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New England Hydrology is Sensitive to 
Climate Change

• Spring runoff 
dominates the annual 
hydrograph

• Occurring significantly 
earlier in northern 
New England in 
recent years

• Timing related to air 
temperatures

Hodgkins and others, 2003
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LOESS smooths of winter/spring center of volume dates 
          for 13 longest-record rivers in New England
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Variations in Timing
Damariscotta Lake ice-out dates

Long-term variationMulti-decadal variationShort-term variationInterannual variation
173 years of record: 1837-2010



Timing of Hydrologic Response 
to Climate Change

Modeled maximum annual snowpack water‐equivalent 
changes in the Royal River basin in southern, Maine

0° C +2° C +4° C +6° C
0 % 0 % ‐50 % ‐75 % ‐86 %

+15 % +20 % ‐38 % ‐71 % ‐83 %
+30 % +42 % ‐25 % ‐67 % ‐80 %

Temperature change
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Regional Variation

• Maine
– Timing
– Mountains to the Coast

• New England
– Significance
– North to south

• Regional gradients
– Direction

Hodgkins and Dudley, 2006 Hodgkins and others, 2003



Water Temperature, 
Wild River, Gilead, Maine

(Benchmark)
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Trends in water temperature, Wild River, 
Gilead, Maine

April May June Linear (April) Linear (May) Linear (June)

Updated from Huntington, et al. 2003



Water Temperature,
Penobscot River, Eddington, Maine

(NASQAN)
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Water Temperature, 
Lake Auburn, Maine

(Supplied)
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Lake Auburn Temperature at Drinking Water Intake

10-Apr 20-May 20-Jun 20-Jul Linear (10-Apr) Linear (20-May) Linear (20-Jun) Linear (20-Jul)



Hydrologic Variables

• Streamflow
• Timing of winter‐spring 

runoff
• Groundwater

• Timing of seasonal 
peaks

• Amount of seasonal 
recharge

• Rain/Snow/Ice
• River ice thickness
• Ice‐affected flow
• Lake ice out 
• Late‐winter snowpack
• Snow/rain Ratio
• Seasonal Temp
• Seasonal precip

• Streamflow
• Magnitude of 

summer baseflow
• Groundwater

• Timing of 
seasonal 
maximum and 
minimum

• Amount of 
seasonal 
recharge

• Rain/Snow/Ice
• Seasonal 

Temperature
• Seasonal 

precipitation

Summer/FallWinter/Spring

• Streamflow
• Magnitude of 

annual flow
• Magnitude of 

annual peak 
flow

• Frequency of 
peaks above 
base

• Rain/Snow/Ice
• Annual 

Temperature
• Annual 

precipitation

Annual



Hydrologic Variables
Timing

• Streamflow
– Timing of winter‐spring runoff
– Frequency of peaks above base

• Groundwater
– Timing of seasonal maximum and 

minimum

• Rain/Snow/Ice
– Days of ice‐affected flow
– Date of spring lake ice‐out

Amount

• Streamflow
– Magnitude of annual flow
– Magnitude of annual peak flow 
– Magnitude of summer baseflow
– Magnitude of summer stormflow
– Magnitude of runoff/unit  area

• Groundwater
– Amount of seasonal recharge

• Rain/Snow/Ice
– River ice thickness
– Late‐winter snowpack
– Snow/rain ratio

Temperature Precipitation



New England Variables

Temperature

Precipitation

•Timing of spring 
snowmelt runoff
•Lake  ice out
•.Snow/Rain ratio

•Magnitude of 
summer base flow

•Annual flow
•Annual peak flow



Proposed New England Climate 
Response Network

• Spatial variability of 
hydrologic variables

• Regional boundaries
– Major watersheds
– USEPA Ecoregions

• Important resources
– Critical habitat
– Native American lands
– Federal lands
– Drinking‐water supplies



Annual Mean Runoff



Winter‐Spring Streamflow



Proposed New England CRU

• Two intensive stations in 
each Climate Response Unit

• Data Collection
– Continuous water 

temperature
– Continuous air temperature

• Modeling
– Calibrated watershed model
– PRMS

• Opportunity for additional 
data collection
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Mean Monthly Water Temperature Sheepscot River at Whitefield USGS Station 
ID 10138000

April May June October

Linear (April) Linear (May) Linear (June) Linear (October)

Provisional, unpublished data from USGS records, compiled by T. 
G. Huntington.



Hadley Centre ocean‐
atmosphere model

Hadley Centre ocean‐
atmosphere model

Sheepscot River Basin 
watershed model

Sheepscot River Basin 
watershed model

Atlantic salmon 
population dynamics

Atlantic salmon 
population dynamics

•Simulates future temperature, 
precipitation for CO2 emissions 
scenarios

•Simulates future temperature, 
precipitation for CO2 emissions 
scenarios

•Simulates range of future hydrologic 
conditions on basis of future 
precipitation, temperature, land use

•Simulates range of future hydrologic 
conditions on basis of future 
precipitation, temperature, land use

•Simulates survival of endangered 
Atlantic salmon on basis of hydrologic 
conditions, temperature, and 
management strategies

•Simulates survival of endangered 
Atlantic salmon on basis of hydrologic 
conditions, temperature, and 
management strategies

Climate 
Response 
Network

Ecological 
Models

Global 
Climate 
Models

Hydrologic 
Models

Provide Systematic Information to 
Resource Managers 

•Key hydrologic 
variables sensitive 
to climate changes
•Appropriate 
variable for different 
scales

•Temporal and 
geographic context
•Regionalize results
•Evaluate 
projections



Watershed Scale Response to Climate Change 

• Watershed responses for 14 
basins across the United States

• Carbon‐emission scenarios from 
the World Climate Research 
Programme

• Statistically downscaled scenarios 
to representing  future climatic 
conditions



Baseline 11-year window is 1989-

GCM model inputs from emissions scenarios: low (B1), medium (A1B), and high (A2) 

Watershed Scale Response to Climate Change



Projected changes in snowmelt-driven hydrology

Watershed Scale Response to Climate Change



Projected shifts in snowmelt contribution to streamflow, all scenarios

Watershed Scale Response to Climate Change

Current conditions

Projected
2090



•National Climate Change and Wildlife Science 
Center (NCCWSC) Project

•Investigation of changes in summer low 
streamflows and stream temperatures and the 
potential effects of those changes on 
endangered Atlantic salmon populations

Estimating river water temperature using 
air temperature: Sheepscot River
Atlantic salmon modeling
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•Project with International Joint Commission, St. Croix River 
Board 
•Quantify effects, if any, of historical lake-level management and 
meteorological conditions (from 1970 to 2008) on smallmouth 
bass year-class failure

Estimating lake-surface water temperature 
from air temperature: Spednic Lake
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Estimating lake-surface 
water temperature from 
air temperature: Spednic
Lake



Effects of Climate Change and Eutrophication on 
Hypolimnetic Oxygen Demand in Lakes



Thank  You

• For more information
– Bob Lent 
USGS Maine Water Science Center
rmlent@usgs.gov

• For publications:
– http://me.water.usgs.gov/publications/climate.html


