



Issue Three: Climate Change

The term “climate change” most often conjures up images of polar bears floating off to sea or sea levels rising and submerging coastal cities and resources.  However, climate change has significant potential to affect Missouri’s natural resources too, including forests.  In fact, Missouri could already be seeing the affects of climate change in the form of increasing extreme weather events such as drought, floods and freezing rain.  According to the USFS’s Strategic Framework for Responding to Climate Change, “Climate Change is one of the greatest challenges to sustainable management of forests and grasslands and to human well-being that we have ever faced, because rates of change will likely exceed many ecosystems’ capabilities to naturally adapt.  Without fully integrating consideration of climate change impacts into planning and actions, [we] can no longer fulfill [our] mission”.
	
Our Changing Climate

We do not know exactly what climate change will look like and mean in Missouri.  However, there is compelling evidence that we need to take action immediately to manage our forests to be as adaptable and resilient to climate change as possible.  The potential consequences of inaction are much too great.  Here is some of what we know:

 (
The global climate is changing: 
Besides the anecdotal evidence of climate change (melting glaciers, increased extreme weather events, etc.), there is increasing hard data to support the notion that our climate is changing.  The following figure shows how the average global surface temperature, sea level, and Northern Hemisphere snow cover has changed from 1850 to 2000.  While there are certainly oscillations from year to year, there 
are
 pretty obvious trends 
over the last
 1
5
0 years as a whole.  
)
	         Figure 3.1 Global Changes in Temperature, 
	         Sea Level and Snow Cover – 1850-Present[footnoteRef:1] [1:  IPCC, 2007: Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K and Reisinger, A. (eds.)]. IPCC, Geneva, Switzerland, 104 pp.] 


 (
Missouri’s climate could change considerably 
more 
in the foreseeable future: 
Th
e following three
 graph
s
 show 
changes in temperature, carbon dioxide concentration and emissions over the last 1,000 years.  
Although these levels have fluctuated over time, th
ese
 graph
s
 shows the huge increase in atmospheric carbon dioxide concentration since the “industrial age”
 powered by fossil fuels
 and land use changes
, and the strong correlation between CO2 levels and global temperature change.
  With atmospheric carbon dioxide levels expected to continue to increase, it is likely that global temperature will continue to increase as well. 
)







 
Figure 3.2 1000 Years of Global CO2 and Temperature Change[footnoteRef:2] [2:  http://www.usgcrp.gov/usgcrp/Library/nationalassessment/overviewclimate.htm Climate Change Impacts on the United States - The Potential Consequences of Climate Variability and Change - Overview:  Our Changing Climate By the National Assessment Synthesis Team, US Global Change Research Program; Published in 2000
] 

 (
There is much uncertainty as to how this change will take shape at local scales:
The following graphic
s show
 
two prominent climate change models for 
precipitation and temperature
 in the continental U.S.  First, note the variability between the models.  The point is not to show just how climate will change, but rather to show the potential for change.  Also, note that climate change does not always mean that a given area will become warmer.
  Although the overall climatic temperature is expected to rise, this will include some areas getting much warmer, and some areas actually getting cooler.  There is also considerable uncertainty as to precipitation changes.  The bottom line is that although we don’t know how Missouri’s climate will change, there is high likelihood that it will change.  
)












Figure 3.3 Precipitation Change[footnoteRef:3] [3:  http://www.usgcrp.gov/usgcrp/Library/nationalassessment/LargerImages/OverviewGraphics/Precip.jpg 
Climate Change Impacts on the United States - The Potential Consequences of Climate Variability and Change By the National Assessment Synthesis Team, US Global Change Research Program Published in 2001 ] 



Figure 3.4 Temperature Change[footnoteRef:4] [4:  http://www.usgcrp.gov/usgcrp/Library/nationalassessment/LargerImages/OverviewGraphics/Temp.jpg 
Climate Change Impacts on the United States - The Potential Consequences of Climate Variability and Change By the National Assessment Synthesis Team, US Global Change Research Program Published in 2001 
] 

 (
There’s more to 
it than
 averages:
Even if Missouri’s average 
annual 
temperature 
and precipitation 
stays the same, seasonal pattern
s
 could change considerably.  
This is well demonstrated in 
Figure X
 
which 
shows expected increases in July heat index.  
S
easonal pattern changes 
such as this 
could 
actually 
have a much more pronounced effect on forest communities than average annual temperature change
s
.
)







[image: http://www.usgcrp.gov/usgcrp/Library/nationalassessment/LargerImages/OverviewGraphics/HeatIndex.jpg]
Figure 3.5 July Heat Index Change[footnoteRef:5] [5:  http://www.usgcrp.gov/usgcrp/Library/nationalassessment/overviewlooking.htm
Climate Change Impacts on the United States - The Potential Consequences of Climate Variability and Change By the National Assessment Synthesis Team, US Global Change Research Program Published in 2001] 


B. Potential Implications of Climate Change to the Seven Criteria of Forest Sustainability

Although it is uncertain just how Missouri’s forests will be affected by climate change, there is significant potential for climate change to alter the future health, sustainability and composition of Missouri’s forests and the services they provide.  The following pages show some potential implications organized by the Seven Criteria of Forest Sustainability.  While many of these concepts are admittedly speculative, it is important that these possibilities be considered when doing long term sustainable forest planning.

Criterion One: Conservation of Biological Diversity

Climate change has the potential to drastically shrink, expand or shift the suitable habitat ranges of flora and fauna in Missouri.  Some of these changes could actually be desirable.  For instance, the suitable habitat range for the exotic species bush honeysuckle could shift northward and cease to be a problem in Missouri.  Other potential changes are much more alarming.  For instance, the habitat suitability for white oak could greatly diminish causing large scale die offs and forest species composition changes.   Some biological changes are already appearing.  A recent analysis by the National Audubon Society revealed that in the last 40 years, land-bird species have shifted their habitat range centers by 48 miles on average[footnoteRef:6].  A similar study by the USFS NRS shows some tree species already migrating north at a rate of approximately 62 miles per century[footnoteRef:7]. [6:  Birds and Climate Change – An Ecological Disruption in Motion, A Briefing for Policymakers and Concerned Citizens on Audubon’s Analyses of North American Bird Movements in the Face of Global Warming—February, 2009]  [7:  Woodall, C.W.; Oswalt, C.M.; Westfall, J.A.; Perry, C.H.; Nelson, M.D.; Finley, A.O.  2009.  An indicator of tree migration in forests of the eastern United States.   Forest Ecology and Management. 257: 1434-1444.] 


The following figure shows an index of climate stress as a function of projected climate change, habitat quality, and habitat area[footnoteRef:8].  The darkest areas are those in which ecosystems are expected to be under the most stress.  Note that this map shows Missouri as being one of the two most vulnerable states in the continental U.S. to climate stress.  This is in large part due to the fact that the range of many plant and animal species and habitat types starts or ends in Missouri.  These range edges are often the most vulnerable.   [8:  U.S. Forest Service Rocky Mountain Research Station, supported by WHPRP. Climate change stress index developed by Linda Joyce, Curtis Flather, and Marni Koopman of the U.S. Forest Service Rocky Mountain Research Station with funding from the Wildlife Habitat Policy Research Program (WHPRP)(From MNRC Presentation).] 


Figure 3.6 Climate Stress Index8



While this model looks at climate change vulnerabilities to landscapes and communities as a whole, the USFS Northern Research Station has also put together a “Climate Change Tree Atlas” model which shows how the suitable habitat ranges of 135 different tree species could change due to climate change (www.nrs.fs.fed.us/atlas/).  Below are a couple of examples which are highly pertinent to Missouri.  Note the significant increase in suitable habitat for shortleaf pine, and the significant decrease in suitable habitat for white oak.  Obviously, we don’t know exactly what will happen to tree species distributions into the future.   However, these maps show some potential outcomes that should be considered as we shape our forestry program into the future.  

Figure 3.7 USFS Climate Change Tree Atlas: 
Current and Predicted Future Distribution of Two Select Tree Species[footnoteRef:9] [9:  Climate Change Tree Atlas (A Spatial Database of 134 Tree Species of the Eastern USA)  Anantha M Prasad, Louis R Iverson, Steve Matthews, Matt Peters  NRS-4151, USDA Forest Service, Northern Research Station, Delaware, Ohio] 


White Oak
 Current Modeled Distribution		                Predicted Future Habitat Suitability
                       					            with Improved Fossil Fuel Conservation
[image: http://www.nrs.fs.fed.us/atlas/tree/rfmod802_FIA_actual.gif]	              [image: http://www.nrs.fs.fed.us/atlas/tree/rfmod802_gcm3lo.gif]

Shortleaf Pine
Current Modeled Distribution		                Predicted Future Habitat Suitability
                                                                                              with Improved Fossil Fuel Conservation
[image: http://www.nrs.fs.fed.us/atlas/tree/rfmod_leg.gif][image: http://www.nrs.fs.fed.us/atlas/tree/rfmod110_cur.gif] [image: http://www.nrs.fs.fed.us/atlas/tree/rfmod110_gcm3lo.gif]
 (
Higher number = Greater abundance and/or habitat suitability
)
	
As you can see in these figures, some trees species stand to gain significant ground through climate change, and some could really decline.  There is the potential for widespread mortality of trees from climate stress.  Although new tree species will emerge and fill in the gaps, such mortality could cause significant changes in forest age and size structure, and tree species composition.  While these altered conditions could actually benefit some wildlife species, many would likely be adversely affected or possibly eliminated.  Therefore, it is important that forest management efforts make our forests as resilient and adaptable as possible.  Even if we can’t avoid tree species shifts or mortality, we should be able to smooth the transition and help provide a bridge for flora and fauna to adapt to future conditions.  Such strategies will be discussed later.

Criterion Two: Maintenance of Productive Capacity of Forest Ecosystems

Forest products are a huge part of Missouri’s economy ($5.7 billion annually)[footnoteRef:10].  The continued viability of the forest products industry and the benefits it provides to society is dependent on a healthy, sustainable forest resource.  Sustainability could be significantly compromised if climate change causes much of our tree volume to die prematurely.  Even if we do not experience such mortality, climate change could increase the vulnerability of trees to borers and other insects which degrade the quality of trees for most forest products.  Also, Missouri’s forest products industry is accustomed to working with certain tree species and products.  If we were to experience a major shift in forest composition, industry would need to make adjustments accordingly.  Such a phenomenon could have global impact.  For example, Missouri produces a huge percentage of the world’s barrel staves.  Only white oak is suited to making barrel staves.  If Missouri were to lose much of its white oak, it is uncertain where barrel staves would come from in the future. [10:  Missouri Department of Conservation – Public Profile 2008-6] 


Criterion Three: Maintenance of Forest Ecosystem Health and Vitality

As discussed above, climate change has significant potential to cause tree mortality or make trees more vulnerable to insects, diseases and major weather events (flooding, freezing rain, etc.).  However, forest health could be affected in other ways as well:  

	Exotic/invasive species: Some exotic and invasive species which typically thrive 	south of Missouri, such as kudzu and Chinese privet, could become major problems 	in Missouri as well.  If and when these species proliferate, they could choke out 	native 	vegetation and diminish wildlife habitat value for many species.  On the other 	hand, some exotic species which are better adapted to colder climates, such as bush 	honeysuckle and garlic mustard, could fade or drop out.  Similar phenomenons are 	equally possible with insect and diseases affecting forests.  Since we don’t have 	nearly enough resources to wipe out all exotic species in our forests, strategies will 	need to be crafted to best prioritize what outbreaks receive the most attention.  	These 	strategies could be based in part on climate change projections.

	Invasive species issues are not necessarily limited to exotic species.  There will 	likely be species which are currently found in Missouri in small numbers which will 	begin to proliferate in a modified Missouri climate.

	Wildfire: Depending on new temperature and precipitation patterns, there is also 	the potential for our forests to become much more vulnerable to wildfire.  Seasonal 	periods of very warm and dry weather could lead to extreme wildfire conditions.  	Such conditions could be hazardous to people, personal property and natural 	communities.  

Criterion Four: Conservation and Maintenance of Soil and Water Resources

Regardless of how Missouri’s climate changes, there is potential for significant future soil and water issues relating to forests.  If our climate gets significantly wetter, riparian forests could become more important than ever for protecting stream banks and providing filtering functions.  If our climate gets significantly drier, there could be real competition for drinking water supplies.  Crowded forests consume a lot of water, and future forest management could include implications for providing adequate drinking water supplies.  There is currently much debate in the western United States concerning how forests should be managed to minimize competition for drinking water supplies.  

Criterion Five: Maintenance of Forest Contribution to Global Carbon Cycles

As was well stated in the April/May 2008 Journal of Forestry, “Unique among all possible remedies [to climate change], forests can both prevent and reduce greenhouse gas (GHC) emissions while simultaneously providing essential environmental and social benefits…”  Missouri’s forests are important to the maintenance of global carbon cycles in two respects: 

The amount of carbon currently stored in Missouri’s forests.  Missouri’s forests currently store a huge amount of carbon.  However, certain forest threats such as deforestation and mortality have significant potential to actually release carbon and exacerbate climate change.  Forest management strategies should at minimum strive to maintain current levels of carbon storage.  














Figure 3.8 Tons of Carbon Stored in Missouri’s Forests: 
1999-2003 and 2003-2007[footnoteRef:11] [11:  Calculated by Gus Raeker using the USFS EVLIDator program.] 


Additional climate change mitigation potential.  Beyond simply maintaining current levels of carbon storage, Missouri’s forests have significant potential to help mitigate climate change:

The April/May 2008 issue of the Society of American Foresters’ Journal of Forestry is fully devoted to “Forest Management Solutions for Mitigating Climate Change in the United States”.   Methods described in this issue for preventing and reducing GHC emissions including wood substitution, biomass substitution, wildfire behavior modification, avoided land use change, and carbon sequestration are briefly summarized and localized below.

Wood products and wood substitution: Wood substitution involves using wood products instead of fossil-fuel intensive products.  Examples could include installing a hardwood floor in your home instead of a vinyl floor or using lumber for construction framework rather than aluminum framing.  Wood products and wood substitution help mitigate greenhouse carbon emissions in a couple of ways.  First, the wood product itself stores considerable carbon for the life of the product.  Second, wood products typically use much less fossil fuels to extract compared to other products such as steel, concrete, brick or vinyl.  

Biomass substitution: For the purposes of this assessment, biomass substitution involves the use of wood and wood residues to produce heat/energy.  This can involve both utilizing mill residue and harvesting woody biomass (trees in this case) for purposes such as heating, electric generation, and transportation fuels.  By using biomass for such purposes, the equivalent amount of coal or oil needed to create such energy, and its associated carbon, can be left underground.  Although utilizing biomass for energy also emits carbon, this carbon is fairly quickly sequestered as harvested trees are replaced by the growth of new and remaining trees.   

Although not readily obvious, Missouri already makes substantial use of woody biofuels for heat and energy production.  Missouri is one of the biggest charcoal producers in the nation.  Many homeowners, especially in rural areas, use wood to heat their water and homes.  Many sawmills utilize their mill residue (sawdust, bark, slabs) to heat their mills or fuel their dry kilns.   

There may be opportunities to expand the use of woody biofuels for heat/energy production in Missouri.  However, it is of great importance that any such markets are established in a way which will ensure that our forests are managed and harvested in a sustainable manner.  It would be very easy for a large biofuels producer to over-extract woody biomass.  If this would happen, it could be at the expense of other forest product industries that require larger trees, wildlife that need a good balance of forest structure, and soil productivity which relies on logging residue to return minerals and organic matter back into the soil.  

Wildfire behavior modification: Although wildfire behavior modification is listed as a key means of preventing greenhouse gas emissions nationally, this is not considered a significant factor in Missouri, at least in the long term.  In 2006 for example, only 0.15% of the nation’s wildfires occurred in Missouri.  The majority of our nation’s wildfires occur in the western US.  Furthermore, the average wildfire in Missouri produces a fraction of the greenhouse gas emissions compared to wildfires in the western US.  Fuels in Missouri are comparatively much less combustible and volatile.  

Historically, wildfire played a huge role in shaping and maintaining our forest and woodland natural communities in Missouri.  As fire has been eliminated from our landscape, many of our natural communities have been significantly altered.  Consequently, there is increasing use and interest in incorporating prescribed fire into forest and woodland management.   These prescribed fires are utilized under carefully planned and controlled conditions, and growing experience shows great natural community restoration benefits from many of these burns.  It does not appear that prescribed fires significantly contribute to greenhouse gas emissions.  However, research should be done to substantiate or refute this notion.  

Avoided land use changes: Since forests have a tremendous ability to store and sequester carbon, converting forests to other uses such as agriculture or residential development has the opposite effect of releasing a large amount of carbon back into the atmosphere and significantly reducing the ability of those acres to sequester carbon in the future.  Voluntary incentives should be developed to avoid the conversion of forestland into other uses.  

Carbon sequestration: As a forest grows over time, it has increasing ability to sequester carbon from the atmosphere.  This carbon up-take continues until the forest “matures” and reaches its maximum potential up-take.  Depending on how the forest is managed, this maximum state may never occur.  Harvesting, insect and disease outbreaks, and fire can change the amount of carbon stored in a given forest.  Many of these influencers will release carbon back into the atmosphere, at least temporarily.  Although harvesting releases some carbon back into the atmosphere, much of this harvested carbon will continue to be stored in the form of wood products.  Regardless, over the long term, forests absorb and hold a tremendous amount of carbon and play a critical role in climate change mitigation and the reduction of net GHG emissions.  

Criterion Six: Maintenance and Enhancement of Long-Term Multiple Socioeconomic Benefits to Meet the Needs of Societies

Missouri’s trees and forests provide a wide variety of socioeconomic benefits to people.  These will be further described in Issue 11.  Any threats and stressors to trees and forests, such as climate change, place these benefits in jeopardy.  Although these effects would be felt state wide, they could be especially apparent in urban areas for two reasons: 1) These trees and forests are viewed and enjoyed by a lot of people near their homes and provide a connection to nature; and 2) Urban environments are already stressful for trees.  Therefore, additional stress caused by climate change could be even more devastating to trees and forests in urban areas compared to rural forests.     

Despite the potential negatives of climate change, efforts to mitigate climate change could actually provide a unique opportunity for forest landowners.  Land ownership includes a number of expenses such as real estate taxes, maintenance costs, management inputs and more.  These costs can make it difficult for landowners to hold on to their land.  As tracts are sold off, they become increasingly vulnerable to subdividing, conversion, fragmentation, etc.  Opportunities to help offset some of the costs of land ownership can help to minimize these negative forest influencers.  One such opportunity could present itself in the form of carbon sequestration credit markets: 

Carbon markets: Markets are currently evolving for the trade of “carbon credits”.  Carbon credits are essentially units of carbon being sequestered on a given forest which can be traded to a company that needs or wants to offset the amount of carbon they release.  Although forest carbon markets are in the early stages of development in the U.S., there is speculation that these markets could flourish if and when a federal carbon “cap and trade” system is enacted.  There are two types of areas which can potentially qualify for carbon trading: 1) areas which are being afforested (ie: forest re-established on an area that was being used for agriculture or some other non-forest use); and 2) existing forest land.  The net benefits of carbon sequestration from afforestation are fairly straightforward.  Open land typically holds and sequesters very little carbon.  As these areas are reforested, they take up a lot more carbon.  The net benefits of carbon sequestration from existing forests gets a lot more complicated.  Due to numerous foreseen and unforeseen influencers, the net carbon uptake of existing forests is highly complex.  For both circumstances, the costs of enrolling into a carbon credit program, including forest certification, measuring actual carbon uptake, etc., and the potential financial gains of such a program are difficult to ascertain at this time.  Depending on how this develops, carbon markets could potentially provide a valuable source of income for forest landowners which could potentially help them afford to keep their forestland rather than sell it off for development or other uses.  Carbon markets could also provide a financial incentive for sustainable forest management.  

Criterion Seven: Legal, Institutional, and Economic Framework for Forest Conservation and Sustainable Management.

Global climate change has just recently entered the radar screen in terms of long term forest planning.  However, it is becoming increasingly apparent that forest managers need to incorporate climate change considerations into forest planning and implementation efforts immediately.  At first glance, it may seem awkward to plan for climate change given the significant uncertainty of what form climate change will take in Missouri.  However, in reality, most of the steps needed to address the implications of climate change on Missouri’s forests are the same regardless of whether Missouri gets wetter or drier, or warmer or cooler.  Furthermore, most of these measures are things which we should be doing anyway for other reasons.  For example, thinning an overstocked forest will make it more resilient to climate change.  However, it can also improve wildlife habitat, increase the growth rate of remaining trees, and reduce vulnerability to insects and diseases.

In the USFS’s “Strategic Framework for Responding to Climate Change”, seven goals are established for helping the USFS carry out its mission of sustaining forests for present and future generations under a changing climate.  These seven goals are modified slightly below to make them more relevant to Missouri’s Forest Resource Assessment:
	
 Advance understanding of the environmental, economic, and social implications of climate change and related adaptation and mitigation activities.
Enhance the capacity of forests to adapt to the environmental stresses of climate change and services of these ecosystems.
Promote the ability of forests to help mitigate climate change, while sustaining the multiple benefits and services of these ecosystems.
Integrate climate change, as appropriate, into MDC internal policies and program guidance.
Reduce the environmental footprint of MDC operations and be a leading example of “wise use”.
Advance awareness of principles and methods for sustaining forests and their services in a changing climate.
Establish, enhance and retain strong alliances and partnerships to provide sustainable forests for present and future generations.
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