 1950 1960 1970 1980 1990 2000 2010 



A Global Problem 
(but solutions and consequences are local) 

•  Ultimately, emissions controls MUST be 
addressed on a global scale 

•  Local Adaptation and Mitigation are of 

critical importance to Resilience 



First, some Geologic Context 



49 







Glacial Lake Hitchcock Varve Record, 17.5-13.5 ka BP 

Rittenour, Brigham-Grette and Mann, 2000, Science 
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How can we be drought resilient? 
…at a time like this? 

1. It’s not 
that bad 

(yet) 
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CURRENT MUNICIPAL WATER USE RESTRICTIONS

DEVENS

Non-Essential Outdoor Water Use Restrictions
as of September 12, 2016

No Restriction Reported / Registered Only System

Very Small or No Municipal Water SupplyMandatory Restriction

1 Day of Watering per
week or Less Allowed

Voluntary Restriction

RESTRICTION LEVEL BY TOWN

The Municipal Water Use Restrictions List* specifies
which Public Water Suppliers are instituting restrictions

* The Municipal Water Use Restrictions List can be found at
http://www.mass.gov/eea/docs/dep/water/resources/n-thru-y/wateruse.pdf

 
 
Mandatory water use restrictions… include the following 
prohibitions: 
•  1. Watering lawns, perennial or annual plants/flowers by any method. 

2. Washing cars or trucks at non-commercial vehicle washes. 
3. Washing of buildings, sidewalks or patios. 
4. Filling of swimming pools. 

 
The following water uses are allowed under these mandatory 
restrictions: 
•  1. For the production of food and fiber for personal use or commercial sale. 
•  2. For the maintenance of livestock. 
•  3. To meet the core functions of a business (for example, irrigation by plant 

nurseries as necessary to maintain stock). 
•  4. For health and safety reasons. 

2. Follow recommended 
guidelines 



Try permaculture techniques 

•  Rain barrels 
•  Straw mulch 
•  Water reuse 
•  No-till/low-till 
•  Perennials 
•  Diversified crops 





Consequences of changing precipitation: 
•  Increased intensity of precipitation 

–  Landslides 
–  Erosion 

– Flooding 
•  Increased frequency of extreme events 

–  Design storms are inadequate predictions 
–  Storm surge damage 

•  Increased likelihood of droughts 
–  Water shortages for crops and municipal supply 

Summary from: Frumhoff, et al,. 2007. Confronting Climate Change 
in the U.S. Northeast: Science, Impacts, and Solutions. NECIA, UCS.









supporting ecologically restorative flood prevention and remediation in New England 

geo.umass.edu/riversmart 

Being river-smart means: Managing rivers and riverside landscapes, as 
well as our own actions and expectations, so people and communities 
are more resilient to river floods. Specifically: reducing flood severity, 
flood damage, and flood costs by understanding and accommodating 
the natural dynamics of rivers and river floods. 
 
 



Lesson: Rivers move    
     more than water. 

Water 

Sediment 
Debris 



House in the White River valley 
Source: Jerry LaBlond, The Herald. Reprinted in  
Drysdale, M. D., S. Morris, and S. Levesque. 2012. 
The Wrath of Irene: Vermont's Imperfect Storm of 
2011. Randolph, VT: The Public Press. 
 

Lesson: During floods, 
mountain streams can 
rapidly erode, undercut 
and carry away parts of 
the landscapes around 
them. 



Lesson: Eroded 
material is deposited 
where the river 
reaches turn to flatter 
valleys below. 

Photo by Chris Condit (UMass)/John Fellows  



“River claims a new channel through VT RT100” 
Source: From Mansfield HeliFlight, printed in Vermont Agency of Natural Resources Climate Change Team 2012: 

“Tropical Storm Irene by the Numbers,” http://www.anr.state.vt.us/anr/climatechange/irenebythenumbers.html 

Lesson: When rivers cannot 
access their floodplains, the 
force and damage of the 
flood continues for those 
downstream. Alternatively, 
rivers sometimes break 
through obstacles to reach 
their floodplains. Either way, 
the result is often disastrous 
to human-built structures. 



The River 
Corridor 

Planning for Flood Recovery and Long-Term Resilience in Vermont 

 
Figure 5. This graphic illustrates the four categories of approaches to enhance resilience to future floods. Credit: Vermont 
Agency of Commerce and Community Development. 
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www.epa.gov/smartgrowth report no. EPA 231-R-14-003, July 2014  

The river corridor is the 
area where channel-driven 
fluvial processes, including the 
river’s natural movement of 
water, sediment, debris and 
other materials, affect or are 
likely to affect the landscape, 
based on current, historic, and 
projected conditions. 

Giving rivers enough 
room to be rivers 
•  Resilience 
•  Ecosystems 
•  Floodplains 
•  Infrastructure 


