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Climate(change(poses(another(
significant(challenge(for(the(
United(States(and(the(world(at(
large.(As(greenhouse(gas(
emissions(increase,(sea(levels(
are(rising,(average(global(
temperatures(are(increasing,(
and(severe(weather(pa=erns(
are(accelera>ng.(.(.(.(.(These(
effects(are(threat(mul>pliers(
that(will(aggravate(stressors(
abroad(such(as(poverty,(
environmental(degrada>on,(
poli>cal(instability,(and(social(
tensions(.(.(.(.(>



www.climate.gov 



200>

400>

600>

800>

1000>

0>100,000>200,000>300,000>400,000>

ca
rb
on

>d
io
xi
de

>(p
pm

v)
>

Years Before 2100 AD>

Vostok Ice Core >

Atmospheric>Carbon>Dioxide>

IPCC>2001>

Current>

Clean>Energy>&>Efficiency>

Business as Usual>



Decadal>global>surfaceQair>temperature>(land>and>SST)>>

WMO>>2013>
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Northeast>US>>30>October>2011>

Were>You>Ready>for>the>Storm?>>

Seaside>Heights,>NJ>>Nov>2012>
Woodford,>VT>>28>Aug>2011>

Newmarket,>NH>>April>2007>>>



Burakowski>et>al.,>2008,>JGR>

Northeast>Winter>Temperature>Trends>1895Q2008>



4 Inch Precipitation Events by Decade  1963 – 2012 
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Northeast Regional Climate Ctr 
Atlas for Extreme Precipitation  
24 hr 100-year rainfall = 8.5” 
Data up through 2008 
http://precip.eas.cornell.edu/  

Updated 24-hour  100-year Design Storm 

TP-40  (Hershfield 1961) 
Rainfall Frequency Atlas 
24 hr 100-year rainfall = 6.3”  
1938-1957 

5> 6> 7>>>>>>>>>>>8> 9>in>



Federal>Expenditures>on>Presideneally>Declared>Disasters>
And>Emergency>Declaraeons>in>NH>
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1998:>Ice>Storm>
2005:>Alstead/Keene>Floods>(Oct)>
2006:>Mother’s>Day>Flood>(May)>
2007:>Patriots>Day>Flood>(April)>
2008:>Tornado;>Floods;>Ice>Storm>
2010:>Windstorm;>Floods>
2011:>Irene>
2012:>Flooding;>Sandy>

Data>from>www.fema.gov/disasters/grid/state-tribal-government>



Relative Sea Level Rise 1956 - 2011 >

Data from Permanent Service for Mean Sea Level    http://www.psmsl.org 

0

5

10

15

20

1850 1900 1950 2000

Portland, ME
Boston
New York

R
el

at
iv

e 
Se

a 
Le

ve
l R

is
e 

(in
ch

es
)

Year

Nantucket, MA 18 Apr 2007 

Saco. Maine  17 Apr 2007 



Sea>Level>Rise>at>Portsmouth>Harbor>>
1927>Q>2001>

SLR:>>0.7>inches>per>decade>

h"p://edesandcurrents.noaa.gov/>



Northeast>Climate>Impacts>Assessment>

•(Collaboraeon>between>Union>
of>Concerned>Scienests>and>50>
independent>scienests>

•(Geographic(Scope>
>Nine>Northeast>states,>from>
Maine>to>Pennsylvania>

•(Peer(Review(

>Climate(Dynamics,>2007>
>14>papers>in>Adapta>on(and(
(((((Mi>ga>on(of(Climate(
(((((Change,(2008>

www.climatechoices.org>



ClimateSolueonsNE.org>

Climate Change in 
Southern New Hampshire 
PAST, PRESENT, AND FUTURE
A PUBLICATION OF THE SUSTAINABILITY INSTITUTE AT THE UNIVERSITY OF NEW HAMPSHIRE

Climate Change in 
Northern New Hampshire 
PAST, PRESENT, AND FUTURE
A PUBLICATION OF THE SUSTAINABILITY INSTITUTE AT THE UNIVERSITY OF NEW HAMPSHIRE



Global>Greenhouse>Gas>Emission>Scenarios>
Key>Input>for>GCM>projeceons>of>future>climate>change>

IPCC>2007>
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Projeceng>Future>Climate>Change>for>the>Northeast:>
>Downscale>Global>>Projeceons>to>Regional>Level>

Projec-ons(from(3(or(4(different(climate(models:(

(((NOAA(–(GFDL(

(((UKMO(–(HadCM3(

(((NCAR(–(PCM(

(((NCAR(–(CCSM3>



Projecting Future Climate Change for the Northeast: 
Rising Annual Temperatures 
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3.5-6.5oF 



Summer heat index: 
How hot summers will “feel” in 
New Hampshire 
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Precipitation Events >4” in 48 hrs per Decade  (30 year averages) 
for Southern NH (41 Stations) 
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credit: Associated Press 

Drought>

1-3 months     3-6 months     >6 months 



Projected>21st>Century>Sea>Level>Rise>

Moore>et>al.>>2013>>
Review>of>Geophysics>

models of reduced complexity where sea level responds to
histories of global temperature [Rahmstorf, 2007a; Vermeer
and Rahmstorf, 2009; Grinsted et al., 2010; Kemp et al.,
2011a] or radiative forcing [Jevrejeva et al., 2009;
Jevrejeva et al., 2010]. By physically plausible, we mean that
the models rely on formulations that relate a forcing from cli-
mate to a proportionate response of the sea level system with
some characteristic response time(s). All semiempirical
models project higher sea level rise for the 21st century than
those from the last generation of process models summarized
in the IPCC Fourth Assessment Report (AR4; Figure 1). We
would have much better confidence in sea level rise

projections if the two approaches could be reconciled—and
as can be seen in Figure 1b that has been achieved, though
obviously much of the agreement is now because of large
uncertainties as well as an upward shift in estimates from pro-
cess-based models.
[5] The need for a better understanding of causes of sea

level rise was illustrated in the IPCC Fourth Assessment
Report (AR4): “Dynamical processes related to ice flow not
included in current models but suggested by recent observa-
tions could increase the vulnerability of the ice sheets to
warming, increasing future sea level rise. Understanding of
these processes is limited and there is no consensus on their

Figure 1. (a) Sea level projections (5–95%) by 2100 for semiempirical models driven by the A1B SRES
scenario compared with the IPCC AR4 projection without ice sheet discharge (gray bar) [Meehl et al.,
2007a, 2007b, Table 10.7]. Differences between semiempirical models are due to differences in both the
forcing used to drive some models, and the calibration data sets of past forcing used to derive the model
parameters. Green-hued bars are from semiempirical models with global surface temperature as forcing
and pink-hued bars use radiative forcing. The data sets from left to right: Rahmstorf [2007a] based on pro-
jections in IPCC TAR, only central value is available; Horton et al. [2008] the Rahmstorf [2007a] model
forced with input from 11 IPCC AR4 climate models; Vermeer and Rahmstorf [2009]; Grinsted et al.
[2010] with Jones and Mann [2004] temperature reconstruction for calibration; Grinsted et al. [2010] with
Moberg et al. [2005] as calibration; Jevrejeva et al. [2010] with Goosse et al. [2005] radiative forcing for
calibration; Jevrejeva et al. [2010] with Crowley et al. [2003] as calibration; Jevrejeva et al. [2010] with
Tett et al. [2007] as calibration. (b) Sea level projections (5–95%) by 2100 for semiempirical models driven
by the RCP8.5 scenario compared with the process-based projections. Process-based (gray bar) includes
estimates for thermal expansion of 28 cm [Yin, 2012]; 18–21 cm for glaciers [Radic and Hock, 2011;
Marzeion et al., 2012]; !3 to 14 cm for Antarctica [Bindschadler et al., 2013]; 4–66 cm for Greenland
[Bindschadler et al., 2013]. Semiempirical estimates are (left to right) for Rahmstorf et al. [2011] with
Church and White, [2006] sea level data for calibration; Rahmstorf et al. [2011] with Church and White
[2011] sea level data for calibration; Rahmstorf et al. [2011] with Jevrejeva et al. [2006] sea level data
for calibration; Rahmstorf et al. [2011] with Kemp et al. [2011a] sea level proxy data for calibration;
Jevrejeva et al. [2012a] with Goosse et al. [2005] radiative forcing for calibration; Jevrejeva et al.
[2012a] with Crowley et al. [2003] radiative forcing data for calibration; Jevrejeva et al. [2012a] with
Tett et al. [2007] radiative forcing for calibration.

MOORE ET AL.: GLOBAL SEA LEVEL PROJECTIONS
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Projeceon>of>Sea>Level>Rise>from>1990>to>2100>

Vermeer>and>Rahmstorf>2009>>PNAS>

1.0>to>1.7>k>

2.5>to>6.3>k>

Shepherd>et>al.,>2012,>Science>



Sellwater>Elevaeons>for>New>Hampshire>Seacoast>
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Sellwater>Elevaeons>for>New>Hampshire>Seacoast>



Sellwater>Elevaeons>for>New>Hampshire>Seacoast>



Sellwater>Elevaeons>for>New>Hampshire>Seacoast>



Sellwater>Elevaeons>for>New>Hampshire>Seacoast>



Sellwater>Elevaeons>for>New>Hampshire>Seacoast>



S-llwater(Eleva-ons(for(New(Hampshire(Seacoast(

Range>in>100Qyear>flood>elevaeons>(now>to>2100)>>>
6.8>to>15.3>feet>above>MHHW>

NOTE:((maps(to(follow(are(for(12(feet(above(MHHW((
In(coastal(NH,(NAVD(+(4.4(feet(=(MHHW((

Event LOWER SLR 
(feet)

HIGHER SLR 
(feet)

King Tide 11.5 15.3
SLR 2100 9.3 13.1
SLR 2050 7.8 8.5
100 yr flood 6.8 6.8
High Tide 0.0 0.0



High>Tide>+>12>feet>>
Rye,>NH>





Two>roads>diverged>in>a>wood,>and>I>Q>>
I>took>the>one>less>traveled>by,>>
And>that>has>made>all>the>difference.>>>

What>path>will>we>take>to>the>future?>

(Robert(Frost(



NH>Climate>Aceon>Plan(

More>info>at:>>>
h"p://CarbonSolueonsNE.org>

• One>of>the>largest,>most>diverse>colleceons>of>leading>
NH>ciezens>

• Promotes>growth>of>new>jobs>and>renewable>energy>
development>

• Reduces>energy>costs>

• Idenefies>67>recommended>aceons> >buildings>
>electricity>generaeon,>
>transportaeon>&>land>use>
>natural>resources>
>government>aceon>
>adapta-on(

• Reduce>greenhouse>gas>emissions>
>44%>below>2005>levels>by>2025>
>86%>below>2005>levels>by>2050>



Gross>State>Product>&>Greenhouse>Gas>Emissions>
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Laying(a(founda-on(for(

informed(discussion(

and(decisions>

! >Plan>for>“Here>and>Now”>and>“Prepare>and>Monitor”>aceons>that>
are>robust,>yet>flexible>

! >Adapeve>approaches>that>change>with>condieons>
"  Building>codes>and>resilient>design>
"  Condieonal>development>and>exaceons>for>maintenance>of>services>

"  New>development>and>rebuilding>restriceons>in>high>risk>areas>

"  Transfer>of>Development>Rights>/>Acquisieon>and>Buyout>Programs>

"  Rolling>easements>and>buffers>

"  Adapeve>reuse>plans>for>high>risk>areas>(overlay>zoning>districts)>



Wrestling(with(uncertainty(

about(the(future>

!  Consider>future>condieons>for>planning>
and>investments>

!  Intersect>municipal>planning>and>public/
private>investments>

!  Need>ciezens>support>decisionQmakers>

!  Effeceve>communicaeon>of>informaeon>
and>solueons>

!  Encourage>aceon>based>on>best>available>
informaeon>and>guidance>

! Municipaliees>have>the>power>to>change>
their>future>



h"p://nh.stormsmart.org>

NH(Coastal(Adapta-on(Workgroup((CAW)>
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High Tide on Marginal Way in Portland, Maine, October 201l. (M. Craig) 

 
 
 
 
 
 
 

Prepared for US EPA’s Climate Ready Estuaries Program, 
In collaboration with: 

Casco Bay Estuary Partnership and 
Piscataqua Region Estuaries Partnership 

 
By the New England Environmental Finance Center, Edmund S. Muskie School of Public 

Service, University of Southern Maine, 
 with support of the University of New Hampshire 

 
July 2012 

 

COAST in Action:  
2012 Projects from Maine and New Hampshire 

 
 

h"p://www.cascobay.usm.maine.edu/pdfs/cre_coast_final_report.pdf>



City of Portsmouth, New Hampshire

COASTAL RESILIENCE INITIATIVE

Climate Change Vulnerability Assessment
and Adaptation Plan

April 2, 2013

This project was funded by the Gulf of Maine Council through a grant
from the National Oceanic and Atmospheric Administration (NOAA).

h"p://www.planportsmouth.com/cri/maps.html>



 

 

Climate Adaptation Chapter: 
Developing Strategies to Protect Areas at Risk from 
Flooding due to Climate Change and Sea Level Rise 

 

June 25, 2013 
Final  
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NOTE:>>CHANGE>IN>STANDARD>OF>PRACTICE>



Sea Level Rise:
Understanding and Applying
Trends and Future Scenarios 
for Analysis and Planning

2013>
Massachuse"s>Office>of>>

Coastal>Zone>Management>
www.mass.gov/czm>

Working>on>a>similar>report>for>NH>Coastal>Risks>and>Hazards>Commission;>due>Summer>2014>>
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