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ANTIOCH UNIVERSI'.I'Y NEW ENGLAND
Center for Climate Preparedness
and Community Resilience

Strengthen communities to prepare,
respond and recover in the face of

climate impacts and other disruptions
through collaborative, innovative
solutions.

communityresilience-center.org

. WA \
Dr. Abigail Abrash Walton
Co-Director CCPCR


http://www.communityresilience-center.org/

Climate Change Resilience

... a series of online courses focused on the fundamentals of climate change resilience.

Engage in each course for 4 weeks

Enroll for graduate credit or audit the course
Increase your skill set in climate resilience
for better outcomes

Discover solutions to local issues you face
on the job or in your community.
* Register for one course or the whole series.

http://www.communityresilience-

center.org/climate-change-resilience-series/



http://www.communityresilience-center.org/climate-change-resilience-series/

14_NT Climate Change Resilience Certificate

IJNIVERSITY Climate Response: Cost and Financing

NEW E NGLAND Online ( 1-credit) Course May 3, 2020 through May 30, 2020

Already communities are being
impacted by a changing climate. This
module focuses on the associated
costs analyses that should
accompany any on-the-ground

response to projected climate

. . Change in GDP per capita
impacts. Funding sources and it e g
financing strategies will be “100% 0% 200%

introduced.

resilience-center.org/climate-response-costs-and-financing-adaptation-online-course


http://www.communityresilience-center.org/climate-response-costs-and-financing-adaptation-online-course/

_ U.S. Climate
‘& Resilience
£+ Toolkit

Meet the challenges of a changing climate by finding
information and tools to help you understand and
address your climate risks.

toolkit.climate.gov

Dr. Ned Gardiner,
Engagement Manager



Logistics

If you have a question, please write it in the Q&A section (not Chat) and
select to All Panelists, so we can see the questions.

If you are having technical difficulty, please use Chat and send to Host,
SO0 we can address the issue with you directly.

The presentation will be recorded and posted to the Antioch website
within a week www.communityresilience-center.org




Vulnerability of Wetlands
In the Glaciated Northeast

Michael Simpson,

Center for Climate Preparedness
and Community Resilience

ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
and Community Resilience



Ice Out (Julian Day)

Average Ice Out Day Trend 1925-2005
(27 Lakes)




Headwater Zone - Vernal Pools
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Headwater Zone

MALL STREAMS

ANTIOCH UNIVERSITY NEW ENGLAND
AU Center for Climate Preparedness
and Community Resilience
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Ephemeral Hydrology

RI DEM



Hydroperiod affects:

Ecesis 26:4

Vernal Pool Hydrograph

Water Level (cm)
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Impact of Leaf-out
On Forested Vernal Pool Hydrology

Ppt and PEt (¢ms)

Average pool depth (c ms)
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Vernal Pool
Dissolved Oxygen & Temperature
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NH List of Vernal Pool Wildlife

V. Surv
NOTE: Provi
Species

Larvae
eniles

Species .
forming

iles (#)
Wood frog
Spotted s

Marbled
salamand

Blue spo
Jefferson
salamand

Mole sala
(unknowng_

Fairy shri

NH Fish & Game
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Range of Pool Sizes

N=34
water present
>80% of site visits
(1998- 2000)
Max depth .36-3.1 ft > 1.64 ft
Max area | 734-31762 | ft2 > 10800 ft2
Max vol |212-17862 | ft3 > 3530 ft3
Max Per 98 - 1272 ft

wFarr2011

adapted from Brooks & Hayashi 2002



What has been happening?

PIymouth, NH U.S. Drought Monitor
2011 New England Watershed
2016




Center of Runoff Volume Dates
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Mean Temperatures During Snow Making Season

Hubbard Brook NH
(1965 - 2015)
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Mean temperature (°C)
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Wilson et al 2018



Northern NH

Average Maximum and Minimum Temperatures
(1895-2012)
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Change in Frost & Bare Ground Days

(1917-2016)
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Rain on Snow
(1990 - 2010)

100~ B winter rainfall
_IWinter rain-on-snow

80~

New England
BB — Northeast ME
HB — Northwest NH
SR — Northeast VT
CT — Southeast NY

40 Ontario

PC — Southeast

HP — Southeast
TLW — South Central
ELA — Southwest

Precipitation falling as rain (%)
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and Community Resilien

Northern NH
Days Less Than 32° F

(1960-2012)

Berlin 168
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Notch 180
Hanover 151

i
e
(00

Wake et al 2014



Northern NH

Length of Growing Season
(1960-2012)
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Wake et al 2014



Summer

Winter
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Projected Change in Temperatures
(Southern NH)
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Projected Change in Winter Precipitation
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As temperatures rise, more falling as rain, less as snow

Hayhoe 2007, Wake 2008, NCA4 2018



High Elevation Vernal Pools:
The Meta-Population Challenge

Norwich VT S > Legend
7 vemal pools




H1

habitats
node

graph (exIsting link)
(distance < dispersal)

no graph
(distance > dispersal)
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Pietsch 2018

Connections (#)
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Leobowitz & Brooks 2008
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Migration Distances
Adult Vernal Pool Species

N, T

Spotte::fl salamander

B

lue-spotted and
Four-toed salamander

/“

Max. = 650 ft. Max. = 817 ft. Max. = 1550 ft. Max. = 2051 ft.
(mean =422 ft) (mean = 651 ft.)
(3 studies) (6 studies) {1 study) (3 studies)

Calhoun & deMaynadier 2004



Kissner 2014
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Ecosystem Engineers

# McLeish 2019

ANTIOCH UNIVERSITY NEW ENGLAND
AU | Center for Climate Preparedness
and Community Resilience



Ecosystem Engineers

ANTIOCH UNIVERSITY NEW ENGLAND
A l l Center for Climate Preparedness
and Community Resilience




Quebec, Canada

2o

Crincentis Bog, NH

ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
and Community Resilience
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ICE MARGIN

ICEBLOCKS IN
QUTWASH PLAIN

B KETTLE LAKE AT ICE
CONTACTON
LAKE IN

GROUND KETTLEIN PITTED OUTWASH
MORRAINE DRIFT - . _

o .,T :'__\ 2 &;{.-_- 3

Power 2015
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Peatland Development (Paludification)

Sphagnum establishment
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Sphagnum moss is capable
of absorbing 16X its air-dry
weight.

Kummel 1925

Undecomposed moss peats
in the surface horizons
contained the most water
at saturation (95 to nearly
100% by volume).

Boelter 1964
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SOIL PORE SPACE WITH WATER FILM
AU | S

Thin film of
water adhering
very tightly

to surface

of soil grain

Partly drained
soil pore

Soil Rty ey i T g Water held in
particle FREAORIELeRa P it | narrow necks-
UL AT ¥, of soil pores
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Center for Climate Preparedness
and Community Resilience

Simpson - NRRA 2016
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Projected Increase in CO, Equivalents

COs- equivalent
(@pm} o
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Observed Changes in Annual Average Temperature

Change in Change in Annual Change in Annual
NCA Annual Average  Average Maximum Average Minimum
Region Temperature Temperature Temperature
Contiguous 1.23°F 1.06°F 1.41°F
U.S.
Northeast  1.43°F 1.16°F 1.70°F
Projected Changes in Annual Average Temperature
Low Emissions High Emissions Low Emissions High Emissions
Mid-Century Mid-Century Late-Century Late-Century
NICA Region (2036-2065) (2036-2065) (2071-2100) (2071-2100)
Northeast 3.98°F 5.09°F 5.27°F 9.11°F

nnnnnnnnnnnnnnnnnnnnnnnnnnn
AU | Center for Climate Preparedness
and Community Resilience N CA4 20 18



Annual Precipitation

Winter Precipitation

ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
and Community Resilience
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Northern New Hampshire

Change from historical (+ or-)

Indicators

Low High High
Emissions  Emissions | Emissions  Emissions

Low High
Emissions  Emissions

Precipitation (inches)

Annual mean 3.5 22 10.1% 52 6.2 13
Winter mean 11 09 14.1 % 1.5 1.8 24
Spring mean 1.0 0.8 16.8 % 1.6 1.9 &
Summer mean 14 04 4.8 % 14 1.9 0.7
Fall mean 01 0.2 7.8% 09 0.8 1.7

A| | | Center for Climate Preparedness Wake et al. 2014
and Community Resilience



Trends in Drought over the Northeast United States

1901-2015
Frequency Intensity Duration
215 051
21 05
r1049
1205
0.48
2
0.47
1.95
0.46

AU | EenieriorCiimats preparedness Krakauer et al 2019



Peatland Water Table: Pre/Post Leaf-out

ANTIOCH UNIVERSITY NEW ENGLAND
AU | Center for Climate Preparedness
and Community Resilience



CcO

Sphagnum Resilience

Drought

Porosity

Temperature

Soil
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Al l I Center for Climate Preparedness
and Community Resilience

b ™ Hydraulic
Decomposition
conductance

mems——— [Nncreases
== == mm Decreases
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SANDWICH MORAINE WETLAND
%_L PEAT STRATIGRAPHY
Coarse Sand with Pebbles
(Cranberry Bog)

Desiccated Moss Peat
. (Dewatered)

Mos's Peat

Charcoal Unit
Moss Peat

._‘LA‘bggcharcoa1 Layers

Wood Moss Peat

Wood Peat

Depth in Feet Below Surface

Reed Sedge Peat

Limnic Peat with S11t and Clay
Coarse Sand(Anoxic Odor)

Leached Coarse Sand with
Pebbles and Wood Fragments

FeO and MnO Cemented T111

ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
and Community Resilience
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Peters 1987
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Large-scale Drivers for Sea-Level Rise

GMSL Rise 1971-2010 1993-2010
Component median range (5-95%) median range (5-95%)
Thermal expansion 0.8 0.5to 1.1 1.1 0.8to 1.4
Clactets ootincuding 0.68 0.22 to 1.08 0.86 0.32 to 1.26
Greenland Ice Sheet na na 0.33 0.25t0 0.41
Antarctic Ice Sheet na na 0.27 0.16 to 0.38
Land water storage 0.12 0.03-0.22 0.38 0.26 to 0.49
Total contributions 2.8 23t03.4
Observed GMSL rise 3.2 2.8t0 3.6

Table 2.3. Estimated contributions to global mean sea-level (GMSL) rise (mm per year). Data
from Church et al. (2013, Table 13.1).

uuuuuuuuuuuuuuuuuuuuuuuuuuu
Center for Climate Preparedness
and Community Resilience

Church et al. 2013



Portland Maine Sea-level
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Salt Marsh Vegetation Zonation

Spartina patens

Short form T —
Spartina alternifiora . Increasing physical stress _

Increasing comperition

A

Increased
salt stress

. ' O - g LA Extreme high spring rides
Watson et al. 2017 O | i (I [ T TS AN WU 171 4 21 A and storm tides

. Mean hightide
. Mean lowrtide

‘ boidir Panne

Upland Irregularly Flooded Zone Regularly Flooded Subtidal Zone

Zone
| I | |
[ | | 1

Salt Marsh Flat Coastal Waters

ANTIOCH UNIVERSITY NEW ENGLAND . .
Center for Climate Preparedness Tiner & Milton 2015
and Community Resilience
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Odiorne Point State Park
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Fairhill Swamp
Write a description for your map.
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Fairhill Swamp
Write a description for your map.

ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
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Gulf of Maine Sea Level History

13,000 Years Before Present (ybp) to Modern
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@ ~13,000 ybp sea level ~70 m higher
@ ~11,000 ybp sea level ~“55 m lower

@ ~3,000 ybp sea level very close to
present. Present shoreline development
begins.

Based on Dickson (1999), Barnhardt (1994) and Belknap et al., (1987).

Ward 2008



Timing of Last Glacial Retreat
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Last Glacial Maximum Ice Thickness (meters)

1000Km

..........................
AU | Center for Climate Preparedness
and Community Resilience

Dyke et al. 2003



|sostatic Response Post-glacial Advance
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Hampton NH: Sunny-day Flooding:
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Variance in Sea-level Rise
Along Atlantic Coast
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Kirshen et al. 2008
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Robin Lubbock
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Historic Change to Salt marsh
Along Atlantic Coast

_ Mary Donovan Marsh | Sepowet

Center for Climate Preparedness Watson et al. 2017
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AU




Boston: The Future 100-Year Flood
under the Higher-Emissions Scenario

~—

4Landmarks

. TD'Banknorth Garden
. North Station
..Haymarket T Station
. Holocaust Memorial
Faneuil Hall
Quincy Market
. Christopher Columbus Park
sAquarium T Station
- 1. Long Wharf
.+ J. New England Aquarium

T OoOMMmMmo s>

ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
and Community Resilience I Current 100-year flood zone

BN Projected 100-year flooded area (higher-emissions scenario)
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Historic Rate of Sediment Accumulation

(cm/100 years)
Accretion Subsidence Net. . Age
Accumulation (vears)
MA Coast
Spartina alterniflora 51 30 31 490
Spartina patens as 30 8 600
Chapman, 1990
Low Marsh Peat High Marsh Peat




Loss of High Marsh Vegetation Cover

a) Spartina patens percent cover - Coggeshall Marsh
50

40-
30-
20
10-

cover (%)

0 I | | | |
b) Spartina patens percent cover - Nag Marsh

50
40-
30+
20+
10-

0

cover (%)

J J ] ]
2000 2002 2004 2006 2008 2010 2012 2014

Watson et al. 2017
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Mean Sea Level (MSL)

Salt Marsh Accretion/Subsidence

Rod SET Feldspar
(~3-25m deep) Marker
Horizon
(Surface)
0. i | LI R R 1 i [ ] Net elevation change

] | [ZA Accretion

mean 1.83 mm 1

o

N
AV
(&)

E
=
i Rate (mm yr’)
NN
NN

NN

O O WO DO O P VOO0V HPO N O &
Pl Pl
f (UNH) (NBNERR)
Deep
Subside
USGS t

w

NN

JHC




Center for Climate Preparedness

and Community Resilience

ANTIOCH UNIVERSITY NEW ENGLAND

AU



ion

t

igra

ted Tidal Marsh M

Projec

Duxbury MA

Massachusetts

k)

Town of Duxbury

1al

Potent!

:] Not suitable for migration

B 1-Low

Salt Marsh Migration

vy
A

.

[:] 2 - Low to Moderate

Map

Study Area

Massachusetts

Bay,

Dusbury

Extent of Existing Salt Marsh

I:J 3 - Moderate

Ly

[ 4 - Moderate to High

i
AT

Kent 2010



, s&%ﬁ:

7k
N

NV S,
»(whmr

Center for Climate Preparedness

and Community Resilience

ANTIOCH UNIVERSITY NEW ENGLAND

AU



ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
and Community Resilience

AU




ANTIOCH UNIVERSITY NEW ENGLAND
Center for Climate Preparedness
and Community Resilience

AU




PAESS  udi

Association for Environmental Studies and Sciences N E 1."'; E. :\.T G I_,. 1-'-'1., :"\T D

Diversity and the Environment Webinar Series

Diversity in Higher Education: Creating Equity in Evaluation of Faculty
Wednesday, May 6, 2020 — 12:00-1:00 PM EDT

http://www.communityresilience-center.org/diversity-and-the-environment
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This concludes our
2019-20 Webinar Series.

Make sure to join our mailing list so
that we can let you know once our
2020-21 series Is announced.




