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Resilient Shorelines:
Adapting to Climate Change
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Road map

• Global overview
• Regional trends in the Northeast: 

Warmer and Wetter
• Time for Action: A Renewed Focus on 

Shoreline and Riparian Zone 
Management
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117 Million Lakes on the Planet

Lakes Important for Biological 
Diversity

Freshwater ecosystems hold an estimated 12% 
of all animal species on Earth.

Lake Nakuru, Kenya
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Globally, Lakes Are Under Threat

Nutrient pollution, water diversions, invasive species, 
toxins…climate change and HABs.
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Warming Climate

Difference from average temperature (°F)

� 0 

NOAA Climate.gov

Lakes already feeling
effects of climate change

Lake Tanganyika photo by Pierre-Denis Plisnier
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Warming Lakes

Source: O’Reilly et al. 2015

Source: National Climate Assessment 2014

Ice Cover Decreasing
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Stratification Season
Becoming Longer

Source: State of Lake Tahoe 2012

Effects on Fisheries and Food Web

Source: E. Jeppeson
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REGIONAL TRENDS
A warmer and wetter Northeast
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Warming Lakes: Champlain

Credit: Lake Champlain State of the Lake 2015

Lake Sunapee, NH

Surprising find: blue-green algal blooms of 
“Gloeo” began to appear in 2004 in this 

oligotrophic (clear water) lake.
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Gloeotrichia blooms in Lake Sunapee, NH
Photos by Midge Eliassen

Source: National 
Climate Assessment 
2014

1958-2010
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Extreme Weather Events

Flooding and Extreme Rain Events 
Becoming More Frequent

Photo credit: LCBP

… and a network people, lakes and data

Global Lake Ecological Observatory Network
GLEON Networked lake science
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Source: Klug et al 2013

Sunapee Wind 
and Direction
Lake Sunapee, New Hampshire, USA

Source: K.C. Weathers, Cary Institute
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(a)Kensico
Reservoir

(b)Lake Lillinonah
(c)Roundout

Reservoir
(d)Ashokan

Reservoir
(e)Lake Lacawac
(f) Lake Sunapee
(g)Lake Onondaga
(h) Lac Croche
(i) Lac 

Simoncouche

Temporal variation in water 
temperature

Source: Klug et al. 2013

Ashokan Reservoir before and after Irene showing 
the brown inputs of terrestrial material. 

Photo credit: Perri Paul and Tom Mills, NYC DEP 
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TIME FOR ACTION

A Renewed Focus on Shoreline and Riparian Zone 
Management

Lake Champlain: Shoreline and 
Riparian Zone Management

Photos courtesy of LCBP

A combination of green and gray infrastructure.
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Lake Sunapee, NH
Road Culvert Re-sizing

Photos by Midge Eliassen

Planning based on past storms no longer adequate.

Lake George, NY
“Lake-saving Projects”

Erosion control and stormwater management
Photos courtesy of LGA
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Maine Lakes Society:
LakeSmart Program

Award program for installing shoreline protection measures.

Build resilience with sound shoreline 
and riparian zone management

• Establish shoreline buffer 
zones, with larger and wider 
buffer zones on steeper 
slopes.

• Incorporate the use of 
green stormwater
infrastructure and low 
impact development 
techniques.

• Place greater emphasis on 
shoreline and riparian zone 
management practices 
such as restoring natural 
shorelines and floodplain 
corridors.

• Establish greater 
connectivity amongst 
tributaries, floodplains, and 
wetlands to mitigate flood 
risk.

• Reconsider design 
standards for culvert sizing 
and backroads
management (decision 
making based on the 
probabilities of past events is 
no longer adequate).

• Take into account recent 
precipitation and 
temperature trends, as well 
as the most likely projected 
future climate trends.

Keep sediments and nutrients from washing into the lake!
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Go Jump in the Lake!
July is Lakes Appreciation Month!

Join the 2016 Secchi Dip-In!

www.lakeobserver.org
Try the GLEON Lake Observer Mobile App!

www.secchidipin.org
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Lisa Borre
Email: borrel@caryinstitute.org

Blog: http://voices.nationalgeographic.com/author/lborre/
Twitter: @lisa_borre

Thank You!
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Why High Frequency Data?

DO measurements from sensors and weekly observations on Shelburne Pond, VT
Source: Jason Stockwell, @dvm_uvm


