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A Synthesis of Anticipated Impacts in 
West Virginia and the Central 
Appalachians Region



Climate Change Impacts
1) Longer Growing  Season 
2) Shorter Winters
3) Potential for Summer Drought
4) CO2 Fertilization
5) Changes in Suitable Habitat
6) Extreme Events
7) Wildfire Risk
8) Forest Pests and Diseases
9) Invasive Plants

Presenter
Presentation Notes
Thanks to James and Alex for their great presentations…now that we have a handle on how temperature and precipitation has been changing, along with a range of estimates on how it will continue to change, we can begin to think about how changes in temperature and precipitation interact with physical and biological processes that are important to forest ecosystems. This information was collected from a number of published scientific literature, new modeling efforts, and syntheses covering large regions, like the National Climate Assessment, the Central Appalachians Vulnerability Assessment, and others



Climate Change Impacts
1) Longer Growing  Season 
2) Shorter Winters
3) Potential for Summer Drought
4) CO2 Fertilization
5) Changes in Suitable Habitat
6) Extreme Events
7) Wildfire Risk
8) Forest Pests and Diseases
9) Invasive Plants

Eric Aldrich/The Nature Conservancy

Presenter
Presentation Notes
As we examine each of these impacts, it’s important to keep in mind that they will have very different effects on different forest types, for example high elevation red spruce vs. dry oak and pine. 



1: Longer Growing Season
Warmer temps result in longer growing seasons
 Projected to increase 25+ days 
 Evidence of phenological shifts 

Longer period for plant growth

Jeong et al. 2011, Julien and Sobrino 2009

Kunkel et al. 2013

Presenter
Presentation Notes
Growing season length is often estimated as the period between the last spring freeze and first autumn freeze, but can also be estimated through the study of plant phenology. Warmer average temperatures in every season has already resulted in a longer growing season in West Virginia, with Spring occurring later by about a week, but also even later in the fall. For those of us who like to grow trees and other plants, a longer growing season isn’t necessary a bad thing…if there is enough water available for plants to use within that longer growing season.



1: Longer Growing Season
Warmer temps result in longer growing seasons
 Evidence of phenological shifts 
 Projected to increase 3-7+ weeks 

Longer period for plant growth

Potential risks:
 Early bud break/loss of cold hardening
 Frost damage during spring freezing

Melillo et al. 2014, Nelson Center 2014

Presenter
Presentation Notes
Another phenomenon that we’re seeing occurs during false-spring, when warmer temperatures cue plants to form early buds and start sap flowing through the tree. When followed by a cold snap, a rapid dip in temperature, these newly formed buds or flowers, or even the tree itself, are at increased risk of frost damage. A painful example of this in Michigan was a year we spent without local apples. 



2: Shorter Winter (Less Snow)
Projected decreases in snow fall, cover, and depth
 20-40% decreases in snowfall over the next 70 years
 Greatest loss in December/January

Figure: Kapnick and Delworth 2013

Presenter
Presentation Notes
Winter temperatures are projected to increase, especially minimum winter temperatures, resulting in more precipitation falling as rain instead of snow across much of the country, with the most severe decreases expected in the northern Pacific and Atlantic coasts. In West Virginia, these decreases are relatively mild , but still range from 20 to 40 percent less snow by the end of the century. 



2: Shorter Winter (Less Snow)
Projected decreases in snow 
fall, cover, and depth
 20-40% decreases in snowfall
 Greatest loss in December/January

Decreased snowpack
 Decreased soil frost and root 

damage in cold temps
Warmer soil temperatures and 

altered processes 

Sinha & Cherkauer 2010; Cambell 2010

Presenter
Presentation Notes
With less snowfall, and warmer temperatures, snow is less likely to stick around for the winter. Snow cover typically insulates forest soils, so reduced snowpack could leave the soil surface more exposed to fluctuations in air temperature and is likely to determine the impacts on soil temperature, water infiltration, and spring photosynthesis. Soil frost is often considered problematic, and the heaving associated with it can have adverse effects, such as uplifting planted seedlings. It can also have a profound effect on ecosystem processes by damaging fine roots and altering litter decomposition, nutrient leaching and trace gas. However, there are also benefits of frozen soil, for example it can improve accessibility and minimize disturbance during logging operations. 



2: Shorter Winter (Less Snow, More Rain)
Precipitation is projected 
to increase = more rain

Dale et al 2001, Huntingon 2004, Parmesan 2006

Presenter
Presentation Notes
It can also have impacts that can show up in a more obvious way. Throughout the winter and spring, the total amount of precipitation is projected to continue the increase we’ve already seen.



2: Shorter Winter (Less Snow, More Rain)
Precipitation is projected 
to increase = more rain

Altered streamflow
timing and amount
 Earlier spring peak flows
Potential increases in 

flashiness and episodic 
high flows
Potential declines in 

summer seasonal stream 
flow

Dale et al 2001, Huntingon 2004, Parmesan 2006

Presenter
Presentation Notes
As more precipitation falls as rain, and more rain falls in the early part of the year, we’re expecting to see earlier peak flows in small and large streams. Recent flooding disasters in Charleston, Cheat Lake and many other locations across the state, are just example of the high potential for flooding. As rain flows down from higher elevations, it increases velocity of streams and rivers, some of which are known to overflow, and creates pooling in lower elevations, threatening standing trees, and homes, and other infrastructure. After water levels decrease, vegetation emerging in spring will utilize moisture held in the soil. When this peak flow happens earlier in the growing season, water is less likely to be available late in the growing season, leading to summer and autumn declines in average stream flow. When precipitation does come in summer and fall, it is expected to be more episodic, that is more intense rainfall events with longer dry periods between them. 



3: Potential for Summer Drought
Greater uncertainty about future precipitation, but increased 
risk of summer moisture stress

Water loss from soils 
(evaporation)

Water loss from trees 
(transpiration)

Groundwater 
recharge

Runoff

Precipitation

Presenter
Presentation Notes
For forest ecosystems, we have less confidence in precipitation models mainly because they agree less on the magnitude, and sometimes even the direction, of change. But lets consider that even if precipitation did not change, there is still an increase risk of water deficit in summer and fall. Rain that is not immediately lost to runoff may be able to penetrate the soil, and recharge groundwater. Moisture that is captured by the soil is likely to be lost due to direct evaporation in higher temperatures, and due to transpiration. 



4: CO2 Fertilization
Benefits

• Increased photosynthesis 
• Increased water use efficiency

Ainsworth and Long 2005, Ainsworth and Rogers 2007, Norby and Zak 2011

Presenter
Presentation Notes
CO2 fertilization could be a silver lining…as more carbon dioxide is released into the atmosphere, plants are able increase photosynthesis and increase their water use efficiency in the process. This diagram show the stomatal pore in a plant leaf, where co2 enters and water exits. As more co2 enters, the opening of the pore gets smaller, reducing the amount of water that is lost to transpiration. 



4: CO2 Fertilization

Limits to CO2 fertilization
• Varies by species and site
• Nutrient deficiencies (especially N)
• Sensitive to ozone pollution 
• Limited sink strength
• Limited evidence of long-term 

sequestration
• Any productivity increases may be 

offset by reductions from increased 
drought stress or disturbance

Ainsworth and Long 2005, Ainsworth and Rogers 2007, Norby and Zak 2011

Presenter
Presentation Notes
Although this would be great in an ideal world, where trees would take in more co2 and make more oxygen using less water, there some limitations identified in the research. Limited sink strength, meaning they acclimated to increased growth, and more co2 will not equal more growth after a certain point. 



5: Changes in Suitable Habitat

Global Change Research Lab 2014

Presenter
Presentation Notes
To identify potential impacts on dominant tree species, we can use forest impact models which generally fall in one of two main categories: species distribution models (SDMs) and process models. It’s good to use at least one of each model to provide different kinds of information about potential future forest composition and productivity. Tree Atlas is a species distribution model: it examines the features that contribute to a tree species’ current habitat and then projects where similar habitat conditions are likely to occur in the future. 134 species were modeled using tree atlas across the northeast US. Louis Iverson and his team at NRS worked with us to examine the Central Appalachians assessment area. Here we show habitat maps for sugar maple, chestnut oak, and red spruce.  The top panel shows current potential habitat, which is close to actual FIA estimates. The middle panel represents potential habitat at the end of the century, under low amount of climate change. The bottom panel represents a high amount of change. The darker the green, the higher the relative density for each species… We can that sugar maple, currently a major player on the landscape, changes only a little under PCM, but becomes a minor species under the high scenario. 



5: Changes in Suitable Habitat
Habitat based on:
Temperature
Precipitation
Elevation
Latitude
Soils
Slope & Aspect
Land use 
Competition
Past management

Presenter
Presentation Notes
So what  do we mean by habitat exactly? Most species occur where they do because they can tolerate certain rangers of temperatures, etc. , or because intense management keeps them there…think plantations. 



5: Changes in Suitable Habitat
Habitat based on:
Temperature
Precipitation
Elevation
Latitude
Soils
Slope & Aspect
Land use 
Competition
Past management

Climate Change Atlas:
What happens to tree and bird 
habitat when climate changes?
• 134 Trees
• 147 Birds

Iverson et al. 2008; Atlas website: www.fs.fed.us/nrs/atlas/
www.fs.fed.us/nrs/atlas/

Presenter
Presentation Notes
When we think about climate change, we’re thinking about two characteristics that determine suitable habitat…temperature and precipitation. 



5: Changes in Suitable Habitat
Habitat based on:
Temperature
Precipitation
Elevation
Latitude
Soils
Slope & Aspect

Black Cherry: Current Habitat (modeled) 

PCM B1 (Less Change) GFDL A1FI (More Change)

www.fs.fed.us/nrs/atlas/



5: Changes in Suitable Habitat
Habitat based on:
Temperature
Precipitation
Elevation
Latitude
Soils
Slope & Aspect

Tulip Tree: Current Habitat (modeled) 

PCM B1 (Less Change) GFDL A1FI (More Change)

www.fs.fed.us/nrs/atlas/



Winners
• Black oak
• Chestnut oak
• Pignut hickory
• Scarlet oak
• White oak
• Post oak
• Shortleaf pine
• Flowering 

dogwood

 Losers
 American beech
 Eastern

hemlock
 Red spruce
 Balsam fir

5: Changes in Suitable Habitat

Presenter
Presentation Notes
Although we don’t have time to go into more detail, other potential winners in WV include, while losers include



5: Changes in Suitable Habitat
 Immense lag times

• Range shifts ≠ instant catastrophic dieback

Factors causing change will increase over time
• Temperature
• Moisture
• Competition 

Mature and established trees should fare better
• Developed root system
• Greater carbohydrate reserves

Game changers: Disturbance, Land use, …

Dale et al. 2001, Iverson et al. 2008



Charleston, WV 2015. Photo by Todd Harrell

6: Extreme Events
Heavy precipitation
 Ice storms
“Events” are not well 

modeled

Heat waves/droughts
Wind storms 
Hurricanes

Parsons, WV 2012. Photo by Norman Lenburg

Presenter
Presentation Notes
Photo: http://www.cambridgema.gov/cfd/photogalleries/hurricaneirene.aspx



7: Wildfire Risk
Fire may increase:
Warmer/drier summers
 Increased stress or mortality 

from less suitable conditions
 Shift toward fire-associated 

species like oaks and pines

Fire may not change:
 Spring/early summer moisture
 Current regeneration of more 

mesic species
 Spatial patterns of land use 

and fragmentation
 Fire suppression

Clark et al. 2014

North Mountain fire 2013. Photo by Darin Vance



8: Forest Pests and Diseases
Indirect: Stress from other 
impacts increases susceptibility 

Direct:

 Pests migrating northward

 Decreased probability of cold 
lethal temperatures

 Accelerated lifecycles

Ayres and Lombardero 2000, Woods et al. 2005, Parmesan 2006, Dukes et al. 2009 Image: Frumhoff et al. 2007

Gypsy Moth damage. Photo by Tim Tigner

Gypsy Moth. Photo by  John H. Gent



9: Invasive Plants
Indirect: Stress or 
disturbance from other 
impacts can affect the 
potential for invasion or 
success

Direct:

 Expanded ranges under 
warmer conditions

 Increased competitiveness 
from ability of some plants 
to take advantage of 
elevated CO2

Kurtz 2013

Dukes et al. 2009, Rustad et al. 2011

Presenter
Presentation Notes
Photos: http://www.eddmaps.org/



What 
conclusions 

can we draw 
from all this?

Climate Change Impacts
1) Longer Growing  Season 
2) Shorter Winters
3) Potential for Summer Drought
4) CO2 Fertilization
5) Changes in Suitable Habitat
6) Extreme Events
7) Wildfire Risk
8) Forest Pests and Diseases
9) Invasive Plants



DRIVERS:
Increasing temperatures, decreased snow 
cover, decreased soil moisture

DOMINANT SPECIES:
red spruce, balsam fir, yellow birch, eastern 
hemlock, red maple, sweet birch, black ash……

STRESSORS:
Acid deposition, pests and diseases, disturbance 

ADAPTIVE CAPACITY:
geographically limited, species already declining 
from pests, currently expanding to former 
range, highest elevations may be somewhat 
buffered from most severe changes

High Vulnerability

Vulnerability: Spruce-fir

Presenter
Presentation Notes
This forest ecosystem is a relict from the last ice age, and is limited to the coolest wettest habitat in the highest elevation. Red spruce and balsam exist farther south at high elevations. Adapted to cooltemperatures and abundant. Projected increases in temperature and potential decreases in precipitation later in the growing season may decrease the amount of atmospheric moisture that could develop intofog in summer or snow in winter. If soils in this ecosystem dry out, the entire ecosystem would be affected. Drier conditions could also increase the risk of duff fire, previously not a threat except afterextreme anthropogenic disturbances. Changes in winter processes could affect this high-elevation ecosystem more than others; interacting effects of reduced snow cover (warm temperatures) orincreased snow cover (lake effect) may alter soil freezing conditions.



DRIVERS:
Decreasing precipitation, increasing temperatures: 
reduced soil moisture during summer and fall

DOMINANT SPECIES:
American beech, eastern hemlock (keystone where  
occurs), sugar maple, tulip tree, black cherry, white 
ash, red spruce 

STRESSORS:
Increased drought, pests and diseases, disturbance 

ADAPTIVE CAPACITY:
High diversity, geographically limited, combined 
effects of acid deposition, increased temperatures 
and drought

High Vulnerability

Vulnerability: Northern Hardwoods

Presenter
Presentation Notes
This forest ecosystem extends from southeastern Ohio to the higher-elevation mountains of Maryland and West Virginia. On soils which tend to be less acidic, the canopy is sugar maple, American basswood, American beech, and white ash, with lesser amounts of black cherry, yellow birch, sweet birch, red maple, and tulip tree. Sites on the more acidic soils are usually dominated by mixtures of yellow birch, beech, black cherry, red maple, and eastern hemlock. Panelist considered potential impacts on drivers of this system, and considered increased temp and decreased precip to be most threatening to this moisture loving system. Models also projected many of the dominant species to remain stable under the low emissions scenario, but lose suitable habitat, growth potential, or biomass under the high emissions scenario. There was also evidence that changes in temp and precip would alter drought frequency, pest and disease outbreaks, and disturbance frequencies from intense rainUltimately this system was rated  high vulnerability. Although it supports a high number of tree species and occurs over a wide range of habitats, this system is limited to the cool and moist microhabitats.  The combined of effects of acid deposition, drought, and defoliation have already resulted in lower species diversity and reduced adaptive capacity. Where hemlock occurs in this system, its loss would be a critical blow to the identity of this system. 



Drivers:
Dry to mesic soils, gap-phase dynamics, fire was 
historically important
Dominant Species:
Pignut hickory, white oak, mockernut hickory, 
shagbark hickory, chestnut oak, scarlet oak, 
black oak
Stressors:
Increased drought, pests and diseases, Ailanthus 
and other invasive plants
Adaptive Capacity:
Past shift to mesic species (sugar maple, beech, 
etc. wide distribution, variety of habitat 
conditions, increased fire could help oak regen.

Low-Moderate Vulnerability

Vulnerability: Dry/mesic Oak Forest

Presenter
Presentation Notes
This forest ecosystem includes two matrix-forming oak-dominated systems and occupies more area than any other in the assessment area. It is called Northeastern Interior Dry/Mesic Oak Forest in the north, Southern Appalachian Oak Forest in the south, and Central and Southern Appalachian Montane Oak Forest in the Allegheny Mountains. This system is often stunted and wind-flagged on exposed southwest slopes and ridge crests. Common species include white oak, northern red oak, black oak, and scarlet oak. Associated canopy trees also include red maple, pignut hickory, mockernut hickory, shagbark hickory, sugar maple, chestnut oak, tulip tree, sweetbirch, white ash, American beech, and black gum. American chestnut and eastern white pine were historically dominant or co-dominant species in some areas. Fire is an important driver in this forest ecosystem, but contemporary fire suppression has contributed to the expansion of maple species over oaks. Wind and ice storms continue to be important disturbances. Dominant species that are projected to do well appear in black text: pignut hickory, white oak, mockernut hickory and shagbark hickory, while chestnut oak, scarlet oak,and black oak are not likely to do well, especially under GFDL A1FI. Ultimately this system was rated low to moderate vulnerability because it supports a high number of tree species and occurs over a wide range of habitats. Many species are tolerant of dry soil conditions and fire, although young regeneration may be sensitive to severe drought and fire. 



Vulnerability: Forest Ecosystems

May have greater risk:
 Low diversity
 Static
 Threatened, rare, or 

endangered
 Already in decline
 Fragmented

May have less risk:
More diversity (species, genetics, …)

 Adapted to disturbance
Wider ecological range of 

tolerances
 Currently increasing
 Larger, contiguous blocks

Forest communities will be affected differently 

Presenter
Presentation Notes
Delete?



Summary
Uncertainty is guaranteed

• Consider a range of future conditions
• Uncertainty varies across scales

Expect a new mixture of stresses
• Mostly familiar stresses, but new combos, timing, etc.

Severity is affected by local conditions
• Consider broad projections, adjust to local reality

Changes occur gradually
• Small changes now can have big impact later



Activity: How does climate change affect 
your work?

1. Take 20 minutes to fill out worksheets on your own
• What major challenges do deal with at work?
• What are some ways that this will be affected by climate change?
• What are some general ways to overcome these challenges?
• What are some really specific ways to address these challenges?

2. Choose one to share with your table

3. Each group will choose one or two to share with the room
• What are some common themes being discussed in your group?
• What are solutions that seem to have multiple benefits?
• How might you explain adaptation to a colleague or client?
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