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NASA Earth Observatory Image  30 October 2011 

Were You Ready for the Storm?  
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Although they produce distinct types of 
challenges, climate change, energy security, 
and economic stability are inextricably linked.  

Quadrennial Defense Review 2011 

http://www.defense.gov/qdr/ 
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Years Before 2100 AD 

Vostok Ice Core  

Atmospheric Carbon Dioxide 

IPCC 2001 

Current 

Clean Energy & Efficiency 

Business as Usual 



National Snow and Ice Data Center    http://nsidc.org 

September Arctic Sea Ice Extent   1979 - 2011 

Arctic Sea Ice Extent 
Sept 2011 

Arctic Sea Ice Extent 
Sept 2011 



Cameron Wake 
Elizabeth Burakowski 
Eric Kelsey 
Carbon Solutions New England 
Institute for the Study of Earth, 
    Oceans, and Space 
University of New Hampshire 

Katharine Hayhoe& Anne Stoner 
Texas Tech University 

Chris Watson& Ellen Douglas 
UMass Boston 

http://CarbonSolutionsNE.org 



NH Coastal Watershed 



Portsmouth Harbor,  11 Feb 1918 

Thomas C Wilson Photograph Collection; Image Provided by Portsmouth Athanaeum 



Data from the United States Historical Climate Network Temperature Database V2 

Annual Maximum Temperature  
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Long Term Temperature Trends: 1895-2009
Despite the extensive quality assurance and quality control checks 
carried out on USHCN records, we remain concerned with the 
quality of the Durham minimum temperature record, which exhibits 
a moderate decreasing trend from 1895-1948.  !is decreasing 
trend is not apparent in the Durham maximum temperature record 
(Appendix A).  Neither Lawrence nor Portland show decreasing trends 
in minimum or maximum temperature over the 1895-1948 period, 
suggesting that the Durham minimum temperature may be affected 
by non-climatic biases unresolved by USHCN Quality Assurance/
Quality Control methodologies.  For this reason, the Durham 
minimum temperature record has been excluded from our analysis.

Overall, both maximum and minimum temperatures show 
increasing trends over the period of record (Figures 3 and 4).  As is 

common in New England, significant year-to-year variability is 
evident at all three stations.  Cool temperatures dominate the first 
half of the 20th century, followed by a warm period in the 1940s to 
1950s.  Temperatures cool slightly through the 1960s and 1970s, 
followed by the current warm period of increasing temperatures 
from 1980-present.  In Lawrence and Portland, seven of the ten 
warmest years occur after 1990 (Table 1).

Significant warming trends are detected using Sen’s slope on annual 
maximum temperature records at all three USHCN stations over 
the period 1895-2009 (Table 2).  In Durham NH, maximum 
temperatures warmed by +0.11oF/decade while Lawrence and 
Portland show warming of +0.16oF/decade and 0.21oF/decade, 
respectively.  Significant warming trends are apparent in the 
Lawrence and Portland minimum temperature records that are  

Figure 3.  Annual maximum 
temperature records with 
LOWESS smooths (solid) and 
Sen’s slope (dashed) for Durham, 
NH, Lawrence, MA and Portland, 
ME, 1895-2009.  

Figure 4.  Annual minimum 
temperature time series, 
LOWESS smooths (solid), 
and Sen’s slope (dashed) for 
Lawrence, MA and Portland, ME, 
1895-2009. 



Seasonal Mean Temperature Trends   1970-2009 
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Extreme Precipitation Events (>4”) 1950-2009 



Costs from Presidentially Declared Disasters 
And Emergency Declarations 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 (Jul);Floods (Aug-Sep);Ice Storm (Dec) 
2010: Feb windstorm; March & May Floods 
2011: Irene 
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Sea Level Rise at Portsmouth Harbor  
1927 - 2001 

SLR: 7 inches per century 

http://tidesandcurrents.noaa.gov/ 
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Global Greenhouse Gas Emission Scenarios 
Key Input for GCM projections of future climate change 
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How Hot Will Summer be in Durham, NH?? 



Projected Changes in Extreme Precipitation 
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Assessing Flood Risk in the Lamprey River Watershed, NH 

Newmarket, NH, April 2007, Patriots Day Storm http://100yearfloods.org  

Flood Studies 
100-yr 

Packers Falls 
Discharge

100-yr Packers 
Falls Water 

Surface Elevation 

100-yr 
Floodplain 

Area

FIS to 2005 56% 2.7 ft 20%

2005 to 2100 66% 4.4 ft 14%
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Projected Changes in Snow Covered Days, Durham NH 



credit: Associated Press 

Drought 

1-3 months     3-6 months     >6 months 



Supply based on:  (1) Lee Well 459,000 gal/day 
(1)  Fixed reservoir amount as of 1 June (Oyster Riv  5 million gal; Wiswall 17 million gal) 
(2)  Spruce Creek aquifer fixed amount as of 1 June (63 million gal) 

Use estimated  based on 2007-2011 water supply – 10% line loss,  plus 1,257 additional beds 
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Projection of Sea Level Rise from 1990 to 2100 

Vermeer and Rahmstorf 2009  PNAS 
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Stillwater Elevations for New Hampshire Seacoast 



Stillwater Elevations for New Hampshire Seacoast 



Stillwater Elevations for New Hampshire Seacoast 



Stillwater Elevations for New Hampshire Seacoast 



Stillwater Elevations for New Hampshire Seacoast 



Stillwater Elevations for New Hampshire Seacoast 



Stillwater Elevations for New Hampshire Seacoast 



Stillwater Elevations for New Hampshire Seacoast 

Range in 100-year flood elevations  
(now to 2100)   

11.2  to 19.7 feet above high tide 

Event LOWER SLR HIGHER SLR
King Tide 15.9 19.7
SLR 2100 13.7 17.5
SLR 2050 12.2 12.9
100 yr flood 11.2 11.2
High Tide 4.4 4.4
NAVD88 0.0 0.0

Future Stillwater Elevations at Newcastle, NH  



High Tide + 12 feet  -  Durham, NH 



NH Climate Action Plan 

More info at:   
http://CarbonSolutionsNE.org 

• One of the largest, most diverse collections 
of leading NH citizens 

• Promotes growth of new jobs and 
renewable energy development 

• Reduces energy costs 

• Identifies 67 recommended actions   
 buildings 
 electricity generation, 
 transportation & land use 
 natural resources 
 government action 
 adaptation 

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



How Can You Use This Information? 

1. Climate Assessment is first step in Vulnerability Assessment 
 -evaluation of vulnerability of communities to changing climate 
 -qualitative (NOAA Roadmap) &  
  quantitative (technical, analytical) 

 - Coastal Adaptation Workgroup members can provide support 
and technical assistance 

2. Integrate into planning 
 - Master Plan 
 - Hazard Mitigation Plan 
 - Emergency Operations Plan 
 - Capital Improvement Plan 
 - Business Plan 
 - Home construction and renovation 



Community 
Champions/ 

Technical 
Experts 

•  Community Outreach and Support 
•  Coordination and Technical Assistance 
•  Action and Implementation 

Elected 
Officials 

• Municipal Policies and Investments 
•  Budget and Capital Improvement Plan 
•  Hazard Mitigation Plan (approval w/ EMD and providers) 

Planning 
Board 

• Master Plan – comprehensive framework and guidance 
•  Zoning and Regulations – performance criteria to meet goals 
•  Natural Resources – protect services and values 

Municipal)Climate)Change))
Planning)Framework!



Newfields: A World Café Vulnerability Assessment  

Community members explored two questions: 
1.  How could _____________ (people, infrastructure, or 

natural resources) be impacted by more flooding, 
extreme heat, and more frequent or intense storms? 

2.  What actions can be taken to address these impacts? 

Infrastructur
e 

People Natural 
Resources 

Natural Hazard maps and Aerial Photo 
maps were provided to each table. 



Report Outs & Prioritizing Focus Areas 

Two focus areas: Stormwater 
Management & Emergency 
Preparedness 



Action Planning 
Focus Area #1: Stormwater Management 

Actions People Cost
s 

Timefram
e 

Notes 

Outcome #1: A web-based map of stormwater infrastructure that is easy to access and 
update. 
1.  Inventory the location, capacity, and 

condition of stormwater 
infrastructure. 

•  Contact UNH Civil Engineering 
Department about student 
volunteer project 

•  Look into NH Coastal Program 
funding, New England 
Grassroots Environment Fund, 
and others 

Planning 
board 

PB Chair 

Coastal 
Adaptation 
Workgroup 

None 
to low 

Spring 2013 There are 
several options 
for obtaining this 
information: (a) 
Incorporate as a 
CIP action, (b) 
pursue through 
volunteer 
collection, (c) 
Hire a contractor 

… … … … … 

SAMPL
E 



Chris Keeley 
UNH Cooperative Extension 

chris.keeley@unh.edu 
862-6707 

Interested in this method? 


