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Plan  for Today

• Overview of  UMass-Amherst Hydrology 
Research Program

• Quick Look at 2020 Drought Impacts
• Scientific perspective on NE Hydrological 

changes
• Needed Research Investments





USGS Circular, 1040

Groundwater and Surface water: A 
Connected Resource

Soil and ground 
water sustain 
surface water 
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! Surface Water Sites 2018

Streams

HUC10 Watershed ¯0 30 6015 Miles

Surface Water Sampling LocationsSurface Water
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!( Groundwater Sites

Streams

HUC10 Watershed ¯0 30 6015 Miles

Groundwater Sampling LocationsGroundWater

Massachusetts Isotope Monitoring Project

0 50 10025 Miles

Tidmarsh

Cape Cod Rivers 
Observatory

Western Mass 
Well Monitoring

Bennington PFAS

Gates 
Pond

Quabbin
Reservoir

CT River 
Watersheds

Deerfield River 
Watershed

Nantucket
Fossil GW

Plymouth-Carver
Isoscape

Charles River 
Watershed

Blackstone

Map Displays d18O-H2O ‰ of Groundwater
Blue -> Red values get more positive
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! Surface Water Sites 2018

Streams

HUC10 Watershed ¯0 30 6015 Miles

Surface Water Sampling Locations
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Statewide –
60% of stream water older than 2-3 months
98% of ground water older than 2-3 months

Groundwater and stream water dominated by cold-
season precipitation

Strong west –east distinction in isotopic composition

UMass Massachusetts Surface and Ground Water 
Isoscape Project
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Common 
Misunderstood facts 
of New England 
Hydrology and 
Hydroclimate

1. Summer in New England is not ‘drier’ than winter
2. Vegetation plays important (huge!) role in the 

water balance
3. High summertime temperatures are not major 

contributing factors to drought – longer growing 
season is key

4. Water budget does not close on the annual or 
hydrologic year

5. Tropical Cyclones are a very large (critical!) 
component of the water budget

6. Shallow upland soils/sediments are major 
contributors to streamflow and aquifer recharge

7. Water in streams does not get there by ‘running 
off’ over the land surface

8. Summer-time precipitation key to preventing water 
table drop



Seasonality of Long-term average 
of monthly Precipitation is 
essentially constant
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1. Summer in New 
England is not ‘drier’ 
than winter



Common 
Misunderstood facts 
of New England 
Hydrology and 
Hydroclimate

1. Summer in New England is not ‘drier’ than winter
2. Vegetation plays important (huge!) role in the 

water balance
3. High summertime temperatures are not major 

contributing factors to drought – longer growing 
season is key

4. Water budget does not close on the annual or 
hydrologic year

5. Tropical Cyclones are a very large (critical!) 
component of the water budget

6. Shallow upland soils/sediments are major 
contributors to streamflow and aquifer recharge

7. Water in streams does not get there by ‘running 
off’ over the land surface

8. Summer-time precipitation key to preventing water 
table drop



Annual stream flow and ground 
water trends are controlled by P-
PET and snow melt
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2. Vegetation plays a 
huge role in the water 
balance



Common 
Misunderstood facts 
of New England 
Hydrology and 
Hydroclimate

1. Summer in New England is not ‘drier’ than winter
2. Vegetation plays important (huge!) role in the 

water balance
3. High summertime temperatures are not major 

contributing factors to drought – longer growing 
season is key

4. Water budget does not close on the annual or 
hydrologic year

5. Tropical Cyclones are a very large (critical!) 
component of the water budget

6. Shallow upland soils/sediments are major 
contributors to streamflow and aquifer recharge

7. Water in streams does not get there by ‘running 
off’ over the land surface

8. Summer-time precipitation key to preventing water 
table drop



3. High summertime temperatures are not major 
contributing factors to drought

• Plants use less water (less transpiration) during precipitation deficits
• A 2-3 C increase in temperature only raises PET by 2-5%
• Historical analysis of droughts shows no correlation with 

temperature 
• Weather conditions that lead to drought – high pressure systems –

often are accompanied by clear skies and warm weather
• Limited open water body evaporation compared to forest 

landscapes



Small year to year 
variability in ET – larger 
trends – here downwards 
due to forest 
age/sucession











Common 
Misunderstood facts 
of New England 
Hydrology and 
Hydroclimate

1. Summer in New England is not ‘drier’ than winter
2. Vegetation plays important (huge!) role in the 

water balance
3. High summertime temperatures are not major 

contributing factors to drought – longer growing 
season is key

4. Water budget does not close on the annual or 
hydrologic year

5. Tropical Cyclones are a very large (critical!) 
component of the water budget

6. Shallow upland soils/sediments are major 
contributors to streamflow and aquifer recharge

7. Water in streams does not get there by ‘running 
off’ over the land surface

8. Summer-time precipitation key to preventing water 
table drop



4. Water Budget 
does not close 
on annual basis
Precipitation deficits 
from years prior 
impacts the water 
level recovery in 
later years



Common 
Misunderstood facts 
of New England 
Hydrology and 
Hydroclimate

1. Summer in New England is not ‘drier’ than winter
2. Vegetation plays important (huge!) role in the 

water balance
3. High summertime temperatures are not major 
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Outstanding Questions that Need Investment
• Why are single (multiple?) annual precipitation deficits leading to 

more severe reductions in water availability compared to 
historical multi-year droughts (e.g. 1960s)?

• What are the impacts of more frequent droughts on year-to-year 
water budgets?

• What is the role of increasing length of growing season on water 
availability and drought impacts?

• How is water management and urbanization impacting hydrologic 
response to drought in New England?

David Boutt (dboutt@geo.umass.edu)@davidboutt

You can’t manage what you don’t understand



UMass Groundwater Symposium, January 
2020

• Link to Recorded Symposium Presentations
• https://echo360.org/media/1559c8e5-0545-4650-

8a4e-0ec6d1c28e66/public
• Link to Google Drive Repository of Presentation PDFs
• https://drive.google.com/drive/folders/1pr1hMvU_n

Gi-dqlMapJG4_lqk2aiillv

https://echo360.org/media/1559c8e5-0545-4650-8a4e-0ec6d1c28e66/public
https://drive.google.com/drive/folders/1pr1hMvU_nGi-dqlMapJG4_lqk2aiillv

