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Assemble Climate Change and Infrastructure Working Group
· Engagement of Partners in Model Development

· NMDC engaged the following partners as a working Climate Change Lead Team- --Richard Okulski, National Weather Service, Caribou Weather Forecast Office

-Dan Walters, USGS Maine Liaison

-Joe Young, Maine Emergency Management Agency (Floodplains Project)

-Robert Watson, Region Manager of local Maine Department of Transportation

-David Putnam, Professor of Math and Science at UMPI

-Tora Johnson, University of Maine at Machias

The Working Group for the Climate Change component consisted of the Lead Team made up of federal and state governments, regional government, community and economic development professionals, university professors, and resources such as environmental professionals, planners, university students, and tourism professionals.  Collaboration among the working group is needed to share common issues, conditions, and objectives so that outcomes are improved and involves multiple areas of authority.  You can also achieve better results than could be accomplished independently; complete more work in a shorter period of time; and address costly, complex, and long-term action plans.  

The first initial meeting of the climate change working group consisted of an introduction of each partner’s on-going work relative to climate change as well as an open discussion on the human impacts of climate change. Currently, FEMA is concentrated on updating the floodplain maps, which are old and inaccurate, throughout the State of Maine.  Based on the increased level of flooding along the coast, the focus for FEMA is to complete mapping along the coast first with the anticipation that the remainder of the state will be completed within the next 5-10 years.

The University of Machias is compiling LIDAR data for all of Washington County.  They are also working on a slosh model developed by NOAA, which looks at water vulnerabilities.  The University has done a great deal of work with natural resources and analysis, but has not looked at inland flooding.    

The Maine Department of Transportation is reviewing standards for construction of roads, bridges, and culverts as the changing climate produces more frequent and severe occurrences.  
Issues such as water irrigation and soil erosion on agricultural fields will have a major impact on food production in Aroostook County.  The decreased number of small farms has also impacted agriculture.  Smaller farms with buffers between farms no longer exist.  The larger farms have removed buffers allowing increased water flows to ditches and water bodies.  Slowing down water flows before they reach water bodies and recapturing top soil erosion should be a priority.  
In February, 2013, the climate change working group held a round table discussion focusing on climate change.  A group of 28 people in attendance voiced their concerns and identified many issues as a result of climate change.  These issues included –

· Invasive species (both animal and plant)

· Flooding

· Tourism impact

· Coastal flooding and inundation

· Migration

· Impact on agricultural communities

· Food production

· Water quality and availability

· Land use regulations (adaptation of new rules and regulations)

· Soil erosion

· Decreased land value

· Redesign of infrastructure (culvert sizes to address increased water flows.)

· Emergency management measures

· Public education

· Providing forecasts and warnings to decision-makers

· Recalibration-decisions

The group was asked to identify mitigation and/or adaptation measures to address the above-mentioned issues.  Short-term measures could include rotation of crops and creation of buffers to slow down water flows, resizing culverts, identifying possible warming and cooling centers for vulnerable populations, and the possibility of tax incentives for land use because development of lands today could have consequences later.  Community planning for long-term measures is probably the most important.  For example, tourism business will need to adapt to more creative and innovative ways of staying in business with the loss of winter sports.  Interagency collaboration to share information is crucial.  The Aroostook County Emergency Management Agency (AKEMA) reports that all communities within Aroostook County have an Emergency Management Plan that is updated every 5 years.  Public awareness that these plans are available and can provide valuable information must be advertised.
· Assembly of Existing Data (infrastructure and base sea level and flood zones for trends and futures analysis

Geography

Overall, the terrain across much of the State of Maine is hilly.  Elevations range from sea level at the coast of the Gulf of Maine to over 5,000 feet in the central mountains.  Mt. Katahdin, located within Baxter State Park, is the highest point in Maine.  Its peak is at an elevation of 5,268 feet, or about 4,500 feet above its base.  Elevations in the southeastern part of the State are generally below 500 feet.

Maine’s landscape is a direct result of glacial erosion and deposition from the large ice sheets that completed covered the State.  Glacial deposits provide a rich variety in the overall landscape and abundant sand and gravel for construction material.  Many of these deposits are good sources of ground water, or aquifer, for water supplies to households and businesses.  These glacial deposits are also responsible for the many lakes found in the State.    

Aroostook County’s area is 6,672 square miles, which is 21.6% of the State’s overall area.  The County is 89% forested, 1% lakes, ponds and rivers, and 10% farmland.  It is also the home of the Allagash Wilderness Waterway.  Washington County is home to a total of 241 lakes, 2 cities, 44 towns, and a population of 32,000+.  The County has 2,628 square miles of land and 686.4 square miles of water.  Of this number of square miles, 85% is woodland, 8% is lakes, 4% bogs and swamps, and 3% is cropland and pasture.

Climate Division Boundaries
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As defined by the U.S. Department of Commerce, National Oceanic and Atmospheric Administration, there three climate division boundaries in Maine.  They are described as 1-Northern; 2-Southern Interior; and 3-Coastal.  In the northern section, climates can reach a maximum of 96°F-99°F and a minimum temperature of -32°F to -41°F.  The southern interior section averages a maximum temperature of 102°F and a minimum of -23°F.  In the coastal section, maximum temperatures of 104°F can be reached with minimum temperatures averaging approximately -19°F.  The map outlines the boundaries for each section.
Aroostook County is located entirely in the northernmost of Maine’s three climatic divisions.  Average annual temperature is about 41°F.  Temperatures average about 64°F in July and August and about 18°F in January and February.  The climate division data provides benchmarks used to monitor and assess long-term changes.  Statewide, the warmest month is July and the coldest is January.  But viewed seasonally, monthly average high and low temperatures from south to north vary considerably.  In the summer, the southern interior division is warmer than both the northern and coastal divisions.

If global temperatures continue to rise, increases in the number and severity of storms, floods, droughts, and other weather extremes, will have serious impacts on the environment and on society.  Societies that are unable to deal with these extreme events will experience more disasters.  (Appendix A provides details on extreme weather events in Aroostook County from 1950 to present)

Climate also encompasses prevailing winds and precipitation.  In Aroostook County, the average amount of precipitation, based on long-term records dating back to 1895, is 42.6 inches.  This includes the conversion of all snowfall to a water equivalent.  Average monthly precipitation is between three and four inches, with November being the wettest month, and February being the driest month.  Most of Aroostook County is under northwest to west-northwest winds throughout much of the year and particularly during the winter.  During the summer, southwest to southerly winds are more frequent.

Weather vs. Climate
Weather is the state of the atmosphere in terms of hot or cold, wet or dry, windy or calm, cloudy or clear, etc.  Temperature, precipitation, humidity, pressure, winds and cloudiness are used to quantify weather.  Climate is the statistical collection of average weather conditions at a given place, typically over a 30-year time interval.  In late 2007, Governor Baldacci requested the University of Maine and its Climate Change Institute to lead a wide-ranging analysis of the state’s future in the context of changing climate during the 21st century.  Climate simulations to predict seasonal temperature and precipitation show a strong trend in Maine toward warmer and wetter conditions.  The report projects increases in both temperature and precipitation tend to be greatest in the north and least along the coast.  The warming trend implies a significant shift in the region, from a snowmelt- dominated regime to one that shows significant runoff during winter.  This shift will likely pose challenges in managing water supplies, flood mitigation, and understanding of the ecosystem.  

Extreme Weather Occurrences Pose a Threat to Our Society

Extreme rain and snow storms can damage or destroy buildings and property, wipe out crops, disrupt transportation systems, and in some cases, severely injure or kill people.  Flooding is a particularly damaging consequence of extreme rain and snowstorms.  Flooding triggered by extreme downpours –

· can wash out roads and bridges, inundate homes and businesses, disrupt transportation and cause widespread economic disruption.    For example, the May Day Flood of 2008 impacted 386 residences and businesses.  Of this total, 14 residences were destroyed and 209 received major damage.
· can directly damage farm crops, or cause flooding that wipes out whole harvests.  Heavy precipitation can saturate soils with moisture, creating conditions low in oxygen that directly damage crops and increase the risk of disease and insect infestation.
· Interfere with planting, harvesting or other production steps that require the operation of machinery,

· Create massive amounts of runoff.  This runoff can increase sedimentation in rivers and overwhelm sewage infrastructure, increasing water pollution.

Over the past six decades, Aroostook County has experienced 570 extreme weather events resulting in 1 death, 13 injuries, $13,920,250 in property damage and $505,000 in crop damage.  Washington County has experienced 101 extreme weather events resulting in 0 deaths, 6 injuries, $2,306,000 in property damage and $0 in crop damage.  In addition, 128 weather events have occurred statewide affecting both Aroostook and Washington Counties.    Thunderstorm, hail and high winds have occurred most frequently in both counties, but have had less impact on deaths, injuries, property or crop damage.  Flooding has caused the greatest damage to buildings, property, and infrastructure.   The following table represents the number of events that have been recorded by NOAA, but not necessarily been declared disasters by MEMA or FEMA.  

	Table 1.  Recorded Natural Hazard Events, 1954 to 2012

	Event
	Aroostook County
	Washington County

	Drought

Dust Storm

Flood

Flash Flood

Fog

Funnel Cloud

Hail (.75” to 3.00”)

Heavy Rains

High Winds

Hurricane/Tropical Storm

Lightning

Ocean and Lake Surf

Precipitation

Snow & Ice

Storm Surge

Strong Winds

Temperature Extremes

Thunderstorm Winds

TSTM Wind

Tornado (F1-F3)

Waterspout

Wild & Forest Fire
	1
0

32
51
0

3

135
1
0

0
1
0
0
0

0
0
0
197
122

27
0

0
	0

0

3
8
0

0

32
2
0

0
3
0

0

0
1
0

0
20
20
4
1
0

	
	570
	101


Source:  National Oceanic and Atmospheric Administration, National Climatic Data Center

Major disasters can result in disaster declarations.  Declarations are issued once the Governor of a state makes the request through the regional FEMA Office.  FEMA conducts a preliminary damage assessment to estimate the extent of disaster and the impact on individuals and public facilities.  This information is forwarded to the President so that he can issue a disaster declaration, which allows Federal funding for recovery efforts.  Appendix B provides a listing of declarations for the period 1954 to present.
A study conducted by the Maine Environment Research and Policy Center in 2012, has determined that New England has experienced more frequent downpours and snowstorms over the last six decades, leading all regions of the United States.    Table 2 on the following page shows the regional trends in extreme rainstorms and snowstorm frequency for the U.S.


Table 2.  Regional Trends in Frequency
	Region
	Increase,

In Frequency,

1948-2011
	A Storm that Used to

Occur Every 12 Months

Now Occurs on

Average Every:
	Is the Trend Significant?

	New England
	85%
	6.5 months
	Yes

	Middle Atlantic
	55%
	7.7 months
	Yes

	West North Central
	36%
	8.8 months
	Yes

	East North Central
	34%
	9.0 months
	Yes

	West South Central
	31%
	9.1 months
	Yes

	East South Central
	30%
	9.2 months
	Yes

	Mountain West
	26%
	9.5 months
	Yes

	South Atlantic
	17%
	10.3 months
	Yes

	Pacific
	6%
	11.3 months
	Yes

	Oregon, plus California North of San Francisco Bay
	-25%
	16.0 months
	Yes

	California South of San Francisco Bay
	35%
	8.9 months
	Yes


Source:  Maine Environmental Research and Policy Center, Summer, 2012
· Floods

There are eight major rivers, more than 5,000 streams and brooks, 6,000 ponds and lakes, and 3,500 miles of coastline in Maine, which are vulnerable to the effects of flooding.  While minor to moderate flooding can occur at any time, major flooding occurs when heavy rains and rapidly melting snow and ice, usually in the spring of the year, occurs.  Flooding has been identified as the number one hazard in each of Maine’s 16 counties.  Flooding can result in loss of life, property damage or destruction, damage or disruption of communication, transportation, electrical service, and community services; crop and livestock damage and loss; and interruption of business.

Floods are described as temporary overflows of water onto lands not normally covered by water and that are used or usable by man, producing measurable property damage/destruction or forcing the evacuation of people and vital resources.  There are several types of floods, such as flash floods, which is the quick rising of small streams after heavy rains, ice jams, or rapid snow melt.  Most common are the riverine floods, which is the periodic overbank flow of rivers and streams.  Urban flooding occurs when there is an overflow of storm sewer systems, usually due to poor drainage following heavy rain or rapid snow melt.  Dam and levee failures can cause rapid downstream flooding, loss of life, damage to property, and the forced evacuation of people.  

Of the 369 flooding events that have occurred in the State of Maine over the past six decades, 16 have been declared disasters.  Flooding, and related hazards, have been identified as the number one hazard in each of the 16 counties in Maine.  

Flooding can happen anywhere, but certain areas are especially prone to serious flooding.  Major sources of flooding in Aroostook County are the St. John River and its tributaries; i.e. Allagash, Fish, Aroostook, Big Presque Isle, and Meduxnekeag Rivers.  To help communities understand their risk, flood maps (Flood Insurance Rate Maps or FIRMs) have been created to show the locations of high-risk, moderate-to-low risk, and undetermined-risk areas.

The St. John River Basin occupies approximately 21,400 square miles in Aroostook, Somerset, Piscataquis and Penobscot Counties and extends into the provinces of Quebec and New Brunswick, Canada.  The Basin contains all or portions of two cities (e.g. Presque Isle and Caribou), 44 towns, 163 unincorporated territories, and falls within four counties.  The Allagash River at the Town of Allagash has flooded three times within the past 74 years with flooding stage ranging from 2.55’ to 4.78’ above flood level.  The Fish River at Fort Kent has flooded 10 times within the past 74 years ranging from .11’ to 2.93’.  The Aroostook River at Masardis and Washburn has flooded 10 times at each location ranging from .70’ to 6.91’ above flood stage.  The St. John River has flooded 10 times in the past 47 years at various locations along the river.  

· Severe Winter Storms
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Winter storms are ranked as the second highest hazard in Maine.  These include heavy snow, ice storms, blizzards, freezing rain, and winter storms.  During the winter months, Maine often has heavy snowfall, or snow combined with high winds, freezing rain or ice storms.  Nor’easters, the most severe from, occur during the winter, spring and fall.  They rarely develop during the summer.  Precipitation amounts can exceed several inches of water equivalent (20-30 Inches of snow or more), while wind speeds can be equal to or greater than those for hurricanes that reach Maine.  

The entire State is vulnerable to severe winter storms.  Mitigation activities would include effective weather advisories through radio and television.,  Accurate public information, including recommended actions to prepare for adverse weather conditions continue to be most effective in preventing loss of life and minimizing property damages.  

NOAA reports that over the past six decades, there have been 7 deaths as a result of severe winter storms and property damage has been reported to exceed $327,669,000.  

· Severe Summer Storms

Severe summer storms are described as violent weather phenomenon producing winds, heavy rains, lightning, and hail that causes injuries, damages/destroys property, crops and/or livestock.  Power and communication outages due to damage to lines caused by falling trees and branches, flash flooding, erosion, personal injury, and fires caused by lightning are some of the effects of a severe summer storm.  The entire state is vulnerable to one or more severe storms each year.  
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· Erosion/Coastal Erosion

The gradual wearing away of arable lands will eventually result in marked decreases in production of crops generally occurring on a progressive basis.  Removal of topsoil by water results in siltification of streams and rivers adversely affecting aquatic plants and wildlife.  Coastal erosion in sparsely populated areas poses little or no threat; however, in densely populated areas with extensive shore development, substantial property losses may occur.  

Seacoast communities are experiencing flooding damage from tidal surge, erosion, and landslides more frequently.  The problems will cause property values to plummet and eventually affect the tax base in the communities.  The coastal damage will have negative economic effects as well as the obvious hazardous consequences.

The ground water, poor packing sandy soil, and constant tide have caused some areas to slump or landslide due to the lack of ledge to hold the shore line.  These areas have considerable peat deposits and top soil that is sandy in its makeup.  The sand builds up on the peat and is mistaken for solid land mass.  Development in these areas is unstable and potentially hazardous.

All areas are susceptible to erosion in Maine.  Farming and crop cultivation expose large areas to the effects of wind and water on a seasonal basis for planting and harvesting.  Forest areas become vulnerable when all vegetation is removed from vast tracts by the lumbering industry or as a result of fire. 
· Tornadoes

Tornadoes experienced in recent history have been generated by severe summer storms with the southwestern and central sections of the state most often affected.  The following table depicts the number of tornadoes and the damages incurred from 1950 to 1995.

	Table 3.  Tornadoes (1950-1995)

	County
	Tornadoes
	Deaths
	Injuries
	Property Damage

	Androscoggin
	4
	0
	1
	$3,003,000

	Aroostook
	24
	1
	5
	$1,008,000

	Cumberland
	7
	0
	2
	$11,000

	Franklin
	4
	0
	0
	$300,000

	Hancock
	1
	0
	0
	$25,000

	Kennebec
	11
	0
	0
	$375,000

	Knox
	1
	0
	0
	$25,000

	Lincoln
	2
	0
	0
	$25,000

	Oxford
	12
	0
	0
	$63,000

	Penobscot
	12
	0
	2
	$308,000

	Piscataquis
	3
	0
	0
	$25,000

	Sagadahoc
	1
	0
	0
	$250,000

	Somerset
	10
	0
	0
	$580,000

	Waldo
	3
	0
	3
	$53,000

	Washington
	4
	0
	4
	$300,000

	York
	10
	0
	2
	$3,230,000

	Total
	109
	1
	19
	$9,581,000


Source:  National Climatic Data Center
 From January 1, 1950 to March 31, 2010, a total of 12 tornadoes have been classified as F2, with 28 classified as F1 and 15 as F0.  The following chart provides the scale for tornadoes.




Fujita Tornado Scale

F0

40-72 mph

35-62 kt


F1

73-112 mph

63-97 kt


F2

113-157 mph

98-136 kt


F3

158-206 mph

137-179 kt


F4

207-260 mph

180-226 kt


F5

261-318 mph

227-276 kt

· Landslide

Landslides, a mass of sliding earth, mud or rock, can damage homes, roads and property.  Possible damage to utilities such as water and sewer mains in urban areas is possible.  Most documented landslides have occurred in glacial-marine clay deposits in the valleys and lowlands of southern Maine.  Evidence of small slides is common along steep valley sides and shorelines in these clay deposits.    Gradual erosion of marine bluffs is a continuing natural process affecting much of the coast, for example Popham Beach State Park has been severely affected. 

Landslides are uncommon in Knox County, although one occurred in Rockland in 1996 along a portion of Waldo Avenue when a steep bluff along the north shore of Rockland Harbor slumped toward the ocean and one in Thomaston in 2010 along a portion of rail line that abuts the riverbank of the St. George River.  The Thomaston landslide resulted in the temporary closure of a state owned rail line that supports local industry dependent on freight rail and seasonal passenger tourist service.  Unstable coastal bluffs in excess of 20 feet in height will likely be subject to landslides on a more frequent basis as a result of severe storms, flooding and sea level rise.
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The most recent event which occurred in April, 2010 had emergency officials blaming heavy rains for a landslide which happened on Winslow's riverfront.  The landslide carved away more than 100 feet of a steep slope and dumped it into the Sebasticook River. No one was injured. The area is located near where six homes were demolished two years ago because the ground they were built on was unstable. Officials don't believe the location and the landslide are connected. They believe several inches of rain caused the embankment to give way.
· Sea-Level Rise

The current rate of sea-level rise is accelerating from half a foot in the last century to a predicted two-foot rise or more by 2100.  Rising sea levels will make all storms more damaging, and some climatologist predict that severe storms will occur more frequently.,

Accelerated sea-level rise poses threats to coastal wetlands, which provide flood protection and habitat for birds and fish.  Almost all of Maine’s developed beaches area at risk of damage from a large storm that comes at the same time as an astronomically high tide, as was the case during the 2007 Patriot’s Day storm.  Over the next decade, a 100-year flood could occur every two to three years in the Northeast.

Warming ocean temperatures could increase the frequency and intensity of hurricanes.  Nineteen hurricanes have made landfall in the Northeast since 1850; six occurred during the period between 1935 and 1960.  If the region were to experience a similar period of activity today, it would result in about #55 billion damage.

According to the Federal Emergency Management Agency (FEMA), in southern Maine, a 1” rise in sea-level will make all storms more damaging with serious economic and ecosystem consequences to the region.  

Frequency and Intensity

Using the storm events database provided by NOAA, the following graph shows the frequency of extreme weather events recorded from 1993 to 2012.
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Assigning Risk
In an effort to assign risk to each of the hazard events listed, probability and impact has been assigned in accordance with the following table.  

	Probability – How likely is this risk to occur

	H
	High
	Exhibits the high risk cue(s), has happened frequently, has a very significant chance at happening in the future, or for a single event has already happened.

	M
	Medium
	Has happened occasionally or has a reasonable but not completely expected chance of happening in the future.

	L
	Low
	Has happened very infrequently or is expected not to happen except infrequently.

	N/A
	Not Applicable
	This risk is irrelevant to this project or operation.

	NI
	Need Information
	Impossible to determine probability with the current available information.  Information must come from an outside source.  Consider high probability until otherwise identified.

	TBD
	To Be Determined
	Additional study will be required.  Consider High probability until additional is known.


	Impact – What will happen if the risk becomes an issue

	H
	High
	The issue will have a major impact on the business and is likely to cause significant disruption in service; a very visible event.

	M
	Medium
	The issue will have some impact on the business.

	L
	Low
	No service disruption or negative effects are expected.

	N/A
	Not Applicable
	This risk is irrelevant to this project or operation.

	NI
	Need Information
	Impossible to determine impact with the current available information.  Consider High Impact until otherwise identified.

	TBD
	To Be Determined
	Additional study will be required.  Consider High Impact until otherwise identified.


Rank and Prioritize

Using the probability and impact table provided and assigning risks for each natural event, we were able to prioritize the events in order of highest probability, impact and severity.  Of the 671 natural hazard events throughout Aroostook and Washington Counties, excluding the statewide events that have affected both counties, that occurred between 1950 and 2010, the probability of the event occurring in the near future was based on the number of past occurrences.  For example, 53.5% of natural hazard events have been thunderstorms & high winds; 24.8% have been hail events; 23.0% have been heavy/moderate snowfall (includes winter storms, ice storms, blizzards, etc.) and 14.0% have been floods/flash floods.

	Risk
	Consequence
	Probability
	Impact
	Severity

	Risk 1
	Flood
	H
	H
	H

	Risk 2
	Winter Storms/Ice Storms
	H
	H
	H

	Risk 3
	Thunderstorm & High Winds
	H
	M
	M

	Risk 4
	Pandemic Flu
	M
	M
	M

	Risk 5
	Wildfires
	M
	H
	M

	Risk 6
	Wind Damage
	H
	M
	M

	Risk 7
	Tornado
	M
	M
	M

	Risk 8
	Earthquake
	L
	M
	M

	Risk 9
	Hail
	M
	M
	L

	Risk 10
	Hurricanes
	M
	M
	M


The probability, impact and severity of each risk will be helpful in developing mitigation strategies to reduce the probability that a risk will materialize.  

Implications of Predicted Climate Change
Implications of predicted climate change in Aroostook County are divided into the following categories (new development, human health, economy, infrastructure, and ecosystems)

· New Development:  Plan, design, engineer, and construct buildings to anticipate greater variability in weather and weather-related events.  Anticipate that these weather events will cause more frequent disruptions in the power grid, communication, and transportation infrastructure.

· Zoning – Review and update regional and municipal zoning guidelines.

· Update floodplain maps to more accurately reflect the frequency and intensity of 500-year flood, which may now occur every 50 years in the future.

· Restrict sprawl.  Plan to minimize transportation cost, fossil fuel use, and CO2 emissions.

· Preserve arable agricultural lands.  One benefit of a warming climate is the opportunity to expand the variety of crops we can produce, particularly corn and wheat.  Aroostook County may be poised to produce valuable food crops at the very time when predictions indicate that the regions that currently produce these crops will suffer catastrophic agricultural decline (heat waves, drought, floods, extreme weather – another dust bowl).

· Building Design and Placement – Choose optimum locations and over-engineer.  

· Design to withstand F4 tornado and maximize energy efficiency (rooftop solar, wind, biomass, hydropower, and geothermal) both at the individual building and community level.

· Earth shelter construction.

· Incorporate backup electrical generation capacity in new construction.

· Human Health

· Pandemic Disease – Of all the threats that face global society, pandemic disease is the most imminent and dire.  Climate change will increase global competition for essential resources, increase violent conflicts, and result in vast numbers of displaced people in refugee camps. 

· Insect borne Disease – Increased summer heat and warmer winters favor the northward spread of insects that carry dangerous pathogenic agents, such as Lyme disease, West Nile disease, and Eastern Equine Enchephalitus.

· Respiratory Ailments – As northern Maine experiences more frequent incursions of air masses from the south, conditions that include oppressive heat, humidity, ozone, and pollutants, we can expect the incidence of respiratory ailments, particularly in the aged, very young, and vulnerable segments of our population.

· Economy:  The economy of Aroostook County is based on a foundation of agriculture and forest products.  A growing third leg of the economic stool is energy production.  All other economic activity is tertiary, built upon the foundation of natural resource production and energy generation.  There are pitfalls and opportunities afforded by predicted climate change, but to capitalize on the opportunities, we must plan accordingly.
· Freshwater Ecosystems

Temperature, precipitation and timing of significant aquatic events, such as ice out, spring flooding, droughts, etc. that influence freshwater ecosystems are predicted to change. The timing of spring snowmelt that influences river flows is critical in the lives of water dependent wildlife.  Water levels and temperatures signal migration of fish and the concentration of birds that feed on fish.  Warmer temperatures and more frequent rainstorms could increase the incidence of West Nile virus as well as other mosquito-borne diseases. On the other hand, lower water levels could deplete our drinking water supply.  Surface water recharges groundwater and groundwater provides baseflow to streams and rivers during periods of low rainfall.   Demands on freshwater supplies are increasing and water shortages are likely in the future.

Although the impacts of climate change on natural ecosystems are largely invisible over short time spans and tend to be disregarded by economists and developers, they have implications for every facet of our lives.  In Aroostook County, we have converted our cold water habitat in our rivers and lakes to warm water systems through land use activities; such as forest clearing, urban development, and dams; but Tinker Dam, Fish River Falls, and Allagash Falls provide barriers against an invasion of warm water species.  

The Aroostook, Fish, and Allagash Rivers are the last uncontaminated native brook trout habitat in the U.S., but we are in jeopardy of losing it.  We can expect moose numbers to decline and white-tailed deer to increase.  Snowshoe hare and lynx will give way to cottontail and bobcat.  The caveat is that ecosystems don’t necessarily march northwards in lock step with a warming climate.  “Global weirding” describes the ecological chaos that ensues when change happens rapidly and the species within the ecosystem remain in constant flux.

Twelve hundred years ago, during the Medieval Warm period, northern Maine supported herds of caribou and a large population of snapping turtles.  The subsequent Little Ice Age pushed the snappers south – they are only now moving back into the Aroostook drainage, and later Euroamerican settlement pushed the southern range limit of caribou northwards to the Gaspé.  Nowhere do caribou and snapping turtles co-exist today.  We can expect other, seemingly incongruous, species assemblages as a result of the predicted rapid rate of climate change.  Some may be beneficial, others not, but all are likely to continue to change rapidly rather than establish long-term equilibrium, which only occurs during period of low rates of change and general environmental stability.
· Saltwater Ecosystems

The Gulf of Maine is one of the most productive ecosystems in the world, supporting commercial and recreational fisheries with a combined annual value to the U.S. economy in excess of $1 billion (Steinback et al., 2004).  The coast of Maine attracts millions of visitors annually contributing significantly to the tourism economy.  As the temperatures continue to warm and changes in the water chemistry, such as increased nutrients and ocean acidification, the food systems that supports commercially important fish, shellfish, and other marine species will be altered.   As more CO2 from the atmosphere is released in the ocean, the ocean will become more acidic.  More acid in the ocean lowers the concentration of carbonate, which is needed by clams, mussels, lobsters, barnacles, sea urchins, algae, and some plankton to build their shells and other hard parts.
The Gulf of Maine lies along a boundary between the subarctic zone to the north and the warmer zone to the south, and represents the southern limit for many cold-water marine species and the northern limit for many warm-water species.  Warming seas could potentially attract nuisance or invasive species, such as the 
Asian shore crab.  Another threat to commercial fisheries and human health, are the harmful algal blooms, which occur when any of several species of marine phytoplankton reproduce.  
It is estimated that the current rate of sea-level rise is accelerating from half a foot in the last century to a predicted two foot rise or more by 2100.  Rising sea levels will make all storms more damaging.  

· Forests

Maine is the most heavily forested state in the nation and has long supported a forest-based economy.  Changing climate will result in a responsive change in the tree species that make up our northern forest.  Spruce and fir have only been important constituents of the forest since about 1,000 years ago in concert with the Little Ice Age.  Dr. George Jacobsen, Maine state climatologist and Emeritus faculty of the University of Maine’s Climate Change Institute, recommends planting red oak and white pine here in the north with the expectations that conditions favorable for those species will occur here in Aroostook County during their life span.
· Agriculture
Agriculture is a diverse industry, contributing over $1 billion annually to Maine’s economy.  This natural resource-based industry faces substantial effects from projected increases in temperature and shifts in the amount and distribution of precipitation.    Agricultural systems can be affected by the length of crop growing season and amount of water in the soil.  It can also be affected by the increasing atmospheric CO2 concentration.  Increased CO2 concentrations in the air increases a plant’s photosynthetic rate and water use efficiency.  

Effects of higher temperatures on agricultural pests, will pose serious threats, such as insects, weeds, viruses, and other pathogens.  With warmer temperatures and increased development rate of insects, there will be increased potential crop damage and the cost of control strategies.

Higher winter temperatures, a greater proportion of rainfall to snow, and more frequent high-intensity events all result in wetter or muddier conditions, which contribute directly to animal stress and may also increase populations of organisms responsible for mastitis in dairy cows.  For cattle in particular, the increased stress level contributes to respiratory infections, such as pneumonia.  

Earlier spring runoff will result in shorter seasons for ice fishing, snowmobiling and skiing.  
At the other end of the spectrum, increasingly heavy downpours as experienced in the 1996 torrential rainfall will be accompanied by an increasing risk of drought, which the State of Maine experienced in 2002.  The increased temperatures brought by global warming will increase the rates of evaporation of moisture from the land and the ocean.  This will tend to make soils dry out faster after rainfall, reducing soil moisture while simultaneously fueling potential downpours with more water vapor.  This could have a high negative impact on the State of Maine’s sanitary drinking water, particularly for low-to-moderate income (LMI) households who cannot afford to drill new wells.  It is reported that approximately 95% of drinking water supplies are private drilled and/or dug wells.  
According to the National Oceanic and Atmospheric Administration’s National Climatic Data Center, there have been 4,558 natural hazard events statewide from 1/1/1950 to 07/12/12.  A total of 685 (18%) were experienced in Aroostook County.  Maine hazards include flood (flash, riverine, urban); severe winter storms, severe summer storms; hurricanes, wildfire, drought, dam failure, earthquake, tornado, and landslides.

The following table represents the number of events that have been recorded by NOAA, but not necessarily been declared disasters by MEMA or FEMA.  In total, there have been 22 deaths in Aroostook County, with a majority attributed to lightning, followed by flood and snow and ice.  Strong Winds and Thunderstorm winds have contributed to 5 of these deaths.  Again, lightning leads the number of injuries caused by an extreme weather event.  In Aroostook County, there have been 156 injuries.  Fog was responsible for 24 injuries while tornadoes accounted for 19 injuries.
	Event
	Number
	Deaths
	Injuries
	Property Damage
	Crop Damage

	Drought
	0
	0
	0
	0
	0

	Dust Storm
	0
	0
	0
	0
	0

	Flood
	78
	4
	3
	$193,416,000
	0

	Fog
	1
	0
	24
	$0
	$0

	Funnel Cloud
	3
	0
	0
	$0
	$0

	Hail (.75” to 3.00”)
	105
	0
	2
	$501,000
	$130,000

	High Winds
	33
	0
	12
	$6,715,000
	$0

	Hurricane/Tropical Storm
	2
	0
	2
	$75,000
	$0

	Lightning
	1
	6
	69
	$8,367,000
	$0

	Ocean and Lake Surf
	0
	1
	13
	$20,093,000
	$0

	Precipitation
	2
	0
	0
	$505,000
	$500,000

	Snow & Ice
	179
	4
	0
	$325,930,000
	$0

	Strong Winds
	3
	3
	4
	$1,739,000
	$0

	Temperature Extremes
	38
	1
	0
	$0
	$0

	Thunderstorm Winds
	204
	2
	8
	$882,000
	$0

	Tornado (F1-F3)
	24
	1
	19
	$9,806,000
	$0

	Waterspout
	0
	0
	0
	$0
	$0

	Wild & Forest Fire
	1
	0
	0
	$0
	$0

	
	685
	22
	156
	$568,029,000
	$630,000


Source:  National Oceanic and Atmospheric Administration, National Climatic Data Center
E2
Obtain LIDAR and improved flood hazard data for Washington County coastline and inland areas of both counties

· Data sets and GIS coverages obtained and in use for study area

E3
Obtain Community Viz software and orient GIS students to overall project

· Runs of local Community Viz models in coastal communities available for review and analysis.  The University of Maine at Machias offers a series of classes not offered at other university sites.  They have students from other universities attending classes such as municipal GIS, scenario building, modeling, and Community Viz.  They also have remove courses for LIDAR and GIS II.  
E4
Outreach to coastal communities on sea level rise modeling and flood hazard modeling

· Anticipated impacts of sea level rise including mapping, infrastructure impacts and hazard mitigation responses

E5
Regional models under development by GIS staff and advanced GIS students for inland flood impact

· Regional models for use in scenario planning

E6
Development of infrastructure impact analysis based on model output including implications of moving, replacing, or renovating infrastructure

· Regional models for use in scenario planning – According to scientists, model projections represent the best method available to project future climate.  Model projections for several sectors of the economy impacted by global warming should include; forestry, agriculture, structures, tourism, water, energy, health, and others.  Scientist also agree that impact analysis can be more accurately determine impacts and damage costs by using multiple models; such as climate models, which predict changes in temperature, precipitation, and extreme events, and biophysical models, which estimates impacts of climate variables on biological and physical factors.  
Local and regional predictions of future climate are difficult to predict because it is imprecise, problematic and often contradictory.    However, general trends all indicate that we are entering a period of greater variability in our climate – more intense summer storms and extreme winter weather, flashier discharge of surface water with higher frequency of floods and droughts, and generally higher temperatures in all four seasons.  These predicted changes do permit us to evaluate the nature of impacts to our regional society, both detrimental and beneficial, and to effectively plan to mitigate negative impacts.  

OBJECTIVES:

The objective is to provide individuals and communities with better understanding of their vulnerabilities to the effects of extreme weather events, long term climate change, and take ownership of the risks by developing policies and plans that reduce the negative economic and  social costs of climate change. 
Knowledge Gaps:

· Agriculture:  

1. Potential effects of increased temperatures on crops and animals?

2. What are the estimated costs of replacing infrastructure and building flexible capacity for changing crops?

· Forestry:
1. How will global climate change affect forest species composition, productivity, and health?

2. Will climate change cause increased severe weather, which will induce code requirements for higher performance building materials?

3. Will changing climate alter the ability of Maine’s forests to naturally regenerate?

4. How will changing ownerships in forest productivity here and abroad affect global competition within the forest products sector?

5. How will changing consumer preferences for green products affect the forest products industry?

6. How will the production of different forest products in response to a changing climate affect employment within Maine’s manufacturing sector?

7. How will rising energy costs affect the industry?

· Tourism:  
1. Will changing weather conditions affect the number of visitors to Aroostook and Washington Counties?

2. How will Aroostook and Washington Counties competitive advantage change relative to other places?

3. How will future visitors and residents respond to degraded natural resources, affected directly by changing weather conditions and indirectly from a potential increase in visitors?

4. Can we quantify the economic impact of climate change on tourism and recreation?

· Transportation:

1. Inventory critical infrastructure such as coastal roads, railways, transit systems, and runways to assess their vulnerability to flooding due to severe storms and sea-level rise.
2. How can we promote sustainable development and transportation infrastructure without also changing the rural nature and quality of life in Aroostook and Washington Counties?
· Energy:

1. What will it take in terms of cost, effort, and time to convert residential heating systems from oil to natural gas, wood, heat pumps, or some combination of these?
2. What can we do in support of heat pumps, tidal, and wind energy industries to ensure business competition and the existence of a trained workforce with reliable installation skills?
· Human Health:

1. Can we evaluate the public health risks posed by storms, flooding, and sea-level rise to water quality, and prioritize investment in upgrading wastewater treatment plants, combined sewer overflows, and private subsurface wastewater disposal systems?
2. More research is needed on emerging disease ecologies, particularly for vector-borne diseases as they invade temperate climates.  
3. What are the acute and chronic effects of pollutants carried in air and their effects on human health?  Health policy research is needed to refine understanding of the complex public health needs and the roles of the public health system in natural disasters, including benefit/cost assessments that consider the diverse health consequences that occur.
· Economy:

1. How would we respond to climate change when the most significant effects may be decades away, but the costs of mitigation and adaptation must be borne today, when resources to meet critical social, economic, and environmental needs are already short?
Mitigation vs Adaptation

There are two response options to climate change – mitigation and adaptation.  As climate change and its impacts are becoming more prevalent, we, as Americans, face choices.  One example where mitigation could help improve climate change is to reduce or lower emissions of heat-trapping gases.  Lower emissions mean less future warming and less severe impacts.  
The other major category of response to climate change is adaptation, which refers to changes made to better respond to new conditions.  These two responses are linked in that effective mitigation reduces the need for adaptation.  Both are essential parts of a comprehensive response strategy.  
In Aroostook and Washington Counties, the most pressing climate change adaptation issues include:  sea-level rise, coastal and inland flooding, erosion, and negative impacts upon infrastructure and communities.  Adapting to multiple climate induced impacts, such as sea level rise, ocean acidification, increased air temperature and changes in precipitation patterns, increased frequency or intensity of extreme weather events, changing storm patterns, coastal erosion and inundation, changes in crop yields, changes in ocean productivity, and new human health problems are challenging issues.  
Supporting the development of climate change adaptation plans and strategies requires close collaboration between decision-makers and professionals through a program of shared learning and joint problem solving.  The first step in the development of adaptation plans is to perform a community assessment identifying challenges, issues, and responses to climate change.
Challenges of a community assessment –

· Understanding what adaptation means

· Understanding ability to influence their future

· Maximizing available resources

· Moving from awareness to action

Issues associated with community assessment –

· Challenge of independently assessing climate risk is overwhelming for smaller communities

· Financial and technical resources are constrained

Response of community assessment –

· Develop community assessment guides

· Provide incentives to completing climate/adaptation assessment

· Engage partnership approaches with engineers, planners, municipa organizations, and emergency planning



Climate Change Adaptation Initiatives

· Action Plan

· Coastal Areas Protection Policy

· Including Adaptation Measures in Policies

· Impacts of Sea-Level Rise and Climate Change

· Study on Emergency Preparedness of Coastal Community

· Climate Change Adaptation Strategy

· Regional Adaptation Collaborative

Adaptation Scenarios:

· Do Nothing

· Dyke Top-up (examine costs of improving structural integrity and height of existing dykes)

· Relocation (examine costs of relocating vulnerable properties)

· Water availability can be manipulated to some extent by management techniques, but increased irrigation capacity will be a necessity for many sectors of the agricultural industry, particularly for high-value crops.

· When groundwater is not feasible for irrigation, construction of impoundments (ponds) may be needed

· Farmers may be required to invest in capital expenditures to modify existing buildings to provide for better ventilation and cooling, or in some cases, constructing new facilities.  

· Review and amend current policies to ensure that adaptive management principles are being implemented.

· Implement policies to address what measures will be taken to protect ecologically unique species in the event that they are unable to adapt, such as constructing and managing artificial wetlands to preserve the ecosystems from seasonal droughts.

· In forest, silvicultural practices can enhance retention of critical species, or facilitate introduction of new species that are better adapted to future environments and markets.

· Maintain a substantial forest cover to help preserve economic and environmental benefits, including a healthy hydrologic cycle, and provide protection against catastrophic weather events.

Observations:

· Temperature ↑? Degrees F

· Snow Pack     ↓  ____ (N)    ____ (S)

· Sea Level Rise  ↑  __?__

· Extreme Storm Events   ↑  ____?____ x as frequent

Action Plan

· 5 Areas of Adaptation

· Risk Assessment

· Climate Proofing

· Planning Policy

· Manage Development of coastal areas

· Management of natural resources

· Strategies

· Develop integrated planning policy

· Develop comprehensive water management strategy

· Adopt coastal area protection policy

· Address fishing, farming and forestry management issues

· Changing climate considerations in tourism planning

· Others:

· In coastal areas protection policy, manage land use development in coastal zone by protecting coastal features and setting standards for development.  Objectives is to protect flora and fauna, protect inland areas from flooding, and reduce risk and impact from coastal flooding.

· Encourage farmers to use terracing to reduce soil erosion

· Protect and improve riparian zones

· Determine coastal erosion rates

· Forest insect population and disease monitoring (maintaining information on insect may lead to pest management strategies)

· Incorporating sea level rise and future flood predictions into bridge design and construction, new road construction, and culvert sizing.

· Develop integrated incident management system to build emergency management capacity at regional and local level.

· LIDAR mapping and modeling of the St. John River Valley

· Ortho-photos of the St. John River Valley

· Develop projects and tools for municipalities, planners, and engineers to use to adapt to climate change.

APPENDIX A.

	Declaration Date
	Declaration #
	Location
	Incident Type
	 Property Damage
	Property Damage

	February 1, 2011
	1953
	AR, PI, WAS, and PE 
	Severe Storms and Flooding
	$1,716,260
	Damages to roads and bridges

	July 30, 2009
	1852
	FR, HA, KN, LI, OX, SO, WAL and WAS 
	Severe Storms, Flooding and Landslides
	$2,518,131
	Damages to roads and bridges

	May 9, 2008
	1755
	AR, PE, KN, LI, PI, SO, and WAL 
	Severe Storms and Flooding
	$4,164,462

Individual Assistance = $1,131,704

Public Assistance = $3,032,758
	Individual Assistance:  386 residences impacted (14) Destroyed

(209) Major Damage

(99) Minor Damage

(64) Affected

	April 25, 2007
	1693
	AN, CU, FR, HA, KE, KN, LI, OX, SA, SO, WAL, WAS, and YK 
	Severe Storms and Inland and Coastal Flooding
	$22,000,000±
	

	April 20, 2007
	1691
	
	Flooding
	Same as Above
	

	February 24, 2006
	3265
	AR
	Record Snow
	Unknown
	

	September 19, 2005
	3256
	Statewide
	Hurricane Katrina
	Unknown
	

	June 29, 2005
	1591
	AN, AR, FR, HA, KE, KN, LI, OX, PI, SO, WAL, and WAS
	Severe Storms, Flooding, Snow Melts and Ice Jams
	Unknown
	

	April 21, 2005
	3210
	AN, CU, and OX 
	Record snow 
	Unknown
	

	April 1, 2005
	3209
	AN, AR, CU, FR, OX, PE, PI, SO and YK 
	Record Snow
	Unknown
	

	March 14, 2005
	3206
	AN, AR, CU, FR, HA, KE, KN, OX, PE, PI, SO, WAS and YK 
	Record Snow
	Unknown
	

	February 5, 2004
	1508
	SA, FR, KE, OX, PI, SO, and WAL 
	Severe Storms, Flooding, Snow Melt & Ice Jams
	$1,500,000
	

	January 26, 2004
	3194
	AR, FR, HA, PE, PI, SO and WAS
	Record Snow
	Unknown
	

	January 15, 2004
	3190
	AN, AR, CU, FR, HA, KE, OX, PI, PI, SO, and WAS
	Record Snow
	Unknown
	

	May 14, 2003
	1468
	AN, AR, CU, FR, HA, LI, OX, PE, PI, and WAS
	Severe Winter Cold and Frost
	Unknown
	

	March 11, 2003
	3174
	AR
	Record Snow
	Unknown
	

	May 16, 2001
	1371
	FR, KE, OX, PE, WAS, and YK
	Severe Storms and Flooding
	$1,761,573
	

	March 20, 2000
	3164
	AN, AR, CU, FR, HA, LI, OX, PE, PI, SA, SO, WAS and YK
	Severe Winter Storm
	
	

	April 28, 2000
	1326
	AN, AR, FR, KE, OX, and SO
	Severe Storms and Flooding
	$2,884,207
	

	November 18, 1999
	1308
	AN, CU, KE, OX, and SO
	Hurricane Floyd
	Unknown
	

	January 21, 1999
	1263
	CU and YK
	Severe Storms, Heavy Rains, High Winds and Coastal Flooding
	$1,997,555
	

	July 2, 1998
	1232
	AN, FR, KE, OX, SO, and YK
	Severe Storms and Flooding
	$2,519,458
	

	January 13, 1998
	1198
	Statewide
	Ice Storms
	$47,748,466
	

	October 28, 1996
	1143
	CU, OX, and YK
	Severe Storms and Flooding
	$8,998,501
	

	October 24, 1996
	3121
	CU and YK
	Severe Storms and Flooding
	Unknown
	

	May 20, 1996
	1114
	AN, CU, KN, OX, and YK
	Flooding and Mudslides
	$2,671,119
	

	March 13, 1996
	1106
	AN, FR, OX, PE, PI, SO, and WAL
	Severe Storms and Flooding
	$2,181,170
	

	May 13, 1994
	1029
	AR
	Flooding and Ice Jams
	$5,700,000
	Damage to 71 homes and businesses

	May 11, 1993
	988
	AN, AR, CU, FR, HA, KE, LI, OX, PE, PI, SO, and WAL
	Heavy  Rain, Flooding, Ice Jams, and Snow Melts
	$3,476,507
	

	March 15, 1993
	3099
	Statewide
	Blizzards, Severe Winds and Snowfall, and Coastal Storms
	Unknown
	

	May 19, 1992
	2080
	AR (Allagash)
	Yellow Line Fire
	Unknown
	1,150 acres

	March 27, 1992
	940
	AN, CU, FR, KE, KN, OX, Pi, SO, WAL and YK
	Flooding, Heavy Rain, and Ice Jams
	$3,462,787
	

	November 7, 1991
	921
	CU, KN, LI, SA, and YK
	Severe Coastal Storm
	Unknown
	

	August 28, 1991
	915
	AN, CU, KE, KN, LI, OX, SA, and YK
	Flooding, Hurricane Bob
	Unknown
	

	April 19, 1991
	901
	AR
	Flooding, Severe Storm, and Ice Jams
	Unknown
	

	June 7, 1989
	830
	AN, CU, FR, and OX
	Severe Storms and Flooding
	$1,396,120
	

	April 9, 1987
	788
	AN, CU, FR, HA, KE, KN, LI, OX, PE, PI, SO, WAL and YK
	Severe Storms and Flooding
	$100,000,000
	

	April 30, 1979
	SBA
	Multi-County
	Flood
	$648,500
	

	February 17,1978
	550
	Statewide
	High Winds, Tidal Surge, and Coastal Flooding
	$20,693,181
	

	August 10, 1977
	SBA
	Aroostook
	Hurricane
	$4,000,000
	

	August 19, 1976
	SBA
	Aroostook
	Flooding, Hurricane Belle
	Unknown
	

	January 18, 1974
	410
	AN, AR, FR, KE, KN, LI, OX, PE, PI, SA, SO and WAL
	Severe Storms and Flooding
	Unknown
	

	May 23, 1973
	384
	AR, PE, and WAS
	Heavy Rains and Flooding
	Unknown
	

	September 28, 1972
	356
	
	Toxic Algae in Coastal Waters
	Unknown
	

	March 7, 1972
	326
	CU, HA, KN, LI, SA, WAS, and YK
	Severe Storms and Flooding
	Unknown
	

	February 27, 1970
	184
	AN, AR, CU, FR, KE, KN, LI, OX, PE, PI, SA, SO, WAL, WAS, and YK
	Severe Storms, Ice Jams and Flooding
	$3,000,000
	

	September 13, 1954
	24
	Statewide
	Hurricane Edna
	$7,000,000
	8 Deaths, Power Outages
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