Hydrologic and Water Temperature Response
to Climate Variation in New England

Robert Lent, USGS Maine WSC

)

)
\

= USGS

science for a changing world



New England Hydrology is Sensitive to
Climate Change

e Spring runoff
dominates the annual

LOESS smooths of winter/spring center of volume dates
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Variations in Timing

JULIAN DATE
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Timing of Hydrologic Response
to Climate Change

Modeled maximum annual snowpack water-equivalent
changes in the Royal River basin in southern, Maine
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Regional Variation

e Maine
— Timing
— Mountains to the Coast

e New England
— Significance
— North to south

Regional gradients

— Direction
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EXPLANATION

v Significant frend (p<0.01)
toward earlier flows

Y  Ssignificant frend (p<0.1)
foward earlier flows

\ @] Insignificant frend (p=0.1)
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Water Temperature,

Wild River, Gilead, Maine

(Benchmark)

Trends in water temperature, Wild River,

Gilead, Maine

¢ Aprii B May June ----- Linear (April) ==--- Linear (May) ----- Linear (June)
20 +
w15 | cAmmm—=mm—--=h-dpsopgeSo o TTTTTTTTN
2 .
(7]
]
o
g - O _. L e _H.._l_.__._.-
| - B - - .
E" Ny .l 0 O - .
0 5 o . . s .
¢ 4 E S PSR
2e et - - +
ave, TV ¢ ", . .
0 : | | | |
1960 1970 1980 1990 2000 2010

)

)
\

= USGS

science for a changing world

Updated from Huntington, et al. 2003



Water Temperature,

Penobscot River, Eddington, Maine
(NASQAN)

e April e May June ——Linear (April) ——Linear (May) ——Linear (June)
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Water Temperature,

Lake Auburn, Maine
(Supplied)

Lake Auburn Temperature at Drinking Water Intake
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Hydrologic Variables

Annual

e Streamflow

e Magnitude of
annual flow

e Magnitude of
annual peak
flow

* Frequency of
peaks above

base
e Rain/Snow/Ice
e Annual
Temperature
e Annual

precipitation
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Winter/Spring

Streamflow
e Timing of winter-spring
runoff
Groundwater

 Timing of seasonal
peaks

e Amount of seasonal
recharge

Rain/Snow/Ice
e River ice thickness
e |ce-affected flow
e Lake ice out
e Late-winter snowpack
* Snow/rain Ratio
e Seasonal Temp
e Seasonal precip

Summer/Fall

Streamflow

e Magnitude of
summer baseflow

Groundwater

e Timing of
seasonal
maximum and
minimum

e Amount of
seasonal
recharge

Rain/Snow/Ice

e Seasonal
Temperature

e Seasonal

precipitation



Hydrologic Variables

Timing Amount

e Streamflow e Streamflow
— Timing of winter-spring runoff — Magnitude of annual flow
— Frequency of peaks above base — Magnitude of annual peak flow

e Groundwater — Magnitude of summer baseflow
_ Timing of seasonal maximum and — Magnitude of summer stormflow

minimum — Magnitude of runoff/unit area

e Rain/Snow/Ice e Groundwater

— Days of ice-affected flow — Amount of seasonal recharge

— Date of spring lake ice-out ° Rain/snow/lce

— River ice thickness
— Late-winter snowpack
— Snow/rain ratio
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Temperature

Precipitation
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New England Variables

*Timing of spring
snowmelt runoff
oLake ice out
«.Snow/Rain ratio

Annual flow
Annual peak flow

Magnitude of
summer base flow
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Proposed New England Climate
Response Network

e Spatial variability of
hydrologic variables

Climate Response Units
010101 - Aroostook West

e Regional boundaries

— Major watersheds
— USEPA Ecoregions

Important resources
— Critical habitat
— Native American lands

— Federal lands
— Drinking-water supplies
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Cimatm Response Units

Annual Mean Runoff

01010000
Annual Mean Runoff LOESS Trends 01010500
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Cimatn Resgonse Units ¥ -
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Winter-spring Streamflow Timing LOESS Trends
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Proposed New England CRU

e Two intensive stations in
each Climate Response Unit

e Data Collection

— Continuous water
temperature

— Continuous air temperature

* Modeling
— Calibrated watershed model
— PRMS

Opportunity for additional
data collection
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Climate Response Units

010101 - Aronstook West
010102 - Aroostaok Fast
010103 - White Muountain
nozon - Eastern Maine
niozoz - Central Maine

UUUUUU - Middle Connecticut
nnnnnn - St Lawrence
010401 - Gulf of Maine
010402 - Lang Island Sound
nnnnnnn Lower Connecticut
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Mean Monthly Water Temperature Sheepscot River at Whitefield USGS Station
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Provide Systematic Information to

Resource Managers
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Watershed Scale Response to Climate Change

TS

J2US

e 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

for a changing’ wn\ﬂﬂﬁ:

Stream Basin, Maine

Introduction

General Cireulation Mods] (GCM) simulations of future
climate through 2099 project a wide range of possible
scenarios (Intergovernmental Panel on Climate Change, 2007).
To determine the sensitivity and potential effects of long-term
climate change on the freshwater resources of the United
States, the US_ Geological Survey Global Change study,
“An integrated watershed scale response to global change in
selactad basins across the United States” was started in 2008.
The long-term zoal of this national study is to provide the
for based cli hange smdies

across the nation.

Fourtan basins for which the Pracipitation Runoff Model-

Watershed Scale Response to Climate Change—Cathance

Study Area

The Cathance Stream is an 85-square kilometer (km?) basin in
Washington County, eastern Maine, on the coast of the Atlantic
Ocean The stream is a tributary to the Demnys River. The basin
is rural and its rolling topography predominantly is forested with
wetlands, Iakes, ponds, bluebeny agrieulture fields, clear cuts,
partial cuts, ing forest, and light residential develop-
ment. The climate is temperate, with mild summers and cold
winters; normal mean annmal air temperature is about 7 degrees
Celsius (°C), with mean monthly air temperatures ranging from
zbou( 29+C mJimlzry to about 19 °C in July. Mean anmual

114 (em) and is
distributed filﬂ} avenly throughout the year. Mean annual
& (loss of water to the atmosphere by evapora-

ing System (PRMS) has been and d were

selectad as study sites. PRMS is a deterministic, distributed-
hed model developed to evaluate the effects

of various T ipi , and land

use an streamflow and gEnEﬁl Yo Bty Butyet o
five GCMs and four emission scenarios were used to develop
an ensemble of climate-change scenarios for each basin. These
‘were ated with the PEMS

model This fact sheet summanizes the hydrologic effects and
sensitivity of the PRMS simulations to clmmate change for the
Cathance Stream Basin 3t Edmunds, Maina (U.S. Gaological
Swrvey streamflow-gaging station 01021230; fig. 1) presented
in the project summary report (Markstrom and others, 2011
and a journal article (Hay and others, 2011).

tion from the soil and transpiration from plants) is about 46 cm.
The Dennys River and Cathance Stream are important

habitat for wild Atlantic salmon. Currently (2011), wild

Atlantic salmon populations are protected under the U S.

Endangered Species Aet of 1973 (16 USC Sec. 1331) and are

the subject of a comprehensive recovery program. The U3

Geale 1 Survey, m with the Mame D

of Marine Resources Bureau of Sea Run Fisheries and Habitat,

began a study m 2004 to charactenze the quantity, vanabality,

and timing of streamflow in the Demmys River (Dudlay,

2008). The study included the development and evaluation

of a distributed-parameter waterched model (PRMS). The

I watershed madeling waork supports several tasks directed at

USGS
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Watershed Scale Response to Climate Change

GCM model inputs from emissions scenarios: low (B1), medium (A1B), and high (A2)
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Watershed Scale Response to Climate Change

Projected changes in snowmelt-driven hydrology
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Watershed Scale Response to Climate Change

Projected shifts in snowmelt contribution to streamflow, all scenarios

*Basin mean streamflow

Streamflow,
cubic meters per second
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Estimating river water temperature using

ailr temperature: Sheepscot River
Atlantic salmon modeling

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

sInvestigation of changes in summer low
streamflows and stream temperatures and the
potential effects of those changes on
endangered Atlantic salmon populations
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Estimating lake-surface water temperature
from air temperature: Spednic Lake

*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
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Estimating lake-surface
water temperature from
ailr temperature: Spednic

Lake

Lake

Spednic

EXPLANATION

LAKE BOTTOM ELEVATION, in meters.
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Effects of Climate Change and Eutrophication on
Hypolimnetic Oxygen Demand in Lakes

Green Lake near Bangor, Maine
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Thank You

e For more information

— Bob Lent
USGS Maine Water Science Center

rmlent@usgs.gov

e For publications:

— http://me.water.usgs.gov/publications/climate.html
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