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EXECUTIVE SUMMARY 
Climate change is threatening the current balance of ecological systems across the globe. In New 
England, we can expect warmer  air temperatures, more intense and frequent precipitation events, 
increased flooding, reduced snow cover  duration , enhanced species migration and extirpation, and 
earlier lake ice -out . Lakes can provide early indications of climate change effects, and have been 
ŚĘģŷǉŚĺŚģĘ ïƶ ƬƶģŷǉŚŷģŪƶ ƃĺ čŪŚųïǉģ čŖïŷŋģƮ by the scientific community.   

The Kezar Lake Watershed  Association (KLWA) recognized the  critical need to protect and monitor 
its valuable natural resources in the face of climate change. As a result, KLWA established a Climate 
Change Observatory (CCO), whose objective  is to analyze the long -term effect s of climate change on 
atmospheric, aquatic, and terrestrial ecosystems  in the Kezar Lake watershed . The CCO is led by a 
six-member steering committee and is funded through a Sally Mead Hands Foundation grant, 
generous donations, and the KLWA General Fund. The formulation of the CCO was made possible 
through the expert guidance of collaborating partners, including the Greater Lovell Land Trust, the 
U.S. Forest Service, the University of Maine Climate Change Institute, the Maine Department of Inland 
Fisheries & Wildlife, Manomet  Center for Conservation Sciences , Plymouth State University  Center for 
the Environment , and FB Environmental Associates.  

The mission of the Climate Change Observatory is to observe, measure, and 

analyze long-term climate change trends  and to address their impact on the 

waters, lands, and wildlife of the Kezar Lake watershed . 

This document is the first CCO Annual Report, which is published in early fall following the busy 
summer when climate change -related activities are at their peak.  The purpose of this report is to 
summarize CCO activities for the past year and to make recommendatio ns based on the analysis of 
climate change -induced annual trends for available data . These data were presented by major 
ecological zone: water, atmosphere , and land. 

The CCO has accomplished the following  climate change activi ties in the watershed : 

¶ Developed climate change webpages  for the KLWA website  (klwa.us) to showcase observed 
trends in several indicator categories, but most especially water quality.  

¶ Purchased data loggers  to monitor water temperature and water level in several tributaries 
draining to Kezar Lake, as well as in the lower bay and in the outlet stream to the lake.  

¶ Conducted a culvert survey  that identified 15 of 211 culverts as high prior ity for replacement.  
¶ Collected sediment core samples  for historical water quality analysis by Dr. Lisa Doner from 

Plymouth State University.  
¶ Hosted a graduate  summer  intern  that helped research and compile key climate change data 

for the CCO webpages.  
¶ Att ended four major regional or national conferences  that enhanced CCO member knowledge 

of climate change and promoted CCO activities to the public.  
¶ Attended multiple meetings with project partners , including the Town of Lovell and Plymouth 

State University.  
¶ Obtained grant funding from the Sally Mead Hands Foundation to continue climate change 

tracking efforts in the watershed.  
¶ Participated in multiple education and community outreach events  to promote CCO activities . 
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ANNUAL REPORT ON OBSERVED THREATS & RECOMMENDATIONS 
 

CLIMATE CHANGE THREAT ADAPTATION RECOMMENDATIONS 

CLIMATE 
Ã Increased air 

temperature s. 
Ã Fewer extreme cold 

days. 

Ä Incorporate climate change language in updated municipal  
comprehensive plans.  

Ä Prepare municipal climate change adaptation plans. 

Ä Adopt a citizen pledge to reduce carbon footprint.  

Ä Provide incentives (e.g ., tax breaks) for homeowners that  reduce 
carbon footprint.  

Ä Review and improve energy usage of municipal  buildings.  

Ã More days with 1 inch 
rain events. 

Ã Decreased annual 
snowfall. 

Ä Improve infrastructure to accommodate higher and more 
frequent flow volumes.  

Ä Replace the 15 high priority culverts identified by the 2015 
culvert study.  

Ä Expand culvert study to include private roads.  

Ä Create a funding and assessment plan to re -assess and replace 
culverts in the watershed on an ongoing basis. 

Ä Develop emergency management plans based on  climate 
projections. Include current and projected flood risk map s for 
residents with homes in low -lying areas. Consider requiring 
septic system evalu ations for all homes within the  projected 
flood zone to assess potential for failure due to rising wate r 
tables. Consider rezoning the  projected flood zone for non -
development.  

Ã Earlier ice-out since 
1972. 

Ä Encourage establishment of  a "Climate Change Adaptation" 
webpage on the town website that directs residents to 
important climate change information and the CCO webpages.  

Ä Conduct bathymetry and topographic mapping of shoreline 
habitats and model the effects of changing lake levels on 
shoreline stability.  

WATER 
Ã Stable trends in total 

phosphorus, 
chlorophyll -a, pH, and 
color in all waterbodies; 
improving trends in 
water clarity at Kezar 
Lake. 

Ä Review and update local ordinances to include better site 
design, low impact development, and green infrastructure 
principles that limit the amount of phosphorus, nitrogen, 
sediment, and acidic waters from reaching waterbodies.  

Ã Degrading trend s in 
alkalinity in multiple 
waterbodies. 

Ä Develop an alkalinity and pH study to assess the vulnerability of 
waterbodies to acid rain and watershed activities.  



CLIMATE CHANGE OBSERVATORY Ĳ 2015 ANNUAL REPORT 

v | P a g e  
 

CLIMATE CHANGE THREAT ADAPTATION RECOMMENDATIONS 

Ã Impacted water quality 
at Farrington and Heald 
Ponds. 

Ä Target stormwater management and septic system 
maintenance outreach to these pond residents. 

 
Ã Increase in anoxic factor 

at the upper bay  and 
Cushman and 
Horseshoe Ponds.  

Ä Protect land  to ensure that development occurs in a sustainable 
and low -impact way to  increase watershed resiliency to 
extreme weather events and prevent potential polluted runoff.  

Ã Increased threat from 
invasive aquatic plants.  

Ä Continue progressive  watch programs tha t help prevent and 
control invasive plants.  

Ã Reduction in coldwater 
fish populations and 
aquatic bird species.  

Ä Classify streams based on climate resiliency for supporting 
coldwater fish species. This will help target streams in need of 
restoration. Restoration techni ques include increasing overhead 
vegetative cover to help cool  stream water temperatures.  

Ä Encourage anglers to use non -lead sinkers by providing free 
samples. 

Ã Increased threat from 
aquatic pathogens, 
including bacteria, 
protozoa, and parasites. 

Ä Create a public notification system for swimming advisories 
following any instances of  significant algal blooms when waters 
may be harmful to human health.  

LAND 
Ã Reduction in agricultural 

yield and plant diversity.  
Ä Develop homeowner brochure that recommends climate -hardy 

species and mitigation strategies for farmers and garden -
enthusiasts. 

Ä Promote conservation tillage to farmers.  

Ã Shifts in the habitat 
ranges of  native plant 
and bird species.  

Ã Decline in moose 
populations.  

Ä Conduct habitat and  species -level vulnerability assessments.  

Ä Protect and restore riparian habitats by enhancing buffers that 
limit heat stress on species.  

Ä Develop a buffer ordinan ce that recommends permitted 
activities within buffer zone and establishes minimum buffer 
widths more stringent that State law.  
 

Ä Conserve and protect land areas that serve as wildlife corridors.  
 

Ä Complete a habitat analysis that prioritizes high value habitat for 
species most vulnerable to climate change.  

Ã Increased threat from 
insects and pathogens.  

Ä Disseminate public notices during peak tick and mosquito 
season.  

Ä Control  outside firewood and other materials that potentially 
harbor invasive insects.  
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INTRODUCTION 
In 2013, the Kezar Lake Watershed Association (KLWA) established a Climate Change Observatory 
(CCO) to observe, measure, and analyze long -term climate change trends and to address their impact 
on the water s, lands, and wildlife of the Kezar Lake watershed. The CCO is building upon decades of 
limited local data by expanding data collection activities in the Kezar Lake watershed . These data 
collection activities target  current community int erests that were identified during a Community 
Values Form hosted by the CCO in July 2014. The purpose of this work is to provide the public, local 
government, and other stakeholder organizations with 1) ongoing information related to the effects of 
climat e change on community interests and 2) recommendations for mitigating or adapting to these 
potential effects.  

This document is the first CCO Annual Report, which is published in early fall following the busy 
summer when climate change -related activities are at their peak.  The purpose of this report is to 
summarize CCO activities for the past year and to make recommendatio ns based on the analysis of 
climate change -induced annual trends for available data . These data were presented by major 
ecological zone: atmosphere, water, and land.  

CLIMATE CHANGE OBSERVATORY MANAGEMENT AND DIRECTION 

The CCO is funded by a combination of grant, donations, and the KLWA General Fund. CCO activities 
are guided by a Steerin g Committee that reports to the KLWA President and supervises the activities 
of the CCO, by providing direction, setting goals, establishing priorities, and allocating funds.  

Current Steering Committee Members  

Don Griggs, Director   Bob Winship  

Heinrich Wur m  Ray Senecal   

Lucy LaCasse    Wes Huntress  

PARTNERS AND COLLABORATING ORGANIZATIONS 

The CCO collaborates with federal and state government agencies, universities, and private 
organizations that are involved in climate change activities. CCO members  meet and exchange ideas 
and data with these partners on a regular basis. The recommendations and guidance the CCO has 
received from these collaborating partners have been  immense ly help ful in formulating  climate 
change monitoring plans and activities.  

Our Partn ers Include:  

¶ Greater Lovell Land Trust  Ĳ shares our vital interest in the future of our watershed;  
¶ U.S. Forest Service  Ĳ established a water quality data exchange plan for streams with in the 

watershed in the White Mountain National Forest (24% of our water shed); 
¶ University of Maine Climate Change Institute  Ĳ provides  access to internationally -acclaimed 

experts studying climate science;  
¶ Maine Department of Inland Fisheries & Wildlife  Ĳ conducts research on the effects of climate 
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change on fisheries and wildlife;  
¶ Manomet  Center for Conservation Sciences  Ĳ provides technical experts on climate change 

effects on land and water;  
¶ Plymouth State University  Center for the Environment  Ĳ providing historical climate data from 

sediment core  sampling,  and proving t o be a source of highly -qualified graduate interns;  
¶ FB Environmental Associates  Ĳ provides technical advice, planning , and monitoring support for 

CCO activities. 

CURRENT CCO ACTIVITIES (2014-2015) 
The CCO has been very active during the past year  from Sept ember 2014 to September 2015 . These 
activities have bolstered community involvement and awareness of climate chan ge in the Kezar Lake 
watershed. Our work has received support and commendations from several regional environmental 
organizations in Maine.  

WEB SITE DEVELOPMENT 

A major effort over the past year has been the develop ment of webpages for the KLWA web site 
(klwa.us) that tell the story of climate change trend s for a variety of data collected within or near the  
Kezar Lake watershed. This web site successfully summarizes  the voluminous data collected over 
several decades  in a format that is  readily accessible and understandable to the public . Because of 
the extensive and local data available on water quality for Kezar Lake and six ponds within the 
watershed, most of the i nitial effort was placed on water quality . However, the CCO was also able to 
collect and summarize general climate information for the area, as well as the effects of climate 
change on many key wildlife and plant species. Website dev elopment will be an ongoing effort by 
the CCO and one of the primary methods of data communication with the public.  

DATA COLLECTION 

The CCO purchased data loggers that continuously  collect water temperature and water level  data 
in two  streams draining to Kezar Lake, as well as in the lower bay and in the outlet stream of the lake.  
Five other streams draining to Kezar Lake are continuously monitored for water temperature. The 
CCO and its partners are currently working to establish a stage -discharge relation ship for three sites 
so that water level can be converted to flow data. Climate change is likely to impact water 
temperature and stream flow greatly; thus, establishing a monitoring program that evaluates these 
parameters annually will provide insight to how the watershed resp onds to climate change .  

CULVERT STUDY 

As the magnitude and frequency of storm events change with climate change, it is especially 
important for municipalities to regularly inspect, replace, and maintain culverts. Culverts control the  
movement and direction of runoff entering Kezar Lake from the surrounding landscape. Culverts that 
are undersized for current or future flow volumes can cause significant erosion of streambanks and 
road shoulders. This eroded, phosphorus -laden material en ters the stream channel and makes it way 
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to the lake, where it can serve as fuel for algal growth. Working with the Lovell Public Works 
Department, FB Environmental technical staff and KLWA volunteers  conducted a survey of 211 
culverts on Town roads in the  watershed. Fifteen culverts were selected as high priority for immediate 
replacement by the Town. Results and recommendations were pr esented to the Lovell Selectmen.  

SEDIMENT CORES 

Under the guidance of Dr. Lisa Doner from Plymouth State University, the CCO collected sediment 
core samples from Kezar Lake in Febr uary and June to establish a 150 to 250 -year history of climate 
conditions in the lake. A detailed description and p reliminary results are presented later in this report.  

SUMMER INTERN 

The CCO was very fortunate to have a paid intern for six weeks this summer. Chelsea Berg, a graduate 
student from Plymouth State University, was instrumental in researching and compiling climate 
change data for the KLWA webpages, leading the KLWA Old Home Days booth, and participating in 
water quality data collection. Depending on available funding, the CCO wishes to host an intern every 
summer to help with climate change research.  

CONFERENCES 

Members of the KLWA/CCO attended several climate change conferences through out  the year to 
enhance  their knowledge of climate change and to promote  CCO activities to the public . These 
conferences include:  

10/23/14   Six members of KLWA/CCO and Ed Ryan (Chairman, Lovell Planning Board) attended 
the University of Maine Cl Śųïǉģ 7Ŗïŷŋģ cŷƶǉŚǉǘǉģƯƶ Ƭ7ŪŚųïǉģ Adaptation and 
ÂǘƶǉïŚŷïĄŚŪŚǉǺ 7ƃŷĺģƱģŷčģƮ Śŷ ©Ʊƃŷƃ, ME. 

03/20/15  Attended 2015 NH Water s Conference in Bartlett,  NH. 

03/31/15  £ǉǉģŷĘģĘ ǔȆƌŀ Ƭ~ïŚŷģ ÂǘƶǉïŚŷïĄŚŪŚǉǺ ú ÚïǉģƱ 7ƃŷĺģƱģŷčģƩ Śŷ £ǘŋǘƶǉï, ME. 

08/22/15  Five members  of KLWA/CCO attended Maine Lakes Conference in Naples , ME. 

MEETINGS  

Members of the CCO met with Lovell officials as follows:  

12/03/14  Briefing to Lovell Planning Board  on CCO update. 

01/23/15  Met with Larry Fox to discuss culver t survey .  

02/10/15  Met  with Selectmen on culvert survey . 

04/01/15 Met with Lovell Planning Board on culvert survey .  

04/22/15  Conducted culvert survey with Larry Fox . 

08/04/15  Briefing to Lovell Selectmen on culvert survey and CCO status . 

08/05/15  Met with Lovell Planning Board. 
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Members of the CCO met with Plymouth State University staff  as follows:  

01/22/15  Met with Dr. Lisa Doner to introduce her to the CCO, discuss core sampling , and 
determine a possible summer intern.  

 
CCO Steering Committee meetings were held on 01/15/15, 04/24/15, and 07/08/15. 

GRANT APPLICATION AND REPORTING 

The CCO submitted a required status report to the S ally Mead Hands  (SMH) Foundation in February 
2015. The report detailed CCO use of the 2014 grant funds. The CCO  then  applied for a 2015 -16 grant  
from the SMH Foundation , which awarded  the CCO with $23,000 to continue their climate change 
tracking efforts.   

EDUCATION/COMMUNITY PROGRAMS   

07/11/15  Presented CCO activities update at the KLWA Annual Meeting . 

07/11/15  Presented CCO overview to the Lovell Invasive Plant Prevention Committee .  

07/18/15  Established a climate change booth for Lovell Old Home Days with displays, 
informative hand -outs, and a water clarity participation event for children .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Great Brook outlet.  Photo Credit: Jose Azel. 
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ANNUAL REPORT ON OBSERVED TRENDS 
 

CLIMATE 

Air Pollutants  

We rely  on the burning  of fossil  fuels  (i.e., gasoline, coal, and natural  gas) for  nearly  all aspects  
of  our everyday  lives. This heightened  energy  demand  for  and use of these  finite  
resource s over the last century  has introduced  an excess of noxious gases to the 
atmosphere . Some of these  gases (e.g., carbon  dioxide,  methane,  and nitrous  
oxide), also known  as greenhouse  gases, are responsible  for  trapping  reflected  
heat from  the ģïƱǉŖƯƶ surface. This process  is vital  to maintaining  a habitable  
planet,  but  excess greenhouse  gases in the atmosphere  enhances  this 
effect  by trapping  more  heat and increasing  air temperatures  globally.  
Warmer  air temperatures  impact  rain and snow patt erns, sea level  rise, 
and species  migrations.   

Fossil fuel  combustion  also emits  sulfur  dioxide  and nitrogen  oxides 
to the atmosphere.  These gases react  with  water  vapor, oxygen,  and 
other  gases in the atmosphere  to form  sulfuric  and nitric  acids, 
which  fall  on water  and land  surfaces  as acid rain. Acid rain lowers  
the pH of aquatic  and terrestrial  systems , causing  reduced  
reproductive  capacity  of  sensitive  aquatic  organisms, lower  body  
weight  of  fish, decreased  species  diversity,  and forest  mortality.  
Substantial  effort  was made  to reduce  acid rain dep osition  through  
the 1970 Clean Air Act, which  established  national  ambient  air quality  
standards  for  controlling  these  noxious emissions. While  emissions 
have decreased  and the damaging  short -term  effects  of  acid rain 
have been  minimized,  many  waterbodies  are still  recovering  from  the 
long -term  effects  of  acidification.  In particular,  the northeastern  United  
States has thin soils with  granite  geology  that lack carbonates,  a key 
component  of  a ƶǺƶǉģųƯƶ buffering  capacity  or ability  to neutralize  acidic  
compo unds. We see this in streams  of the Kezar Lake watershed  where  low -
pH rain (4.3) temporarily  decreases  the pH of surface  waters  by orders  of 
magnitude.  These swings  in pH create  stressful  environments  for  sensitive  aquatic  
organisms.  

Air Temperature  

Climate change is expected to increase global air temperatures, an effect that we have already 
observed in the last century. An important point to understand  about climate change is the difference 
Ąģǉǳģģŷ ƬčŪŚųïǉģƮ ïŷĘ ƬǳģïǉŖģƱơƮ 7ŪŚųïǉģ čŖïŷŋģ ƃĄƶģƱǲïǉŚƃŷƶ ïŷĘ predications are based on 
ƬčŪŚųïǉģĖƮ ǳŖŚčŖ Śƶ Ūƃŷŋ-term averages of weather observations across regional or global space. For 
example, the State of Maine has seen a 3 °F increase in annual air temperatures in the last century 
and we expect an additional 1.4 to 3.0 °F increase in annual air temperatures by 2040 . Local weather 
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observations may deviate from this general trend from season to season or year to year, depending 
on a suite of local variables. For the Kezar Lake watershed, we used the North Conway weather station 
to track changes in air temperature since 1959.  

Ɉ!6%2!'% !..5!, 4%-0%2!452% !#2/33 -!).% 7!2-%$ "9 

ABOUT 3.0 °F (1.7 ̀ #ɚ "%47%%. ȔțȜȘ !.$ ȕȓȔȗȻɉ - -!).%ɇ3 

CLIMATE FUTURE, 2015 UPDATE 
 

 ANNUAL AIR TEMPERATURES  
 

 

Average and minimum annual air temperatures have warmed by about 1 °F and 8 °F, respectively, near 

North Conway, NH. Maximum annual air temperatures have remained fairly stable. In 1960, the minimum, 

average, and maximum annual air temperatures were 4 °F, 44 °F, and 80°F, respectively. This compares with 

higher minimum, average, and maximum annual air temperatures observed in 2012: 13 °F, 47 °F, and 82°F.  

 EXTREME HEAT DAYS 
 

 

As air temperature rises, we can expect to see more extreme heat days. However, the North Conway weather 

station data since 1959 show no trend in the number of days per year with air temperatures over 90 °F. In 

fact, the number of extreme heat days seems to have declined in the last decade. Several climate models 

climatechange.umaine.edu/research/publications/climate-future
climatechange.umaine.edu/research/publications/climate-future





















































































