
 

Page | 1  
 

 

Ecosystem Benefits and Risks in the Appalachian Region 
 

This table summarizes key ecosystem services that have been the subject of research and assessment efforts in 
the Appalachian region. On the right, major risk factors are listed which may compromise the sustained flow of 
these benefits to people. 
 
 

Water  

Water quality Risk factors 

The Appalachians provide clean water to millions of people 
within and beyond the region, and to many urban areas that are 
often distant from the water sources they depend upon. Forested 
landscapes in the Appalachian LCC are particularly important for 
their capacity to provide clean drinking water and high-quality 
habitat for freshwater fish and other aquatic organisms. Surface 
water quality and availability can be compromised by increases 
in impervious surfaces and forest loss associated with 
urbanization, energy development, and surface mining, and by 
point and non-point source pollution and increased sediment 
loads from these land uses as well as intensive agricultural land 
uses. The impact of climate change on water quality and 
availability is likely to vary regionally, but average temperature 
increases may broadly result in reduced availability. Forest and 
wetland restoration efforts can have strong positive effects when 
sited appropriately. 

 
Urbanization, surface mining, energy 
development, agricultural land use, 
climate change. 
 
(Merricks et al. 2007, Pond et al. 2008, 
US Environmental Protection Agency 
(EPA) 2008, Gardiner et al. 2009, Fritz et 
al. 2010, Lindberg et al. 2011, Wardrop 
et al. 2011, Zipper et al. 2011, Lockaby et 
al. 2013, Wickham and Flather 2013, 
Evans and Kiesecker 2014, Keyser et al. 
2014) 

Hydrology and stream flow regulation 
 

The amounts, velocities, and variability of flowing water in 
streams and rivers—especially the ‘normal’ or base flow and 
peak storm flows—have a profound influence on how water is 
utilized and what societal benefits and risks are associated with 
the great abundance of Appalachian streams and rivers.  The risk 
of flooding, what kinds of outdoor recreation and tourism are 
supported, and freshwater habitat quality are all affected by 
these streamflow characteristics. In turn, flows are strongly 
influenced by the surrounding landscape and by precipitation 
patterns. In particular, the loss of forest cover from urbanization, 
mining, forest pathogens and other factors can elevate runoff, 
increasing downstream discharge rates, peak storm flows, and 
stream velocity. The frequency of extreme precipitation events is 
also expected to change over time; the effects of these events on 
streamflow will depend heavily on impervious surface cover, 
vegetation cover and characteristics, forest management 
practices, and other land use factors. 

 
Urbanization, climate change, surface 
mining, forest pathogens 
 
(Ford and Vose 2007, Townsend et al. 
2009, Ford et al. 2011, Zipper et al. 2011, 
Lockaby et al. 2013, Brantley et al. 2014, 
Keyser et al. 2014) 
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Harvested species  

Nontimber 
 

Nontimber forest products such as Ginseng and Ramps are 
widely harvested in the Appalachian region, and hunting and 
fishing are among the most important outdoor recreational 
activities. All of these practices have high cultural and economic 
value, and their sustainability depends on the capacity of rural 
and forest landscapes to support them. While landscape capacity 
meets societal demand for these resources in many areas, they 
may be overexploited in areas where harvesting activities are 
poorly regulated, and climate change effects may exacerbate 
declines. This may be especially true for nontimber forest plants, 
and these tend to be the least-studied among harvested species. 
Stream degradation from multiple causes, and toxic dissolved 
solids in watersheds with surface mines in particular, are 
associated with loss of fishing opportunities and represent a 
strong incentive for stream restoration. 

 
Overexploitation, stream degradation, 
surface mining, climate change 
 
(Cordell and Chamberlain 2004, 
Lindberg et al. 2011, Jackson et al. 2012, 
Chamberlain et al. 2013, Hitt and 
Chambers 2014, Souther and McGraw 
2014, Villamagna et al. 2014, Daniel et al. 
2015) 

Timber 
 

The sustainable production of wood—from upland hardwood 
forests in particular—is a key economic activity across the 
Appalachian region, supporting rural livelihoods and supplying 
important products at regional, national, and even global levels. 
Timber markets also create an incentive to keep land forested, 
and working forests can supply many additional ecosystem 
services such as clean water, nontimber forest products, carbon 
storage, and wildlife habitat. Standing timber stocks and 
production have remained fairly stable in recent decades, but 
declines may be experienced over the long term. Urbanization 
and surface mining are expected to reduce the land area 
available to support working forests, while detrimental effects of 
invasive species, climate change, and wildland fire on high-value 
species may have more moderate long-term influences on forest 
productivity. 

 
Climate change, urbanization, 
invasive species, surface mining 
 
(Zipper et al. 2007, Lindberg et al. 2011, 
Zipper et al. 2011, US Department of 
Agriculture Forest Service 2012, Huggett 
et al. 2013, Miller et al. 2013, Wear et al. 
2013b, Brandt et al. 2014, Butler et al. 
2014, Keyser et al. 2014, Matthews et al. 
2014) 
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Landscape values and sense of place 

 

Rural landscape values 
 

A large portion of the people who live in the Appalachian region 
live outside cities, and these rural communities often place high 
value on the unique sense of place that comes from living in 
rural, often largely forested, places. These same communities 
may also value the economic activity that comes with 
development and industry, and when these values compete, 
there is often an expectation that the quality of rural life need 
not be eroded as landscapes change. Nonetheless, the changes 
that come with urbanization, energy development including gas, 
wind, and surface mining, and even climate change can have 
negative impacts on the unique sense of place and quality of life 
of rural communities. Ensuring that these intangible, but often 
crucial, values are given consideration can help guide 
development in ways that do not erode the social fabric of 
Appalachian landscapes. 

 
Urbanization, surface mining, energy 
development, climate change 
 
(Wickham et al. 2007, Pond et al. 2008, 
Townsend et al. 2009, Cordell et al. 
2011, Lindberg et al. 2011, Cordell et al. 
2013b, Wickham et al. 2013, Brandt et 
al. 2014, Butler et al. 2014, Evans and 
Kiesecker 2014, Hitt and Chambers 
2014, Keyser et al. 2014, Matthews et al. 
2014, Zolkos et al. 2014, Daniel et al. 
2015) 

Outdoor recreation 
 

The abundance of natural areas, streams and rivers, and 
protected state and federal lands make Appalachian landscapes a 
prime destination for nature-based recreation activities, and 
nature-based tourism is a crucial economic activity in many 
Appalachian communities. As rural landscapes and water 
supplies are increasingly converted to more intensive uses with 
urbanization, opportunities for outdoor recreation are expected 
to decline. At the same time, demand for such opportunities will 
increase with population growth in the region and in nearby 
large cities, stressing the capacity of natural areas and water 
bodies to accommodate visitors without degrading natural 
characteristics. This should create incentives for freshwater 
stream and forest restoration to enhance the capacity of 
landscapes to support compatible activities. 

 
Urbanization, Overuse, stream 
degradation 
 
(Hayden et al. 1996, Lindberg et al. 2011, 
Cordell et al. 2012, Jackson et al. 2012, 
Bowker and Askew 2013, Bowker et al. 
2013, Cordell et al. 2013a, Cordell et al. 
2013b, Hitt and Chambers 2014, Keyser 
et al. 2014, Villamagna et al. 2014, Daniel 
et al. 2015) 
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Forest carbon  

Carbon storage 
 

The storage of carbon in forested landscapes, in the form of plant 
and soil biomass, is a crucial component of climate change 
mitigation. Appalachian forests provide this service in great 
abundance, with net carbon storage increasing (but at declining 
rates) in most sub-regions. However, forest losses from future 
urbanization and surface mining are likely to outstrip regional 
gains from forest growth. Such losses may be mitigated by 
changes in urban development policy and planning, significant 
new forest restoration efforts on mined sites, and timber 
markets that enhance the value of forest lands. 

 
Urbanization, surface mining, climate 
change 
 
(Zipper et al. 2007, Amichev et al. 2008, 
Zipper et al. 2011, Campbell et al. 2012, 
Huggett et al. 2013, Wear et al. 2013a, 
Wickham et al. 2013, Brzostek et al. 
2014, Fox et al. 2014, Coulston et al. 
2015) 

Soils 

 

Soil quality 
 

Healthy, productive soils are a fundamental component of 
Appalachian landscapes supporting a wide variety of ecosystem 
services, including agriculture and silviculture, hydrological 
regulation, clean water, and carbon storage. Soil loss and 
compaction associated with surface mining and some 
reclamation practices can impede forest regeneration. Soil 
chemical properties, water content, and microbial communities 
are all negatively affected by some invasive plants across large 
areas, compromising native plant communities and restoration 
efforts. 

 
Invasive species, surface mining 
 
(Kourtev et al. 2002, 2003, Elgersma and 
Ehrenfeld 2011, Zipper et al. 2011, 
Miller et al. 2013, Wickham et al. 2013) 

 
  



 

Page | 5  
 

 

References 

 
Amichev, B. Y., J. A. Burger, and J. A. Rodrigue. 2008. 

Carbon sequestration by forests and soils on 
mined land in the Midwestern and Appalachian 
coalfields of the U.S. Forest Ecology and 
Management 256:1949-1959. 

Bowker, J. M., and A. Askew. 2013. Outlook for outdoor 
recreation in the northern United States. A 
technical document supporting the Northern 
Forest Futures Project with projections through 
2060. Gen. Tech. Rep. NRS-120. USDA Forest 
Service, Northern Research Station, Newtown 
Square, PA. 

Bowker, J. M., A. Askew, H. K. Cordell, and J. C. Bergstrom. 
2013. Outdoor recreation. Pages 161-182 in D. N. 
Wear and J. G. Greis, editors. The Southern 
Forest Futures Project: technical report. Gen. 
Tech. Rep. SRS-178. US Department of 
Agriculture Forest Service, Southern Research 
Station, Asheville, NC. 

Brandt, L., H. He, L. Iverson, F. R. Thompson, III, P. Butler, 
S. Handler, M. Janowiak, P. D. Shannon, C. 
Swanston, M. Albrecht, R. Blume-Weaver, P. 
Deizman, J. DePuy, W. D. Dijak, G. Dinkel, S. Fei, 
D. T. Jones-Farrand, M. Leahy, S. Matthews, P. 
Nelson, B. Oberle, J. Perez, M. Peters, A. Prasad, J. 
E. Schneiderman, J. Shuey, A. B. Smith, C. 
Studyvin, J. M. Tirpak, J. W. Walk, W. J. Wang, L. 
Watts, D. Weigel, and S. Westin. 2014. Central 
Hardwoods ecosystem vulnerability assessment 
and synthesis: a report from the Central 
Hardwoods Climate Change Response 
Framework project. Gen. Tech. Rep. NRS-124., 
U.S. Department of Agriculture, Forest Service, 
Northern Research Station, Newtown Square, 
PA. 

Brantley, S. T., C. F. Miniat, K. J. Elliott, S. H. Laseter, and J. 
M. Vose. 2014. Changes to southern Appalachian 
water yield and stormflow after loss of a 
foundation species. Ecohydrology:n/a-n/a. 

Brzostek, E. R., D. Dragoni, H. P. Schmid, A. F. Rahman, D. 
Sims, C. A. Wayson, D. J. Johnson, and R. P. 
Phillips. 2014. Chronic water stress reduces tree 
growth and the carbon sink of deciduous 
hardwood forests. Global Change Biology 
20:2531-2539. 

Butler, P., L. Iverson, F. R. Thompson, III, L. Brandt, S. 
Handler, M. Janowiak, P. D. Shannon, C. 
Swanston, K. Karriker, J. Bartig, S. connolly, W. D. 
Dijak, S. Bearer, S. Blatt, A. Brandon, E. Byers, C. 
Coon, T. Culbreth, J. Daly, W. Dorsey, D. Ede, C. 
Euler, N. Gillies, D. M. Hix, C. Johnson, L. Lyte, S. 

Matthews, D. McCarthy, D. Minney, D. Murphy, C. 
O'Dea, R. Orwan, M. Peters, A. Prasad, C. Randall, 
J. Reed, C. Sandeno, T. Schuler, L. Sneddon, B. 
Stanley, A. Steele, S. Stout, R. Swaty, J. Teets, T. 
Tomon, J. Vanderhorst, J. Whatley, and N. Zegre. 
2014. Central Appalachians ecosystem 
vulnerability assessment and synthesis: a report 
from the Central Appalachians Climate Change 
Response Framework. Gen. Tech. Rep. NRS-124., 
U.S. Department of Agriculture, Forest Service, 
Northern Research Station, Newtown Square, 
PA. 

Campbell, J. E., J. F. Fox, and P. M. Acton. 2012. Terrestrial 
carbon losses from mountaintop coal mining 
offset regional forest carbon sequestration in the 
21st century. Environmental Research Letters 
7:045701. 

Chamberlain, J. L., S. Prisley, and M. McGuffin. 2013. 
Understanding the relationships between 
American ginseng harvest and hardwood forests 
inventory and timber harvest to improve co-
management of the forests of eastern United 
States. Journal of Sustainable Forestry 32:605-
624. 

Cordell, H. K., C. J. Betz, and S. H. Mou. 2013a. Outdoor 
recreation in a shifting societal landscape. Pages 
123-160 in D. N. Wear and J. G. Greis, editors. 
The Southern Forest Futures Project: technical 
report. Gen. Tech. Rep. SRS-178. US Department 
of Agriculture Forest Service, Southern Research 
Station, Asheville, NC. 

Cordell, H. K., C. J. Betz, S. H. Mou, and D. D. Gormanson. 
2012. Outdoor recreation in the Northern United 
States. Gen. Tech. Rep. NRS-100. USDA Forest 
Service, Northern Research Station, Newtown 
Square, PA. 

Cordell, H. K., C. J. Betz, and S. J. Zarnoch. 2013b. 
Recreation and protected land resources in the 
United States: a technical document supporting 
the Forest Service 2010 RPA Assessment. Gen. 
Tech. Rep. SRS-169. USDA Forest Service, 
Southern Research Station, Asheville, NC. 

Cordell, H. K., and J. L. Chamberlain. 2004. Recreation and 
nontimber forest products. Chapter 23, Gen. 
Tech. Rep. SRS-75. USDA Forest Service, 
Southern Research Station, Asheville, NC. 

Cordell, H. K., V. Heboyan, F. Santos, and J. C. Bergstrom. 
2011. Natural amenities and rural population 
migration: a technical document supporting the 
Forest Service 2010 RPA Assessment. Gen. Tech. 



 

Page | 6  
 

Rep. SRS-146. USDA Forest Service, Southern 
Research Station, Asheville, NC. 

Coulston, J. W., D. N. Wear, and J. M. Vose. 2015. Complex 
forest dynamics indicate potential for slowing 
carbon accumulation in the southeastern United 
States. Scientific Reports 5. 

Daniel, W. M., D. M. Infante, R. M. Hughes, Y.-P. Tsang, P. 
C. Esselman, D. Wieferich, K. Herreman, A. R. 
Cooper, L. Wang, and W. W. Taylor. 2015. 
Characterizing coal and mineral mines as a 
regional source of stress to stream fish 
assemblages. Ecological Indicators 50:50-61. 

Elgersma, K. J., and J. G. Ehrenfeld. 2011. Linear and non-
linear impacts of a non-native plant invasion on 
soil microbial community structure and 
function. Biological Invasions 13:757-768. 

Evans, J. S., and J. M. Kiesecker. 2014. Shale Gas, Wind 
and Water: Assessing the Potential Cumulative 
Impacts of Energy Development on Ecosystem 
Services within the Marcellus Play. PLoS ONE 9. 

Ford, C. R., S. H. Laseter, W. T. Swank, and J. M. Vose. 
2011. Can forest management be used to sustain 
water-based ecosystem services in the face of 
climate change? Ecological Applications 
21:2049-2067. 

Ford, C. R., and J. M. Vose. 2007. Tsuga canadensis (L.) 
Carr. mortality will impact hydrologic processes 
in southern Appalachian forest ecosystems. 
Ecological Applications 17:1156-1167. 

Fox, J. F., P. Acton, and J. E. Campbell. 2014. Carbon and 
Mountaintop Mining. BioScience 64:81-81. 

Fritz, K. M., S. Fulton, B. R. Johnson, C. D. Barton, J. D. Jack, 
D. A. Word, and R. A. Burke. 2010. Structural and 
functional characteristics of natural and 
constructed channels draining a reclaimed 
mountaintop removal and valley fill coal mine. 
Journal of the North American Benthological 
Society 29:673-689. 

Gardiner, E. P., A. B. Sutherland, R. J. Bixby, M. C. Scott, J. 
L. Meyer, G. S. Helfman, E. F. Benfield, C. M. 
Pringle, P. V. Bolstad, and D. N. Wear. 2009. 
Linking stream and landscape trajectories in the 
southern Appalachians. Environmental 
Monitoring and Assessment 156:17-36. 

Hayden, L., S. Hendricks, M. Bowker, D. English, N. 
Stremple, and D. Bayless. 1996. Outdoor 
recreation demand and supply in the region. The 
Southern Appalachian Assessment 
Social/Cultural/Economic Technical Report. 
USDA Forest Service, Southern Region, Atlanta. 

Hitt, N. P., and D. B. Chambers. 2014. Temporal changes 
in taxonomic and functional diversity of fish 
assemblages downstream from mountaintop 
mining. Freshwater Science 33:915-926. 

Huggett, R., D. Wear, R. Li, J. Coulston, and S. Liu. 2013. 
Forecasts of forest conditions. Pages 73-101 in 
D. N. Wear and J. G. Greis, editors. The Southern 

Forest Futures Project: technical report. Gen. 
Tech. Rep. SRS-178. US Department of 
Agriculture Forest Service, Southern Research 
Station, Asheville, NC. 

Jackson, L. E., B. Rashleigh, and M. E. McDonald. 2012. 
Economic value of stream degradation across 
the central Appalachians. Journal of Regional 
Analysis and Policy 42:188-197. 

Keyser, T., J. Malone, C. Cotton, and J. Lewis. 2014. 
Outlook for Appalachian-Cumberland forests: a 
subregional report from the Southern Forest 
Futures Project. General Technical Report SRS-
188- USDA Forest Service, Southern Research 
Station: 83 pp. 

Kourtev, P. S., J. G. Ehrenfeld, and M. Haggblom. 2002. 
Exotic plant species alter the microbial 
community structure and function in the soil. 
Ecology 83:3152-3166. 

Kourtev, P. S., J. G. Ehrenfeld, and M. Haggblom. 2003. 
Experimental analysis of the effect of exotic and 
native plant species on the structure and 
function of soil microbial communities. Soil 
Biology & Biochemistry 35:895-905. 

Lindberg, T. T., E. S. Bernhardt, R. Bier, A. Helton, R. B. 
Merola, A. Vengosh, and R. T. Di Giulio. 2011. 
Cumulative impacts of mountaintop mining on 
an Appalachian watershed. Proceedings of the 
National Academy of Sciences 108:20929-
20934. 

Lockaby, G., C. Nagy, J. M. Vose, C. R. Ford, G. Sun, S. 
McNulty, P. Caldwell, E. Cohen, and J. Moore 
Myers. 2013. Forests and Water. Pages 309-339 
in D. N. Wear and J. G. Greis, editors. The 
Southern Forest Futures Project: technical 
report. Gen. Tech. Rep. SRS-178. US Department 
of Agriculture Forest Service, Southern Research 
Station, Asheville, NC. 

Matthews, S. N., L. R. Iverson, M. P. Peters, A. M. Prasad, 
and S. Subburayalu. 2014. Assessing and 
comparing risk to climate changes among 
forested locations: implications for ecosystem 
services. Landscape Ecology 29:213-228. 

Merricks, T. C., D. S. Cherry, C. E. Zipper, R. J. Currie, and 
T. W. Valenti. 2007. Coal-mine hollow fill and 
settling pond influences on headwater streams 
in southern West Virginia, USA. Environmental 
Monitoring and Assessment 129:359-378. 

Miller, J. H., D. Lemke, and J. Coulston. 2013. The invasion 
of southern forests by nonnative plants: current 
and future occupation, with impacts, 
management strategies, and mitigation 
approaches. Pages 397-456 in D. N. Wear and J. 
G. Greis, editors. The Southern Forest Futures 
Project: technical report. Gen. Tech. Rep. SRS-
178. US Department of Agriculture Forest 
Service, Southern Research Station, Asheville, 
NC. 



 

Page | 7  
 

Pond, G. J., M. E. Passmore, F. A. Borsuk, L. Reynolds, and 
C. J. Rose. 2008. Downstream effects of 
mountaintop coal mining: comparing biological 
conditions using family-and genus-level 
macroinvertebrate bioassessment tools. Journal 
of the North American Benthological Society 
27:717-737. 

Souther, S., and J. B. McGraw. 2014. Synergistic effects of 
climate change and harvest on extinction risk of 
American ginseng. Ecological Applications 
24:1463-1477. 

Townsend, P. A., D. P. Helmers, C. C. Kingdon, B. E. 
McNeil, K. M. de Beurs, and K. N. Eshleman. 
2009. Changes in the extent of surface mining 
and reclamation in the Central Appalachians 
detected using a 1976-2006 Landsat time series. 
Remote Sensing of Environment 113:62-72. 

US Department of Agriculture Forest Service. 2012. 
Future of America's Forest and Rangelands: 
Forest Service 2010 Resources Planning Act 
Assessment. Gen. Tech. Rep. WO-87. USDA 
Forest Service, Washington, DC. 

US Environmental Protection Agency (EPA). 2008. EPA's 
2008 Report on the Environment. EPA/600/R-
07/045F. National Center for Environmental 
Assessment, Washington, DC. Available from the 
National Technical Information Service, 
Springfield, VA, and online at 
http://www.epa.gov/roe. 

Villamagna, A. M., B. Mogollon, and P. L. Angermeier. 
2014. A multi-indicator framework for mapping 
cultural ecosystem services: the case of 
freshwater recreational fishing. Ecological 
Indicators 45:255-265. 

Wardrop, D. H., A. K. Glasmeier, J. Peterson-Smith, D. 
Eckles, H. Ingram, and R. P. Brooks. 2011. 
Wetland ecosystem services and coupled 
socioeconomic benefits through conservation 
practices in the Appalachian Region. Ecological 
Applications 21:S93-S115. 

Wear, D., R. Huggett, R. Li, B. Perryman, and S. Liu. 2013a. 
Forecasts of forest conditions in regions of the 
United States under future scenarios: a technical 
document supporting the Forest Service 2012 
RPA Assessment. Gen. Tech. Rep. SRS-170. US 
Department of Agriculture Forest Service, 
Southern Research Station, Asheville, NC. 

Wear, D. N., J. Prestemon, R. Huggett, and D. Carter. 
2013b. Markets. Pages 183-212 in D. N. Wear 
and J. G. Greis, editors. The Southern Forest 
Futures Project: technical report. Gen. Tech. Rep. 
SRS-178. US Department of Agriculture Forest 
Service, Southern Research Station, Asheville, 
NC. 

Wickham, J., P. B. Wood, M. C. Nicholson, W. Jenkins, D. 
Druckenbrod, G. W. Suter, M. P. Strager, C. 
Mazzarella, W. Galloway, and J. Amos. 2013. The 

overlooked terrestrial impacts of mountaintop 
mining. BioScience 63:335-348. 

Wickham, J. D., and C. H. Flather. 2013. Integrating 
biodiversity and drinking water protection goals 
through geographic analysis. Diversity and 
Distributions 19:1198-1207. 

Wickham, J. D., K. H. Riitters, T. G. Wade, M. Coan, and C. 
Homer. 2007. The effect of Appalachian 
mountaintop mining on interior forest. 
Landscape Ecology 22:179-187. 

Zipper, C., J. Burger, J. McGrath, and B. Amichev. 2007. 
Carbon accumulation potentials of post-SMCRA 
coal-mined lands. Pages 962-980 in 24th Annual 
national conference of the american society of 
mining and reclamation, Lexington. 

Zipper, C., J. Burger, J. Skousen, P. Angel, C. Barton, V. 
Davis, and J. Franklin. 2011. Restoring Forests 
and Associated Ecosystem Services on 
Appalachian Coal Surface Mines. Environmental 
Management 47:751-765. 

Zolkos, S., P. Jantz, T. Cormier, L. Iverson, D. McKenney, 
and S. Goetz. 2014. Projected Tree Species 
Redistribution Under Climate Change: 
Implications for Ecosystem Vulnerability Across 
Protected Areas in the Eastern United States. 
Ecosystems:1-19. 

 

http://www.epa.gov/roe

