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Climate, fire, and

vegetation are
linked

Photo: USFS RMRS

“Fire is under-appreciated as a
global control of vegetation
structure...fire-prone formations
cover some 40% of the world’s
land surface .” - Bond et al. 2005

“The almost instantaneous
response of the fire regime to
changes in climate has the
potential to overshadow
importance of direct effects of
global warming on species
distribution, migration,
substitution and extinction... fire
is a catalyst for vegetation
change.” - Flanningan et al. 2000
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Overview: Climate change impacts on ecosystems

Vegetation

— Phenological shifts

— Altered productivity

— Shifts in species
distributions

— Shifts in composition

— Stress-induced mortality

— Extirpations and
extinctions

— Susceptibility to pests
and pathogens




Overview: Climate change impacts on ecosystems

Disturbance

— Longer fire seasons
— Changes in wildfire
Intensity, severity

— Increased fire
frequency, extent
— Increased pest and
pathogen activity
— Weather extremes

— Interacting
diSturbances Photo: USFS RMRS
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Observed climate change impacts

Tree mortality

van Mantgem et al. 2009
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Rapid mortality
Increase since 1955

Summer 2002 May 2004
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Massive die-off of

southwestern pines resulting

from climate change induced
drought stress
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(Left panel)
van Mantgem, P. J., N. L. Stephenson, J. C. Byrne, L. D. Daniels, J. F. Franklin, P. Z. Fule, M. E. Harmon, A. J. Larson, J. M. Smith, A. H. Taylor, and T. T. Veblen. (2009) Widespread Increase of Tree Mortality Rates in the Western United States. Science 323:521-524.

Abstract: Persistent changes in tree mortality rates can alter forest structure, composition, and ecosystem services such as carbon sequestration. Our analyses of longitudinal data from unmanaged old forests in the western United States showed that background (noncatastrophic) mortality rates have increased rapidly in recent decades, with doubling periods ranging from 17 to 29 years among
regions. Increases were also pervasive across elevations, tree sizes, dominant genera, and past fire histories. Forest density and basal area declined slightly, which suggests that increasing mortality was not caused by endogenous increases in competition. Because mortality increased in small trees, the overall increase in mortality rates cannot be attributed solely to aging of large trees. Regional warming and consequent increases in water deficits are likely contributors to the increases in tree mortality rates.

Figure caption: Locations of the 76 forest plots in the western United States and southwestern British Columbia. Red and blue symbols indicate, respectively, plots with increasing or decreasing mortality rates. Symbol size corresponds to annual fractional change in mortality rate (smallest symbol, <0.025 year−1; largest symbol, >0.100 year−1; the three intermediate symbol sizes are scaled in increments of 0.025 year−1). Numerals indicate groups of plots used in analyses by region: (1) Pacific Northwest, (2) California, and (3) interior. Forest cover is shown in green.

(Right panel)
Breshears, D. D., N. S. Cobb, P. M. Rich, K. P. Price, C. D. Allen, R. G. Balice, W. H. Romme, J. H. Kastens, M. L. Floyd, J. Belnap, J. J. Anderson, O. B. Myers, and C. W. Meyer. (2005) Regional vegetation die-off in response to global-change-type drought. Proceedings of the National Academy of Sciences 102:15144-15148.

Abstract: Future drought is projected to occur under warmer temperature conditions as climate change progresses, referred to here as global-change-type drought, yet quantitative assessments of the triggers and potential extent of drought-induced vegetation die-off remain pivotal uncertainties in assessing climate-change impacts. Of particular concern is regional-scale mortality of overstory trees, which rapidly alters ecosystem type, associated ecosystem properties, and land surface conditions for decades. Here, we quantify regional-scale vegetation die-off across southwestern North American woodlands in 2002-2003 in response to drought and associated bark beetle infestations. At an intensively studied site within the region, we quantified that after 15 months of depleted soil water content, >90% of the dominant, overstory tree species (Pinus edulis, a piñon) died. The die-off was reflected in changes in a remotely sensed index of vegetation greenness (Normalized Difference Vegetation Index), not only at the intensively studied site but also across the region, extending over 12,000 km2 or more; aerial and field surveys confirmed the general extent of the die-off. Notably, the recent drought was warmer than the previous subcontinental drought of the 1950s. The limited, available observations suggest that die-off from the recent drought was more extensive than that from the previous drought, extending into wetter sites within the tree species' distribution. Our results quantify a trigger leading to rapid, drought-induced die-off of overstory woody plants at subcontinental scale and highlight the potential for such die-off to be more severe and extensive for future global-change-type drought under warmer conditions. 
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Observed climate change impacts

Wildfires

A Western US Forest Wildfires and Spring-Summer Temperature
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Westerling, A. L., H. G. Hidalgo, D. R. Cayan, and T. W. Swetnam. 2006. Warming and Earlier Spring Increase Western U.S. Forest Wildfire Activity. Science 313:940-943.

Abstract:  Western United States forest wildfire activity is widely thought to have increased in recent decades, yet neither the extent of recent changes nor the degree to which climate may be driving regional changes in wildfire has been systematically documented. Much of the public and scientific discussion of changes in western United States wildfire has focused instead on the effects of 19th and
20th-century land-use history. We compiled a comprehensive database of large wildfires in western United States forests since 1970 and compared it with hydroclimatic and land-surface data. Here, we show that large wildfire activity increased suddenly and markedly in the mid-1980s, with higher large-wildfire frequency, longer wildfire durations, and longer wildfire seasons. The greatest increases occurred in mid-elevation, Northern Rockies forests, where land-use histories have relatively little effect on fire risks and are strongly associated with increased spring and summer temperatures and an earlier spring snowmelt.

Figure caption: (A) Annual frequency of large (>400 ha) western U.S. forest wildfires (bars) and mean March through August temperature for the western United States (line) (26, 30). Spearman's rank correlation between the two series is 0.76 (P < 0.001). Wilcoxon test for change in mean large–forest fire frequency after 1987 was significant (W = 42; P < 0.001). (B) First principle component of center timing of stream-flow in snowmelt dominated streams (line). Low (pink shading), middle (no shading), and high (light blue shading) tercile values indicate early, mid-, and late timing of spring snowmelt, respectively. 


Predicted climate change impacts

Shifts in vegetation = Mountain pine beetle
distribution ion

Vegetation Density Changes Under Potential
Future Warming (MAPSS Simulations)

Small warming (5 °F, 22%
increase in precipitation):
The biosphere greens up;
a sink for carbon (negative
feedback).

Modest warming (7.5 °F, 18%
increase in precipitation):
Drought regions expand into
previously greening regions.
Carbon balance is near a
threshold.

Considerable warming (9°F,
22% increase in precipitation):
Drought regions expand more.
The biosphere becomes a
source of carbon (positive
feedback).

‘§61o

PNW 2004

Bentz et al.
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(Left panel)

USFS Pacific Northwest Research Station (2004) Western Forests, Fire Risk, and Climate Change. Science Update 6. http://www.fs.fed.us/pnw/pubs/science-update-6.pdf

Figure caption: In six of seven scenarios, the West gets wetter, fostering woody expansion and increase of fuels. Colors show simulated changes in vegetation density for three climate change scenarios. Greens show increasing vegetation density, and tans-oranges-reds show decreasing density. In the conterminous United States, ecosystems might “green up” or increase in vegetation  density under low levels of global warming, as shown in the top scenario. With considerable global warming, ecosystems may “brown down” or decrease in vegetation density in the East and much of the Great Plains, but the West could continue to get wetter, as shown in the bottom scenario.

(Right panel)
Bentz, B., J. Régnière, C. Fettig, E. Hansen, J. Hayes, J. Hicke, R. Kelsey, J. Negrón, and S. Seybold. (2010) Climate change and bark beetles of the western United States and Canada: Direct and indirect effects. BioScience 60:602-613.

Abstract: Climatic changes are predicted to significantly affect the frequency and severity of disturbances that shape forest ecosystems. We provide a synthesis of climate change effects on native bark beetles, important mortality agents of conifers in western North America. Because of differences in temperature-dependent life-history strategies, including cold-induced mortality and developmental timing, responses to warming will differ among and within bark beetle species. The success of bark beetle populations will also be influenced indirectly by the effects of climate on community associates and host-tree vigor, although little information is available to quantify these relationships. We used available population models and climate forecasts to explore the responses of two eruptive bark beetle species. Based on projected warming, increases in thermal regimes conducive to population success are predicted for Dendroctonus rufipennis (Kirby) and Dendroctonus ponderosae Hopkins, although there is considerable spatial and temporal variability. These predictions from population models suggest a movement of temperature suitability to higher latitudes and elevations and identify regions with a high potential for bark beetle outbreaks and associated tree mortality in the coming century.

Figure caption: Predicted probability of mountain pine beetle adaptive seasonality (a–c) and cold survival (d–f) across the range of pine species in the United States and Canada during three climate normals periods: (a) and (d) 1961–1990; (b) and (e) 2001–2030; and (c) and (f) 2071–2100. Mountain pine beetle outbreak populations are currently restricted to pine forests in the western United States, central British Columbia and west-central Alberta. Basedsolely on the modeled response of mountain pine beetle to temperature, results suggest that by the end of this century probability of range expansion across Canada and into central and eastern US forests will be low to moderate.


Landscape-scale predictive modeling
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Keane, R. E., R. A. Loehman, and L. M. Holsinger. (2011) The FireBGCv2 landscape fire succession model: A research simulation platform for exploring fire and vegetation dynamics. Gen. Tech. Rep. RMRS-GTR-255.  U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fort Collins, CO.

FireBGCv2 is a mechanistic, individual-tree, gap model that is implemented in a spatial domain. The model was developed by  integrating empirically derived deterministic functions with stochastically driven algorithms to approximate landscape and ecosystem behavior across time and space. Empirical and deterministic functions are used to represent ecological processes, such as autotrophic respiration, that are heavily studied and the variability of the process is somewhat understood and predictable. Stochastic functions are used to represent ecological processes that are highly variable, somewhat unstudied, and difficult to quantify, such as fire ignition, tree mortality, and snag fall. FireBGCv2 simulates ecological processes across and within scales so that cross scale interactions can be appropriately represented and accounted for in landscape behavior.
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Changes in fire regimes
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Changes in forest composition
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Implications for aquatic ecosystems

Potential changes in:

— Erosion, sedimentation
— Water balance
— Species composition

— Shading, stream
temperature

— Productivity

— Invertebrates

— EXxotic species

Photo: USFWS, Kehai NWR', 2001 %
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Effects of fires on vegetation and ecosystems depend on size and severity of fire; for example, see Halofsky and Hibbs (2009): “Abundant post-fire regeneration in riparian areas and the self-replacement of hardwood- and conifer-dominated communities indicate high resilience of these disturbance-adapted plant communities.”  and Dwire and Kauffman (2003): “Riparian plant species possess adaptations to fluvial disturbances that facilitate survival and reestablishment following fires, thus contributing to the rapid recovery of many streamside habitats. ” 

For more information see:

Bisson, P. A.; Rieman, B. E.; Luce, C.; Hessburg, P. F.; Lee, D. C.; Kershner, J. L.; Reeves, G. H.; Gresswell, R. E. (2003) Fire and aquatic ecosystems of the western USA: current knowledge and key questions. Forest Ecology and Management. 178(1-2): 213-229.

Dwire, K. A.; Kauffman, J. B. 2003. Fire and riparian ecosystems in landscapes of the western USA. Forest Ecology and Management. 178(1-2): 61-74.

Gresswell, R. E. (1999) Fire and aquatic ecosystems in forested biomes of North America. Transactions of the American fisheries society. 128(2): 193-221.

Haak, A.L., Williams, J.E., Isaak, D., Todd, A., Muhlfeld, C., Kershner, J.L., Gresswell, R., Hostetler, S., and Neville,H.M. (2010) The potential influence of changing climate on the persistence of salmonids of the inland west: U.S. Geological Survey Open-File Report 2010–1236, 74 p.
 
Halofsky, Jessica E. and David E. Hibbs (2009) Controls on early post-fire woody plant colonization in riparian areas. Forest Ecology and Management 258(7): 1350-1358.

Melack, J. M., J. Dozier, C.R. Goldman, D. Greenland, A. M. Milner, R.J. Naiman (1997) Effects of climate change on inland waters of the Pacific coastal mountains and western Great Basin of North America. Hydrological Processes 11 (8): 971-992.
 
Poff, N. L., M.M. Brinson, J.W. Day, Jr. (2002) Aquatic ecosystems and global environmental change. Pew Center on Global Climate Change: 45 pp.

Stephens, Jaime L.  And John D. Alexander (2011) Effects of fuel reduction on bird density and reproductive success in riparian areas of mixed-conifer forest in southwest Oregon. Forest Ecology and Management 261(1): 43-49. 

Williams, J. E., A. L. Haak, H. M. Neville, W. T. Colyer (2009) Potential consequences of climate change to persistence of cutthroat trout populations. North American Journal of Fisheries Management 29 (3): 533-548.


Uncertainties and unknowns

Climate futures
Thresholds

Non-linear dynamics
Feedbacks

Novel interactions
No-analog conditions
Abrupt climate changes
Disturbance synergies
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See also: 

Millar, C. I.; Stephenson, N. L.; Stephens, S. L. 2007. Climate change and forests of the future: managing in the face of uncertainty. Ecological Applications. 17(8): 2145-2151.

Heller, N. E.; Zavaleta, E. S. 2009. Biodiversity management in the face of climate change: a review of 22 years of recommendations. Biological Conservation. 142(1): 14-32.



Tools and resources

— ClimateWizard Source: ClimateWizard

http://www.climatewizard.org

— Climate Impacts Group
http://cses.washington.edu/cig/

— USFS Climate Change Resource Center
http://www.fs.fed.us/ccrc

— US Global Change Research Program
http://www.globalchange.gov/

— Western Wildland Threat Assessment
Center (WWETAC)
http://www.fs.fed.us/wwetac/

— RMRS Fire, Fuel, and Smoke Science
Program http://www.firelab.org

— USGS Fort Collins Science Center
http://www.fort.usgs.gov/
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