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INTRODUCTION 

This project documents both the existing value and potential of New England’s working forest lands: 

Value – not only in terms of business opportunities, jobs and income – but also nonfinancial values, 

such as enhanced wildlife populations, recreation opportunities and a healthful environment. This 

project of the New England Forestry Foundation (NEFF) is aimed at enhancing the contribution the 

region’s forests can make to sustainability, and is intended to complement other efforts aimed at not 

only conserving New England’s forests, but also enhancing New England’s agriculture and fisheries.  

New England’s forests have sustained the six-state region since colonial settlement. They have provided 

the wood for buildings, fuel to heat them, the fiber for papermaking, the lumber for ships, furniture, 

boxes and barrels and so much more. As Arizona is defined by its desert landscapes and Iowa by its 

farms, New England is defined by its forests. These forests provide a wide range of products beyond 

timber, including maple syrup; balsam fir tips for holiday decorations; paper birch bark for crafts; 

edibles such as berries, mushrooms and fiddleheads; and curatives made from medicinal plants. They are 

the home to diverse and abundant wildlife. They are the backdrop for hunting, fishing, hiking, skiing and 

camping. They also provide other important benefits that we take for granted, including clean air, 

potable water and carbon storage. In addition to tangible benefits that can be measured in board feet or 

cords, or miles of hiking trails, forests have been shown to be important to both physical and mental 

health. 

Beyond their existing contributions, New England’s forests have unrealized potential. For example, 

habitats for a wide variety of wildlife species could be enhanced by thoughtful forest management. 

Likewise, wood quantity could be increased and the quality improved through sustainable forest 

management. The virtues of improved forest management and buying locally produced goods are widely 

extolled, but what might that actually look like on the ground? More specifically, how could enhanced 

forest management make more locally produced forest products available to meet New Englander’s own 

needs, as well as for export, improve the local and regional economies and provide the greatest social 

and environmental benefits? 

The purpose of this project is to document that potential by analyzing what we know about how 

improved silviculture can enhance wildlife habitat, the quantity and quality of timber, recreational 

opportunities, and the environment. The best available data from the US Forest Service, state forestry 

agencies and universities was used to characterize this potential. 

The technical reports produced for this project document the potential for:  

 Mitigating climate change;  

 Increasing timber production to support a more robust forest products industry;  

 Restoring important wildlife habitat; 

 Replacing fossil fuels with wood to produce thermal energy; 

 Reducing greenhouse gas emissions, not only by substituting wood for other fuels, but also wood 

for other construction materials; 

 Enhancing forest recreation opportunities and related tourism; 



DRAFT Protect Us From Climate Change 10.08.16 NOT FOR ATTRIBUTION OR CITATION Page: 3 

 Expanding production of nontimber forest products; 

 Maintaining other forest values such as their role in providing clean air and potable water – taken 

for granted but not guaranteed;  

 Enhancing the region’s economy by meeting more of our own needs with New England products 

and retaining more of the region’s wealth within the New England economy; and 

 Other related topics. 

These technical reports are viewed as “works in progress” because we invite each reader to bring their 

own contributions to this long term effort of protecting, managing and enhancing New England’s 

forests. The entire set may be viewed at www.newenglandforestry.org. If you have suggested 

improvements please contact the New England Forestry Foundation to share your thoughts. These 

technical reports were used as the background to prepare a summary – New England Forests: The Path 

to Sustainability, which was released on June 5, 2014.  

If you are not familiar with NEFF's work please visit www.newenglandforestry.org. Not already a 

member? Please consider joining NEFF – https://41820.thankyou4caring.org. 

New England Forestry Foundation 

32 Foster Street, PO Box 1346 

Littleton, MA 01460 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

The New England Forestry Foundation is a recognized leader in conserving working 

forests, educating the public about forestry, and assisting landowners in the long-term 
protection and stewardship of their properties. For almost 70 years, we have demonstrated 
that well-managed working forests can provide landowners and the community with the 
prime ingredients for healthy living: clean air and water, sustainable production of an array 
of forest products, healthy forests for hiking and relaxation, a diversity of wildlife and 
habitats, periodic income, and renewable natural resources that help support rural 
economies. 

Our Mission is to conserve New England’s working forests through conservation and 

ecologically sound management of privately owned forestlands in New England, throughout 

the Americas and beyond. 

This mission encompasses: 

 Educating landowners, foresters, forest products industries, and the general public 

about the benefits of forest stewardship and multi-generational forestland planning. 

 Permanently protecting forests through gifts and acquisitions of land for the benefit of 

future generations. 

 Actively managing Foundation lands as demonstration and educational forests. 

 Conservation, through sustainable yield forestry, of a working landscape that supports 

economic welfare and quality of life. 

 Supporting the development and implementation of forest policy and forest practices 

that encourage and sustain private ownership. 

http://www.newenglandforestry.org/
http://www.newenglandforestry.org/
https://41820.thankyou4caring.org/
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PROTECT US FROM CLIMATE CHANGE 
 

by R. Alec Giffen, Frank Lowenstein, Craig Ten Broeck, Ann Gosline,  

and Haider Taha  
 

 

This report on the role of forests in ameliorating the effects of climate change (commonly referred to as 

climate adaptation) and reducing the extent  of climate change (commonly referred to as climate 

mitigation)is part of a larger project on the potential of New England’s forest lands to provide societal 

benefits and ecosystem services coordinated by R. Alec Giffen for the New England Forestry 

Foundation. Component parts of the larger effort include the following: 

1. KEEP NEW ENGLAND FORESTED: Assessing the Current Conservation Status of New 

England’s Forests by Jerry A Bley 

2. GIVE WILDLIFE HOMES: Potential of New England’s Working Forests as Wildlife Habitat by 

Jerry A. Bley 

3. PROVIDE MORE RECREATION: Forest Recreation Trends and Opportunities in New England: 

Implications for Recreationists, Outdoor Recreation Businesses, Forest Land Owners and Policy 

Makers by Craig Ten Broeck and Aaron Paul 

4. PROTECT US FROM CLIMATE CHANGE by R. Alec Giffen,  and Frank Lowenstein, Craig 

Ten Broeck, with assistance by Ann Gosline,  and Haider Taha 

5. CLEAN AND COOL THE AIR: Forest Influence on Air Quality in New England: Present and 

Potential Value by Aaron Paul 

6. PURIFY OUR WATER: The Potential for Clean Water from New England Forests by Aaron Paul 

7. GROW MORE WOOD: The Potential of New England’s Working Forests to Produce Wood by R. 

Alec Giffen, Craig Ten Broeck and Lloyd Irland 

8. CREATE LOCAL JOBS: Vision for New England’s Wood-Based Industries in 2060 by Innovative 

Natural Resource Solutions, LLC and The Irland Group 

9. CULTIVATE NEW BUSINESSES: New England’s Nontimber Forest Products: Practices and 

Prospects by Craig Ten Broeck 

10. PROVIDE MORE WOOD FOR BUILDINGS: The Greenhouse Gas Benefits of Substituting Wood 

for Other Construction Materials in New England by Ann Gosline 

11. REDUCE USE OF FOREIGN OIL: The Potential for Wood to Displace Fossil Fuels in New 

England by Innovative Natural Resource Solutions, LLC 

12. GROW AS MUCH AS WE USE: Production versus Consumption of Wood Products in New 

England by Craig Ten Broeck 
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Fundamental Points 

 Forests ameliorate the effects of climate change, 

e.g., they shade and cool, and stabilize and 

moderate flows of water 

 Forests will influence the extent of future climate 

change in several way – they do far more than just 

store carbon, e.g., they influence the reflectance of 

the earth’s surface and cloud cover 

 Improved management of New England’s forests 

could enhance both these benefits 

 New England’s forest could be used as the test case 

to determine how to optimize these benefits.  New 

Englanders and New England’s forests offer 

several advantages: 

 History of innovation in forest conservation 

 History of management 

 Resilience – many species and physiographic 

settings 

 Knowledge base 

 Intellectual capital and interest 

A. Purpose of this Report 

Scientists recognize that greenhouse gases generated by burning fossil fuels as well as other human 

activities are causing increased climate change relative to the variation in climatic conditions that would 

occur naturally. The impacts of anthropogenic climate change are being seen now and will continue for 

the New England region for the rest of this century and well beyond. While the extent of change will 

depend on societal decisions worldwide that govern the amount of  greenhouse gases emitted, the trends 

point, in general, to hotter summers, shorter winters, longer growing seasons, more frequent extremely 

heavy precipitation events, more severe flooding, increased evapotranspiration, and even periods of 

increased drought or aridity. These changes will affect human health and well-being as well as 

ecosystems—including forests which are the subject of this report; these impacts could have major 

consequences for our regional economy. Because the available climate models lack the accuracy and 

resolution to fully, completely, and certainly account for all the complexities of the climate system, 

particularly at the regional level and in the short term, it is not possible at this time to predict with 

precision the severity and timing of these types of impacts within the New England region. This report is 

not intended to be the several authors’ independent assessment of the likely impacts of a changing 

climate on New England. Rather we use as a point of departure for this report the information provided 

in the most recent National Climate Assessment and more specifically the chapter on the Northeast 

region of the US, which encompasses New England. After briefly summarizing information from the 

National Climate Assessment about the likely trends of climate change on the US and in New England 

we focus on the role forests can play in helping society adapt to and mitigate climate change. More 

detailed information on the expected nature of climate change and the influence of forests on climate 

change is included in the attachments. 

B. Overview 

Climate changes have already begun. The 

National Climate Assessment clearly 

identifies rising concentrations of 

carbon dioxide and other greenhouse 

gases in the atmosphere as the primary 

drivers of this change. The increased 

levels of carbon dioxide in the 

atmosphere are derived primarily from 

burning of fossil fuels, and to a lesser 

extent from deforestation and 

degradation of forests and other 

ecosystems.   The Intergovernmental 

Panel on Climate Change (IPCC) 

characterizes the drivers of climate 

change and their relative influences in 

Figure 6 below. 
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Figure 6. Radiative forcing 

Radiative Forcing (RF) measured in watts per square meter is how impacts on climate change are 

measured. Increases in RF warm the climate while decreases in RF cool the climate. Forests influences 

on climate can either result in an increase in RF, producing greater warming (e.g., forest cover absorbs 

more incoming solar radiation than grass or most crops thereby causing the surface of the earth to ‘heat 

up’) or decrease RF (e.g., forests oxidize methane – a potent greenhouse gas thereby reducing the 

greenhouse effect). 

Both a 2007 and 2014 version of similar graphics are included here as they show how understandings 

have evolved and climate change drivers have changed over time and the 2014 version includes a more 

comprehensive set of factors. Note that the error bars associated with each graph indicate that the 

influence of some factors (such as the gas nitrous oxide-- N2O) are well understood, while the impact of 

other factors (such as black carbon) are very poorly understood.  

 
 Source: IPCC (2007) 
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 Source: IPCC (2014) 

 

 

Despite the uncertainties with global climate modeling, weather and climate records show that New 

England has clearly already experienced elevations in temperatures and intensification of extreme 

precipitation when compared to historical records (Melillo, et al. 2014). These are not projections based 

on models but actual data recorded over decades. Thus, regardless of the extent of future climate change, 

it is clear that we will need to adapt to the changes in climate that have already occurred to protect lives 

and reduce economic damage from heat waves, intense storms, floods and drought.  
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The bars on the graphs show the average temperature changes by decade for 1901-2012 (relative to the 

1901-1960 average) for the Northeast region. The far right bar (2000s decade) includes 2011 and 2012. 

The period from 2001 to 2012 was warmer than any previous decade. Source: National Climate 

Assessment, Highlights Report, Recent Temperature Trends, Northeast. See 

http://nca2014.globalchange.gov/report/our-changing-climate/recent-us-temperature-trends  

New England’s extensive forests make an important contribution to the region’s ability to reduce 

greenhouse gas levels and stem climate change. They absorb carbon from the atmosphere and sequester 

it in their roots, trunks, branches and bark and contribute to carbon stored in and on the soil. Depending 

on management of the forest and the uses to which forest products are put that carbon can be trapped for 

centuries. Forests also influence climate in many other ways: albedo effects; production of biological 

volatile organic compounds; oxidation of methane; physical effects;  and wood substitution benefits; 

which are discussed later. Unfortunately, we have yet to develop tools that enable us to accurately assess 

the net effects of these influences, which can be mutually reinforcing or contradictory and interact non-

linearly in complex ways. It is vitally important that we use the most accurate existing tools and 

develop new analytical tools where necessary to enable us to accurately assess the net effects of 

forest influences on climate change so that we have a solid basis for climate beneficial forest 

management and policy. In this regard, it is clear that existing policies regarding the use of forests and 

forest products to reduce climate change are based on consideration of only one or two of the 20+ 

factors in fact involved; and that even based on the few factors considered, those policies can have 

effects which exacerbate rather than mitigate climate change.  

In most but not all cases, conserving forests as forests is profoundly important to mitigate climate 

change by ensuring that the carbon stored in the roots, trunks, branches and bark of trees is not released 

to the atmosphere. Forests can also provide products which, when used in place of more energy-

intensive alternatives, can in the near term reduce greenhouse gas levels. Over the longer term, if we are 

successful in decarbonizing our energy system the reductions in process energy will be reduced or 

eliminated, but long-lived wood products will continue to store carbon. In this way, forests can be used 

for “green” geo-engineering to pump excess carbon out of the atmosphere and store it in buildings 

javascript:load_image_data("fa83c34b-7b67-4b74-bcba-5bf60ba7730f");
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or other long-lived secure locations. Forests also can help ameliorate heat, floods, and droughts 
thereby helping us to adapt to climate change. This technical report identifies key roles of forests in 

mitigating climate change and ameliorating its effects, thereby helping us to avoid the adverse 

consequences to at least some degree. 

C. The National Climate Assessment – 2014 

The authors of this report decided to rely on the National Climate Assessment -- 2014, rather than 

duplicating this extensive effort, as the point of departure for discussing climate change and the role of 

New England’s forests in helping protect us from its effects.  

The National Climate Assessment documents the impacts of a changing climate on the United States and 

in New England and makes projections about future likely impacts. A team of more than 300 experts 

guided by a 60-member Federal Advisory Committee produced the report. It has received extensive 

review by the public, experts, federal agencies and a panel of the National Academy of Sciences. For 

more information see http://nca2014.globalchange.gov/highlights/overview/overview. 

The National Climate Assessment collects, integrates, and assesses observations and research from 

around the country to see what is happening to our climate and to understand how it will affect our lives, 

livelihoods and future. The report also assesses key impacts on all U.S. regions. It analyzes the impact of 

climate change on seven sectors: human health, water, energy, transportation, agriculture, forests, and 

ecosystems – and the interactions among sectors at the national level. To read the full report visit: 

http://nca2014.globalchange.gov/report.   

The essence of the National Climate Assessment team’s findings is that in general the future climate 

will: 

 Be warmer  

 Change patterns of precipitation 

 Be characterized by more extreme weather events, e.g., extreme heat, heavy downpours, and 

droughts, etc. 

 Challenge the capacity of natural systems to buffer the impacts of extreme events. 

For the northeast they concluded: 

  

First, as regards current trends: 

 “Between 1895 and 2011, temperatures in the Northeast increased by almost 2˚F (0.16˚F per decade), 

and precipitation increased by approximately five inches, or more than 10% (0.4 inches per decade). 

Coastal flooding has increased due to a rise in sea level of approximately 1 foot since 1900. This rate of 

sea level rise exceeds the global average of approximately 8 inches” 

(http://nca2014.globalchange.gov/report/regions/northeast). 

As to the future: 

The degree of warming in the Northeast will be highly dependent on global emissions of greenhouse, 

heat-trapping gases, e.g., the high emissions scenario (A2) used by the National Climate Assessment, 

http://nca2014.globalchange.gov/highlights/overview/overview
http://nca2014.globalchange.gov/report
http://nca2014.globalchange.gov/report/regions/northeast
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postulates temperatures above the current annual average at a level between 4.5ºF to 10ºF by the 2080s, 

while the lower emissions scenario (B1) projected average annual increase in temperature compared to 

the current level is expected to be between 3ºF to 6ºF by the 2080s.  

As to perhaps the impacts most commonly associated with climate change, under both scenarios the 

frequency, intensity, and duration of heat waves is expected to increase, with larger increases under the 

higher emissions scenario. 

 

Further, the frequency of heavy downpours is projected to continue to increase during this century. The 

occurrence of droughts in the summer and fall are likely to increase as higher temperatures lead to 

greater evaporation and earlier snowmelt. 

More generally, for the Northeast the report has a few key messages summarized here: 

1) “Climate Risks to People - Heat waves, coastal flooding, and river flooding will pose a growing 

challenge to the region’s environmental, social, and economic systems. This will increase the 

vulnerability of the region’s residents, especially its most disadvantaged populations. 

2) Stressed Infrastructure - Infrastructure will be increasingly compromised by climate-related 

hazards, including sea level rise, coastal flooding, and intense precipitation events. 
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3) Agriculture and Ecosystem Impacts - Agriculture, fisheries, and ecosystems will be increasingly 

compromised over the next century by climate change impacts…, adaptive capacity, which varies 

throughout the region, could be overwhelmed by a changing climate. 

4) Planning and Adaptation - While a majority of states and a rapidly growing number of 

municipalities have begun to incorporate the risk of climate change into their planning activities, 

implementation of adaptation measures is still at early stages” 

(http://nca2014.globalchange.gov/report/regions/northeast). 

D. The Benefits of Forests in Ameliorating Effects of Climate Change 

Forests play a role in maintaining the health and safety of New England residents. While they will not be 

able to maintain ground-level temperatures or storm intensities at historic levels, they can nonetheless 

ameliorate a portion of the adverse consequences of climate change. Further, with climate change these 

critical roles are likely to increase in importance, and conserving forests should be part of region-wide 

strategies for New Englanders in adapting to the impacts of climate change. Forests protect residents 

from heat waves, flooding and droughts in the following ways:  

 Regional Cooling -- through shading and evapotranspiration of moisture that cools and increases 

cloud formation and rain; 

 Moderating Flooding – by storing precipitation; and 

 Increasing Summer Low Stream Flows -- by promoting infiltration and the steady release of 

ground water to streams and rivers.  

We will consider further each of these beneficial aspects of forests.  

1. Local and Regional Cooling 

The frequency of very hot days in the United States has already increased by approximately 50 percent 

since the 1950s and even in the last 15 years-- when mean global temperatures have increased somewhat 

more slowly (thought to be a result of absorption and redistribution of heat in the oceans) there has been 

a dramatic increase in the frequency of the hottest days (Seneviratne, et al. 2014)  (Figure 2). 

  

http://nca2014.globalchange.gov/report/regions/northeast
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Figure 2. Time series of temperature anomalies for hot extremes over land (red) and two measures 

of global mean temperature (black, blue) 

 

 Source: Seneviratne, et al. (2014). 

 

This graphic shows how hot “extremes” over land can increase significantly even as mean global 

temperatures rise only modestly. Climate change driven by fossil fuel emissions and deforestation, 

particularly in the tropics, is causing New England, like the rest of the nation, to experience rising 

temperatures and associated cascading impacts (Lowenstein and Girvetz 2014) . These trends could 

accentuate impacts already documented in the region, with both elevated average temperatures and heat 

waves becoming more common (Figure 3). As noted earlier, considerable uncertainties exist with 

predicting future conditions particularly in the near term and at a regional scale. 
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Figure 3. The effect of increases in (a) mean temperature, and (b) temperature mean and 

variability*, on frequency of extreme temperature days 

 

Arrows designate the percent of area-under-the-curve, beyond the criterion temperatures 

for very cold and very hot. Percentages are approximate only. 

This graph illustrates that the frequency of both hot and cold extremes of temperature depend on both 

the mean temperature around which variation occurs and the extent of variation. The theoretical graph 

shows how a shift in mean temperature without an increase in variability would shift the distribution of 

temperatures from the green bell curve to the identically shaped red bell curve. The percentage of time 

experiencing extreme heat (areas to the right of the dotted line) would increase from 1% to 15%. If both 

mean temperature and variability increase (shown by the blue curve) then the area under the curve above 

the threshold for extreme heat could increase to 25% and the amount of time experiencing extreme cold 

could also increase! Note also that the two scenarios showing increased mean temperature also result in 

the occurrence of unprecedented very hot temperatures.   Source: McMichael, et al. (2006) 

The increase in frequency of heat waves may place vulnerable individuals at extreme risk due to heat 

stress. Vulnerable individuals are most commonly found in certain socioeconomic groups including the 

elderly, young children, those living below the poverty level, and in people with underlying health issues 

that compromise their ability to cope with heat stress. Heat stress is the primary cause of weather-related 

deaths worldwide.  

The southern third of the region could face dramatic increases in the number of days of dangerous heat 

indices and has less forest cover to help moderate temperatures than northern two- thirds (Figure 4) 

Even healthy young adults could be well advised to restrict outdoor activities due to heat stress.  
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Figure 4. Number of days per 92-day summer season (June-August) in which the daily heat index 

(HI) maximum is above the National Weather Service “extreme caution” level (90°F) for (a) 1990-

1999 and (b) 2090-2099. Regions with black dots are ones in which seasonal-mean daily HI 

maximum is above “extreme caution” level (90°F). 

 

 

Source: Anderson, et al. (2010). 

 

An increase in the frequency of heat waves would be associated with other threats to health, including 

increased concentrations of ground level ozone that is created by temperature-influenced chemical 

reactions. Ozone is likely to reach unhealthy levels on hot sunny days in urban environments, but ozone 

can also be transported long distances by wind. For this reason, even rural areas can experience high 

ozone levels (http://www.epa.gov/groundlevelozone/basic.html). 

http://www.epa.gov/groundlevelozone/basic.html
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Heat waves could cause cascading impacts to occur. High day time temperatures could compromise 

generating capacity within the electric grid at the same time that demand for air conditioning is 

increasing. For example heat waves in the summer of 2012 caused a shutdown of the Millstone nuclear 

power plant complex in Connecticut when Long Island Sound became too warm to be used as a source 

of cooling water for the plant. Two Midwest electric generating plants also cut back—one due to high 

temperatures in its cooling pond and the other when water levels fell below the plant’s intake pipe. 

Cutbacks in hydroelectric output could also coincide with heat waves as stream flows and impoundment 

levels would decrease..  

Heat waves also cause a feedback loop that worsens future global warming. During a heat wave, the 

demand for electricity increases as air conditioning systems work overtime to keep building 

temperatures within comfortable ranges. This causes electric utilities to bring on-line back-up power 

plants, increasing emissions of carbon dioxide to the extent that those plants are fossil fueled. While this 

is not a major factor influencing GHG emissions it has a cumulative impact.. 

Since 1980, a number of scientific studies have documented the role of urban and suburban development 

in creating urban heat islands (Arnfield 2003) . The heat island effect derives in part from the relative 

absence of vegetation to shade the ground and evapotranspire moisture (to lose water into the 

atmosphere by evaporation and transpiration). Adding to this effect is the heat released from car engines 

and air conditioning systems.  The storage of heat by concrete buildings and asphalt streets also 

contributes to elevated temperatures. To date these heat islands often have much larger impacts on 

average temperatures than does existing human-induced climate change.  

These effects can be at least partially mitigated by retaining and planting more trees in urban and 

suburban areas. Strategically located trees can reduce ground level temperatures by shading and 

evaporative cooling – not only making temperatures more comfortable, but also reducing the amount of 

heat exhausted from air conditioning.  A single well positioned tree that effectively shades a building 

can reduce residential air conditioning by 20% or more in some settings (Akbari, et al. 2001) , and 

temperatures in forested urban settings (e.g., parks and tree lined streets) can be up to 10oF cooler than 

treeless areas (Horton and Yohe 2014)  

Other heat island reduction efforts such as creating 

reflective surfaces (roofs and pavement) and green roofs 

have also been shown to be effective in reducing urban 

temperatures and emissions associated with cooling. The 

most effective strategies use a combination of 

aggressive urban forestry—planting more trees, using green 

roofs and creating reflective surfaces (Rosenzweig, et al. 

2006). 

Not only can urban forests shade buildings and thereby reduce 

ground level air temperature and, hence, reduce 

emissions associated with air conditioning, they can also 

block winter winds and reduce emissions from heating. These 

beneficial impacts of forests and trees blur the lines 

between mitigation—preventing climate change—and 

adaptation-- reducing climate change’s undesirable 

impacts on people and the environment.  
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Figure 5. New York Urban Heat Island and Effect of Central Park  

 
 

The loss of forests to urban and suburban development is expected to continue and will exacerbate the 

urban heat island effect. Although the Northeastern US has the second lowest amount of developed area 

per person of any US region (Alig, et al. 2004) , developed area is expected to increase by nearly 73% 

over 1997 levels by 2025. Since urban heat island effects are increased by size of the urban area (Zhang, 

et al. 2012)  the increase in developed area at the expense of New England’s forest would be expected to 

have a more immediate effect on temperature increases than even global climate change, and will 

interact with global climate change in synergistic and damaging ways. Efforts to conserve existing 

forests, promote development of new urban forests and to cluster new development to conserve open 

space can provide heat and flood reduction benefits. (Thompson, et al, 2014) . 

There are limited studies documenting the role of forests at a regional scale in reducing temperatures. 

Arnfield (2003) documents empirical research showing that urban parks reduce nearby temperatures and 

air conditioning demand, and that the geographic extent of the effect is proportional to the size of the 

park. Similarly, Zhang et al. (2012) used remote sensing data of temperatures and size of urban area in 

the northeastern United States to document that larger urban areas have higher urban heat island effects, 

with summertime (Note? average?? or maximum??) temperature increases of 10 degrees Celsius for the 

largest urban agglomerations and nearly 9 degrees Celsius even for smaller cities similar in size to 

Worcester, MA. These differences occur now between rural, usually forested landscapes, and the cities 

“Surface temperatures in 

New York City on a 

summer’s day show the 

“urban heat island,” with 

temperatures in populous 

urban areas being 

approximately 10°F higher 

than the forested parts of 

Central Park. Dark blue 

reflects the colder waters 

of the Hudson and East 

Rivers. (Figure source: Center 

for Climate Systems Research, 

Columbia University)” (Horton 

and Yohe 2014). 
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embedded within them. In the next several decades, global warming could combine with urban heat 

island effects to push temperatures in many urban areas into the National Weather Service ‘extreme 

caution’ range, and the surrounding forest may have new value as a refuge providing respite from the 

heat.  

Regarding impacts at a broader scale, Galós, et al. (2011) used modeling studies to show that active 

afforestation in Hungary could reduce future mean temperature increases due to climate change by 

between 0.3 to 1 degree Celsius for lowland regions and to a lesser extent in mountainous areas where 

forest cover is more ubiquitous. Larger, less fragmented forest patches produced greater reductions in 

average future temperatures. 

In summary, urban forests can reduce temperatures in urban and suburban areas and in concert with 

green roofs and reflective surfaces result in significant reductions in temperatures, some reductions in air 

pollutants and modest reductions in greenhouse gas emissions. Although the evidence is not conclusive, 

current studies indicate that the forested landscape surrounding New England cities can also help reduce 

urban heat island intensity, maintain lower regional temperatures and provide low cost refuges from the 

hottest temperatures during heat waves. These forest refuges, which can offer significant relief from 

high temperatures, would continue to function even in the face of cascading climate impacts that could 

incapacitate the electric grid.  

2. Moderating Flooding  

The United States has seen dramatic changes in hydrology over the last 50 years (Melillo, et al. 2014). 

Throughout the country more precipitation is falling in the heaviest 1% of all daily events. The epicenter 

of these impacts is the Northeastern US, where the amount of precipitation falling in these most intense 

events has increased by 71%. The heaviest 1% of precipitation events, such as thunderstorms that send 

you running for shelter, are bringing nearly twice as much water to the ground as 50 years ago. The 

region has also experienced a more moderate increase in the total annual amount of precipitation, with 

most parts of New England experiencing something less than a 15% increase. While this increase in 

total annual precipitation may continue, there is less congruence in climate models around this 

possibility. On the other hand, observed increases in extreme precipitation are expected to persist.  

With regard to hydrology, climate change impacts interact synergistically with the loss of forest land to 

urban and suburban development. Urbanization increases runoff by reducing infiltration of water into 

soil and speeding the flow of water off the land surface (Depietri, et al. 2012). “Soil sealing” due to 

paving and building footprints in urban cores elevates these impacts to extremes. In urban cores with 

traditional development patterns and nearly continuous impervious surfaces, almost all precipitation runs 

off quickly and cities must devote substantial infrastructure to capture and divert storm water. 

Forests by contrast promote infiltration into soils. (.  The leafy canopy intercepts rainfall, where some 

water evaporates back into the atmosphere, and slows the rest from reaching the ground surface thereby 

allowing for gradual infiltration into soils. Falling leaves and branches along with herbaceous vegetation 

decays to create a highly pervious surficial duff layer, which facilitates infiltration into soils where 

openings from roots and animal tunnels allows it to filter deper into the ground and ultimately reach the 

ground water table. These effects result in negligible runoff from most forested areas unless 

precipitation proceeds long enough to saturate the soil, or if rain falls on frozen forest soils. Then runoff 

can reach nearby water bodies by overland flow. 
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These properties of forests can reduce runoff from rain events in small storms (Diepietri, et al. 2012), 

but are less effective in attenuating large floods in major river basins, which are generally driven by 

extended periods of heavy precipitation at a basin or sub-basin scale. For example, the 2011 500-year 

floods in the Mississippi River basin were caused, to great extent, by far-above-average precipitation 

throughout much of the Ohio River basin over a period of months.  

(Alec I have found a good graphic that illustrates the points you want to make. It is in this article: 

http://www.fs.fed.us/psw/programs/uesd/uep/products/11/800TreeCityUSABulletin_55.pdf 

Maybe Rondi can figure out how to copy the graphic with a snipping tool or somehow take a screen shot 

of it, which is on page 3 – Important ways a Tree Helps with Storm Water Management, and insert it 

into the text where you indicate. There is not an electronic copy of the document. I have talked with a 

woman at the Arbor Day Foundation and received verbal permission to use the figure in our report as 

long as we site the source. Here is the citation – 

 Fazio, James R. 2010. How Trees Can Retain Stormwater Runoff. Tree City USA Bulletin No. 55. 

Arbor Day Foundation, Nebraska City, Nebraska. 8 pg. 

The expansion of urban forests as “green” rather than “grey” infrastructure to handle storm water flows 

by infiltrating them into the ground can also help reduce peak flows in developed landscapes.  These 

expanded urban forests can also provide a number of other benefits concurrently, e.g., shading to reduce 

surface temperatures, etc. 

The benefits of forests in reducing impacts of intense precipitation events are therefore likely to be 

limited to smaller storm events, smaller watersheds, and developed landscapes. 

3. Increasing Summer Low Stream Flows  

Over the course of a year the region may experience more intense rainfall events and even increases in 

overall precipitation, but it is also possible that it will experience increased droughts during the summer. 

The reason is that increases in overall rainfall may be more than offset by rising evapotranspiration due 

to elevated temperatures. On a global scale this is likely to be a common pattern as the impacts of 

enhanced evapotranspiration due to a lengthened growing season and warmer temperatures overwhelm 

the effects of increases in precipitation, except in a few parts of the world (Girvetz and Zganjar 2014). 

Figure 6. Difference in Regional Climate Model (RCM), Summer Time Soil Moisture 

http://www.fs.fed.us/psw/programs/uesd/uep/products/11/800TreeCityUSABulletin_55.pdf
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In New England studies are mixed. Huntington (2003) expects the same pattern to hold for forested 

watersheds, with a resulting decrease in low-water stream flow, especially in the summer. Annual 

reduction in flow in streams draining forested basins was projected at 11-13% associated given a 3 

degree Celsius increase in average annual temperature, with much more substantial reductions in 

summer flow (Huntington 2003). Urban and suburban watersheds would experience more dramatic flow 

reductions due to the reduced infiltration associated with impervious surfaces. Similar results were 

obtained by Vogel, et al. (1997) and Anderson, et al. (2010) who project a decrease in soil moisture and 

associated stream base flow throughout all of New England except extreme northern and southern 

regions (Figure 6). 

These results are not at all certain. Ollinger, et al. (2008  report projections of only a slight decrease in 

runoff rates throughout New England. One empirical study in the nearby Catskills showed that the 

increase in evapotranspiration there has been overwhelmed by increases in precipitation, resulting in 

increased stream runoff (Burns, et al. 2007). The Catskill study did however, show that runoff increased 

less than precipitation, due to the effects of increased evapotranspiration. A historical study focused on 

the Hubbard Brook research station in New Hampshire showed mixed results in terms of low water 

flows  

Lower water flows, higher ambient temperatures, and urbanization can also combine to produce 

dramatic increases in stream water temperatures (Taylor and Stefan 2008) , which could have dramatic 

impacts on cold water fisheries in New England, including potentially the endangered Atlantic Salmon 

and New England’s nationally significant wild brook trout populations (see reports on water quality and 

wildlife for more on this). 

In summary, maintaining the region’s forests will have substantial hydrologic benefits. In the face of 

intensifying extreme precipitation events and with the potential for reduced stream base flows, the 

hydrologic benefits of maintaining or increasing forest cover are all the more important. By conserving 

forest cover we can maximize infiltration of precipitation, with the potential for reducing flood flows 

from small events and for increasing storage of water in soils and aquifers to sustain sufficient summer 
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base flows for aquatic life and recreational uses. As with the temperature amelioration benefits of 

forests, the dollar value of this service is hard to estimate but clearly is large. 

E. Benefits of Forests in Mitigating and Preventing Climate Change 

Given the climate risks to New England’s residents, infrastructure, agriculture and ecosystems it is 

important to consider how forests can mitigate and prevent climate change. Not that New England’s 

forests could by themselves mitigate global climate change, but they can contribute to national goals, 

and improved understanding of their potential role in New England could inform efforts more broadly.  

This said, forests influence climate in many ways:  

 Carbon storage;  

 Albedo effects;  

 Production of biological volatile organic compounds;  

 Oxidation of methane;  

 Physical effects;  

 Wood substitution benefits; and  

 A number of others (see Table 1). 

Table 1. Pathways by which forests, forest management and use of forest products influence 

climate  

1. Absorbing, Storing and Emitting CO2  

2. Producing and Oxidizing CH4 (methane) 

3. Emitting Biogenic VOC (BVOC) 

4. Affecting NOx, N2O emissions by soils 

5. Absorbing NOx, CO, O3 and SO2 

6. Transpiring H2O 

7. Increasing On-site Infiltration of Water (Runoff Control can influence 

evapotranspiration) 

8. Intercepting (Dry Deposition) Gases and Particulate Matter on Leaves and Branches  

9. Absorbing Solar Radiation in Canopy  

10. Reflecting Solar Radiation 

11. Shading of Buildings, Parking Areas and Streets  

12. Affecting Thermal Inertia (______________) 

13. Affecting Air Flow (Roughness Length and Drag) 

14. Reducing greenhouse gas emissions from reducing the use of fertilizers on 

agricultural crops by introducing/expanding agroforestry 

15. Reducing CO2 emissions from the conversion of forests and grasslands to agriculture 

by introduction/expanding agroforestry 

16. Influence on GHG Emissions of Burning Biomass (Direct Combustion) 

17. Influence on GHG Emissions of Producing Biofuels (Liquid and Gas) 

18. Influence on GHG Emissions of Using Wood Waste for Mulch  
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19. Influence on GHG Emissions of Using Wood for Lumber and Other Wood Products 

20. Influence on GHG Emissions of Mechanical/Physical Practices for Managing and 

Maintaining Forests/Trees 

21. Influence on GHG Emissions of Fertilizing, Spraying for Competition and Pest 

Control  

22. Influence on GHG Emissions of Irrigating Forests 

23. Influence on GHG Emissions of Draining Soils to improve forest productivity 

24. Influence on GHG Emissions of Disposing of Wood Wastes in Landfills 

25. Influence on GHG Emissions of Burning Wood Wastes Onsite 

26. Influence on GHG Emissions of Allowing Wood Wastes to Decompose Onsite 

27. Emissions from Forest Fires (CO2, CH4, Black Carbon) 

 

For literature sources and full description of pathways/influences, see “A Distillation of 

the Many Ways that Forests Influence Climate – Far More than Carbon Sequestration”, 

Giffen, et al. (2013, draft available upon request). The EU Joint Research Centre also 

identifies several, though not all, of these influences in “Carbon Accounting of Forest 

Bioenergy” (2013). 

 

These factors can interact in complex ways both positively and negatively to impact climate change.  To 

capitalize on the full range of benefits that forests may be able to provide, we need analytical methods to 

accurately assess the cumulative effects of the several forest climate influences that may be affected in 

any particular forest management and product use scenario, but there are still things we can do now to 

reduce climate change, which we refer to as no regrets actions 

1. No Regrets Actions 

While forest climate interactions are complex (much more on this later), there are things we can do now 

to tap the potential of forests to reduce climate change. Because circumstances vary region to region, 

this is a New England specific list. This list assumes that Best Management Practices and other 

guidelines for sustainability are followed (e.g., maintaining or improve wildlife habitat). 

 Keep New England’s forests as forests 

 Reforest marginal agricultural lands in areas which are not likely to be used as agricultural land 

 Unless needed for intentional regeneration of desired species, minimize soil disturbance during 

logging 

 Regenerate logged areas quickly 

 Favor tree species best suited to grow valuable products (particularly those suitable for long-

lived wood products) on the site involved 

 Substitute wood in construction for other materials with higher life cycle greenhouse gas 

emissions 
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 Thin to improve resilience to climate change and harvest trees that would die anyway 

 Productively use trees that are dead or will die in the next few decades 

 Prevent and control wildfires (note that controlled burns may be appropriate to create or maintain 

certain habitats) 

 While following Best Management Practices, use limbs and tops from logging, forest 

manufacturing waste, and urban wood waste for biomass fuel, favoring heating and combined 

heat and power over biomass electrical generation 

 Allow forest waste that is not used to decompose rather than burning it (attenuates release of 

CO2, increases soil carbon, and reduces black carbon emissions) 

Many other actions may prove beneficial when we understand the interactions among forest influences 

better and their net effects on climate but these are the ones we understand thoroughly enough to act on 

now with confidence that they can yield real climate benefits. 

2. Beyond These Actions: We Need to Develop Analytical Methods that Can Evaluate Multiple 

Factors 

Before getting into the details of particular influences, while carbon storage is often discussed as “the” 

influence forests can have on climate change, other influences collectively, or in some cases 

individually, may be more important than carbon storage alone in mitigating climate change. A 

simplified view of some of the more important influences is shown in Figure 7. A more complete listing 

and comprehensive description of these influences and their direct and indirect effects is shown in 

Attachment 1.  

Some influences while complex are commonly acknowledged and are fairly well understood. This 

category includes forest carbon storage and ground surface albedo effects. Others are not generally 

recognized, but are reasonably well understood, such as production of biological volatile organic 

compounds (BVOCs) and their direct effects on the albedo of the atmosphere, and forest influences on 

the oxidation of methane. Others are not generally recognized and we are challenged to understand their 

effects completely.  For example, we need to improve our understanding of the effects of BVOCs on 

cloud formation. 

Figure 7. Forests can mitigate (reduce) climate change in many ways 
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Further, forests can influence climate through other mechanisms than those that are the subject of study 

by the natural sciences. For example, and importantly, wood products can substitute for other materials 

that have much higher carbon footprints such as steel and concrete. Also, forest management and the use 

of forest products can influence markets and land use; for example reforesting agricultural land here in 

New England could drive more agricultural clearing in tropical forest regions. More on these points 

follows later. 

Thus, net climate impacts of any particular forest management regime, including preservation, are not 

currently clear given the many pathways for forest influences and the nonlinear relationships between 

them.  

A recent study by Cherubini (2012) underscores the importance of evaluating forest influences 

collectively to determine their net effects. In this study, Cherubini evaluates the impact of forest 

harvesting in northern latitudes where there is snow cover during the winter. The study considers 

impacts on carbon emissions from the use of the wood harvested for fuel, and the effect of the harvests 

on albedo. The essence of the study as shown in the graph that follows is that the conclusion as to 

whether or not the additional harvesting is climate beneficial is different if one considers only carbon 

emissions or both the influences on carbon and albedo together. That is some uses which are not climate 

beneficial strictly from a carbon perspective are beneficial when both albedo and carbon are taken into 

account. 

Figure 8. Direct contributions to global warming of the different bioenergy options for stationary 

applications (analysis for a portion of Canada) 
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Direct contributions to global warming of the different 

bioenergy options for stationary applications. GWP 

factors, corrected with the climate efficacies of the 

various forcing agents, are used to characterize 

emissions, including biogenic CO2. Three time 

horizons (20, 100, and 500 years) are considered. Fossil 

fuels (coal, oil, and natural gas) per MJ of fuel 

combusted are shown to benchmark our results. Lower 

and higher limits of the bands for the fossil systems 

represent the impact for TH D 500 and TH D 20, 

respectively. Abbreviations: Bio CO2 D biogenic CO2 

emissions, i.e. emissions from oxidation of biomass 

harvested for bioenergy; upstream emissions D 

emissions from biomass losses through the value chain 

and biofuel processing; direct combustion D emissions 

from combustion of biofuels at plant. 
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 Source: Simplified by R. Alec Giffen from Cherubini, et al. (2012). 

 

While this example clearly illustrates the importance of evaluating multiple influences simultaneously, it 

only includes 2 out of over 25. 

Adding to the complexity, the numerous natural science forest influences on climate interact with one 

another. Some are complementary, while others are contradictory, and the nature of these relationships 

is complex (Figure 9). 

What is needed is both additional analysis of individual influences and analysis of the net effects when 

considering a range of the most significant forest influences on climate. In this latter regard, we need to 

use newly available tools. These include but are not limited to the latest models of forest influences on 

atmospheric physics, meteorology, and atmospheric chemistry.  

Figure 9. The complexity of forest impacts on climate 

-200

-160

-120

-80

-40

0

40

80

120

160

g 
C

O
2-

e
q

./
M

J 
(u

c)

A simplified version of the 20 year results 
looks like this:

Carbon impacts

Albedo impacts

Net impacts 
on climate 
considering 
both carbon 
and albedo

The Influence of Conversion to 

Agriculture 

As an example of the difference that 

additional carbon storage in forest 

ecosystems could make, Ruddiman 

(2003, 2005, 2013) reports that that 

release of carbon from deforestation 

and emissions from the agriculture 

which followed likely increased 

atmospheric CO2 levels enough to 

forestall an ice age that if it 

followed geologic cycles would 

have started a few thousand years 

ago. 
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Atmospheric models offer one possibility for analyzing these interactions, as only by understanding 

these relationships and net effects of a more complete range of influences can we be sure that policies 

and actions are certain to achieve their climate mitigation objectives. Analyzing one, or even two or 

three, forest climate influences in isolation can lead to erroneous conclusions, and pursuing policies 

based on those conclusions can, at the very least, prove ineffective and has in fact proven to be 

damaging in certain cases. Attachment ___ explains the reasons to use atmospheric modeling to 

understand these complex interactions. 

Further, the interaction of forest influences at fine, regional and global scales, needs to be assessed as 

effects at any one geographical scale may not be experienced at another. 

 

Figure 10. Nested, interactive sets of existing mathematical models provide one way to evaluate the 

net effects of several influences simultaneously 
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“An integrated assessment of forest 

influences entails an evaluation beyond 

albedo, evapotranspiration, and carbon 

to include other greenhouse gases, 

biogenic aerosols, and reactive gases. 

The interrelatedness of climate change 

science, climate impacts on ecosystems, 

and climate change mitigation policy 

requires that these be studied together in 

an interdisciplinary framework to craft 

strong science in the service of 

humankind” (Bonan 2008, p. 1449). 

 

 

A number of prominent climate scientists with an 

interest in forestry have commented on the need. 

Kaiguang Zhao and Robert B. Jackson of Duke and 

Stanford put it this way in an article in Ecological 

Monographs, “A carbon-centric accounting is, in many 

cases, insufficient for climate mitigation policies” 

(Zhao and Jackson in press). They go on to cite 

Anderson, et al. (2011), “Incorporating biophysical 

impacts of forestry activities into climate policies is 

needed but remains challenging.” And, further, “In 

addition to surface biophysics, many forcings and 

interactions for local land-use changes, such as 

changed lapse rate (this term needs explanation) and 

cloud feedbacks (also should be explained), should be 

further elucidated for quantifying the full range of biophysical forcings” (National Research Council 

2005). 

While we do not as yet know how to optimize forest management and the use of forest products to 

mitigate climate change, as noted earlier, we do know how some individual forest influences could be 

modified in ways that it appears would benefit climate change.  

 

 

Now for more on the specifics for some key individual influences: 

Fine Scale Models

Regional Scale Models

Global Scale Models

Meteorology

Atmospheric Chemistry

Meteorology

Atmospheric Chemistry

Meteorology

Atmospheric Chemistry
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3. Carbon Storage 

It is imperative to decarbonize our energy systems to reduce greenhouse gas emissions from burning 

fossil fuels. Conserving existing forests globally, in the United States and in New England is a necessary 

complement. Forests can play an important role in storing not only existing carbon, but also in 

sequestering additional carbon for the long term. Carbon storage in forest vegetation is reasonably well 

understood but, as reported in different studies, uncertainties remain as to the impacts of changes in 

forests on carbon in forest soils. 

The engine behind carbon storage in forest ecosystems is that plants extract carbon dioxide from the 

atmosphere and combine it with water to form carbohydrates, such as sugars and cellulose. 

Carbohydrates are used by plants and other organisms as the source of energy and to create other 

compounds such as fats and proteins. As trees and other plants grow the amount of carbon stored in the 

plant increases. In the case of trees, carbon is stored in the form of woody tissues in the roots, trunk, 

branches and bark. With time, leaves, seeds, branches and whole trees drop to the ground and 

decompose. During decomposition carbon is released to the atmosphere and a lesser portion is 

incorporated into the soil by the actions of microorganisms, earthworms, burrowing mammals and 

insects. Over time, forests store immense amounts of carbon. US forests store approximately 41 billion 

tons of carbon. New England’s forests alone store approximately 2.4 billion tons (Will McWilliams, 

pers. comm.).   

 

Beyond storing carbon on site forests can also be used to produce wood products, which can store 

carbon for long periods, particularly if used for long-lived wood products. The USFS has conducted an 

analysis of how, on average, different types of wood products store carbon that they contain. Products 

like dimension stock used in construction have long storage lives while materials like paper and 

packaging obviously have shorter useful lives. However, even once their useful lives are over wood 

products can store significant amounts of carbon in landfills. Research has shown that the anaerobic 

conditions (absence of oxygen) in properly designed landfills prevent wood from decomposing and that 

a large portion of wood and certain papers (e.g. ground wood) will last almost indefinitely in landfills. 

Thus, forests could be used to “pump” excess carbon out of the atmosphere as a part of “green” geo-

engineering. This approach could be an alternative to other geoengineering proposals such as circling 

the earth with mirrors or sun shields to reflect solar energy, seeding the ocean with iron to encourage the 

growth of plankton, or dispersing aerosols in the stratosphere to help re-radiate solar energy, all of which 

have the potential for unintended consequences, including in some cases use as weapons of war. Wood 

from sustainably managed forests (forests managed for the full range of ecological, social and economic 

benefits) could be harvested and the carbon it contains sequestered for the long term in any one of a 

number of different ways. For example it could be used for long lived wood products, or stored 

underwater or underground in an anaerobic environment, or burned for energy, displacing fossil fuels, 

and the CO2 captured and injected into deep geologic formations. All of these approaches could provide 

a mechanism for undoing some of the harm we have already done by increasing GHG levels. In contrast 

with many of the other mechanisms currently being discussed for geo-engineering we already know how 

to manage forests. If harvesting is done intelligently we could actually benefit other forest values such as 

wildlife habitat, reducing the risks of catastrophic fires, and others.  

The functions of maintaining and enhancing carbon storage are vital in maintaining greenhouse gas 

levels below the levels established by the IPCC in the near term and in the long term. If carbon stored in 
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US forests and carbon from forests in other parts of the world were released in any significant degree to 

the atmosphere, as a result of mortality, decomposition, or fires, it would contribute significantly to 

exceeding the IPCC’s specifications for greenhouse gas levels required to keep temperature increases 

below 2oC.    

4. Albedo Effects 

In general, trees absorb more incoming solar radiation than grasslands, crops and deserts. Absorption is 

measured as albedo with ‘1’ being complete reflection and ‘0’ complete absorption. The albedo effect of 

trees varies by species and location. In general evergreens absorb more radiation and warm the earth 

surface more than broadleaf trees, particularly in areas with winter snow cover where broadleaf trees 

typically also lose their leaves.  

The albedo of the earth involves more than just the earth’s surface as aerosols and clouds also reflect 

incoming solar radiation.  Clouds are in turn affected by forests both through evapotranspiration and 

forests’ contribution to aerosols that allow water droplets to form in the atmosphere.  Kurten, et al. 

(2003) More on these points follows. 

 

Figure 11. Clouds Double Reflectivity of Earth and its Atmosphere 

 

 

 

5. Production of Biological Volatile Organic Compounds 

Biological volatile organic compounds (BVOCs) in the form of aerosols play an important role in 

reflecting incoming solar radiation, thereby reducing warming of the atmosphere. This role is reasonably 

well understood. On the other hand, BVOCs, along with other sources of aerosols, also contribute to the 

formation of cloud condensation nuclei that influence cloud formation and the length of time that clouds 

remain in the atmosphere. Understanding the role of forests in these processes is among the most 

Clouds approximately double the reflectivity of the earth and its atmosphere. 
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challenging of the various influences that forests have on climate. Clouds can both contribute to 

warming by blocking outgoing radiation and reduce warming by reflecting incoming solar radiation. 

Regarding their influence on cooling,  “Clouds are responsible for about 55% of the sunlight that is 

reflected into space. Clouds alone roughly double Earth's albedo, from 0.15 (no clouds) to 0.31 

(including clouds). In short, clouds are the predominant means by which incoming sunlight is reflected 

back out into space.” 

http://www.windows2universe.org/earth/climate/warming_clouds_albedo_feedback.html 

  

6. Oxidation of Methane 

As shown in Figure 12, forests, particularly older forests, can reduce methane levels when compared to 

crops. Methane is a potent greenhouse gas with a global warming potential (warming potential over 100 

years)--more than 20 times as potent as CO2 but with a shorter life span in the atmosphere. Besides 

removing methane, forests also release less nitrogen dioxide (N2O) than crops. 

  

http://www.windows2universe.org/earth/climate/warming_clouds_albedo_feedback.html
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Figure 12. Comparison of the effects of forests and crops on two greenhouse gases  

 

 

7. Wood Substitution Benefits 

Substituting wood for other materials can also reduce emissions. A very thorough analysis of the 

“substitution benefits” of using wood was conducted by Matthews (2014) in the UK. Its essential 

conclusions for forests with a history of sustained yield management are shown in Figure 13. The take-

home message is that the greatest gains for reducing greenhouse gases from these forests over the next 

few decades can be achieved by: 

 Continued active management including sustained yield timber harvests; 

 Use of the wood harvested for long-lived wood products; and 

 Use of the residues (limbs and tops and manufacturing waste) as fuel. 

  

CH4 oxidation (top) and N2O 

production (bottom) in annual 
and perennial cropping systems 
and unmanaged systems. Annual 
crops were managed as 
conventional cropping systems, 
as no-till systems, as low–
chemical input systems, or as 
organic systems (no fertilizer or 
manure). Mid-successional 
systems were either never tilled 
(NT) or historically tilled (HT) 
before establishment. All 
systems were replicated three to 
four times on the same or similar 
soil series; fluxes were measured 
over the 1991–99 period. There 
are no significant differences (P > 
0.05) among bars that share the 
same letter on the basis of 
analysis of variance. Triangles 
indicate average fluxes when 
including the single day of 
anomalously high fluxes in the 
no-till and low-input systems in 
1999 and 1991, respectively 

(Robertson, et al. 2000).  

(Forests) 
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Figure 13. Relative GHG emissions over 20 years comparing use of wood to use of non-wood 

substitutes. (Based on UK conifer forests with a history of sustained yield management.) 

 

 

 
 

Simplified by R. Alec Giffen, but based on Figure 5.12 and Table 5.2 from Matthews, et al. (2014). 

 

Matthews, et al. found the greatest GHG benefits (the lowest portion of the green bar) to result from use 

of harvested wood as follows: sawlogs used for timber; sawlog offcuts and small round wood used for 

particleboard (also using 75% recycled wood); and bark and 50% of branch wood used for fuel. All 

results are relative, that is, they are in comparison to the use of non-wood alternatives. If wood is used 

for the same combination of products but particleboard is manufactured without using recycled wood, 

the results are somewhat less beneficial. The authors noted that the results for OSB would be 

approximately the same for particleboard made with 0% recycled wood. Matthews, et al. found that 

while burning harvested wood for fuel only results in a slight decrease in CO2 emissions when 

substitution for fossil fuels is taken into account, the GHG impact is less beneficial than ceasing 

harvesting (shown as the red dotted line). These results show that use of wood primarily for long-lived 

products is far more GHG beneficial than 1) using wood primarily for fuel, or 2) ceasing harvesting and 

manufacturing products from non-wood alternatives. (For more on this topic see the separate report, The 

Greenhouse Gas Benefits of Substituting Wood for Other Construction Materials in New England). 

This is consistent with the findings of the IPCC which stated: 

“In the long term, a sustainable forest management strategy aimed at maintaining or 

increasing forest carbon stocks, while producing an annual sustained yield of timber, 
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fiber, or energy from the forest, will generate the largest sustained mitigation benefit” 

(Nabuurs 2007). 

8. Market Factors 

Forests, shaped by policies that influence their extent, location and use, can also have an influence on 

what are called “market factors”, which have climate change implications. For example, policies 

favoring biofuels or establishing forest plantations on what was previously agricultural land can lead to a 

shift of agricultural production to other lands (e.g., rainforests in the tropics) with significant negative 

carbon consequences. This is not idle speculation as European Union policies promoting the use of 

biofuels have promoted deforestation in the tropics to allow the production of these environmentally 

“beneficial” fuels, particularly expansion of palm oil plantations. 

http://www.ucsusa.org/global_warming/solutions/stop-deforestation/palm-oil-and-

forests.html#.V2wAwY-cE5s Thus, if unintended consequences are to be avoided, the establishment of 

forest plantations to provide carbon storage and products substitution benefits, needs to be accomplished 

without displacing agriculture.  

Likewise, it is possible that, while in general keeping New England’s forests as forests is climate 

beneficial, there may be instances where a conversion of highly productive soils to agriculture could 

yield even greater climate benefits.  This issue needs further study, likely using new tools such as the 

atmospheric modeling referred to earlier before definitive conclusions can be reached. 

9. Timing – The Importance of Acting Promptly 

Time is of the essence in determining not only how to use forests to mitigate climate change but also to 

limit changes in greenhouse gas levels. The International Panel on Climate Change (IPCC) states in their 

most recent report that emissions must be kept within a specific range if we are to avoid the worst 

effects of climate change; that is, temperature increases beyond 2oC. Excerpts from this report follow:  

“Cumulative total emissions of CO2 and global mean surface temperature response are 

approximately linearly related”; and 

“Limiting the warming caused by anthropogenic CO2 emissions alone with a probability of… 

>66% to less than 2oC since the period 1861-1880, will require cumulative CO2 emissions 

from all anthropogenic sources to stay…, between 0 and about 1000 GtC (3670 GtCO2) since 

that period… reduced to about 790 GtC (2900 GtCO2)… when accounting for non-CO2 

forcings…”1 (GtC = 1 billion tons of carbon) 

 

They go on to say “an amount of 515… GtC (1890… GtCO2)… was already emitted by 2011.” 

 

Figure 14. Cumulative total anthropogenic CO2 emissions from 1870 (GtCO2) 

                                                 
1 These calculations appear to be based on 2011 data. 

http://www.ucsusa.org/global_warming/solutions/stop-deforestation/palm-oil-and-forests.html#.V2wAwY-cE5s
http://www.ucsusa.org/global_warming/solutions/stop-deforestation/palm-oil-and-forests.html#.V2wAwY-cE5s
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 Source:  IPCC (2013) 

The graph above appears in many publications. Here is an alternative (on the next page) and 

simpler graph from 1900 to 2010. I like it better because the above graph is complicated and 

better understood by readying the IPCC report. The graph I am suggesting below can more 

readily be understood without the need to explain each of the colors and their meaning above. If 

we go with this graph it will require adjusting the discussion above. CraigBelow is an interesting 

graphic that is user-friendly and we might want to use it to make the point about the “timing 

issue”. If you like this graphic we should run it by Joe Chaisson, Frank L. etc. to make sure it 

makes sense for our report. The numbers do not jibe with the IPCC numbers above. 

Alternatively, Attachment two could be put in this section because it is a good explanation of the 

IPCC take on this and has a simpler graph than the one above. Craig 

 

http://www.informationisbeautiful.net/visualizations/how-many-gigatons-of-co2/ 
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Thus, even if we could immediately limit global CO2 emissions to today’s levels, the IPCC’s 1000 

GtCO2 (gigaton cumulative global CO2 budget), estimated in AR-5 to constrain warming to two degrees 

C, would be reached within approximately 24 years2 (Joe Chaisson, pers. comm. 5/30/2014-citation 

from Joe coming).  For more on this topic, see Attachment 2. 

Beyond these considerations, forests also help moderate climatic fluctuations. McAlpine, et al. (2010) 

explored the various roles that forests can play in this regard and made the case for prompt action to 

maintain these functions. They contend that unless prompt action is taken, the opportunity to capitalize 

on the ability of forests to moderate climate can be lost permanently. 

The issue of timing in reducing GHG emissions is important, not only for atmospheric greenhouse gas 

levels, but also for the acidification of ocean waters. Rising carbon dioxide levels in the atmosphere 

necessarily increase the diffusion of carbon dioxide into the oceans, where the carbon dioxide reacts 

with water to form carbonic acid, increasing the acidity of the oceans. Depending on the acidity level 

reached, this could interfere with the formation of shells by marine organisms such as crabs and lobsters, 

kill coral reefs, and potentially produce large dead zones in the ocean. Dead zones reduce biological 

uptake of carbon dioxide by plankton and the subsequent sequestration of carbon in deep waters as those 

plankton die and drift to the bottom. This would exacerbate greenhouse gas levels and accelerate climate 

change. A report on the effects of acidification on the Southern Ocean predicts that at current rates of 

emissions problems with certain zooplankton are likely to start occurring in approximately the same 

time frame as outlined above (McNeil, et al. 2008). 

F. Climate Change Effects on Forests 

Forests of course will also be affected by climate change (Tang and Beckage 2010). In New England, as 

elsewhere, climate change will affect the health, mortality and regeneration of tree species differentially. 

Some species will be better suited to the environmental conditions in a warming world with changing 

precipitation regimes. Forests will respond as the more resilient tree species fair better, or even thrive 

under the new conditions, and other less well adapted tree species drop out of the forest over time.  

Figure 15 shows how changes in the suitability of climate zones might occur in Maine by the end of the 

century.  These changes in climate zones could result in the replacement over time of the Maple-Beech-

Birch type and the Spruce-Fir type with Oak-Pine. The frequency of insect outbreaks, the occurrence of 

ice storm damage, changes in wildlife populations and other disturbances such as the spread of invasive 

species will also be affected by climate change and in turn affect the region’s forests. These climate-

driven changes will interact with other factors influencing forests, such as the spread of urban and 

suburban development, changes in atmospheric deposition, and importation of non-native forest pests.   

  

                                                 
2 Based on an update of the IPCC data from 2011. 
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Figure 15. Dominant forest types 

 

 Source: Prassad and Iverson (1999 and ongoing). 

 

 

To maintain existing benefits for mitigating climate change and ameliorating its effects, as well as 

capitalize on opportunities to enhance these benefits, forests need to be resilient to climate change and 

be able to adapt to the coming changes that have already been made inevitable. Resilience is defined by 

the IPCC as “the ability of a social or ecological system to absorb disturbances while retaining the same 

basic structure and ways of functioning” (IPCC 2007). 

  

Current, 1960-1990

Average 5 GCMs, 

2070-2100 *

White-Red-Jack Pine

Spruce-Fir

Loblolly-Shortleaf Pine

Oak-Pine

Oak-Hickory

Maple-Beech-Birch

* Average of 5 different Global Circulation Models:

1.  Canadian Climatic Center

2.  Geophysical Fluid Dynamics Laboratory

3.  Goddard Institute of Space Studies (NASA)

4.  Hadley Centre for Climate Prediction and Research (UK)

5.  United Kingdom Meteorological Office
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Figure 16. Vulnerability and Resilience of Social or Ecological Systems 

 

 Source: Anderson (2010). 

 

New England’s forests vary in their resilience to climate change. For stands to be resilient as possible, 

we need to maximize stand vigor to increase the trees’ ability to withstand stress. This means controlling 

insects and diseases, as well as thinning stands to release the most vigorous trees to grow. Resilience is a 

short term response to climatic change. In the longer term, forests must also adapt to the effects of a 

changing climate. The Nature Conservancy and others assert that to facilitate forest adaptation to 

climate, we need to maintain the “stage.” That is maintain the physical sites, preferably as diverse as 

possible in terms of geology, soils, topography, elevation and species composition, where forests can 

adapt over time. 
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Figure 17. Resilience Scores 

 
Source: Anderson (2010). 

 

Alec – this did come from Anderson 2010… and the title was Resilience Scores and something about a 

sum of 3 components.  It is no longer available at the link in the references.  I’ve removed that and I’ve 

put it on your drive at (link)  

https://drive.google.com/file/d/0Bw42iLFEhkeRWXRjLXlSOEpkdVk/view?usp=sharing
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Figure 18. Degree of Local Connectedness of Ecosystems 

Source: Anderson (2010). 

 

Maintaining connectivity between forest areas, particularly along north-south axes, is important so that 

species can migrate naturally. Such connected corridors, particularly if similar efforts are undertaken to 

the south and north of New England, should allow species and ecosystems to adapt over time. As 

alluded to earlier, It is also desirable that within these corridors as many different physical settings as 

possible are represented, such that species have the opportunity to utilize different ecological settings 

even at a specific latitude (Anderson 2010). Considering both resilience as well as connectivity, it is 

apparent that New England’s and New York’s northern mountain ranges have special value as climate 

changes. 

In addition to maintaining connectivity, in the interest of promoting resilience and adaptation, it is 

important to maintain or increase diversity, both within and among species. Within species it is 

important to maintain genetic diversity that may allow species to effectively adjust to climate change. 

This can be accomplished by managing for a single species across the full range of habitats it can 

occupy and a diversity of growth habits.  
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It is also important to increase diversity by introducing and/or favoring the species likely to be best 

suited to future climates, which as stated earlier are predicted to be warmer, wetter, more variable, and 

turbulent with more frequent extreme weather events. 

G. The Role of New Englanders and New England Forests in 

Determining How to Maximize the Benefits of Forests to Mitigate 

Climate Change   

New England with its extensive forests, long history of non-profit advocacy for forests and innovative 

thinking on forest conservation and management, as well as its outstanding forestry schools and research 

institutions, is well positioned to lead the way in determining how to best use forests to mitigate climate 

change, ameliorate its effects, increase forest resilience and facilitate forest adaptation to a changing 

climate. New England forests could serve as a case study and laboratory for this work with benefits to 

the region and far beyond. For example, in partnership with the New England Forestry Foundation the 

Clean Air Task Force is working to develop analytical tools discussed earlier that are intended to 

evaluate the net effects of several interrelated forest climate influences. As also discussed earlier, this is 

critical as evaluating the effect of any one or two factors independently of the others can lead to 

erroneous conclusions. 

Research could cover a wide range of other topics as well.  A few suggestions are listed below:  

 How can we manage New England’s forests to make them more resilient to climate change so 

that their ability to produce wood and provide other benefits is maintained and or even enhanced 

in a changing climate? 

 How can we facilitate the adaptation of New England forests to potential future climates so that 

our forests remain productive and can continue to mitigate climate change?  Note it is important 

that decisions on future management lead to the most “robust” solution possible.  That is, one 

which can succeed even if the prediction regarding the climate future of New England prove 

wrong. 

 What forest management strategies should be employed to enhance regional cooling, flood 

control, maintain summer stream flows and serve as refuges from high temperatures? 

 What are the best strategies for managing forests and using wood products from New England 

forests to sequester carbon for the long term?  

 In the long term, after we have decarbonized our energy systems, what are the best mechanisms 

to employ to store the carbon captured by forests for geologic time? 

Existing tools, such as the latest atmospheric models, may be used to explore some of these questions, 

and it is likely that new modeling tools will also be needed. This will be a fertile area for research. The 

New England Forestry Foundation in conjunction with the Woods Hold Research Center and the Clean 

Air Task Force has established a partnership to tackle these challenging areas of research (see this link 

for an outline of the research concepts ). The lives, livelihoods and wellbeing of New Englanders could 

depend upon the development of effective strategies to mitigate climate change and ameliorate its 

effects. This broad based research effort should get underway as soon as possible as it will take time to 

develop the necessary climate research tools and to find the answers to challenging and complex 

https://drive.google.com/file/d/0Bw42iLFEhkeRSnpJcWFKSE9rWkk/view?usp=sharing
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questions about our changing climate. We are fortunate to have the Woods Hole Research Center (a 

world leader on this topic) and the Clean Air Task Force as partners in this enterprise.   

H. Conclusions 

Globally, nationally and regionally climate change is already causing changes in temperatures, 

precipitation, floods and droughts. The National Climate Assessment foresees these changes continuing 

and intensifying driven largely by the amount of greenhouse gases emitted into the atmosphere. It is not 

possible based on current climate change models—due in part to the extremely complex environment 

that needs to be modeled—to say with complete precision when or to what extent specific climate 

changes will occur at a regional level. 

It is clear that, because we understand their consequences, we can with confidence take some actions 

now to employ forests to mitigate climate change. For example: 

 Keeping forests as forests 

 Substituting wood products for other construction materials 

 Harvest and use trees that are dead or will die 

 Preventing and controlling forest fires 

It is also clear maintaining existing forest carbon storage is critical to avoid exacerbating climate change 

and that forests will influence climate change in a number of other ways which may either collectively 

or individually be more important than carbon storage, but we cannot yet accurately assess the effects of 

several forest influences acting together.    

Forests can also help to ameliorate the impacts of climate change by regional cooling, shading buildings, 

moderating floods and enabling the storage of moisture in soils for slow release to sustain summer 

stream flows to the benefit of water supplies, aquatic life and recreation.   

By keeping forests as forests, and through active management we can favorably benefit conditions in 

forests that will enable them to withstand and adapt to climate change. This can be achieved through 

maintaining connectivity between forest areas, particularly along north-south axes (e.g., in New 

England’s northern mountains), so species best adapted to the new climate regime can move into 

suitable areas. Management can also enhance resilience of forests to the inevitable changes. Keeping 

forests as forests, creating forest reserves and active forest management can and should be part of a 

strategy for New England to do our part to mitigate climate change and ameliorate its impacts. 

 

New England’s forests provide options for adapting to climate change, and they in turn will be strongly 

influenced by our selections among those options.  If forests could be expanded to optimize climate 

benefits, considering the full range of forest-climate systems interactions, without adverse climate 

impacts (e.g. displacing agriculture to a region where it results in greater radiative forcing), it could 

contribute to reducing existing atmospheric CO2 levels by sequestering more carbon than would 

otherwise be the case. This is termed “climate remediation” (Garman, et al. 2014), as it is a technique for 

improving our circumstances rather than simply avoiding making them worse and can be thought of as 
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“green” geoengineering.  This effort could include expanded urban and agroforests, as well as wildland 

forests.  

Finally, while New England’s forests cannot by themselves fully mitigate global climate change or 

ameliorate all of the impacts that are likely to occur, they could, along with the region’s intellectual 

capital working on this issue, serve as a site for case studies that enable us to determine: 

1. How to maximize the climate benefits of forests (maximum net benefits); 

2. How to increase forest resilience; and 

3. How to facilitate forest adaptation. 

It is imperative that we get underway with this research soon if we are to lead the way for other regions 

and initiate policies and practices that will take full advantage of New England’s forests to mitigate, 

prevent and ameliorate climate change. 

 


