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VI. Implications for Habitats 

Habitat loss, degradation, and fragmentation is a leading cause of terrestrial biodiversity loss and the 

impairment of ecosystem functioning, resulting in a loss of ecosystem services.
1261

 Climate change is 

likely to interact with land cover change in ways that impact biodiversity, ecosystems, and ecosystem 

services, often in a way that exacerbates the detrimental effects of land cover change.
1262

 For example, 

habitat fragmentation may limit the pathways and increase the distance that species would need to 

disperse in response to climate change.
1263

  

Based on a search of peer-reviewed studies, government reports, and publications from non-governmental 

organizations, the following implications of climate change for terrestrial habitats in the NPLCC region 

have been identified: 

1. Changes in the growth and productivity of low- to mid-elevation forests 

2. Changes in the range, distribution, and composition of low- to mid-elevation forests 

3. Changes in the status, distribution, and connectivity of oak woodlands, savannas, prairies, and 

grasslands 

4. Changes in the status, abundance, and distribution of alpine and subalpine habitats 

Anthropogenic elevation of atmospheric CO2 levels will affect global and regional vegetation distribution 

through the combined effects of the direct physiological effects of CO2 and the indirect effects of CO2-

induced climate change, with topographically diverse regions expected to be particularly vulnerable.
1264

 

Alpine and subalpine ecosystems, dry grasslands, and wetlands are very different habitat types, but they 

have much in common: limited, patchy distributions; a high degree of fragmentation or isolation between 

occurrences; and very high biodiversity, including many species of plants and animals not adapted to 

other habitats.
1265

 All three habitats also are especially susceptible to invasion by non-native plants, 

insects, and other animals.
1266

 This combination of factors makes each of these habitats particularly 

vulnerable to disturbances resulting from climate change.
1267

 

The following structure will be used to present information on the implications of climate change for the 

NPLCC region’s terrestrial habitats: 

 Observed Trends – observed changes for southcentral and southeast Alaska, western British 

Columbia, the Pacific Northwest, western Washington, the Klamath Mountains, western Oregon, 

and northwest California. For context, summary information on observed changes globally or for 

western North America is also provided. 

                                                      
1261

 Verbatim from Staudt et al. (2012, p. 5-5). Staudt et al. cite IPCC (2007), Fahrig (2003), Krauss & others (2010), 

and La Sorte (2006) for this information. 
1262

 Verbatim from Staudt et al. (2012, p. 5-5) 
1263

 Verbatim from Staudt et al. (2012, p. 5-5). Staudt et al. cite Coristine & Kerr (2011) for this information. 
1264

 Verbatim from Diffenbaugh et al. (2003, p. 13). Vegetation sensitivity to global anthropogenic carbon dioxide 

emissions in a topographically complex region. 
1265

 Verbatim from Aubry et al. (2011, p. 7) 
1266

 Verbatim from Aubry et al. (2011, p. 7) 
1267

 Verbatim from Aubry et al. (2011, p. 7) 
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 Future Projections – projected direction and/or magnitude of change for southcentral and 

southeast Alaska, western British Columbia, Pacific Northwest, western Washington, western 

Oregon, and northwest California. For context, summary information on future projections 

globally or for western North America is also provided.  

 Information Gaps – information and research needs identified by literature searches, as well as 

our summary of the sections missing information in this chapter. 
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1. Changes in the growth and development of low- to mid-

elevation forests 

Temperature, atmospheric CO2 concentration, ecosystem water balance, and nitrogen cycling all interact 

to alter photosynthesis and growth.
1268

 The critical issue is the balance among these factors affecting 

growth.
1269

 For example, higher temperatures can benefit growth, but the most benefit would come with 

adequate nutrition and a positive water balance.
1270

 Drought, for instance, can directly stress a tree’s 

physiology, but also increases the vulnerability of trees to insect attacks and increases the probability for 

fire.
1271

 In addition, tree species have a wide range of susceptibility to tropospheric ozone, which also 

varies regionally, and damage caused by ozone is not completely offset by elevated CO2.
1272

 At high 

concentrations, ozone reduces uptake of CO2 by plants, and may predispose them to greater exposure to 

ultraviolet radiation, nutrient deficiency, water shortage, and attack by pathogens.
1273

 

Four developmental stages are conceptually recognized in temperate forests and widely cited in 

ecological literature.
1274

 Oliver and Larson (1996) refer to these stages as stand initiation, stem exclusion, 

understory reinitiation, and old growth (Figure 34).
1275

 

                                                      
1268

 Verbatim from Ryan et al. (2012, p. 43) 
1269

 Verbatim from Ryan et al. (2012, p. 43) 
1270

 Verbatim from Ryan et al. (2012, p. 43) 
1271

 Verbatim from Shafer et al. (2010, Case Study 2, p. 186). Shafer et al. refer the reader to Figure 5.5 in the cited 

report for this information. 
1272

 Verbatim from Ryan et al. (2012, p. 44). Ryan et al. cite Karnosky et al. (2005) for this information. 
1273

 Verbatim from deVos, Jr. & McKinney (2007, p. 8). deVos, Jr. & McKinney cite Schulze et al. (2002) for this 

information. 
1274

 Verbatim from Nowacki & Kramer (1998, p. 2). Nowacki & Kramer cite Alaback (1982), Bormann & Likens 

(1979), and Oliver & Larson (1996) for information on the four developmental stages in temperate forests. 
1275

 Nearly verbatim from Nowacki & Kramer (1998, p. 2) 

Figure 34. A conceptual timeline portraying developmental stages for temperate rainforests of southeast Alaska. 

Shaded bars represent temporal overlap among developmental stages.  

Source: Reproduced from Nowacki & Kramer (1998, Figure 2, p. 2) by authors of this report. 
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Observed Trends 

Western North America 

Forest growth appears to be slowly accelerating (less than 1% per decade) in regions where tree growth is 

limited by low temperatures and short growing seasons that are gradually being alleviated.
1276

 Low-

temperature limited geographic ranges show evidence of change resulting form warmer temperatures.
1277

 

For example, the northern range limit of lodgepole pine is advancing competitively against the more cold-

tolerant black spruce in the Yukon.
1278

 

In a study of forest mortality, the evidence is consistent with contributions from exogenous causes, with 

regional warming and consequent drought stress being the most likely drivers.
1279

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 (i.e., from 1955-2007, in forests ~450 years old 

on average, and some plots exceeding 

1000 years old), with doubling periods 

ranging from 17 to 29 years among 

regions (i.e., 17 years in the Pacific 

Northwest).
1280

 Increases were also 

pervasive across elevations, tree sizes, 

dominant genera, and past fire 

histories (Figure 35).
1281

 Specific 

results for mortality and recruitment 

include: 

 Increased overall mortality: 

Models showed that mortality rates 

increased in 87% of plots (Figure 

36).
1282

  

 Increased mortality across 

all tree genera: The three most 

abundant tree genera in van Mantgem et 

al.’s (2009) plots (comprising 77% of 

trees) are dominated by different life 

history traits (hemlock, late 

                                                      
1276

 Verbatim from Running & Mills (2009, p. 9). Running & Mills cite Boisvenue & Running (2006), McKenzie et 

al. (2001), Joos et al. (2002), and Casperson (2000) for this information. 
1277

 Verbatim from Running & Mills (2009, p. 9) 
1278

 Nearly verbatim from Running & Mills (2009, p. 9). Running & Mills cite Johnstone & Chapin (2003) for this 

information. 
1279

 Verbatim from van Mantgem et al. (2009, p. 523) 
1280

 Nearly verbatim from van Mantgem et al. (2009, p. 521). Widespread increase of tree mortality rates in the 

western United States. 
1281

 Verbatim from van Mantgem et al. (2009, p. 521) 
1282

 Verbatim from van Mantgem et al. (2009, p. 522). van Mantgem et al. refer the reader to Figure 1 in the cited 

article for this information. van Mantgem et al. report the following statistics for this information: P < 0.0001, two-

tailed binomial test. 

Figure 35. Modeled trends in tree mortality rates for (A) regions, 

(B), elevational class, (C) stem diameter class, (D) genus, and (E) 

historical fire return interval class.  

Source: Reproduced from van Mantgem et al. (2009, Figure 2, p. 

522) by authors of this report. 



 

 
161 

successional; pine, generally shade-intolerant; fir, 

generally shade-tolerant); all three showed 

increasing mortality rates.
1283

 Trees belonging to 

the remaining 16 genera (23% of all trees) 

collectively showed increasing mortality rates.
1284

  

 No detectable trend in recruitment: In contrast 

to mortality rates, recruitment rates increased in 

only 52% of plots – a proportion 

indistinguishable from random.
1285

 There was no 

detectable trend in recruitment for all plots 

combined, nor when regions were analyzed 

separately.
1286

 

Southcentral and Southeast Alaska 

The areal extent of sites undergoing primary succession 

in the coastal temperate forest region of Alaska has 

changed with the accelerated rate of glacier recession 

observed since the mid-19
th

 century following advance 

during the Little Ice Age.
1287

 Radial growth of white 

spruce in Alaska has decreased over the past 90 years 

because of increased drought stress on the dry southern 

aspects they occupy.
1288

 

Results from Kramer et al. (2001) suggest that while gap-

scale disturbances may operate in both mature and old-

growth forests, stand-replacement events control many of 

the age and size characteristics in coastal temperate rain 

forests, especially those most prone to catastrophic storm 

damage.
1289

 Based on photo-interpretation, 20% (65,700 

acres, 26,588 hectares) of the forest on Kuiu Island 

                                                      
1283

 Verbatim from van Mantgem et al. (2009, p. 522). van Mantgem et al. refer the reader to Figure 2 and Table 1 in 

the cited article for this information. 
1284

 Verbatim from van Mantgem et al. (2009, p. 522). van Mantgem et al. refer the reader to Figure 2 and Table 1 in 

the cited article for this information. 
1285

 Verbatim from van Mantgem et al. (2009, p. 522). van Mantgem et al. report the following statistics for this 

information: P = 0.80, two-tailed binomial test. 
1286

 Verbatim from van Mantgem et al. (2009, p. 522). van Mantgem et al. report the following statistics for this 

information: P ≥ 0.20, Generalized Nonlinear Mixed Model. van Mantgem et al. also refer the reader to Table S2 in 

the cited article for this information. 
1287

 Nearly verbatim from Wolken et al. (2011, p. 17) 
1288

 Verbatim from Running & Mills (2009, p. 9). Running & Mills cite Barber et al. (2000) for this information. 
1289

 Nearly verbatim from Kramer et al. (2001, p. 2760) 

Figure 36. Locations of the 76 plots in the 

western United States and southwest 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.  

Source: Reproduced from van Mantgem et al. 

(2009, Figure 1, p.522) by authors of this report. 
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(southeast Alaska) was identified as even-aged stands which originated from windthrow.
1290

 Of this 20%, 

stand origination and forest age varied: 

 Stand origination: Stands that originated from a storm event that occurred approximately 110 

years ago comprised 40% of plots.
1291

 The remaining even-aged patches originated from at least 

four other major storms that occurred anywhere from 50 to 400 years ago.
1292

  

 Forest age: Ground-truthing the remotely sensed data set resulted in 46% of the even-aged 

forests being classified as younger (< 150-year-old) confirmed windthrow, with an additional 

48% identified as older (> 150-year-old) probable windthrow.
1293

 No forests more than 150 years 

old (mature forests) could be confirmed as windthrown because decomposition made 

identification of dead and downed stems difficult.
1294

 

Western British Columbia 

Forests cover 135 million acres (55 million hectares, ha), or about 60% of B.C.’s 235 million acres (95 

million ha).
1295

 From the south coast of British Columbia north through southeast Alaska, forests are 

dominated by cedars, hemlocks, true firs, and Sitka spruce.
1296

 Older forests provide specialized habitats 

not found in younger forests.
1297

 The wetter ecosystems in the Coast region and along the Interior 

mountain ranges have fewer wildfires and higher proportions of older forests (Figure 37).
1298

 In addition, 

along the coast, frost is less restrictive, and across Vancouver and the Queen Charlotte Islands, its impact 

on growth is negligible.
1299

 

Landscapes are dominated by old-growth forests and major disturbances are infrequent enough that the 

ages of dominant trees, often used to indicate the time since last fire in a stand, bear little relation to stand 

age.
1300

 Thus, even though individual trees may be very long-lived (e.g., 500 to >1000 years, depending 

on species), the age of such stands (i.e., those without a history of human intervention) essentially cannot 

                                                      
1290

 Nearly verbatim from Kramer et al. (2001, p. 2757). Kramer et al. refer the reader to Figure 2 in the cited article 

for this information. 
1291

 Verbatim from Kramer et al. (2001, p. 2757). Kramer et al. refer the reader to Figure 4a in the cited article for 

this information. 
1292

 Verbatim from Kramer et al. (2001, p. 2757). Kramer et al. refer the reader to Figure 4a in the cited article for 

this information. 
1293

 Verbatim from Kramer et al. (2001, p. 2757) 
1294

 Verbatim from Kramer et al. (2001, p. 2757) 
1295

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 36) 
1296

 Nearly verbatim from Lertzman et al. (2002, p. 5). Lertzman et al. cite Veblen & Alaback (1996) and Meidinger 

& Pojar (1991) for this information. 
1297

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 42) 
1298

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 42) 
1299

 Verbatim from Coops et al. (2010, p. 519). Coops et al. refer the reader to Figures 4A and 4B in the cited article 

for this information. 
1300

Verbatim from Lertzman et al. (2002, p. 5-6). Lertzman et al. cite the Scientific Panel for Sustainable Forest 

Practices in Clayoquot Sound (1995) and Lertzman et al. (1996) for information on old-growth forests. Lertzman et 

al. cite Johnson & Gutsell (1994) for information on using the ages of dominant trees to indicate time since the most 

recent fire. 
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be determined by standard methods and is often likely to be far greater than that of the oldest tree.
1301

 

However, specific forest ages in B.C. are available and include: 

 Forests over 80 years old amount to 72% (39.6 million hectares; ~153,000 mi
2
) of the province’s 

forests (72% in the Interior and 73% on the Coast).
1302

 

 Forests over 140 years old exist in all 16 biogeoclimatic zones and cover 22.6 million hectares 

(~87,100 mi
2
; 24% of B.C. land; 43% of forests).

1303
  

o Of this area, forests over 250 years old cover 7.1 million hectares (~27,000 mi
2
; 7.5% of 

B.C. land; 31% of old forests; 13% of B.C.’s total forests).
1304

  

 Only 4% (2.2 million hectares; ~8,500 mi
2
) of the forests are less than 20 years old.

1305
 

                                                      
1301

Verbatim from Lertzman et al. (2002, p. 6). Lertzman et al. cite the Pojar & MacKinnon (1994) for information 

on the age of individual trees, e.g., 500 to > 1000 years depending on species. 
1302

 Nearly verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 41) 
1303

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 36) 
1304

 Nearly verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 36) 
1305

 Nearly verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 39) 

Figure 37. In each biogeoclimatic zone, percent of forest area by age class, 2008. 

Source: Reproduced from B.C. Ministry of Forests, Mines, and Lands. (2010, Figure 1-4, p. 42) by authors of 

this report. 

Note: Biogeoclimatic zones in the NPLCC region include Coastal Douglas-fir (CDF), Coastal Western 

Hemlock (CWH), Sub-boreal Spruce (SBS), Mountain Hemlock (MH), Coastal Mountain-heather Alpine 

(CMA), Engelmann Spruce-Subalpine Fir (ESSF), and Alpine Tundra (AT; not shown). 
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Pacific Northwest 

Low elevation, late successional forests support the greatest biodiversity and biomass accumulation in the 

Pacific Northwest.
1306

 Accelerated biomass accumulation has been observed in temperate deciduous 

forests in the eastern United States and in temperate-maritime forests in the Pacific Northwest.
1307

 Likely 

explanations of these increases in secondary forest biomass accumulation rates include increased 

atmospheric CO2, increased temperature, increased moisture, and increased growing season length.
1308

 

Thus, climate change appears to be increasing the rate of forest regrowth in some temperate forests; 

however, parallel studies have yet to be conducted in other regions.
1309

 

Douglas-fir growth in the Pacific Northwest was highly variable in space and time during the 20
th
 century, 

and this variability was generally associated with water limitation (e.g., positively correlated with summer 

precipitation and actual evapotranspiration but negatively correlated with summer maximum temperature 

and potential evapotranspiration).
1310

 The strength of the correlation between water deficit and tree growth 

depends on the location of the stand along a gradient of mean summer water deficit – the most water-

limited stands had the greatest sensitivity.
1311

 However, radial growth in Douglas-fir can be limited by 

low temperature at the highest, snowiest elevations, but growth is often limited by moisture in places that 

develop modest snowpack.
1312

 At elevations below the seasonal snowpack, growth is negatively related to 

summer and annual temperature.
1313

 The negative temperature effect is thought to result from increasing 

water deficit in trees as soil moisture is depleted during summer drought.
1314

 For the coastal variety of 

Douglas-fir, Chen et al. (2010) found positive correlations of tree ring width with summer precipitation 

and temperature of the preceeding winter (i.e., November temperature), indicating that growth of coastal 

populations was limited by summer dryness and that photosynthesis in winter contributed to growth (time 

period: 1901-1980).
1315

 However, Chen et al. (2010) could not find a regional-level climate index that 

shows consistent positive or negative impacts of climate change on the observed chronology samples.
1316

 

For additional information on future projections for Douglas-fir, please see the Future Projections 

section of this chapter. 

                                                      
1306

 Verbatim from North Casacades Conservation Council (2010, p. 20). North Casacades Conservation Council 

cite Ruggiero (1991) and Johnson & O’Neil (2001) for this information. 
1307

 Verbatim from Anderson-Teixeira et al. (2013, p. 9). Anderson-Teixeira et al. cite McMahon et al. (2010a), 

Foster et al. (2010), and McMahon et al. (2010b) for information on the eastern U.S. temperate deciduous forests 

and Hember et al. (2012) for information on temperate-maritime forests in the Pacific Northwest. Anderson-Teixeira 

et al. also refer the reader to Figure 4 in the cited article for information on the Pacific Northwest forests. 
1308

 Verbatim from Anderson-Teixeira et al. (2013, p. 9). Anderson-Teixeira et al. cite McMahon et al. (2010a) and 

Hember et al. (2012) for this information 
1309

 Verbatim from Anderson-Teixeira et al. (2013, p. 9) 
1310

 Verbatim from Littell et al. (2010, p. 138). Littell et al. cite Littell et al. (2008) for information on the spatial and 

temporal variability of Douglas-fir growth in the 20
th

 century. 
1311

 Verbatim from Littell et al. (2010, p. 138) 
1312

 Nearly verbatim from Beedlow et al. (2013, p. 174). Beedlow et al. cite Case & Peterson (2005) and Littell et al. 

(2008) for this information. 
1313

 Verbatim from Beedlow et al. (2013, p. 174). Beedlow et al. cite Case & Peterson (2005) for this information. 
1314

 Verbatim from Beedlow et al. (2013, p. 174). Beedlow et al. cite Littell et al. (2008) for this information. 
1315

 Nearly verbatim from Chen et al. (2010, p. 3384) 
1316

 Verbatim from Chen et al. (2010, p. 3384). Geographic variation in growth response of Douglas-fir to 

interannual climate variability and projected climate change. 
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In addition, the effect of chronic, profuse Swiss needle cast (i.e., a foliar disease of Douglas-fir) 

colonization of Douglas-fir foliage is to reduce growth rates of affected trees relative to competing 

species, such as spruce and hemlock.
1317

 Generally faster growing than western hemlock, Douglas-fir is 

an inferior competitor where Swiss needle cast disease pressure is high.
1318

  

In the coastal lowlands and interior valleys of the western Coast Range, seasonal climatic conditions are 

the most favorable for Swiss needle cast growth and reproduction.
1319

 In these areas, a distinct natural 

forest type has historically been dominated by western hemlock and Sitka spruce, with Douglas-fir 

occurring only sporadically.
1320

 Douglas-fir gradually becomes more abundant in natural forests at higher 

elevations and further inland, as the Sitka spruce zone gradually merges into the western hemlock 

vegetation zone, where Douglas-fir is a successional dominant and where climatic conditions are less 

favorable for Swiss needle cast growth.
1321

 This leads to the conclusion that the Sitka spruce vegetation 

zone occurs as a consequence not only of favorable habitat for Sitka spruce and western hemlock, but also 

because of the inhibition of their main competitor, Douglas-fir, as a result of Swiss needle cast disease.
1322

 

Western Washington 

 In Washington State, lodgepole pine is rarely found on sites with climatic water deficit greater than 9.84 

inches (250 millimeters; occurred in two of 1,630 plots).
1323

 

                                                      
1317

 Nearly verbatim from Stone et al. (2008, p. 175) 
1318

 Verbatim from Stone et al. (2008, p. 175) 
1319

 Verbatim from Stone et al. (2008, p. 175) 
1320

 Verbatim from Stone et al. (2008, p. 175) 
1321

 Verbatim from Stone et al. (2008, p. 175) 
1322

 Verbatim from Stone et al. (2008, p. 175) 
1323

 Nearly verbatim from Littell et al. (2010, p. 144) 

Figure 38. Locations of energy- and severely water-

limited forests in Washington in the current climate as 

well as predicted changes to water limitation in the 

future. Energy-limited forests can be water-limited 

seasonally, but we focused on the chronic, long-term 

water limitation for forests where summer PET exceeds 

annual precipitation as the area most vulnerable to 

deficit related impacts. Climate projections indicate that 

areas within the Okanogan Highlands and the foothills 

of the northeastern Cascade Mountains will transition to 

severely water-limited forest by the 2080s. Forested 

area grid cells are smaller than the VIC cells (see 

Section 2.2) used to derive water balance variables for 

this map. Energy-limited forests can be either light- or 

thermally limited—we do not consider the former. 

Figure: Robert Norheim.  

Source: Reproduced from Littell et al. (2010, Fig. 3, p. 

139) by authors of this report.  
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Western Oregon 

At five mature, closed-canopy forest stands dominated by Douglas-fir and located along an elevation 

gradient from the Pacific coast to the west slope of the Cascade Mountains, maximum daily air 

temperature and plant available soil water were similar in relative importance to tree growth at four of the 

five sites.
1324

 Plant available soil water was substantially more important at one site.
1325

 Growth rate 

increased with maximum daily air temperature to an optimum (Topt) and decreased with higher maximum 

daily air temperature.
1326

 At the two drier sites (Moose Mountain and Toad Creek), maximum daily air 

temperature and plant available soil water affected growth interactively in that Topt decreased with 

decreasing plant available soil water.
1327

 More specifically: 

 At Beedlow et al.’s (2013) sites, plant available soil water typically fellow below 50% in July and 

maximum daily air temperature typically exceeded Topt before plant available soil water fell 

below 50%.
1328

  

 At Moose Mountain, the Topt dropped from 72.1 °F (22.3 °C) in May to 68.4 °F (20.2 °C) by 

July.
1329

  

 The decrease at Toad Creek was more dramatic, dropping from 87.3 °F (30.7 °C) in June to 54.9 

°F (12.7 °C) in September.
1330

  

While Beedlow et al. (2013) were not able to precisely determine the level of plant available soil water at 

which Topt began to decrease at Moose Mountain and Toad Creek, Granier et al. (1999) suggests that 

water stress begins when 40% of plant available water remains in the soil.
1331

 In Douglas-fir, sap flux 

begins to fall rapidly once approximately 50% of available water in the upper ~2 feet (0.6 meters) of soil 

is used.
1332

 Beedlow et al. (2013) conclude that both temperature and water are currently limiting growth 

in western Oregon, and that shifting Topt is exacerbating temperature limitation at drier sites.
1333

 

                                                      
1324

 Nearly verbatim from Beedlow et al. (2013, p. 174) 
1325

 Verbatim from Beedlow et al. (2013, p. 174) 
1326

 Verbatim from Beedlow et al. (2013, p. 174) 
1327

 Nearly verbatim from Beedlow et al. (2013, p. 174) 
1328

 Nearly verbatim from Beedlow et al. (2013, p. 182). Beedlow et al. refer the reader to Figure 5 in the cited 

article for this information. 
1329

 Verbatim from Beedlow et al. (2013, p. 179) 
1330

 Verbatim from Beedlow et al. (2013, p. 179) 
1331

 Nearly verbatim from Beedlow et al. (2013, p. 182) 
1332

 Nearly verbatim from Beedlow et al. (2013, p. 182). Beedlow et al. cite Warren et al. (2005) for this 

information. 
1333

 Nearly verbatim from Beedlow et al. (2013, p. 183) 
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Northwest California 

In northern California mixed-

evergreen forest, late-successional 

forest structure is most likely to be 

found in lower slope positions and on 

north and east aspects.
1334

 

The coast redwood is the tallest living 

tree species and notably long-lived, 

with some individuals exceeding 

2,000 yr in age.
1335

 Redwoods are 

watered primarily by winter rains that 

residually drain through steep coastal 

watersheds during nearly rainless 

summer months.
1336

 For additional 

information on redwood forest 

hydrology, please see Chapter IV.1. 

Future Projections 

Western North America 

Western forests, particularly those 

that rely on snowmelt for their water, 

will probably show lower growth 

under drier conditions.
1337

 The 

potential for enhancing carbon gain 

would be low in regions where 

nitrogen deposition is already high 

(e.g., the Northeast) and high in 

regions where nitrogen deposition is 

low (e.g., the Southwest).
1338

 For 

western U.S. forests, climate-driven 

increased fire and bark beetle 

outbreaks are likely to substantially 

                                                      
1334

 Verbatim from Agee (1998). Agee cites Taylor & Skinner (in review) for this information.  
1335

 Verbatim from Johnstone & Dawson (2010, p. 4533). Johnstone & Dawson cite Noss (2000) for this 

information. 
1336

 Verbatim from Johnstone & Dawson (2010, p. 4533) 
1337

 Verbatim from Ryan et al. (2012, p. 44). Ryan et al. cite Boisvenue & Running (2010) and Hu et al. (2010) for 

this information. 
1338

 Verbatim from Ryan et al. (2012, p. 44) 

Figure 39. Concurrence among three GCMs and two scenarios for the 

2030 location of five seed zones. Zones are coded by the color paths 

in Fig. 9 (in Rehfeldt & Barry, 2010), blue, yellow, brown, green and 

red, with the lightest shades denoting agreement among 3 projections 

and the darkest, agreement among 6 projections.  

Source: Reproduced from Rehfeldt & Jaquish (2010, Figure 10, p. 

301) by authors of this report. 
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reduce forest carbon storage 

and storage rate, jeopardizing 

the current U.S. forest 

sink.
1339

 Further, tree 

regeneration is uncertain for 

western montane forests, 

where fire intensity exceeds 

historical patterns.
1340

 

Concurrence among 

projections (i.e., of the future 

distribution of western larch) 

was used to locate those 

sources of seed that should be 

best attuned genetically to 

future climates (Figure 

39).
1341

 Consistent with 

patterns of genetic variation 

described by geographic 

variables, these five seed 

zones tend to be stratified by 

elevation.
1342

 Please see 

Chapter VI.2 for additional 

information on the projection 

of the future distribution of 

western larch. 

Similar to Weiskittel et al. 

(2011) and Coops et al. 

(2010), Weiskittel et al.’s 

(2012) analysis suggests 

significant future changes in 

Douglas-fir productivity as 

measured by site index 

                                                      
1339

 Verbatim from Ryan et al. (2012, p. 45). Ryan et al. cite Metsaranta et al. (2010) and Westerling et al. (2006, 

2011) for information on reductions in forest carbon storage and storage rate. 
1340

 Verbatim from Ryan et al. (2012, p. 45). Ryan et al. cite Bonnet et al. (2005) and Haire & McGargial (2010) for 

this information. 
1341

 Nearly verbatim from Rehfeldt & Jaquish (2010, p. 283). Ecological impacts and management strategies for 

western larch in the face of climate-change. 
1342

 Verbatim from Rehfeldt & Jaquish (2010, p. 300). Rehfeldt & Barry cote Rehfeldt (1982, 1995) for information 

on patterns of genetic variation described by geographic variables. Rehfeldt & Barry also refer the reder to Figure 9 

(upper left panel) in the cited article for information on the five seed zones. 

Figure 40. Predicted current and future changes in productivity of Douglas-fir 

in terms of base-age 50 years site index (m) based on the developed random 

forest model and the Canadian Center for Climate Modeling and Analysis 

general circulation model under the A2 emissions scenario.  

Source: Reproduced from Weiskittel et al. (2012, Figure 2, p. 73) by authors of 

this report. 
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throughout its entire range (Figure 40).
1343

 In general, the overall spatial pattern was that coastal areas 

showed the highest reductions in site index, while interior areas showed increased potential 

productivity.
1344

 This parallels the findings presented for Douglas-fir habitat.
1345

 This is likely because 

coastal areas will generally become warmer and drier than currently, while the growing season length will 

increase in interior areas.
1346

 However, seed source and future climate would need to be matched in order 

to realize the expected increases in site index predicted in certain areas.
1347

 

Southcentral and Southeast Alaska 

Trees and certain shrubs that use the C3 pathway will benefit more from warming than will grasses and 

other shrubs that use the C4 pathway.
1348

 Longer growing seasons with warmer temperatures likely will 

result in faster growth.
1349

  

Although the frequency and intensity of windstorms are difficult to predict, wind-protected landscapes 

support old-growth stands with multi-aged structures where stem decays and other disease agents produce 

fine-scale disturbances involving the death of individual or small groups of trees.
1350

 Projected increases 

in temperature and growing season length will increase growth rates of these fungi (i.e., stem-decay 

fungi), which combined with the susceptibility of decayed trees to wind-breakage, could increase the 

proportion of early-successional tree species.
1351

 

Western British Columbia 

With respect to tree species, the factors of rapid climate change and increased disturbances will ultimately 

lead to genetic erosion (reduced genetic diversity) and declining productivity of populations for several 

forest generations at least.
1352

 This decline probably will be greatest for genetically specialized species, 

for example, Douglas-fir and ponderosa pine.
1353

 Further, projected effects of climate shifts on 

productivity vary among regions of British Columbia; they also vary according to the modelling approach 

used:
1354

  

 Wetter coastal ecosystems could benefit from a longer growing season.
1355

  

 Drier ecosystems in the southern interior and along the south coast are likely to experience 

increased drought and decreasing productivity.
1356

  

 For information on BC’s high-elevation ecosystems, please see Chapter VI.4.  

                                                      
1343

 Nearly verbatim from Weiskittel et al. (2012, p. 77). Projected future suitable habitat and productivity of 

Douglas-fir in western North America. 
1344

 Verbatim from Weiskittel et al. (2012, p. 77) 
1345

 Verbatim from Weiskittel et al. (2012, p. 77) 
1346

 Verbatim from Weiskittel et al. (2012, p. 77) 
1347

 Nearly verbatim from Weiskittel et al. (2012, p. 77) 
1348

 Verbatim from Kelly et al. (2007, p. 51). Kelly et al. cite Wheaton et al. (1987) for this information. 
1349

 Verbatim from Kelly et al. (2007, p. 51) 
1350

 Verbatim from Wolken et al. (2011, p. 17). Wolken et al. cite Hennon (1995) and Hennon & McClellan (2003) 

for this information. 
1351

 Nearly verbatim from Wolken et al. (2011, p. 17) 
1352

 Verbatim from Pojar (2010, p. 38) 
1353

 Verbatim from Pojar (2010, p. 38) 
1354

 Nearly verbatim from Pojar (2010, p. 24) 
1355

 Verbatim from Pojar (2010, p. 24) 
1356

 Verbatim from Pojar (2010, p. 24) 
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If climate change causes shifts in mean annual temperature of 5.4 – 9 °F (3–5 °C) over the generation 

time of Sitka spruce, then we would expect the optimum date of bud set to change by approximately 39–

65 days, assuming populations are currently locally adapted.
1357

 When Aitken et al. (2008) consider a 

mild scenario with a 5.4 °F (3 °C) change affecting the most variable populations, the change in 

temperature would require a change in mean phenotype of 1.56 phenotypic standard deviations.
1358

 This is 

well above the critical threshold of ~0.4 phenotypic standard deviations derived by Aitken et al. (2008), 

suggesting that Sitka spruce could not tolerate prolonged change at this rate of climate change (~1 °C per 

generation would be the fastest rate of change tolerable over a long period of time).
1359

 Of course, this 

crude approximation of risk ignores many biological details, especially density dependent effects, the fact 

that local adaptation and fitness are a function of many traits, and that analyses of multivariate traits may 

provide more realistic predictions.
1360

 

Toward the end of this century, warmer temperatures are predicted to reduce frost limitations on the 

growth of Douglas-fir throughout the province.
1361

 Using a process-based model to evaluate how climatic 

variation might alter growth of Douglas-fir across biogeoclimatic zones in British Columbia, site index 

(the height of dominant trees at 50 years) along the coast overall is predicted to increase to a maximum of 

141 feet (43 meters, m) by 2080 (vs. 1961-1990 run with CGCM2 under A2x, an ensemble average of the 

three A2 runs).
1362

 Overall, relative changes show increases between 10% and 30% along the coast 

(except the Coastal Douglas-fir zone) and mean decreases in the interior of less than 10%.
1363

 Results for 

specific biogeoclimatic zones are also available: 

 Coastal Western Hemlock zone: In the case of the Coastal Western Hemlock zone, the mean 

site index is predicted to increase from 85 feet (26 m) to only 112 feet (34 m; a 31% increase).
1364

  

 Mountain Hemlock zone: Similarly, the mean of the Mountain Hemlock zone is predicted to 

increase from 72 feet (22 m) to 85 feet (26 m; an 18% increase).
1365

  

 Coastal Douglas-fir zone: In contrast, the Coastal Douglas-fir zone will exhibit a significant 

reduction in site index, declining from current levels of 105-85 feet (32-26 m).
1366

  

A reduction in the frequency of frost and more suitable temperatures during the growing season are likely 

to account for an increase in productivity within B.C.’s biogeoclimatic zones, whereas a depletion in the 

available soil water will likely be the main cause for any major reduction in future productivity.
1367

 

                                                      
1357

 Verbatim from Aitken et al. (2008, p. 102) 
1358

 Nearly verbatim from Aitken et al. (2008, p. 103). Adaptation, migration or extirpation: climate change 

outcomes for tree populations. 
1359

 Nearly verbatim from Aitken et al. (2008, p. 103) 
1360

 Nearly verbatim from Aitken et al. (2008, p. 103). Aitken et al. refer the reader to p. 102-103 in the cited article 

for information on density dependent effects. 
1361

 Verbatim from Coops et al. (2010, p. 519) 
1362

 Nearly verbatim from Coops et al. (2010, p. 511) 
1363

 Nearly verbatim from Coops et al. (2010, p. 521) 
1364

 Verbatim from Coops et al. (2010, p. 521) 
1365

 Verbatim from Coops et al. (2010, p. 521) 
1366

 Verbatim from Coops et al. (2010, p. 521) 
1367

 Nearly verbatim from Coops et al. (2010, p. 521) 
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Pacific Northwest 

Latta et al. (2010) projected the potential change in forest productivity in the Pacific Northwest at 5-year 

intervals through the 21
st
 century (vs. 1971-2000 run with CCSM3, CGCM3, CSIRO MK3, and Hadley 

CM3under A1B, A1, B1, and COMMIT; the latter holds global CO2 emissions to year 2000 levels).
1368

 

Results indicate that climate scenarios with increase in future temperatures would lead to an overall 

increase in forest productivity in the Pacific Northwest.
1369

 This increase will not be consistent across the 

region, with lower elevations experiencing declines while increase in higher elevation forests partially 

offset those declines (Figure 41).
1370

 In addition, the eastern half of the region will see greater changes in 

productivity through the next century regardless of the scenario.
1371

 A second pattern across scenarios is 

that Washington will have greater changes in productivity than Oregon.
1372

 These patterns, however, are 

not as evident in the COMMIT scenario.
1373

 For the west and east side of the Cascade Mountains, 

projected potential mean annual increment (i.e., a measurement of productivity) increases:
1374

 

 West of the Cascade Mountains: +2% to +8% (COMMIT and A2 scenarios, respectively), with 

a 5% increase projected under the B1 scenario and a 7% increase projected under the A1B 

scenario.
1375

 

 East of the Cascade Mountains: +5% to +23% (COMMIT and A2 scenarios, respectively), with 

a 15% increase under the B1 scenario and a 20% increase projected under the A1B scenario.
1376

 

These projections should be viewed as potential changes in productivity, since they do not reflect the 

mitigating effects of any shifts in management or public policy.
1377

 

Western Washington 

Spatial patterns of forest productivity will change—state-wide productivity may initially increase due to 

warmer temperatures but will then decrease due to increased drought stress.
1378

 Climatic variability will 

continue to mediate productivity.
1379

 

In both the B1 and A1B climate scenarios, the climatic water deficit of plots currently occupied by 

lodgepole pine increasingly extends beyond the envelope where lodgepole pine currently exists (historic 

period: 1980-2003; future climate projections after Mote & Salathé 2010).
1380

 These projections of deficit 

suggest that areas with climatic conditions favorable for lodgepole pine will decrease considerably; 27% 

                                                      
1368

 Latta et al. (2010, p. 721). Analysis of potential impacts of climate change on forests of the United States Pacific 

Northwest. 
1369

 Nearly verbatim from Latta et al. (2010, p. 727) 
1370

 Verbatim from Latta et al. (2010, p. 727) 
1371

 Nearly verbatim from Latta et al. (2010, p. 725) 
1372

 Nearly verbatim from Latta et al. (2010, p. 725) 
1373

 Verbatim from Latta et al. (2010, p. 725) 
1374

 Nearly verbatim from Latta et al. (2010, p. 720) 
1375

 Latta et al. (2010, p. 720) 
1376

 Latta et al. (2010, p. 720) 
1377

 Verbatim from Latta et al. (2010, p. 720) 
1378

 Nearly verbatim from Littell et al. (2010, p. 154) 
1379

 Verbatim from Littell et al. (2010, p. 154) 
1380

 Verbatim from Littell et al. (2010, p. 144) 
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of plots will be subject to more water stress than those under the most stress today.
1381

 These projections 

of deficit suggest that areas with climatic conditions favorable for lodgepole pine will become 

increasingly rare because trees will be subject to significantly more water stress, with a correspondingly 

greater vapor pressure deficit.
1382

  

Douglas-fir productivity appears to vary with climate across the region and will potentially increase in 

energy-limited forests in the near term.
1383

 However, by the end of the 2060s, independent species range 

modeling based on IPCC scenarios suggests that climate will be sufficiently different from the late 

twentieth century to put Douglas-fir at increasing risk at the edges of its current range in Washington 

(Figure 42).
1384

 This is probably due to increases in temperature and decreases in growing season water 

availability in more arid environments (e.g., in the Columbia Basin) but could be due to other variables in 

less arid parts of the species’ range.
1385

  

Specific projections for the 2060s (vs. 1960-1990; HadCM3 & CGCM2; IS92a scenario) include:  

 About 32% of the area currently classified as appropriate climate for Douglas-fir will be outside 

the identified climatic envelope by the 2060s, and about 55% of the area will be in the 50%–75% 

range of marginal climatic agreement among models.
1386

  

 Only about 13% of the current area would be climatically suitable for Douglas-fir in > 75% of the 

statistical species models.
1387

  

 The decline in climatically suitable habitat for Douglas-fir is most widespread at lower elevations 

and particularly in the Okanogan Highlands, south Puget Sound and the southern Olympic 

Mountains.
1388

 

In the Olympic Mountains, biomass increases in the southwest and generally decreases in the northeast, 

depending on aspect and precipitation regime.
1389

 For the northeast-north transects (i.e., the northern 

aspect of the northeast area sampled), the wetter scenario results in a smaller biomass decrease at middle 

to lower elevation plots, and tree establishment in meadows at the highest elevations leads to increased 

biomass in both precipitation scenarios.
1390

 The northeast-south plots (i.e., the southern aspect of the 

northeast area sampled) maintain or increase biomass at most plots in the wetter scenario, while biomass 

decreases from present levels in the drier scenario for the lower elevation plots.
1391

 In the southwest 

region, there is a trend of increased biomass with warmer climate in both north and south transects in 

about three hundred years regardless of whether the climatic change is wetter or drier.
1392

 

                                                      
1381

 Verbatim from Littell et al. (2010, p. 144) 
1382

 Verbatim from Littell et al. (2010, p. 144) 
1383

 Verbatim from Littell et al. (2010, p. 154) 
1384

 Verbatim from Littell et al. (2010, p. 139). Littell et al. refer the reader to Figure 4 in the cited article for this 

information. 
1385

 Verbatim from Littell et al. (2010, p. 139) 
1386

 Verbatim from Littell et al. (2010, p. 139) 
1387

 Verbatim from Littell et al. (2010, p. 139) 
1388

 Verbatim from Littell et al. (2010, p. 139). Littell et al. refer the reader to Figure 4 in the cited article for this 

information. 
1389

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1966) 
1390

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1975) 
1391

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1975) 
1392

 Verbatim from Zolbrod & Peterson (1999, p. 1975) 
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Western Oregon 

Drought is an important disturbance agent in itself and, while most vegetation types in Oregon are well 

adapted to the state’s dry summers, projected future changes in the hydrological regime have the potential 

to cause large-scale tree mortality.
1393

 Projected increases in temperature will lengthen the growing season 

and increase evaporative demand, causing ecosystems to extract all available soil moisture before the end 

of the growing season.
1394

 

Northwest California 

Information needed. 

Information Gaps 

Information gaps include: 

 Geographic distribution of genetic variability and climatic tolerances for tree species: The 

geographic variability of sub-species genotypes and how those genotypes perform in different 

climatic conditions is poorly documented for most species.
1395

 Planning for future resilience and 

responses to disturbance require well developed knowledge of genotypic variability and sub-

species climatic tolerances so that seed stock well adapted to likely future conditions can be 

selected.
1396

 

 Role of climate in tree establishment: Because establishment is more sensitive than persistence 

of established trees, it is likely that important tree species will fail to establish after disturbance 

when the climate has shifted sufficiently.
1397

 Most of the bioclimatic approaches to future 

vegetation response to climate change do not account for this potential sensitivity in early life-

history stages and instead focus on climate relationships for established trees.
1398

 

 Effects of silvicultural treatments on stand vigor and fire behavior: Potential impacts 

identified by Littell et al. (2010) point to two silvicultural research needs: understanding the 

physiological response of mature trees to changing climate conditions to determine if silvicultural 

treatments could stem those impacts, and understanding how different silvicultural treatments can 

be used in anticipation of different projected climatic changes.
1399

 

 Implications of climate change impacts for management strategies and institutional 

structure: Research needs include not only the response of forest ecosystems to future climate, 

but also what those impacts mean for human systems that depend on and affect forests.
1400

 

                                                      
1393

 Nearly verbatim from Shafer et al. (2010, p. 186). Shafer et al. refer the reader to Chapter 3 in the cited report 

for information on the hydrologic regime. Shafer et al. cite Neilson (1993), Bachelet et al. (2001), Bachelet et al. 

(2003). Mote et al. (2003), Whitlock et al. (2003) and Lenihan et al. (2008) for this information. 
1394

 Verbatim from Shafer et al. (2010, p. 186) 
1395

 Verbatim from Littell et al. (2010, p. 152) 
1396

 Verbatim from Littell et al. (2010, p. 152) 
1397

 Verbatim from Littell et al. (2010, p. 152-153) 
1398

 Verbatim from Littell et al. (2010, p. 152) 
1399

 Nearly verbatim from Littell et al. (2010, p. 153). 
1400

 Nearly verbatim from Littell et al. (2010, p. 153). Littell et al. cite Millar et al. (2007) and Joyce et al. (2008) for 

this information. 
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Figure 41. Change in Pacific Northwest potential mean annual increment over the next century by IPCC scenario. 

Source: Reproduced from Latta et al. (2010, Figure 6, p. 727) by authors of this report. 

Figure 42. Change in area of climate suitable for Douglas-

fir. Tan indicates areas where current climate is not suitable 

for Douglas-fir; all other colors indicate locations where 

current climate is suitable. Orange indicates area where 

fewer than 50% of the statistical models suggest climate 

appropriate for Douglas-fir presence in the 2060s and thus 

indicates locations where climate is likely to move from 

currently suitable to unsuitable. Dark green indicates areas 

where more than 75% of statistical models agree that 

climate is currently suitable for Douglas-fir and will remain 

so in the 2060s. Light green indicates an intermediate 

amount of model agreement, suggesting that these areas 

having current climate suitability may be at some risk due 

to interannual variability in climate or additional climate 

change beyond 2060. Data from Rehfeldt et al. (2006). 

Figure: Robert Norheim. Source: Reproduced from Littell et 

al. (2010, Fig. 4, p. 140) by authors of this report.   
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2. Changes in the range, distribution and composition of low- to 

mid-elevation forests 

Many organisms are threatened by global climate change, but as sessile organisms, plants are particularly 

vulnerable.
1401

 Unable to individually move to areas with more suitable conditions as the climate changes, 

plants must instead rely on their seeds dispersing far and often in order to migrate fast enough to keep 

pace with the changing climate.
1402

 The fragmentation of natural landscapes by clearing for agricultural or 

urban development, or a species’ requirement for particular soil types or topography, makes this 

migration even more problematic.
1403

 The likelihood of a plant species persisting will thus depend on 

factors such as the rate of climate change, the degree of landscape fragmentation, and also the plant 

species’ lifecycle, seed production, dispersal, and establishment.
1404

 

The western mountain ranges of the Pacific Northwest are noted for their high diversity of conifer 

species.
1405

 These forests are also particularly sensitive to climate change.
1406

 

The paleoenvironmental record provides clear evidence that species respond individualistically to climate 

change and supports the current scientific consensus that the geographical distributions of plant species 

will change as climate changes.
1407

 With rapidly changing environments, plant populations face three 

possibilities: 

1. Migration to new habitats in which they are adapted: The persistence of plant populations by 

migration will depend upon the rate of migration via seed dispersal and establishment of new 

stands, and upon the rate of gene flow via pollination from distant stands.
1408

 

2. Adaptation via natural selection as climate changes: Responses to natural selection within 

populations depend upon phenotypic variation, genetic variation, and the heritability of traits 

important for survival and reproduction, as well as the intensity of selection.
1409

 

3. Extinction: Populations that may be most vulnerable to climate change include small, 

fragmented and disjunct populations, particularly those at the low elevation and southern latitude 

edges of species’ range.
1410

 Although they may persist for awhile, long-lived species may be at a 

greater threat from climate change than short-lived species.
1411

 Rare species and populations 

                                                      
1401

 Verbatim from Renton et al. (2013, p. 50). Plant migration and persistence under climate change in fragmented 

landscapes: Does it depend on the key point of vulnerability within the lifecycle?  
1402

 Verbatim from Renton et al. (2013, p. 50) 
1403

 Verbatim from Renton et al. (2013, p. 50) 
1404

 Verbatim from Renton et al. (2013, p. 50) 
1405

 Verbatim from Shafer et al. (2001, p. 211). Shafer et al. cite Ricketts and others (1999) for this information. 
1406

 Verbatim from Shafer et al. (2001, p. 211) 
1407

 Verbatim from Shafer et al. (2010, p. 178-179). Shafer et al. cite Huntley (1991), Pitelka (1997), Jackson & 

Overpeck (2000), Bachelet et al. (2001), Hansen et al. (2001), Shafer et al. (2001), Walther et al. (2002), Higgins et 

al. (2003), Sans-Elorza et al. (2003), McLachlan et al. (2005), Neilson et al. (2005b), Wang et al. (2006), Jurasinksi 

(2007), McKenney et al. (2007), Xu et al. (2007), and Thuiller et al. (2008) for this information. 
1408

 Verbatim from Shafer et al. (2010, p. 192) 
1409

 Nearly verbatim from Shafer et al. (2010, p. 192) 
1410

 Verbatim from Shafer et al. (2010, p. 193) 
1411

 Verbatim from Shafer et al. (2010, p. 193) 
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already threatened by other factors such as habitat loss, fire, disease, and insects may be at an 

even greater risk of loss given the added impact of climate change.
1412

 

Observed Trends 

Western North America 

Although western North America supports a great diversity of habitat, the spatial extent of any particular 

habitat type may be relatively small and separated from other similar patches of habitat by large 

distances.
1413

 Migration rates for tree taxa during the Holocene were only on the order of ~3,281 feet per 

year (1,000 meters per year).
1414

 Further, past range shifts during the postglacial period of the Holocene, 

inferred from paleoecological studies, support the importance of small outlying populations during 

migration.
1415

 Small northern disjunct populations, which typically are ignored in regional paleoecological 

studies, appear to have provided crucial foci for colonization and to have spread northward during the 

Holocene.
1416

  

Currently, classic old-growth forests are found west of the Cascade Mountains in Oregon, Washington, 

and California and west of the coastal mountains in British Columbia and Alaska.
1417

 The Level 1 

ecoregion Marine West Coast Forests extends from Alaska in a progressively narrowing band to San 

Francisco.
1418

 Western hemlock and Sitka spruce are present throughout most of this fog-belt defined 

ecoregion, with Douglas-fir, coast redwood and western red cedar locally abundant.
1419

 For the Northwest 

Forested Mountains (i.e., another Level 1 ecoregion), Douglas-fir and western hemlock are frequently 

abundant in mixtures with many species of pine and true firs.
1420 

At higher elevations and latitudes, 

lodgepole pine, mountain hemlock, subalpine fir, and Engelmann spurce are characteristic species.
1421

  

Lodgepole pine is widely distributed in western North America.
1422

 Within the Pacific Northwest, the 

species, or one of its subspecies, occurs on sandy soils along the coast, and inland over much of the 

subalpine zone, which extends to east of the Rocky Mountains and north into the Yukon Territory.
1423

  

In a study of adaptational lags (i.e., the difference between a population’s current habitat and the assumed 

optimal climate habitat) in 15 wide-ranging forest tree species, on average, populations already lag behind 

their optimal climate niche by approximately 80.8 miles (130 km) in latitude or 197 feet (60 meters) in 

elevation (1997-2006 vs. 1961-1990, representing an approximately 25-year climate change from 

                                                      
1412

 Verbatim from Shafer et al. (2010, p. 193) 
1413

 Verbatim from Shafer et al. (2001, p. 211) 
1414

 Nearly verbatim from Shafer et al. (2001, p. 211). Shafer et al. cite Pitelka and the Plant Migration Workshop 

(1997) for this information. 
1415

 Nearly verbatim from Pojar (2010, p. 30). Pojar cites Hebda (1995) for information on paleoecological studies. 
1416

 Verbatim from Pojar (2010, p. 30). Pojar cites McLachlan et al. (2005) for this information. 
1417

 Nearly verbatim from Franklin et al. (2006, p. 97) 
1418

 Nearly verbatim from Coops & Waring (2011b, p. 2120). Estimating the vulnerability of fifteen tree species 

under changing climate in Northwest North America. 
1419

 Verbatim from Coops & Waring (2011b, p. 2120) 
1420

 Verbatim from Coops & Waring (2011b, p. 2120) 
1421

 Verbatim from Coops & Waring (2011b, p. 2120) 
1422

 Verbatim from Coops & Waring (2011a, p. 314). A process-based approach to estimate lodgepole pine (Pinus 

contorta Dougl.) distribution in the Pacific Northwest. 
1423

 Verbatim from Coops & Waring (2011a, p. 314) 
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midpoint to midpoint).
1424

 In a similar study of 15 tree species vulnerability to climate change, 

climatically driven decision-tree models predict on average that 30% of the 15 tree species’ ranges have 

become vulnerable to climate change (vulnerable areas defined as those within a species’ baseline range, 

1950-1975, that have less than a 50% probability of species occurrence from 1976-2006).
1425

 There is, 

however, considerable variation, with up to 50% of the range becoming vulnerable for ponderosa pine, 

noble fir, grand fir and western larch, and <10% for Pacific silver fir and western red cedar.
1426

 Higher 

elevation sites appear to contain far more species characterized as “vulnerable” than do lower and mid-

elevation sites.
1427

 

Specific results for the Marine West Coast Forests and Northwest Forested Mountains Level 1 ecoregions 

are also available: 

 Marine West Coast Forests: Within the cool, moist, coastal ecoregion both noble fir and 

subalpine fir, although recorded infrequently on observations, are predicted to become highly 

vulnerable during the transitional period.
1428

 Alaska yellow cedar is predicted to be vulnerable 

over 25% of its baseline-defined range.
1429

 

 Northwest Forested Mountains: Within the Northwest Forested Mountains, where all of the 15 

species occur except Sitka spruce, most of the species have only moderate areas of their range 

classified as vulnerable (between 5 and 30%), with the exception of grand fir and ponderosa 

pine.
1430

 Some species, such as whitebark pine remain well adapted within their predicted 

baseline range for the period 1976–2006.
1431

 

 Note: For a list of all 15 tree species studied, please see Figure 45 (p. 186). 

Southcentral and Southeast Alaska 

Alaska’s forests cover one-third of the state’s 425 million acres (172 million hectares, ha) of land and are 

functionally significant, both regionally and globally.
1432

 Coastal temperate forests (i.e., those in the 

NPLCC region) comprise 10% of Alaska’s forests (12 million acres, 5 million ha) and represent 19% of 

the world’s coastal temperate forests.
1433

 Ninety percent of the forests are classified as boreal 104 million 

                                                      
1424

 Nearly verbatim from Gray & Hamann (2013, p. 289). Tracking suitable habitat for tree populations under 

climate change in western North America. 
1425

 Nearly verbatim from Coops & Waring (2011b, p. 2125). Coops & Waring refer the reader to Figure 4 in the 

cited article for this information. 
1426

 Verbatim from Coops & Waring (2011b, p. 2125) 
1427

 Verbatim from Coops & Waring (2011b, p. 2125) 
1428

 Nearly verbatim from Coops & Waring (2011b, p. 2125) 
1429

 Verbatim from Coops & Waring (2011b, p. 2125) 
1430

 Verbatim from Coops & Waring (2011b, p. 2125) 
1431

 Verbatim from Coops & Waring (2011b, p. 2125) 
1432

 Verbatim from Wolken et al. (2011, p. 2). Wolken et al. refer the reader to Figure 1A for an image of the 

forested areas of Alaska. Wolken et al. cite Parson et al. (2001) for information on the area of Alaska’s land covered 

by forest. 
1433

 Verbatim from Wolken et al. (2011, p. 2). Wolken et al. cite NAST (2003) for this information. 
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acres (42 million ha), collectively representing 4% of the world’s boreal forests; these occur throughout 

the Interior-, Southcentral-, and Kenai-boreal regions.
1434

  

On the Kenai Peninsula, wooded regions increased in area by 28% between 1950 and 1996, while open, 

wet, and watered areas decreased in size.
1435

 Type shifts from wetlands to upland habitats were observed 

during the same time period.
1436

 

Western British Columbia 

Forests cover 55 million hectares (~210,000 square miles, mi
2
), or about 60% of B.C.’s 95 million 

hectares.
 1437

 A further 3.7 million hectares are other wooded land with woody shrubs, stunted trees, or 

scattered tree cover.
1438

 In the Coastal region, forests cover 18 million hectares (~69,000 mi
2
; 33% of all 

B.C. forests; 19% of all B.C. land) (Figure 43).
1439

 About 3% of former forests have been converted to 

other land uses.
1440

 The Coastal Douglas-fir (CDF) zone has been most affected, with 46% of its former 

forests now converted.
1441

 

Based on a comparison of mapped predictions of ecosystem distributions for the 1970s and for 2001-2009 

using the Random Forest model, geographic distributions of the suitable climate habitats for BC 

ecosystems have already shifted in 23% of British Columbia since the 1970s.
1442

 The magnitude of the 

shift (loss or gain) varied between 5 and 77% among ecosystems.
1443

 The least affected were two coastal 

(Coastal Douglas-fir and Coastal Western Hemlock) and one boreal zone (Boreal White and Black 

Spruce).
1444

 

However, forty-five percent of the Coastal Douglas-fir biogeoclimatic zone has been converted to urban, 

rural residential and agricultural use.
1445

 Of particular concern in the Coastal Douglas-fir zone is the loss 

of (nearly 90%) Garry oak woodlands, aesthetically pleasing ecosystems with high species richness and 

many at-risk species.
1446

 For more information on Garry oak woodlands, please see Chapter VI.3. The 

remaining, mostly secondary forests and woodlands of the Coastal Douglas-fir zone are being infiltrated 

by non-native invasive plants, including spurge-laurel, English ivy, Himalayan blackberry, and numerous 

grasses, eliminating or reducing native species and changing ecosystem processes.
1447

 

                                                      
1434

 Verbatim from Wolken et al. (2011, p. 2). Wolken et al. refer the reader to Figure 1B for an image of the forest 

regions in Alaska. Wolken et al. cite Shvidenko & Apps (2006) for information on the contribution of Alaska’s 

boreal forests to the global total. 
1435

 Verbatim from Jezierski et al. (2010, p. 8) 
1436

 Verbatim from Jezierski et al. (2010, p. 8). Jezierski et al. cite Klein et al. (2005)for this information. 
1437

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 36) 
1438

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 39) 
1439

 Nearly verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 36) 
1440

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 38) 
1441

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 38) 
1442

 Nearly verbatim from Wang et al. (2012, p. 2). Projecting future distributions of ecosystem climate niches: 

uncertainties and management applications. 
1443

 Verbatim from Wang et al. (2012, p. 9) 
1444

 Verbatim from Wang et al. (2012, p. 9) 
1445

 Nearly verbatim from Pojar (2010, p. 27) 
1446

 Nearly verbatim from Pojar (2010, p. 27). Pojar cites Austin et al. (2008) for this information. 
1447

 Verbatim from Pojar (2010, p. 27) 
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Pacific Northwest 

The composition, assemblages, and distribution of conifer-dominated forests west of the mountains are 

traced to about 5,000 years Before Present, when a cool, moist climate replaced a warmer and drier one 

over much of the region.
1448

 Pollen evidence indicates that western hemlock and cedar were able to move 

from higher to lower elevations into what had been dry Douglas-fir woodlands.
1449

  

Since the time of Euro-American settlement of the Northwest, old-growth forests have been lost as a 

result of multiple factors, including conversion of forests to farms and towns, the geographic spread of 

timber harvest, and natural disturbances, such as a 1921 windstorm, multiple large fires in the early to 

mid-20
th
 century, the 1980 eruption of Mt. St. Helens, and several very large recent fires in British 

Columbia, northern Washington, and southern Oregon.
1450

 Currently, only about 10% of the forest in the 

lower U.S. part of the region is in old growth, most on federal lands.
1451

 

                                                      
1448

 Verbatim from Franklin et al. (2006, p. 98) 
1449

 Verbatim from Franklin et al. (2006, p. 98) 
1450

 Verbatim from Franklin et al. (2006, p. 98) 
1451

 Verbatim from Franklin et al. (2006, p. 98). Franklin et al. cite FEMAT (1993) for this information. 

Figure 43. Area of province by ecosystem type and biogeoclimatic zone, 2008. 

Source: Reproduced from B.C. Minsitry of Forests, Lands, and Mines (2010, Figure 1-1, p. 37) by authors of this 

report. 

Note: Biogeoclimatic zones in the NPLCC region include Coastal Douglas-fir (CDF), Coastal Western Hemlock 

(CWH), Sub-boreal Spruce (SBS), Mountain Hemlock (MH), Coastal Mountain-heather Alpine (CMA), Engelmann 

Spruce-Subalpine Fir (ESSF), and Alpine Tundra (AT; not shown). 
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Western larch is most prominent in the upper Columbia River Basin of southeastern British Columbia and 

in northwestern Montana and adjacent Idaho but also occurs along the east slopes of the Cascade Range 

in Washington and Oregon.
1452

 The original extent of Northwest riparian woodlands is unknown.
1453

  

Western Washington 

Currently, conifer species dominate forest ecosystems within Washington State, with hardwood species 

only in riparian areas that experience frequent flooding or other heavily disturbed areas such as avalanche 

chutes or recently logged sites.
1454

 Forest composition varies with both elevation and position on a broad 

west-east (maritime-continental) gradient across the state.
1455

 At a finer scale, orographic (i.e., influenced 

by mountains) effects on species composition are apparent on the leeward (i.e., sheltered from wind, 

downwind) versus windward (i.e., facing the wind) sides of both the Olympic Mountains and the Cascade 

Range, where complex topography produces steep gradients in the biophysical environment across 

relatively short distances.
1456

 Specific information on forest composition at Panther Potholes and Mt. 

Constitution is available: 

 Panther Potholes(North Cascades): The most recent arrival of tree species at the Panther 

Potholes was Alaska yellow-cedar at approximately 2000 cal yr BP.
1457

 Mountain hemlock has 

never been abundant at the Panther Potholes, but its increase in the pollen record in the last 2000 

years along with the increase in Alaska yellow-cedar macrofossils indicate that the last two 

millennia have been particularly cool and moist.
1458

 Both species are typically found at high 

elevations on moist sites in the Pacific Northwest.
1459

 The greater occurrence of Ericaceae pollen 

(i.e., pollen from the heath family) in the last millennium also suggests cooler, moister climatic 

conditions.
1460

 The modern forest assemblage has the highest diversity of tree species of any time 

in the Holocene.
1461

 

 Mt. Constitution (Orcas Island): The vegetation and fire regimes on Mt. Constitution 5300-

7000 years ago were similar to those at present, suggesting that the climate was also similar.
1462

 

After 2000 years BP, charcoal deposition increased at all three sites, and pine increased in the 

central and south-central sites, suggesting a return to drier conditions.
1463

 Stands on different sites 

in close proximity responded individually to the same climate change, depending on local site 

conditions and the ecology of the dominant trees.
1464

 

                                                      
1452

 Nearly verbatim from Rehfeldt & Jaquish (2010, p. 284). Rehfeldt & Barry refer the reader to Figure 1 in the 

cited article for this information. 
1453

 Verbatim from Apostol & Berg (2006, p. 130) 
1454

 Nearly verbatim from Littell et al. (2010, p. 131) 
1455

 Verbatim from Littell et al. (2010, p. 131) 
1456

 Nearly verbatim from Littell et al. (2010, p. 131). Littell et al. cite Williams & Lillybridge (1983), Franklin & 

Dyrness (1988), Henderson et al. (1989, 1992), Williams et al. (1990), and Lillybridge et al. (1995) for this 

information. 
1457

 Verbatim from Prichard et al. (2009, p. 65) 
1458

 Verbatim from Prichard et al. (2009, p. 65) 
1459

 Verbatim from Prichard et al. (2009, p. 65) 
1460

 Verbatim from Prichard et al. (2009, p. 65) 
1461

 Verbatim from Prichard et al. (2009, p. 65) 
1462

 Nearly verbatim from Sugimura et al. (2008, p. 548-549) 
1463

 Nearly verbatim from Sugimura et al. (2008, p. 539) 
1464

 Nearly verbatim from Sugimura et al. (2008, p. 539) 
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Klamath Mountains 

In the Klamath-Siskiyou region, elements of the Pacific Northwest, California and Great Basin floras 

intergrade with many endemic species, including Brewer spruce, Baker’s cypress, and Sadler’s oak.
1465

 

The region includes the southern distributional limit of Pacific silver fir, Alaska cedar and Engelmann 

spruce, as well as the northern limit for coast redwood, Jeffrey pine and Shasta red fir.
1466

 

Western Oregon 

Oregon’s vegetation is strongly influenced by climate and topography.
1467

 Along the Oregon coast, the 

Pacific Ocean affects local climate conditions that support maritime species such as Sitka spruce and 

shore pine.
1468

 Further inland, vegetation varies along the west slope of the Cascade Range from oak 

woodlands in the Willamette Valley to mixed conifer forests dominated by Douglas-fir at mid-elevations, 

to high elevation mountain hemlock and true fir stands (Figure 44).
1469

 These natural patterns in the 

distribution of vegetation are modified by human activities, including urbanization, agriculture, road 

building, logging, grazing, and fire suppression.
1470

 

The state of Oregon estimates that 15% of the entire state land area is classified as riparian, or within 328 

feet (100 meters) of perennial streams and rivers.
1471

 The Willamette River has lost 80% of the riparian 

vegetation that it had at the time of Euro-American settlement and one half of its stream channel 

complexity.
1472

 In the 500,000 acre (~200,000 hectares) Siuslaw watershed, 36% of the total riparian area 

(200 feet, or ~60 meters, on each side of streams) is classified as mature forest (more than 80 years old), 

38% is either young conifer or hardwoods, and 26% is essentially treeless.
1473

 In Johnson Creek 

watershed, the largest remaining open creek in the Portland area, only 5% of active stream segments have 

forested riparian vegetation that extends beyond the immediate stream channel edge.
1474

 Thirty-two 

percent contain little or no riparian vegetation.
1475

 

Worona and Whitlock (1995) analyzed pollen from the sediments of Little Lake in the Oregon Coast 

Range (near Blachly, Oregon), which provide a record of vegetation change going back ~42,000 years.
1476

 

This pollen record indicates that the current Douglas-fir, western hemlock, and western red cedar forests 

of Oregon’s Coast Range developed in the last ~5600 years, possibly in response to cooling climate 

                                                      
1465

 Nearly verbatim from Frost & Sweeney (2000, p. 3) 
1466

 Verbatim from Frost & Sweeney (2000, p. 3) 
1467

 Verbatim from Shafer et al. (2010, p.175) 
1468

 Verbatim from Shafer et al. (2010, p.175) 
1469

 Verbatim from Shafer et al. (2010, p.175) 
1470

 Verbatim from Shafer et al. (2010, p.175) 
1471

 Nearly verbatim from Apostol & Berg (2006, p. 130) 
1472

 Verbatim from Apostol & Berg (2006, p. 130). Apostol & Berg cite Hulse et al. (2000) for this information. 

Apostol & Berg also refer the reader to Figures 6.4 and 6.5 in the cited book chapter for this information. 
1473

 Verbatim from Apostol & Berg (2006, p. 130). Apostol & Berg cite Ecotrust (2002) for this information.  
1474

 Verbatim from Apostol & Berg (2006, p. 130)  
1475

 Verbatim from Apostol & Berg (2006, p. 130). Apostol & Berg cite Portland-Multnomah Progress Board (2000) 

for this information.  
1476

 Verbatim from Shafer et al. (2010, p.176). Note: Shafer et al. are the authors of Chapter 5 of the Oregon Climate 

Assessment Report, a compendium report from which this report draws. As explained in the Introduction to this 

report, we accept secondary literature in compendium reports as it is presented. 
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conditions during this time period.
1477

 Charcoal from past fires found in the sediments of Little Lake and 

Taylor Lake (south of Warrenton, Oregon) indicate that fires in the region also became less frequent 

during this same time period, as would be expected under cooler climate conditions.
1478

 

Northwest California 

Perhaps the most famous example of a cloud-connected coastal ecosystem is that of the iconic coast 

redwood, whose natural distribution is restricted to a narrow (~31 mile, 50 km) belt from approximately 

42 °N to 36°N along the northeast Pacific Rim.
1479

 The latitudinal limits of the coast redwood distribution 

correspond approximately to the 35% fog threshold at both northern and southern ecotones.
1480

 This result 

supports the long-suspected relationship between coastal fog frequency and the modern coast redwood 

distribution.
1481

 Quaternary pollen evidence shows severe reductions in redwood populations during 

glacial periods when coastal upwelling may have been reduced.
1482

 Today, alluvial flats in west-draining 

canyons provide the prime habitat for the oldest and tallest redwood trees, and significant populations also 

occupy low-elevation coastal hillslopes and ridgetops.
1483

  

                                                      
1477

 Verbatim from Shafer et al. (2010, p.176) 
1478

 Verbatim from Shafer et al. (2010, p.176-177). Shafer et al. cite Long et al. (1998) for information from Little 

Lake and Long & Whitlock (2002) for information from Taylor Lake. 
1479

 Verbatim from Johnstone & Dawson (2010, p. 4533) 
1480

 Verbatim from Johnston & Dawson (2010, p. 4534) 
1481

 Verbatim from Johnston & Dawson (2010, p. 4534) 
1482

 Verbatim from Johnstone & Dawson (2010, p. 4533). Johnstone & Dawson cite Barron et al. (2003) and Heusser 

(1998) for information on redwood populations during glacial periods and Herbert et al. (2001) and Ortiz & Mix 

(1997) for information on reduced coastal upwelling. 
1483

 Verbatim from Johnstone & Dawson (2010, p. 4533) 

Figure 44. The distributionof 

dominant tree species in Oregon as 

modeled using the gradient nearest 

neighbor (GNN) method. Data: 

GNN Vegetation Imputations 

(LEMMA Laboratory, USFS PNW 

Research Station, Corvallis, 

Oregon); Ecological Systems 

(Oregon Institute for Natural 

Resources, Oregon State 

University); Development Zone 

Study (Resource Planning Program, 

Oregon Department of Forestry). 

(Figure: R. T. Pelltier, USGS) 

Source: Reproduced from Shafer et 

al. (2010, Figure 5.2, p. 177) by 

authors of this report. 
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Future Projections 

Western North America 

Gray & Hamann (2013) applied a bioclimate envelope model (Box 5) that tracks habitat of individual 

populations to estimate adaptational lags (i.e., the difference between a population’s current habitat and 

the assumed optimal climate habitat) for 15 wide-ranging forest tree species in western North America 

(2020s, 2050s, and 2080s vs. 1961-1990 run with CGCM, CSIRO2, HADCM3, ECHAM4, and PCM 

under A1F1, A2, B1, and B2).
1484

 Projected latitudinal or elevation shifts for western North America on 

average double for the 2020s, and double again for the 2050s compared to habitat shifts for the 1997-2006 

observed climate:
1485

 

 For the 2020s, shifts are 193 miles (310 km) north and 459 feet (140 meters, m) in elevation.
1486

 

Average standard deviations across all populations for northward shifts are 76.4 miles (123 km) 

and for elevation shifts are 177 feet (54 m).
1487

 

 For the 2050s, shifts are 367 miles (590 km) north and 853 feet (260 m) in elevation.
1488

 Average 

standard deviations across all populations for northward shifts are 155 miles (249 km) and for 

elevation shifts are 361 feet (110 m).
1489

 Northern and coastal populations of tree species are 

projected to experience large geographic lags.
1490

 For example, populations of yellow cedar, Sitka 

spruce, Pacific silver fir, western hemlock, and western redcedar would be affected (Table 25).
1491

 

For the 2080s, Gray & Hamann (2013) do not report northward and elevation shifts across populations. 

Standard deviations for the 2080s are very large at the population level and even at the species level.
1492

 

Coops & Waring (2011b) also evaluated the extent that conditions have become more or less suitable for 

each of 15 tree species, first over a transitional interval from 1976 to 2006, and then at 30-year intervals 

(i.e., 2020s, 2050s, 2080s vs. 1950-1975) to the end of the 21
st
 century based on projections for the A2 

and B1 emission scenarios from the CGCM3 (Figure 45).
1493

 Specific results include: 

 Douglas-fir, western hemlock, whitebark pine, and western red cedar are all predicted to expand 

their individual ranges, potentially, beyond 308,882 square miles (800,000 km
2
) before the end of 

                                                      
1484

 Nearly verbatim from Gray & Hamann (2013, p. 289) 
1485

 Nearly verbatim from Gray & Hamann (2013, p. 298). Gray & Hamann refer the reader to Figure 3 in the cited 

article for this information. 
1486

 Gray & Hamann (2013, p. 298) 
1487

 Nearly verbatim from Gray & Hamann (2013, p. 298) 
1488

 Gray & Hamann (2013, p. 298) 
1489

 Nearly verbatim from Gray & Hamann (2013, p. 298) 
1490

 Nearly verbatim from Gray & Hamann (2013, p. 298) 
1491

 Verbatim from Gray & Hamann (2013, p. 298). Gray & Hamann refer the reader to Table 4 in the cited article 

for this information. 
1492

 Verbatim from Gray & Hamann (2013, p. 298). Gray & Hamann refer the reader to Figure 1 and Online 

Resources 1d-15d in the cited article for this information. 
1493

 Nearly verbatim from Coops & Waring (2011b, p. 2122). Coops & Waring refer the reader to Table 1 in the 

cited article for a list of the 15 species. 
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the century.
1494

 These widely distributed species, with the exception of whitebark pine, are 

projected to maintain most or all of their originally defined ranges.
1495

  

 Of the species investigated, only ponderosa pine and lodgepole pine are predicted to occupy 

smaller total areas near the end of the century than they now do.
1496

 

  

                                                      
1494

 Verbatim from Coops & Waring (2011b, p. 2126) 
1495

 Verbatim from Coops & Waring (2011b, p. 2126). Coops & Waring refer the reader to Figure 6b in the cited 

article for this information. 
1496

 Verbatim from Coops & Waring (2011b, p. 2126) 

Box 5. Niche- and Process-based Modeling. 

Niche- and process-based models are used to project the possible future range, distribution, abundance, 
and/or other characteristics of individuals, species, and/or populations based on existing data.  

Niche-based models, also known as (bio)climatic envelope models or predictive habitat distribution 
models, statistically relate the geographic distribution of species or communities to their current 
environment. They establish statistical or theoretical relationships between environmental predictors, 
especially climate data, and observed species distributions. Examples of niche-based models or techniques 
include generalized linear and additive models, MaxEnt, and Random Forest. 

Species-specific process-based models, on the other hand, model the response of an individual or 
population to environmental conditions by incorporating data on biological processes obtained from 
observational datasets on individuals in natural populations. Examples of process-based models include 
gap, landscape, or fitness-based models. 

Where niche-based models are static and probabilistic, process-based models are dynamic and mechanistic. 
Each approach has strengths and limitations, which are discussed in the literature. See for example: 

 Morin, X., and W. Thuiller. (2009). Comparing niche- and process-based models to reduce prediction 
uncertainty in species range shifts under climate change. Ecology. 90(5): 1301-1313.  

 Guisan, A. and N. E. Zimmerman. (2000). Predictive habitat distribution models in ecology. Ecological 
Modelling. 135: 147-186. 

 Price, K., and D. Daust. (n.d.). Forested Ecosystems. In: A Climate Change Vulnerability Assessment for 
British Columbia’s Managed Forests. 11 pp.  

 Robinson, D.C.E., Beukema, S.J., and L.A. Greig. (2008). Vegetation models and climate change: workshop 
results. Prepared by ESSA Technologies Ltd., for Western Wildlands Environmental Threat Assessment 
Center, USDA Forest Service, Prineville, OR. 50 pp.  

Note: This report also presents results from dynamic global vegetation models (DGVMs), which simulate vegetation at a 
particular location by using submodels for photosynthesis, plant carbon balance, and other factors. Morin & Thuiller (2009) 
briefly discuss the strengths and limitations of DGVMs. 

Sources: Guisan & Zimmerman (2000); Morin & Thuiller (2009); Price & Daust (n.d.); Robinson, Beukema & Greig 
(2008) 
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Table 25. Northward and elevation shift of suitable habitat for 9 tree populations found in the NPLCC region 

relative to the 1961-1990 reference projection, averaged over 18 climate change scenarios. Elevation change is 

reported at constant latitude, and latitudinal change is reported at constant elevation. For seed transfer, these values 

represent maximum limits for a latitudinal or elevation transfer. 

Species Region* 

1997-2006 shifts 2020s shifts 2050s shifts 

North 

miles (km) 

Elevation 

feet (m) 

North 

miles (km) 

Elevation 

feet (m) 

North 

miles (km) 

Elevation 

feet (m) 

Douglas-fir 

Mid Coast 
87.6 

(141) 

203 

(62) 

150 

(242) 

348 

(106) 

332 

(535) 

771 

(235) 

Mid Coast 

Mountains 

55 

(88) 

128 

(39) 

102 

(164) 

236 

(72) 

259 

(417) 

600 

(183) 

South Coast 
47 

(75) 

108 

(33) 

236 

(380) 

548 

(167) 

338 

(544) 

784 

(239) 

Engelmann 

spruce 

Mid Coast 

Mountains 

19 

(31) 

46 

(14) 

121 

(195) 

282 

(86) 

248 

(399) 

577 

(176) 

Lodgepole pine 
Mid Coast 

Mountains 

70.2 

(113) 

164 

(50) 

162 

(260) 

374 

(114) 

355 

(571) 

823 

(251) 

Pacific silver fir 

Mid Coast 
109 

(175) 

253 

(77) 

166 

(267) 

387 

(118) 

338 

(544) 

784 

(239) 

North Coast 
134 

(215) 

312 

(95) 

201 

(323) 

466 

(142) 

459 

(739) 

1066 

(325) 

Sitka spruce 

Mid Coast 
47 

(75) 

108 

(33) 

59 

(95) 

138 

(42) 

167 

(268) 

387 

(118) 

North Coast 
97.6 

(157) 

226 

(69) 

220 

(354) 

512 

(156) 

518 

(834) 

1204 

(367) 

Western hemlock 

Mid Coast 
83.9 

(135) 

194 

(59) 

113 

(182) 

262 

(80) 

259 

(417) 

604 

(184) 

North Coast 
98.8 

(159) 

230 

(70) 

227 

(366) 

528 

(161) 

532 

(856) 

1237 

(377) 

Western redcedar 

Mid Coast 
96.3 

(155) 

223 

(68) 

158 

(254) 

367 

(112) 

353 

(568) 

820 

(250) 

North Coast 
79.5 

(128) 

184 

(56) 

204 

(328) 

476 

(145) 

468 

(753) 

1086 

(331) 

Western white 

pine 

Mid Coast 

Mountains 

7.5 

(12) 

16 

(5) 

91.3 

(147) 

213 

(65) 

244 

(392) 

564 

(172) 

Yellow cedar 

Mid Coast 
43 

(70) 

102 

(31) 

163 

(262) 

377 

(115) 

320 

(515) 

745 

(227) 

North Coast 
95.1 

(153) 

223 

(68) 

231 

(371) 

535 

(163) 

516 

(830) 

1198 

(365) 

*North Coast refers to B.C.’s coastal western hemlock and mountain hemlock zone north of 51° latitude, and the 

U.S. Alaskan panhandle. North Coast Mountains refers to B.C.’s Engelmann spruce-subalpine fir and interior 

cedar-hemlock zones north of 51° latitude. Mid Coast refers to B.C.’s coastal western hemlock, coastal Douglas-fir, 

and mountain hemlock zones south of 51° latitude as well as the U.S.’s Coast Range and Puget Lowlands Level III 

natural regions. Mid Coast Mountains refers to B.C.’s Engelmann spruce-subalpine fir and interior cedar-hemlock 

zones south of 51° latitude as well as the U.S.’s Cascades and North Cascades Level III natural regions. South 

Coast refers to the southern and central California chaparral and oak woodlands Level III natural regions. South 

Coast Mountains refers to the U.S.’s Klamath Mountains, southern California mountains, and the Sierra Nevada 

Level III natural regions. Region descriptions are acquired from Table 3 in Gray & Hamann (2013, p. 297). 

Source: Modified from Gray & Hamann (2013, Table 4, p. 299) by authors of this report. 
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In a modeling study of projected future 

changes in vegetation across western North 

America (2070-2099 vs. 1961-1990; CESM 

run with its DGVM under A2), the findings 

suggest a potential for a widespread shift from 

tree-dominated landscapes to shrub- and grass-

dominated landscapes because of future 

warming and consequent increases in water 

deficits.
1497

 Specific projections include: 

 Western North America: There is a 

broad consensus across the different climate 

trajectories simulated in the ensemble for a 

decrease (from an average of 25% in 2005 to 

an average of 11% in 2100) in needleleaf 

evergreen tree coverage and an increase (from 

an average of 11% in 2005 to an average of 

25% in 2100) in shrubs and grasses beginning 

around the year 2030.
1498

 

 Northwestern North America: An 

analysis of changes in spatial coverage 

indicates that the area covered by the 

needleleaf evergreen tree plant functional type 

(i.e., temperate and boreal tree types with 

temperature of coldest month above -2.2 °F, -

19 °C and growing degree days exceeding 

1200) shrinks and is partially replaced by 

shrubs or grasses between 40° and 59 °N.
1499

 

The results indicate that heat stress mortality is 

responsible for about 70% of projected loss of 

needleleaf evergreen trees.
1500

 More specifically, by the end of 2099 (vs. 2005), about 24 grid 

cells (or 30% of grid cells) are projected to exceed the heat stress mortality threshold in the 

simulations.
1501

 Correspondingly, about 20% (or 7 grid cells) of the needleleaf evergreen tree grid 

cells, which are defined when there is greater than or equal to 1% needleleaf evergreen tree 

coverage, are projected to experience a 20% or more loss of needleleaf evergreen trees.
1502

 

                                                      
1497

 Nearly verbatim from Jiang et al. (2013, p. 3671)  
1498

 Verbatim from Jiang et al. (2013, p. 3679) 
1499

 Nearly verbatim from Jiang et al. (2013, p. 3678). Jiang et al. refer the reader to Figure 5b in the cited article for 

this information. 
1500

 Nearly verbatim from Jiang et al. (2013, p. 3679) 
1501

 Nearly verbatim from Jiang et al. (2013, p. 3679) 
1502

 Nearly verbatim from Jiang et al. (2013, p. 3679). Jiang et al. refer the reader to Figure 5d in the cited article for 

this information. 

Figure 45. Predicted changes in species’ ranges over the 

rest of th 21
st
 century expressed in (a) area, and (b) as a 

percentage of the historical range maintained. 

Note: Species codes are Douglas-fir (DF), Engelmann 

spruce (ENG), grand fir (GF), lodgepole pine (LPP), 

mountain hemlock (MH), noble fir (NF), ponderosa pine 

(PP), Pacific silver fir (PSF), subalpine fir (SAF), Sitka 

spruce (SS), western hemlock (WH), western larch (WL), 

whitebark pine (WP), western redcedar (WRC), and yellow-

cedar (YC). 

Source: Reproduced from Coops & Waring (2011b, Figure 

7, p. 2127) by authors of this report. 
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The analysis of the climatic controls on vegetation growth in Jiang et al.’s (2013) model suggests that heat 

stress resulting from projected temperature increase is the dominant driver of the simulated decrease in 

needleleaf evergreen tree coverage over western North America.
1503

 In addition, the indirect effects of 

increased evaporative demand (and associated stomatal closure) and the longer duration of snow-free 

periods as a result of earlier and faster snowmelt also appear to be associated with model projected 

vegetation changes.
1504

 

In a similar modeling study of the effects of fire suppression and CO2 emissions on vegetation and carbon 

stocks, in the West (i.e., west of the eastern border of Colorado) there was widespread conversion of 

shrubland to woodland and woodland to forest with suppressed fire (2071-2100 vs. 1961-1990; Canadian 

CGCM2, UK HADCM3, and Australian CSIRO Mk2 simulated by MC1 DGVM and run with A2 and 

B2).
1505

 As in the results for unsuppressed fire, there were only subtle differences in the simulated future 

vegetation type distributions due to the CO2 emission level.
1506

 The most prominent change in vegetation 

distribution under the future climate with unsuppressed fire was the widespread expansion of 

woodland/savanna both in the Southeast, where it replaced forest, and in the interior West, where it 

replaced shrubland.
1507

 Other notable features were a near complete loss of alpine and subalpine forest 

vegetation to temperate forest types, a northward shift of forest-type boundaries in the East, and a 

consequent reduction in the extent of cool mixed forest in the Northeast.
1508

 

In an earlier modeling study, all but three biome types (barren, desert, and warm mixed forest) showed 

very high sensitivity to the experimental prescription (560 ppm vs. 280 ppm using the RegCM2.5 climate 

model and BIOME4 vegetation model), as changes created by elevated CO2 levels were combined with 

the effects of CO2-induced regional climate change.
1509

 The very high overall sensitivity was due in large 

part to the expansion of temperate conifer forest, primarily at the expense of cool mixed forest, temperate 

xerophytic (i.e., adapted to a dry environment) shrubland, open conifer woodland, and temperate 

grassland.
1510

 Expansion of temperate conifer forest occurred primarily along the northern Pacific coast, 

as well as in central and southern Arizona.
1511

 Temperate grassland was replaced almost entirely along the 

Pacific Coast, but expanded dramatically in the northeast quadrant of the domain (southern Idaho, 

northern Nevada and Utah).
1512

 

                                                      
1503

 Verbatim from Jiang et al. (2013, p. 3682) 
1504

 Verbatim from Jiang et al. (2013, p. 3682) 
1505

 Nearly verbatim from Lenihan et al. (2008b, p. 20) 
1506

 Verbatim from Lenihan et al. (2008b, p. 21). Lenihan et al. refer the reader to Figures 4 B vs. C, and 5 in the 

cited article for this information. 
1507

 Verbatim from Lenihan et al. (2008b, p. 19). Lenihan et al. refer the reader to Figures 3B,C and 5 in the cited 

article for this information. 
1508

 Verbatim from Lenihan et al. (2008b, p. 19) 
1509

 Nearly verbatim from Diffenbaugh et al. (2003, p. 8-9). Diffenbaugh et al. refer the reader to Table 5 in the cited 

article for this information. 
1510

 Nearly verbatim from Diffenbaugh et al. (2003, p. 9). Diffenbaugh et al. refer the reader to Table 5 in the cited 

article for this information. 
1511

 Verbatim from Diffenbaugh et al. (2003, p. 9). Diffenbaugh et al. refer the reader to Figure 2d in the cited article 

for this information. 
1512

 Nearly verbatim from Diffenbaugh et al. (2003, p. 9) 
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In an assessment of the potential impacts of a changing climate on western larch, projections of the 

contemporary climate profile into the climates of the future portray different impacts on western larch 

(i.e., 2030, 2060, and 2090 vs. 1961-1990 run with CCCMA CGCM3 under A2 and B1, UKMO Had 

CM3 under A2 and B2, and GFDL CM2.1 under A2 and B1).
1513

 However, the six projections that 

Rehfeldt & Jaquish et al. (2010) use agree that the 2030 climates suitable for western larch should be 

concentrated in four geographic regions, one of which (insert D in the B.C. Coast Mountains) is largely 

beyond the distribution of today (Figure 46).
1514

 By 2060, the concurrence would be greatly reduced, with 

the only areas of unanimity restricted to a few valley locations in the Coast Mountains.
1515

 

 

 

 

                                                      
1513

 Nearly verbatim from Rehfeldt & Jaquish (2010, p. 292). Rehfeldt & Barry refer the reader to Table 2 and 

Figure 4 in the cited article for this information. 
1514

 Nearly verbatim from Rehfeldt & Jaquish (2010, p. 292). Rehfeldt & Barry refer the reader to Figure 5 in the 

cited article for this information. 
1515

 Verbatim from Rehfeldt & Jaquish (2010, p. 292) 

Figure 46. Mapped climate profile of western larch projected for the decade surrounding 2030 (left) and 2060 

(right) superimposed for the three GCMs and two scenarios. Coloring codes the number of projections 

agreeing that the climate should be suitable.  

Source: Reproduced from Rehfeldt & Jaquish (2010, Figure 5, p. 296) by authors of this report. 
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In a modeling study of potential future changes in Douglas-fir habitat and productivity, by 2090, the 

amount of potential Dougals-fir habitat is projected to change little in terms of area (-4%; 2030, 2060, and 

2090 vs. 1961-1990 run with CGCM under A2).
1516

 However, the habitat is expected to shift from coastal 

areas of North America to the interior (Figure 47).
1517

 Specific results for 2030, 2060, and 2090 include: 

 2030 and 2060: Based on CGCM projections, the total potential Douglas-fir habitat is expected 

to increase by 10% and 21% in the decade surrounding 2030 and 2060, respectively, when 

compared to the amount of current habitat.
1518

  

 2090: However, the amount of total potential Douglas-fir habitat should decrease by 4% in 2090 

when compared to the amount of current habitat.
1519

 Overall, only 40% of the potential Douglas-

fir habitat in 2090 will overlap with current habitat.
1520

 

Southcentral and Southeast Alaska 

Two common conifers in southeastern Alaska, Sitka spruce and western hemlock, are expected to move 

upslope as the climate warms.
1521

 Mountain hemlock, which grows at elevations above Sitka spruce and 

western hemlock but below tundra, also will move upslope, and may eventually disappear as predicted for 

British Columbia.
1522

 Mountain hemlock also occurs in wetlands and may persist there while being 

extirpated in other locations.
1523

 

In a modeling study using the dynamic global vegetation model MC1, the temperate and maritime 

coniferous forests found in southcentral and southeast Alaska are projected to expand by 2090-2100 

(compared to 1922-1996 under two climate change scenarios, CGCM1 and HADCM2SUL): 

 As both the minimum mean monthly temperature (MMT) and the continental index (maximum 

MMT – minimum MMT) increase, temperate coniferous forests greatly expand across the 

southern half of the state at the expense of the heat-limited tundra and the boreal forests, which 

are constrained by a minimum MMT of 3.2 °F (-16 °C), to cover 36% of the total area.
1524

  

 Maritime coniferous forests also expand in regions where the continental index remains below 

59 °F (15 °C).
1525

 

 Note: Scenarios were based on greenhouse gas experiments with sulfate aerosols from the 

Canadian Climate Center (CGCM1) and the Hadley Centre (HADCM2SUL).
1526

  

                                                      
1516

 Nearly verbatim from Weiskittel et al. (2012, p. 70) 
1517

 Verbatim from Weiskittel et al. (2012, p. 70) 
1518

 Verbatim from Weiskittel et al. (2012, p. 73-74). Weiskittel et al. refer the reader to Table 2 in the cited article 

for this information. 
1519

 Verbatim from Weiskittel et al. (2012, p. 74) 
1520

 Verbatim from Weiskittel et al. (2012, p. 74) 
1521

 Verbatim from Kelly et al. (2007, p. 52) 
1522

 Verbatim from Kelly et al. (2007, p. 52). Kelly et al. cite Hamann & Wang (2006) for this information. 
1523

 Verbatim from Kelly et al. (2007, p. 52) 
1524

 Verbatim from Bachelet et al. (2005, p. 2251). Bachelet et al. refer the reader to Figures 4 and 5 in the cited 

article for this information. 
1525

 Verbatim from Bachelet et al. (2005, p. 2251) 
1526

 Nearly verbatim from Bachelet et al. (2005, p. 2246). Bachelet et al. cite Mitchell et al. (1995) and Johns et al. 

(1997) for information on HADCM2SUL. 
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Those conditions (i.e., longer growing seasons with warmer temperatures) will favor more rapid 

decomposition and a transition of bog and forested wetlands to more productive forests with larger stature 

trees.
1527

 New habitats will be colonized by plants as glaciers recede and inter-tidal areas are uplifted.
1528

 

 

Figure 47. Predicted current and future distribution of Douglas-fir potential habitat based on the developed random 

forest model and the Canadian Center for Climate Modeling and Analysis general circulation model under the A2 

emissions scenario. Green: current and predicted habitat, red: losses in habitat.  

Source: Reproduced from Weiskittel et al. (2012, Figure 2, p. 73) by authors of this report. 

                                                      
1527

 Nearly verbatim from Kelly et al. (2007, p. 51) 
1528

 Verbatim from Kelly et al. (2007, p. 51) 
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Murphy et al. (2010) projected spatial shift in potential biomes for three future periods: 2030-2039, 2060-

2069, and 2090-2099.
1529

 Climate data inputs were all based on the midrange (A1B) emissions scenario 

for the Scenarios Network for Alaska Planning (SNAP’s) Composite GCM, and included mean monthly 

temperatures and precipitation for the months of June and December for the decades 2000-2009, 2030-

2039, 2060-2069, and 2090-2099.
1530

 Figure 48 shows results from 2090-2099. 

By 2069, projections indicate marked northward shifts, almost complete change in western coastal 

regions, and some Canadian biomes moving in from the east.
1531

 It is important to note that these shifts 

represent potential rather than actual biome shift, since in many cases it is unconfirmed that seed 

dispersal, soil formation, and other functional changes could occur at the same rate as climate change 

(emphasis in original).
1532

 In addition, much of southeast Alaska may be in the process of shifting from 

North Pacific Maritime to Canadian Pacific Maritime—again, as constrained by functional barriers (Box 

6).
1533

  

The model suggests that two-thirds of Alaska will experience a potential biome shift in climate this 

century, although shifts are occurring at temporally and spatially different rates across the landscape.
1534

 

The three most southern biomes (Boreal Transition, Aleutian Islands, and North Pacific Maritime) were 

the only biomes with climate envelopes that occur in greater distribution through the next century.
1535

 

Using Marxan, Murphy and colleagues find that, in general, the Boreal Transition, Aleutian, and Northern 

Pacific Maritime regions in the southeast portions of the state are more likely to be resilient to change 

(Figure 49).
1536

 

A similar and more recent study to identify potential ecological refugia and areas of greatest and least 

change has been conducted for Alaska. The study uses cliomes instead of biomes in the assessment; a 

cliome is a broadly defined region of temperature and precipitation patterns that reflect assemblages of 

species and vegetation communities (biomes) that occur or might be expected to occur based on linkages 

with climate conditions.
1537

 However, these results are not included here because the authors of the study 

note the cliome covering southcentral and southeast Alaska (Cliome 17) is “effectively locked on the 

landscape…because our clustering region and clustering methodology did not offer an alternate cluster 

similar enough to capture the expected change.”
1538

 

                                                      
1529

 Murphy et al. (August 2010, p. 14) 
1530

 Nearly verbatim from Murphy et al. (August 2010, p. 14) 
1531

 Verbatim from Murphy et al. (August 2010, p. 21) 
1532

 Verbatim from Murphy et al. (August 2010, p. 21) 
1533

 Verbatim from Murphy et al. (August 2010, p. 21) 
1534

 Verbatim from Murphy et al. (August 2010, p. 21) 
1535

 Nearly verbatim from Murphy et al. (August 2010, p. 21) 
1536

 Nearly verbatim from Murphy et al. (August 2010, p. 29) 
1537

 Nearly verbatim from SNAP & EWHALE Lab (2012, p. 8) 
1538

 SNAP & EWHALE Lab (2012, p. 37) 
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Figure 48. Projected potential biomes for 2090-2099. The Arctic, Alaska Boreal, and Western Tundra biomes are all 

greatly diminished, in favor of the Montane Cordillera and Boreal Transition. In addition, nearly half of southeast 

Alaska has shifted from North Pacific Maritime to the Canadian Pacific Maritime. Source: Reproduced from 

Murphy et al. (2010, Fig. 7, p. 19) by authors of this report.  

 

Box 6. Vegetation in the North Pacific Maritime and Canadian Pacific Maritime 
regions. 

Alaska’s North Pacific Maritime biome extends along the north and east shores of the Gulf of Alaska. 
Old-growth forests of Sitka spruce, hemlock, and cedar are found in the Alexander Archipelago. 
Hemlock extends to the end of the Kenai Peninsula, while cedar extends to Prince William Sound. 
Wetlands are found throughout the region. As elevation increases, upper forests are replaced by a 
narrow subalpine zone of alder and herbaceous meadow. Alpine tundra and bedrock or ice are found at 
the highest elevations. 

Canada’s Pacific Maritime Ecozone includes the mainland Pacific coast and offshore islands of British 
Columbia. Mixtures of western red cedar, yellow cedar, western hemlock, Douglas-fir, amabilis fir, 
mountain hemlock, Sitka spruce, and alder comprise the region’s temperate coastal forests. Amabilis fir 
is more common in the north, and Douglas-fir is found largely in the extreme southern portion of the 
ecozone. Ecosystems range from low-elevation coastal rainforest (mild, humid) to higher-elevation, cool 
boreal and alpine conditions. Mountain hemlock tends to populate higher elevations.  

Source: Murphy et al. (2010, p. 65-66, 68-69) 
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Figure 49. Biome refugia. Areas shaded in yellow are projected to see no change in potential biome by the end of 

the twenty-first century. Thus, these regions may be more ecologically resilient to climate change and may serve as 

refugia for species assemblages from each biome. Source: Reproduced from Murphy et al. (2010, Fig. 11. p. 25) by 

authors of this report.  

 

Western British Columbia 

Modelling of anticipated climate change suggests that B.C.′s forest types will change during this century, 

and that grasslands will expand considerably into areas that are currently forested.
1539

 Climax species (i.e., 

late seral or late successional species, those species found in a biological community that has reached a 

steady state and will remain unchanged unless disturbed) that are not good colonizers, species with short-

distance seed dispersal (for example, among B.C. trees, ponderosa pine, Douglas-fir, western white pine, 

and true fir species), and small local populations (subalpine larch, yellow-cedar, and limber pine) will 

probably be least successful at migration in the short term.
1540

  

In contrast, individuals of highly plastic species can tolerate a wide range of environments and may be 

less sensitive to climate change.
1541

 Western redcedar, B.C.’s provincial tree, could expand its range 

significantly in the Kootenays, the central interior, and on the north coast, but could also suffer 

widespread decline in south coastal B.C. generally.
1542

 

In a study projecting future ecosystem climate niches for three future time periods (2020s, 2050s, 2080s; 

vs. 1961-1990) using the Random Forests model, vulnerability to a changing climate was projected to 

differ substantially among ecosystems (multiple GCMs run with A1, A1B or B2) (Figure 50).
1543

 High-

elevation (Boreal Altai Fescue Alpine, Interior Mountain-heather Alpine, Montane Spruce) and sub-

                                                      
1539

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 32) 
1540

 Nearly verbatim from Pojar (2010, p. 34) 
1541

 Verbatim from Pojar (2010, p. 34) 
1542

 Nearly verbatim from Pojar (2010, p. 29). Pojar cites Wilson & Hebda (2008) for this information. 
1543

 Nearly verbatim from Wang et al. (2012, p. 9). Wang et al. refer the reader to Table 5 and Figure 4 in the cited 

article for this information. 
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boreal ecosystems (Sub-Boreal Pine – Spruce, Sub-Boreal Spruce, Spruce-Willow-Birch) were most 

vulnerable and over 80% of the area covered by their climate envelopes was projected to be lost by the 

end of the century.
1544

 The extent of low elevation boreal (Boreal White and Black Spruce) and coastal 

(Coastal Western Hemlock and Coastal Douglas-fir) ecosystems was projected to remain relatively 

unchanged.
1545

 Substantial expansion of the geographic area with suitable climate for Douglas-fir in future 

periods was projected.
1546

 Such expansions were projected to occur throughout coastal and southern BC, 

resulting in doubling of the total area potentially suitable for this species at the end of the century (Figure 

51).
1547

 

Confidence in these consensus projections about future ecosystem climate niche distribution varied over 

time and space.
1548

 Consensus was moderate to strong in the 2020s, with agreement on projected 

ecosystem averaging 66% across all pixels.
1549

 By the 2080s, projections became less certain with average 

consensus of projected ecosystem for a pixel declining to 51%.
1550

 Future ecosystem climate niches were 

projected with greatest confidence in northeast BC and along parts of the coast.
1551

 Specific results for the 

NPLCC region are available for the projected shifts in climate habitat (Table 26) and elevation and 

northward shift (Table 27). 

Worst-case scenarios are becoming the most likely (5.4 to 9 °F, 3 to 5°C in 70 to100 years), forcing a 

shift of today’s ecological zones (or rather, the climate envelopes for such zones) a predicted ~2952 to 

4921 feet (900 to 1500 meters) up in elevation and ~280 to 466 miles (450 to 750 km) north.
1552

 The rate 

of projected climate envelope shifts is estimated to be at least ~25 miles per decade (40 km/decade).
1553

 

Suitable habitats will shift too fast for many species to keep up, or to compensate through dispersal and 

migration.
1554

 General predicted changes in the zonal climate envelopes relevant for western British 

Columbia include the following (refer to Figure 43 for current biogeoclimatic zones):
1555

 

 A general shift of zones from the southern to the northern half of B.C.
1556

  

 A major expansion northward and upslope of dry non-forest (grasslands, shrub-steppe) and dry 

forest zones (especially in the interior but also on the south coast).
1557

 

 A massive expansion of moist coastal and interior conifer forest zones upslope and north at the 

expense of subalpine and sub-boreal spruce zones.
1558

 

 A near disappearance of northern subalpine/subarctic spruce-willow-birch bioclimates.
1559

 

                                                      
1544

 Verbatim from Wang et al. (2012, p. 9-10) 
1545

 Verbatim from Wang et al. (2012, p. 10) 
1546

 Nearly verbatim from Wang et al. (2012, p. 10). Wang et al. refer the reader to Figure 9 in the cited article for 

this information. 
1547

 Verbatim from Wang et al. (2012, p. 10) 
1548

 Verbatim from Wang et al. (2012, p. 10). Wang et al. refer the reader to Figures 7a-7c in the cited article. 
1549

 Verbatim from Wang et al. (2012, p. 10) 
1550

 Verbatim from Wang et al. (2012, p. 10) 
1551

 Verbatim from Wang et al. (2012, p. 10) 
1552

 Nearly verbatim from Pojar (2010, p. 18) 
1553

 Nearly verbatim from Pojar (2010, p. 18) 
1554

 Verbatim from Pojar (2010, p. 18) 
1555

 Nearly verbatim from Pojar (2010, p. 18) 
1556

 Verbatim from Pojar (2010, p. 18) 
1557

 Verbatim from Pojar (2010, p. 18) 
1558

 Verbatim from Pojar (2010, p. 18) 



 

 
195 

 A shrinking of alpine tundra ecosystems and disappearance of alpine “islands” as woody 

ecosystems (subalpine forests and shrublands) shift up in elevation.
1560

 Some of the worst-case 

scenarios project subalpine conditions into much of the province’s alpine environment.
1561

  

 Large diebacks of trees, including further diebacks of aspen, paper birch, ponderosa pine, and 

whitebark pine, are expected due to drought and drought-facilitated insect, disease and fire 

damage.
1562

 

                                                                                                                                                                           
1559

 Verbatim from Pojar (2010, p. 18) 
1560

 Verbatim from Pojar (2010, p. 18) 
1561

 Verbatim from Pojar (2010, p. 18). Pojar cites Vyse & Simard (2009) for this information. 
1562

 Nearly verbatim from Pojar (2010, p. 18) 

Figure 50. Geographic distributions of ecological zones currently mapped (a), predicted (1961-1990) (b), and their 

projected climate envelopes for current (2001-2009) (c), 2020s (d), 2050s (e), and 2080s (f) based on consensus 

predictions with the best-model agreement among 20 selected climate change scenarios.  

Source: Reproduced from Wang et al. (2012, Figure 4) by authors of this report. 

Note: Ecological zones in the NPLCC region include the Coastal Western Hemlock (CWH, dark green), Mountain 

Hemlock (MH, light purple), Engelmann Spruce – Subalpine Fir (ESSF, dark purple), Coastal Douglas-fir (CDF, 

yellow), Sub-Boreal Spruce (SBS, dark blue), and Coastal Mountain-heather Alpine (CMA, lightest gray).  
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Table 26. Predicted shifts in climate envelopes for ecological zones for the current (2001-2009) and projected shifts 

based on the consensus among the 20 selected climate change scenarios and three future periods 2020s (2011-2040), 

2050s (2041-2070) and 2080s (2071-2100) relative to the reference period (1961-1990). 

Ecosystem Zone 
Loss, gain, and change of climate habitat* (%) 

 Current 2020s 2050s 2080s 

Coastal Western 

Hemlock (CWH) 

Loss -5 -2 0 -2 

Gain +13 +24 +40 +71 

Change +8 +22 +40 +69 

Mountain Hemlock 

(MH) 

Loss -23 -33 -70 -74 

Gain +30 +29 +63 +62 

Change +7 -4 -7 -12 

Engelmann Spruce – 

Subalpine Fir (ESSF) 

Loss -21 -34 -59 -74 

Gain +27 +15 +38 +41 

Change +6 -19 -21 -33 

Coastal Douglas-fir 

(CDF) 

Loss -5 -15 -19 -22 

Gain +24 +14 +16 +41 

Change +19 -1 -3 +19 

Coastal Mountain-

heather Alpine (CMA) 

Loss -18 -29 -60 -60 

Gain +29 +13 +15 +15 

Change +11 -16 -45 -45 

Sub-boreal Spruce (SBS) 

Loss -31 -19 -52 -80 

Gain +21 +30 +37 +36 

Change -10 +11 -15 -44 

* Loss indicates the percent decrease in area of a mapped zone due to pixels that now have or are projected in the 

future to have climates outside of the climatic envelope of that zone. Gain indicates the percent increase in area of a 

zone due to pixels mapped in other zones that have climates that fall within the climatic envelope of the zone. 

Source: Modified from Wang et al. (2012, Table 5, p. 24) by authors of this report. 

 

Table 27. Predicted elevation and northward shifts in climate envelopes for ecological zones for the current (2001-

2009) and projected shifts based on the consensus among the 20 selected climate change scenarios and three future 

periods 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100) relative to the reference period (1961-1990). 

Ecosystem Zone 

Elevation Shift 

Feet (meters) 

Northward Shift 

Miles (kilometers) 

Current 2020s 2050s 2080s Current 2020s 2050s 2080s 

Coastal Western 

Hemlock (CWH) 

161 

(49) 

344 

(105) 

627 

(191) 

1060 

(323) 

4 

(7) 

11 

(18) 

22 

(36) 

43 

(69) 

Mountain Hemlock 

(MH) 

82 

(25) 

577 

(176) 

938 

(286) 

1493 

(455) 

34 

(54) 

17 

(28) 

34 

(55) 

47 

(75) 

Engelmann Spruce – 

Subalpine Fir (ESSF) 

-49 

(-15) 

338 

(103) 

390 

(119) 

404 

(123) 

64.6 

(104) 

34 

(54) 

108 

(174) 

173 

(278) 

Coastal Douglas-fir 

(CDF) 

30 

(9) 

52 

(16) 

79 

(24) 

420 

(128) 

3 

(5) 

2 

(-3) 

4 

(-6) 

6 

(10) 

Coastal Mountain-

heather Alpine (CMA) 

49 

(15) 

295 

(90) 

469 

(143) 

682 

(208) 

9.9 

(16) 

33 

(53) 

58 

(94) 

85.7 

(138) 

Sub-boreal Spruce (SBS) 
69 

(21) 

154 

(47) 

331 

(101) 

505 

(154) 

17 

(27) 

11 

(18) 

39 

(63) 

90.1 

(145) 

Source: Modified from Wang et al. (2012, Table 5, p. 24) by authors of this report. 
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Figure 51. Random Forest model projections of the geographic distribution of the frequency of 

occurrence (percent of crown cover) of Douglas-fir (Pseudotsuga menziesii) for currently observed 

(2001-2009), 2020s, 2050s and 2080s. The projections were based on consensus prediction of 

ecological zone climate habitats and the current extent of Douglas-fir in these zones. 

Source: Reproduced from Wang et al. (2012, Figure 9, p. 34) by authors of this report. 



 

 
198 

Pacific Northwest 

Based on projections of distribution of tree species and forest biomes, widespread changes in the 

distribution and abundance of dominant forest species are expected, although the results of modeling 

studies differ.
1563

 Forest cover will change faster via disturbance and subsequent regeneration responses, 

rather than through slow adjustment to gradual warming.
1564

 

With projected increasing warming over the rest of the century, without a commensurate large increase in 

precipitation, the environment will be both too warm and too dry for lodgepole pine to compete well with 

other Northwest tree species.
1565

 By 2020 a decision-tree model predicts an 8% decrease in the area 

suitable for the pine (approximately 3,089 square miles, mi
2
; 8,000 square kilometers, km

2
) with most of 

its range remaining intact (vs. 1979-2008 run with CGCM2 under A2).
1566

 By 2050, however, a 

significant reduction in the species distribution is projected, particularly in central Oregon and central 

Washington.
1567

 In British Columbia, large areas on the western side of the Rockies are projected to be 

unsuitable for lodgepole pine.
1568

 By 2080, the species is projected to be almost absent from Oregon, 

Washington and Idaho.
1569

 Even in British Columbia and Alberta, the species’ range is likely to be 

reduced significantly.
1570

 The total area deemed suitable for the pine in the 2080 period is projected to be 

only 5,791 mi
2
 (15,000 km

2
), 17% of its current distribution.

1571
 Of this area, 75% is currently modeled to 

occupy lodgepole pine, with the remaining 25% of the projected area, new habitat for the species.
1572

 

Douglas-fir, one of the major species of Pacific Northwest forests, has a relatively long chilling period 

that would not be adequately met under the simulated future increases in the mean temperature of the 

coldest month (from 0-9 °F (0-5 °C) to 9-18 °F (5-10 °C) by 2090-99, see Chapter IV.2 and Figure 7 for 

more information).
1573

 This increase in the mean temperature of the coldest month is significant because, 

in the event of a large disturbance such as a stand-replacing fire, lack of chilling could seriously affect 

seedling reestablishment and could be a catalyst for major changes in the species composition of Douglas-

fir–dominated forests.
1574

 The absence of below-freezing temperatures may also have an indirect effect on 

tree diversity as warming allows competitors that are currently excluded by freezing temperatures to 

move into this region.
1575

 

 

                                                      
1563

 Verbatim from Vose et al. (2012, p. vii) 
1564

 Verbatim from Vose et al. (2012, p. vii) 
1565

 Verbatim from Coops & Waring (2011a, p. 323) 
1566

 Nearly verbatim from Coops & Waring (2011, p. 323) 
1567

 Verbatim from Coops & Waring (2011a, p. 323). Coops & Waring refer the reader to Figure 5c in the cited 

article for this information. 
1568

 Verbatim from Coops & Waring (2011a, p. 323) 
1569

 Verbatim from Coops & Waring (2011a, p. 323-324) 
1570

 Verbatim from Coops & Waring (2011a, p. 324). Coops & Waring refer the reader to Figure 5d in the cited 

article for this information. 
1571

 Verbatim from Coops & Waring (2011a, p. 324) 
1572

 Verbatim from Coops & Waring (2011a, p. 324-325) 
1573

 Nearly verbatim from Shafer et al. (2011, p. 211). Shafer et al. cite Kimmins and Lavender (1992) for this 

information. 
1574

 Nearly verbatim from Shafer et al. (2011, p. 211) 
1575

Verbatim from Shafer et al. (2011, p. 211) 
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Western Washington 

Simulations from General Circulation Models for the Pacific Northwest predict warmer temperatures 

throughout the year as well as wetter winters over the next 50–100 years, a combination that is not 

analogous to the broad-scale climatic regimes over the Holocene.
1576

 Many of Washington’s future forests 

may look much like the forests that are currently present, but the most vulnerable forests may look 

radically different due to increased frequency and severity of disturbances.
1577

 A rapid climatic shift, 

coupled with stand-replacing fires and other disturbances, could result in new vegetation assemblages 

with no historic analogues.
1578

 Forest species composition will likely change chiefly in the wake of large 

disturbances and may be affected by climatic limitation of regenerating trees.
1579

 Sudden changes to forest 

structure and composition caused by stand-replacing disturbances will speed up species turnover and 

transitions to new structural characteristics of stands and landscapes, and maintain positive feedbacks 

between rates of change in disturbance regimes and forest succession.
1580

 Particularly in places where 

vegetation types shift from forest to woodland or from tundra to forest, fire regimes will be influenced by 

the shift in vegetation.
1581

 Eventually, species and stand densities that are resistant to increased summer 

water deficit and increased disturbance will be favored, and landscape structure and pattern will 

change.
1582

 Projections for future forest species composition include: 

 Statewide: Climate will be inconsistent with the establishment of Douglas-fir, ponderosa pine, 

and lodgepole pine in many areas by the middle of the twenty-first century.
1583

 Specifically, 

climate is projected to become unfavorable for Douglas-fir over 32% of its current range in 

Washington, and up to 85% of the range of some pine species may be outside the current 

climatically suitable range.
1584

 In other words, Douglas-fir will be outside of its optimal range 

over considerable areas, and there are almost certainly thresholds of water deficit past which large 

areas of west-side forests would be at risk for large fires.
1585

 Such fires do not occur in the 20
th
 

century historical record, so statistical fire models (e.g., those used by Littell et al., 2010) are 

incapable of projecting them.
1586

  

 Southwest Olympic Mountains: Dominant tree species are projected to shift upwards ~ 984-

1970 feet (300-600 m) in elevation (using the gap model ZELIG under a 3.6 °F (2 °C) 

temperature increase and altered precipitation regimes, either no change in annual precipitation, a 

20% increase in annual precipitation, or a 20% decrease in annual precipitation over 1000 years), 

with subalpine meadows and mountain hemlock forests being replaced by Pacific silver fir forests 

                                                      
1576

 Verbatim from Prichard et al. (2009, p. 66). Prichard et al. cite Mote et al. (2008) for information on temperature 

and precipitation in the next 50-100 years. 
1577

 Verbatim from Littell et al. (2010, p. 149) 
1578

 Verbatim from Prichard et al. (2009, p. 66) 
1579

 Verbatim from Littell et al. (2010, p. 154) 
1580

 Verbatim from Littell et al. (2010, p. 154) 
1581

 Verbatim from Littell et al. (2010, p. 149) 
1582

 Verbatim from Littell et al. (2010, p. 149) 
1583

 Verbatim from Littell et al. (2010, p. 154) 
1584

 Verbatim from Vose et al. (2012, p. vii) 
1585

 Nearly verbatim from Littell et al. (2010, p. 150) 
1586

 Nearly verbatim from Littell et al. (2010, p. 150) 
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at higher elevations and Pacific silver fir forests being replaced by western hemlock forests at 

lower elevations.
1587

  

 Northeast Olympic Mountains: Drought-tolerant species become dominant approximately 656 

feet (200 m) lower than present, with subalpine fir dominating the north aspect and lodgepole 

pine the south aspect (using the same ZELIG model and same temperature-precipitation scenarios 

described in previous bullet).
1588

  

Western Oregon 

Most studies of migration rates based on the establishment of new stands rely upon paleobotanical studies 

of range shifts over the last 25,000 years.
1589

 Although estimates of historical horizontal migration rates 

vary widely from 6.2 miles per century (10 kilometers per century, km/century) to exceptional examples 

of 93.2 miles/century (150 km/century), all estimates are well below the 186 to 311 miles/century (300 to 

500 km/century) required to keep pace with current climate projections for the next century.
1590

 

Peripheral populations at the warmer edges of a species’ range that receive gene flow primarily from 

populations adapted to cooler climates could become increasingly maladapted to warmer climates.
1591

 

Such might be the case for species such as Douglas-fir, western redcedar, or Sitka spruce in southwest 

Oregon, which might see their southern ranges move north as environments become warmer and drier.
1592

 

Areas of mixed evergreen and deciduous forest are projected to expand in the Oregon Coast Range by 

2070-2099 (compared to 1961-1990, using an MC1 vegetation simulation run with the CSIRO-Mk3.0 and 

UKMO-HadCM3 GCMs under the B1 and A2 scenarios).
1593

 This vegetation type represents a major 

floral and faunal transition from temperate to subtropical species, including broadleaf vegetation (some 

evergreen), and its increase could represent expansion of maple species, madrone, oak species, and 

various pine species that currently occur in southwestern Oregon and northern California.
1594

 The 

simulated vegetation changes produce a decrease in vegetation carbon in western Oregon by the end of 

the century.
1595

 This decrease is partly the result of changes in vegetation and partly the result of projected 

increases in the amount of biomass burned by wildfires, particularly in western Oregon.
1596

 

Using a dynamic vegetation model accounting for individual tree interactions, Busing et al. (2007) 

simulated relatively small changes in forest composition and basal area for major tree species in the South 

                                                      
1587

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1966) 
1588

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1966) 
1589

 Verbatim from Shafer et al. (2010, p. 192) 
1590

 Verbatim from Shafer et al. (2010, p. 192). Shafer et al. cite Davis & Shaw (2001) and Aitken et al. (2008) for 

this information. 
1591

 Verbatim from Shafer et al. (2010, p. 192). Shafer et al cite Davis & Shaw (2001) and Aitken et al. (2008) for 

this information. 
1592

 Verbatim from Shafer et al. (2010, p. 192) 
1593

 Nearly verbatim from Shafer et al. (2010, p. 180) 
1594

 Nearly verbatim from Shafer et al. (2010, p. 180). Shafer et al. cite McLaughlin et al. (1989) for this 

information. 
1595

 Verbatim from Shafer et al. (2010, p. 180). Shafer et al. refer the reader to Figures 5.3d and 5.3e in the cited 

report for this information. 
1596

 Verbatim from Shafer et al. (2010, p. 180). Shafer et al. refer the reader to Figures 5.3b and 5.3c in the cited 

report for information on projected changes in vegetation, and Figures 5.3f and 5.3g for information on amount of 

biomass burned by wildfires. 
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Santiam River watershed in western Oregon under projected future climate changes for 2050.
1597

 Their 

projections also indicated that some tree species, such as western hemlock and Pacific silver fir, could 

shift their distributions upward in elevation during this time.
1598

 

Northwest California 

The future distribution of vegetation classes in California was projected under three future climate 

scenarios using the MC1 Dynamic Vegetation Model (2070-2099 vs. 1961-1990 run using the GFDL-A2, 

GFDL-B1, and PCM-A2 scenarios).
1599

 The Evergreen Conifer Forest and Mixed Evergreen Forest 

vegetation classes are located in northwest California in the NPLCC region. Future distribution 

projections for these vegetation classes include: 

 Evergreen Conifer Forest declined under all scenarios, but the largest declines were simulated 

under the warmer and drier GFDL scenarios.
1600

  

 Mixed Evergreen Forest increased in extent under all three scenarios:
 1601

 Increases in 

temperature reduced the dominance of the evergreen needleleaf life-form, converting Evergreen 

Conifer Forest to Mixed Evergreen Forest.
1602

 The expansion of this type was particularly 

significant under the PCM-A2 scenario, in which higher levels of effective moisture generally 

promoted the expansion of forest.
1603

 

In the same modeling study, the simulated extent of forest cover for all of California (i.e., the combined 

extent of Evergreen Conifer Forest and Mixed Evergreen Forest) increased relative to the historical extent 

by 23% under the PCM-A2 scenario.
1604

 However, forest cover declined by 3 and 25% under the GFDL-

B1 and GFDL-A2 scenarios, respectively.
1605

 

Information Gaps 

Further research is needed to study effective pollen flow in native stands, particularly in highly 

heterogeneous environments such as the mountainous areas of Oregon.
1606

 Better projections of future 

ecosystems depend on a much better understanding of and accounting for dispersal and migration.
1607

 

                                                      
1597

 Nearly verbatim from Shafer et al. (2010, p. 182) 
1598

 Nearly verbatim from Shafer et al. (2010, p. 182) 
1599

 Lenihan et al. (2008a) 
1600

 Verbatim from Lenihan et al. (2008a, p. S221) 
1601

 Verbatim from Lenihan et al. (2008a, p. S221) 
1602

 Verbatim from Lenihan et al. (2008a, p. S221) 
1603

 Verbatim from Lenihan et al. (2008a, p. S221) 
1604

 Nearly verbatim from Lenihan et al. (2008a, p. S221) 
1605

 Nearly verbatim from Lenihan et al. (2008a, p. S221) 
1606

 Verbatim from Shafer et al. (2010, p. 192) 
1607

 Verbatim from Pojar (2010, p. 30). Pojar cites Higgins & Harte (2006) for this information. 
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Figure 52. Simulated most common vegetation types with full fire for the historical (1971-2000) and future (2070-

2099) periods under the three climatic projections: The CSIRO Mk3 [Gordon, 2002], MIROC 3.2 medres [Hasumi 

and Emori, 2004], and Hadley CM3 [Johns et al. 2003] models run through the A2 CO2 emissions scenario 

[Nakićenović et al. 2000]. Also shown is the aggregated potential vegetation map from Kuchler [1975]. Source: 

Reproduced from Rogers et al. (2011, Fig. 3, p. 5) by authors of this report.
1608

 

  

                                                      
1608

 As stated by Rogers et al (2011, p. 5), the CSIRO climate projection is cool and wet, MIROC is hot and wet, and 

Hadley is hot and dry. 
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3. Changes in the status, distribution, and connectivity of oak 

woodlands, savannas, prairies and grasslands 

Prairies and oak savannas have historically been the dominant vegetation of the interior valleys along the 

Pacific coast from central California to southern British Columbia (for example, see Figure 53).
1609

 A 

combination of wildfires during periods of drought and Native American burning maintained these 

extensive grasslands over millennia by preventing 

succession to woodland and forest.
1610

 For example, in much 

of its historic range, Oregon white oak was maintained at 

low densities through frequent burning by Native 

Americans.
1611

 This deciduous tree frequently grows with 

conifers, particularly Douglas-fir.
1612

 Most of these areas 

have been converted to other land uses through urban and 

agricultural development and much of what remains has 

been impacted by the encroachment of native conifers and 

the establishment of exotic herbaceous and shrub species.
1613

 

Considerable conservation effort has been directed towards 

Oregon white oak ecosystems, particularly in the Willamette 

Valley of Oregon, the Puget Lowlands of Washington, 

Vancouver Island, and the San Juan and Gulf Islands of 

Puget Sound and the Georgia Basin.
1614

 Over 100 rare plants 

and animals are associated with these habitats, including 

western gray squirrel, Lewis’ woodpecker, propertius 

duskywing, and golden paintbrush.
1615

 Climate change may 

add to or exacerbate existing threats to native grasslands.
1616

 

Alternatively, new climate conditions and increased wildfire 

may render portions of the landscape less suitable for forests 

or agriculture and thus create new opportunities for prairie 

restoration.
1617

 

                                                      
1609

 Verbatim from Bachelet et al. (2011, p. 411) 
1610

 Verbatim from Bachelet et al. (2011, p. 411). Bachelet et al. cite Boyd (1999) and Walsh (2008) for this 

information. 
1611

 Nearly verbatim from Gould et al. (2008, p. 26). Gould et al. cite Thilenius (1968) for this information. 
1612

 Verbatim from Dunwiddie et al. (2011, p. 130) 
1613

 Verbatim from Gould et al. (2008, p. 26). Gould et al. cite Crawford & Hall (1997) and Thysell & Carey (2001) 

for this information. 
1614

 Nearly verbatim from Dunwiddie et al. (2011, p. 130). Dunwiddie et al. cite Oregon Oak Communities Working 

Group (2010) for information on the Willamette Valley, Chappell (2006) for information on the Puget Lowlands, 

and GOERT (2002) for information on the remaining areas. 
1615

 Nearly verbatim from Dunwiddie et al. (2011, p. 130). Dunwiddie et al. cite Dunn & Ewing (1997), Fuchs 

(2001), and Thyssel & Carey (2001 for information on the rare plants and animals. 
1616

 Verbatim from Bachelet et al. (2011, p. 411) 
1617

 Verbatim from Bachelet et al. (2011, p. 411) 

Key Terms in this Section 

Balds: isolated grasslands typically occurring 
near mountain summits 

Forbs: a vascular plant without significant 
woody tissues above or at the ground; an 
herbaceous flowering plant other than a grass 

Graminoid: grass or grass-like plants; 
includes grasses, sedges, rushes, arrow-grasses, 
and quillworts 

Prairie: an open habitat dominated by 
grasses and forbs, with little or no woody 
vegetation 

Savanna: a community of scattered trees 
with grasses and forbs 

Woodland: a community of scattered trees 
with a substantial shrub understory, grasses, 
and forbs 

Sources: NRCS (2013), Sinclair et al. 

(2006), Zald (2009) 
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Observed Trends 

Southcentral and Southeast Alaska 

The native range of Oregon white oak (also 

known as Garry oak) does not include 

southcentral and southeast Alaska (Figure 53). As 

paleoclimate research has indicated, northward 

expansion of Garry oak was limited to the 

Georgia Depression (located in British Columbia 

and Washington) during the early Holocene.
1618

 

Western British Columbia 

The northern range of Garry oak (another name 

for Oregon white oak commonly used in British 

Columbia), and its associated ecosystems, is 

southwest British Columbia.
1619

 Two broad 

categories of Garry oak communities are 

generally recognized in British Columbia.
1620

 

Scrub oak ecosystems typically occur on thin 

rocky soils that are often excessively drained.
1621

 

These communities are usually found on rocky 

bluffs and outcroppings, and along shorelines.
1622

 

Parkland Garry oak communities occur on deeper 

soils, are usually larger in size, and support a 

distinct array of understory vegetation.
1623

  

In coastal British Columbia, the vast majority of 

Garry oak savannas have been developed for residential, agricultural, or industrial use.
1624

 For example, of 

particular concern in the Coastal Douglas-fir biogeoclimatic zone is the loss (nearly 90%) of Garry oak 

woodlands, aesthetically pleasing ecosystems with high species richness and many at-risk species.
1625

 

Much of the remaining habitat is threatened by conifer encroachment or invasion by exotics.
1626

  

At Rocky Point on southern Vancouver Island, British Columbia, tree-ring analysis was used to 

reconstruct stand composition and structure of an oak savanna.
1627

 At the time of European settlement, the 

                                                      
1618

 Nearly verbatim from Bodtker et al. (2009, p. 17). Bodtker et al. cite Pellatt et al. (2001) for this information. 
1619

 Nearly verbatim from Bodtker et al. (2009, p. 1) 
1620

 Verbatim from Gedalof et al. (2006, p. 34) 
1621

 Verbatim from Gedalof et al. (2006, p. 34). Gedalof et al. cite Roemer (1993) for this information. 
1622

 Verbatim from Gedalof et al. (2006, p. 34) 
1623

 Verbatim from Gedalof et al. (2006, p. 34-35). Gedalof et al. cite Roemer (1993) for this information. 
1624

 Verbatim from Gedalof et al. (2006, p. 34) 
1625

 Nearly verbatim from Pojar (2010, p. 27). Pojar cites Austin et al. (2008) for this information. 
1626

 Verbatim from Gedalof et al. (2006, p. 34) 
1627

 Nearly verbatim from Gedalof et al. (2006, p. 34) 

Figure 53. The native range of the Oregon white oak 

(Little 1971) 
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site was largely open prairie, with a few scattered oak trees.
1628

 Establishment of Garry oak at Rocky 

Point began shortly after settlement of the area by Europeans—probably due to the cessation of frequent 

burning by indigenous peoples.
1629

 Since the 1950s, however, Douglas-fir and grand fir have been 

encroaching on the Garry oak savanna.
1630

 The causes of this invasion are unclear, but the invasion signals 

a clear transition in the stand structure and composition.
1631

 Current recruitment rates for Douglas-fir, 

grand fir, and Garry oak are available: 

 Douglas-fir recruitment: Douglas-fir seedlings represent a small fraction of the total seedling 

population (53 Douglas-fir seedlings were found, representing 7% of the overall seedling 

population), but appear to survive to sapling sizes much more often than Garry oak.
1632

 Of the 53 

saplings identified, 41 were Douglas-fir.
1633

 Young Douglas-fir trees at Rocky Point are growing 

very quickly – counting branch whorls suggests that seedlings typically reach heights of ~7-10 

feet (2-3 meters) in less than a decade.
1634

 

 Grand fir recruitment: Seven grand fir seedlings and eight grand fir saplings were found at the 

Rocky Point site.
1635

 Overstory grand fir as young as twenty years old were sampled, suggesting 

that the understory residence time for these individuals will be relatively short.
1636

 In spite of the 

low seedling abundance, recruitment of grand fir likely exceeds that of Garry oak.
1637

 

 Oak recruitment: Oak seedlings are abundant, but few saplings exist—suggesting that oak is not 

regenerating at Rocky Point.
1638

 Of the total seedling population, 91% (678 individuals) were 

Garry oak.
1639

 In contrast, oak accounts for only 6% of the 53 saplings identified.
1640

 Even 

assuming a very short understory residence time, this rate of recruitment is not sufficient to 

replace the current overstory population.
1641

  

Western Washington 

In the Puget Lowland and Willamette Valley ecoregions in Washington, extant grasslands occupy 9.3% of 

the estimated pre-European settlement grassland extent (i.e., 9.3% of 180,444 acres, or ~16,781.3 acres; 

in km
2
, 67.9 km

2
).

1642
 This includes native, semi-native, non-native, and unsurveyed untilled 

grasslands.
1643

 Known native grasslands occupy only 2.6%, and unsurveyed grasslands 3%, of the 

estimated pre-settlement grassland extent.
1644

  

                                                      
1628

 Verbatim from Gedalof et al. (2006, p. 34) 
1629

 Verbatim from Gedalof et al. (2006, p. 34) 
1630

 Verbatim from Gedalof et al. (2006, p. 34) 
1631

 Verbatim from Gedalof et al. (2006, p. 34) 
1632

 Verbatim from Gedalof et al. (2006, p. 42) 
1633

 Verbatim from Gedalof et al. (2006, p. 42) 
1634

 Nearly verbatim from Gedalof et al. (2006, p. 42) 
1635

 Verbatim from Gedalof et al. (2006, p. 42) 
1636

 Verbatim from Gedalof et al. (2006, p. 42) 
1637

 Verbatim from Gedalof et al. (2006, p. 42) 
1638

 Verbatim from Gedalof et al. (2006, p. 34) 
1639

 Verbatim from Gedalof et al. (2006, p. 41) 
1640

 Verbatim from Gedalof et al. (2006, p. 41) 
1641

 Verbatim from Gedalof et al. (2006, p. 41) 
1642

 Nearly verbatim from Chappell et al. (2001, p. 130) 
1643

 Verbatim from Chappell et al. (2001, p. 130) 
1644

 Verbatim from Chappell et al. (2001, p. 130) 
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The most extensive cover type is oak-conifer canopy at 

more than 10,000 acres (~40.5 km
2
). However, this cover 

type has the greatest uncertainty about its mapped content 

due to the difficulty of distinguishing it on aerial 

photographs.
1645

 The remainder of the other categories 

range from about 2000 to about 6000 acres (~8.1 to 24 

km
2
) in extent.

1646
 Mean areal extent of polygons is seven 

acres (~0.03 km
2
) for oak-dominant canopy, fifteen acres 

(~0.06 km
2
) for oak-conifer polygons, 43 acres (~0.17 km

2
) 

for unsurveyed grassland, 62 acres (~0.25 km
2
) for native 

grassland, and 68 acres (~0.28 km
2
) for semi-native and 

non-native grasslands.
1647

 

The type, area, and composition of grassland and oak 

woodland habitat varies across the region: 

 San Juan Islands: The rocky soil complex is most 

extensive in the San Juan Islands archipelago of 

San Juan, Skagit, and Whatcom counties.
1648

 Extant 

grasslands are still numerous, though often small, 

as grassy balds on rocky soil complex.
1649

 On 

Waldron Island, an open oak/Douglas-fir savanna 

was maintained for centuries by fires set by Native 

Americans.
1650

 It began to infill with oak, and later 

Douglas-fir, in the 1800s, particularly following 

Euro-American settlement in the 1860s.
1651

 

Douglas-fir encroachment continued throughout 

the 1900s, with a very large cohort becoming 

established in the early 1970s.
1652

 Oak release 

actions were undertaken to re-open the forest 

structure, and involved the removal of 55% of the 

trees, primarily small-diameter Douglas-fir.
1653

 In 

winter 2007, Garry oak ranged in age from 27-509 

years; 16% (ten trees) were more than two 

centuries old.
1654

 Douglas-fir had a similar range, 

from 17-454 years; 3% (seven trees) exceeded 200 

                                                      
1645

 Verbatim from Chappell et al. (2001, p. 129) 
1646

 Verbatim from Chappell et al. (2001, p. 129) 
1647

 Verbatim from Chappell et al. (2001, p. 129) 
1648

 Verbatim from Chappell et al. (2001, p. 128) 
1649

 Verbatim from Chappell et al. (2001, p. 128) 
1650

 Nearly verbatim from Dunwiddie et al. (2011, p. 130) 
1651

 Verbatim from Dunwiddie et al. (2011, p. 130) 
1652

 Verbatim from Dunwiddie et al. (2011, p. 130) 
1653

 Verbatim from Dunwiddie et al. (2011, p. 130) 
1654

 Nearly verbatim from Dunwiddie et al. (2011, p. 133) 

Type and composition of native 

grassland and oak woodland habitat 

in the Puget Lowland and 

Willamette Valley  

Native grasslands and woodlands are 

found in dry environments formerly 

strongly influenced by frequent fires.  

Oak woodlands may be dominated by 

Oregon white oak. They may also be co-

dominated by Oregon white oak and 

Douglas-fir, Oregon ash, bigleaf maple, 

or Pacific madrone. Oregon white oak 

tends to be shade-intolerant, and also 

grows in open savannas and closed 

canopy forests.  

Native grasslands are dominated or 

co-dominated by Roemer’s fescue, red 

fescue, or California oatgrass. Shrubs 

such as Scot’s broom, Nootka rose, and 

common snowberry and non-native 

grasses now dominate or co-dominate 

many former native grasslands. Native 

grasslands may occur as large prairies on 

level or mounded plains (especially in 

glacial outwash deposits) or as “balds” 

on shallow, rocky soils (especially on 

moderate to steep south- and west-

facing slopes). 

Source: Chappell et al. (2001), Dunwiddie et 

al. (2011) 
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years in age.
1655

 The historical density of older trees (those established before 1881) was 99 trees 

per hectare.
1656

 The historical tree density was approximately one-tenth that present prior to 

restoration (oak release) activities.
1657

 

 Northeast Olympic Peninsula and vicinity: Parts of Whidbey Island, Island County, and the 

northeastern Olympic Peninsula, Clallam and Jefferson counties, have extensive areas of prairie 

soils, very little of which support extant untilled grasslands.
1658

  

 South Puget Sound: The southern Puget Sound area, primarily in Pierce and Thurston counties, 

has the largest areas of pre-settlement grassland soils, extant grasslands, and oak canopies.
1659

 For 

example, oak sites cover <4% of Fort Lewis; few are >12.4 acres (>5 hectares) and many contain 

few oaks.
1660

 Of twenty-two sites surveyed, most sites averaged >200 oak trees per hectare within 

the ranges of sizes, densities, and basal areas reported as normal by Stein (1990).
1661

 Large oaks 

were rare – most oaks were <12 inches in diameter at breast height (<30 cm dbh) and <66 feet 

(<20 meters) tall.
1662

 Oak communities were typically more diverse than either Douglas-fir forests 

or prairies and were transitional in species composition between them.
1663

 However, oak 

communities contained numerous exotics, particularly Scot’s broom and colonial bentgrass.
1664

 

Most oak communities contained large-diameter Douglas-firs and other tree species and appeared 

to be transforming to conifer or conifer/mixed hardwood forests.
1665

 With succession, exotic 

species become less prevalent, but the extent and abundance of oaks is diminished.
1666

 

 Southern Washington and northern Willamette Valley: The southern portion of the Puget 

Lowland, south of Thurston County, and the northern end of the Willamette Valley ecoregion 

have many small oak stands, a few fairly large areas of prairie soil, and no extant untilled 

grasslands.
1667

 The largest contiguous areas of oak-dominant canopy occur along Scatter Creek in 

Thurston County and east of Washougal in Clark and Skamania counties.
1668

 

Western Oregon 

Prairies and oak savannas likely established during the early Holocene (circa 11,000-7,250 YPB) under 

warm and dry conditions and were maintained over time by a combination of wildfires and Native 

American burning, the importance of each varying in both time and space as cooler and wetter conditions 

developed.
1669

  

                                                      
1655

 Verbatim from Dunwiddie et al. (2011, p. 133) 
1656

 Verbatim from Dunwiddie et al. (2011, p. 133) 
1657

 Verbatim from Dunwiddie et al. (2011, p. 130) 
1658

 Verbatim from Chappell et al. (2001, p. 128) 
1659

 Verbatim from Chappell et al. (2001, p. 128) 
1660

 Nearly verbatim from Thysell & Carey (2001, p. 229). Thysell & Carey cite Ryan & Carey (1995a,b) for 

information on oak site cover on Fort Lewis. 
1661

 Verbatim from Thysell & Carey (2001, p. 230) 
1662

 Verbatim from Thysell & Carey (2001, p. 230) 
1663

 Verbatim from Thysell & Carey (2001, p. 219) 
1664

 Verbatim from Thysell & Carey (2001, p. 219) 
1665

 Verbatim from Thysell & Carey (2001, p. 219) 
1666

 Verbatim from Thysell & Carey (2001, p. 219) 
1667

 Verbatim from Chappell et al. (2001, p. 128) 
1668

 Verbatim from Chappell et al. (2001, p. 128) 
1669

 Verbatim from Bachelet et al. (2011, p. 417). Bachelet et al. cite Walsh (2008) for this information. 
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An analysis of Government Land Office (GLO) records indicate that approximately 1,000,000 acres 

(404,685.6 hectares) of prairie and 500,000 acres (202,343 hectares) of savanna extended across the 

Willamette Valley when early Euro-American settlers arrived in the region.
1670

 At the time of Euro-

American settlement (circa 1840), prairies and savannas accounted for 49% of Oregon’s Willamette 

Valley ecoregion.
1671

 Today, however, they account for less than 2% and are all in degraded 

conditions.
1672

 Since the 1850s, alteration of historical fire regimes (cessation of Native American burning 

followed by active fire suppression), land use change (expansion of agriculture, livestock grazing, and 

urbanization), and invasion by exotic species have all contributed to the degradation of this ecosystem, 

which is now ranked among the most endangered in the United States.
1673

 Bottomland prairie grasslands 

are among the rarest of the native communities with over 97% of the estimated 768,000 acres (310,823 

hectares, ca. 1851) having been converted to agricultural and urban uses since ~1851.
1674

 

In an upland prairie of the Willamette Valley, the competitive dynamics between two native (Danthonia 

californica and Deschampsia cespitosa) and two exotic (Schedonorus arundinaceus and Lolium 

multiflorum) grass species under varying nutrient and moisture conditions were evaluated using paired 

field and greenhouse experiments: 

 In the field, the experimental reduction of competition resulted in shorter, wider plants, but only 

the annual grass, Lolium multiflorum, produced more above-ground biomass when competition 

was reduced.
1675

 In the greenhouse, the two exotic grasses produced more total biomass than the 

two native grasses.
1676

  

 Competitive hierarchies were influenced by nutrient and/or moisture treatments for the two exotic 

grasses (L. multiflorum and S. arundinaceus), but not for the two native grasses.
1677

 Specifically, 

the competitive success of L. multiflorum and S. arundinaceus depended upon nutrient 

availability, and the competitive success of S. arundinaceus further depended upon moisture.
1678

 

D. californica, D. cespitosa, and S. arundinaceus all produced more biomass in high-moisture, 

high-nutrient environments, and D. cespitosa, L. multiflorum, and S. arundinaceus allocated more 

biomass belowground in the low nutrient treatment.
1679

  

 Taken together, these experiments suggest the competitive superiority of the exotic grasses, 

especially L. multiflorum, but, contrary to the researchers’ hypothesis, the native grasses were not 

preferentially excluded from nutrient-rich, moderately wet environments.
1680

 

In an assessment of oak woodland resources for Lane County (the city of Eugene is located in Lane 

County), for the sampled oak trees, average age was 68 years (range = 39-251 years).
1681

 Oregon white 

                                                      
1670

 Verbatim from Vesely & Rosenberg (2010, p. 11). Vesely & Rosenberg cite Alverson (2006) and Sinclair et al. 

(2006) for this information. 
1671

 Verbatim from Bachelet et al. (2011, p. 411) 
1672

 Verbatim from Bachelet et al. (2011, p. 411). Bachelet et al. cite Hulse et al. (2002) for this information. 
1673

 Verbatim from Bachelet et al. (2011, p. 411). Bachelet et al. cite Noss et al. (1995) for this information. 
1674

 Nearly verbatim from Gregory et al. (2002, p. 38). Gregory et al. refer the reader to Table 16 in the cited report. 
1675

 Verbatim from Pfeifer-Meister et al. (2008, p. 357) 
1676

 Verbatim from Pfeifer-Meister et al. (2008, p. 357) 
1677

 Nearly verbatim from Pfeifer-Meister et al. (2008, p. 357) 
1678

 Nearly verbatim from Pfeifer-Meister et al. (2008, p. 364). Pfeifer-Meister et al. refer the reader to Figure 3 in 

their article for this information. 
1679

 Verbatim from Pfeifer-Meister et al. (2008, p. 357) 
1680

 Nearly verbatim from Pfeifer-Meister et al. (2008, p. 357) 
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oak occurred in small patches (maximum area = 5 acres, or ~2 hectares) at thirteen BLM sites, and oak 

crowns usually formed a minor component of the overall canopy (mean = 18 percent cover, max. = 54 

percent cover).
1682

 Dominant tree canopy positions in woodland-type patches and adjacent to meadow-

type patches were most often occupied by Douglas-fir, with incense-cedar and Oregon white oak 

occasionally codominant.
1683

 Pacific madrone was often observed on xeric sites.
1684

 Oregon ash, grand fir, 

and big-leaf maple were also common.
1685

 Poison oak was the most frequently observed shrub (88% of 

patches) at oak patches.
 1686

 Oceanspray and Himalayan blackberry were also observed at more than half 

the patches surveyed.
1687

 Most sites were occupied by one or more plant species listed by the BLM as 

nonnative plants; however, only Himalayan blackberry and Scotch broom were abundant within oak 

patches.
1688

  

Information on habitat composition is available for Jackson County (southwest Oregon) and the Rogue 

Valley: 

 Jackson County: Photo pairs show a loss of high elevation grassland to woody shrub and tree 

domination, transition from shrubland and woodland to conifer domination, or increased density 

of woodland by a younger cohort of Garry oak.
1689

 However, some grassland and oak dominated 

communities are remarkable for their lack of change over time.
1690

 These include oak savannas 

grasslands that have retained their open structure without fire.
1691

  

 Rogue Valley: Plant community maps of the Rogue Valley Basin derived from General Land 

Office (GLO) surveys of the mid 1800s indicate that the woodland oak structure was more 

prevalent than oak savanna in southwest Oregon within the extent (Rogue Valley) of GLO 

derived historic vegetation maps.
1692

  

In a study of the extent and spatial patterns of grass bald land cover change (grass balds are isolated 

grasslands which typically occur at the summits of Coast range peaks), five balds were evaluated to 

quantify the extent of balds in the Oregon Coast Range over the past five decades (1948-2000), determine 

what types of land cover balds are being converted to, quantify the spatial patterns of tree encroachment 

into the balds, and determine if bald vegetation patches have become more fragmented and edgier over 

the time period of study.
1693

 The remote sensing nature of this study cannot determine the fundamental 

causes of bald decline, although prior research suggests climate change, cessation of native burning, 

                                                                                                                                                                           
1681

 Information obtained by the authors of this report from Chiller et al. (Table 11, p. 19). 
1682

 Nearly verbatim from Chiller et al. (2000, p. 13). Chiller et al. refer the reader to Table 7 in the cited report. 
1683

 Verbatim from Chiller et al. (2000, p. 13). Chiller et al. refer the reader to Table 6 in the cited report. 
1684

 Verbatim from Chiller et al. (2000, p. 13) 
1685

 Verbatim from Chiller et al. (2000, p. 13) 
1686

 Verbatim from Chiller et al. (2000, p. 14). Chiller et al. refer the reader to Table 9 in the cited report. 
1687

 Verbatim from Chiller et al. (2000, p. 14) 
1688

 Verbatim from Chiller et al. (2000, p. 14). Chiller et al. refer the reader to Table 10 in the cited report for a list of 

the plant species listed by the BLM as nonnative plants. 
1689

 Verbatim from Hosten et al. (2007, p. 31) 
1690

 Verbatim from Hosten et al. (2007, p. 31) 
1691

 Verbatim from Hosten et al. (2007, p. 31) 
1692

 Nearly verbatim from Hosten et al. (2007, p. 31) 
1693

 Nearly verbatim from Zald (2009, p. 518). As stated by Zald, analyses used historical (1948 and 1953) aerial 

photographs and recent (years 1994 and 2000) digitial orthophoto quadrangles (DOQ’s) of the five study areas 

(Mount Hebo, Bald Mountain, Prairie Peak, Marys Peak, Grass Mountain) (see p. 519 in the cited article). 
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successional changes in response to prior wildfires, and cessation of livestock grazing all may have 

potential influence.
 1694

 Results include: 

 Extent and decline of grass balds: From 1948/1953 to 1994/2000, five bald grasslands in the 

Oregon Coast Range declined from 523.6 hectares to 179.2 hectares in area (-66%).
1695

 Forest 

encroachment into balds was the dominant type of bald decline (348.7 hectares, 95%).
1696

 

Conversion of balds to roads and buildings accounted for 15.4 hectares (4%), while conversion to 

bare ground was minor.
1697

  

 Spatial patterns of grass bald change: From 1948/1953 to 1994/2000, the number of bald 

patches declined at all study areas (47% total, 10-67% for individual study areas).
1698

 Patch size 

for four out of the five balds declined (49% average, 20-66% for individual study areas).
1699

 The 

fifth study area (Marys Peak) saw a 2% increase in patch size.
1700

  

 Spatial pattern of tree encroachment: Forest encroachment into the balds was inversely related 

to the distance from potential parent trees.
1701

 The spatial patterns of tree encroachment likely 

result from a combination of unfavorable tree establishment conditions due to high resource 

competition from graminoids (i.e., grasses), and dispersal limitation of tree seed with increased 

distance from the forest edge.
1702

 

Northwest California 

Statewide threats to oak woodlands are many, including: urbanization, conversion to agriculture, 

fragmentation, low rates of regeneration, competition from introduced exotic species and sudden oak 

death.
1703

 The northwest California portion of the State's oak woodlands lie geographically between the 

coastal mixed evergreen forests and the valley grasslands of the Central Valley.
1704

 They were found in 

small patches (averaging 29.3 acres/patch; 11.9 hectares/patch), nested within a mosaic of annual 

grasslands and conifer forests, and hence contain species common to both of these vegetation types.
1705

 

Their extent on National Forest lands within the study area (National Forest lands in Humboldt, Trinity, 

Siskiyou, Mendocino, Tehama, Glenn, Colusa and Lake Counties) has been estimated at over 725,000 

acres (293,397 hectares).
1706

  

Overall oak woodland ecological status would be rated as moderate due to the near equal cover of grasses 

in the native and non-native species categories and the variable early seral cover and low late seral cover 

                                                      
1694

 Verbatim from Zald (2009, p. 517) 
1695

 Verbatim from Zald (2009, p. 520) 
1696

 Verbatim from Zald (2009, p. 520) 
1697

 Verbatim from Zald (2009, p. 520) 
1698

 Verbatim from Zald (2009, p. 521-22) 
1699

 Verbatim from Zald (2009, p. 522) 
1700

 Verbatim from Zald (2009, p. 522) 
1701

 Verbatim from Zald (2009, p. 522). Zald refers the reader to Figure 3 in the cited article. 
1702

 Verbatim from Zald (2009, p. 523) 
1703

 Verbatim from Jimerson & Carothers (2002, p. 705-706) 
1704

 Verbatim from Jimerson & Carothers (2002, p. 706). Jimerson & Carothers cite Griffin (1988) for this 

information. 
1705

 Verbatim from Jimerson & Carothers (2002, p. 706). Jimerson & Carothers cite Jimerson and others (2000) for 

information on patches in annual grasslands. 
1706

 Nearly verbatim from Jimerson & Carothers (2002, p. 706) 
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of both forbs and grasses.
1707

 The oak woodlands of northwest California were found in nearly pure stands 

dominated by white oak, black oak or blue oak, or in association with other tree species such as Douglas-

fir, Ponderosa pine, gray pine, canyon live oak, California buckeye, and big-leaf maple.
1708

 Oak 

woodlands had a much lower frequency of invasive weeds when compared to annual grasslands.
1709

  

The Bald Hills (located in Redwood National Park; ~4200 acres, 1700 acres) are dominated by Oregon 

white oak woodlands intermixed with grasslands, with Douglas-fir-tanoak forests occurring at woodland 

and grassland margins.
1710

 Douglas-fir-tanoak forest historically occurred on relatively mesic (i.e., of 

moderate moisture) sites in the Bald Hills (lower slopes, drainages, and north aspects), but has expanded 

dramatically since 1900 following removal of Native American tribes, widespread fire exclusion, and 

anthropogenic activities.
1711

  

Information on habitat composition, the effects of fire, and probability of California black oak mortality 

following fire in a recently burned, encroached California black oak woodland is available: 

 Habitat composition and canopy competition: Pre-fire woodland overstory was heavily 

dominated by Douglas-fir, which commonly pierced and overtopped California black oak 

crowns.
1712

 California black oak ranked second in abundance (23.9%, including focal oaks) while 

tanoak, Pacific madrone, canyon live oak, ponderosa pine, and sugar pine were much less 

common (<9% for each).
1713

 Aerial photos of the Dillon Mountain (Klamath Mountains) study 

site in northern California reveal substantial canopy recruitment of conifers from at least 1944 

until the site burned in the 2008 Siskiyou Complex.
1714

  

 Effects of fire: Fire effects were variable, leaving some areas unchanged and others with 

complete above-ground stem mortality.
1715

 Although above-ground stem mortality was generally 

high (71%) for California black oak, complete mortality (dead steams that failed to re-sprout) was 

much lower (13%).
1716

 The vast majority (82%) of all killed California black oak stems re-

sprouted after the fire.
1717

  

 Probability of California black oak mortality: The probability of California black oak 

mortality increased as neighboring Douglas-fir height increased and decreased with increasing 

heat load index.
1718

 In other words, at Dillon Mountain the probability of complete mortality 

(killed stems that did not re-sprout) of California black oak was not closely related to fire 

intensity (as estimated by bole char heights), but was instead better explained by encroaching tree 

                                                      
1707

 Verbatim from Jimerson & Carothers (2002, p. 715) 
1708

 Nearly verbatim from Jimerson & Carothers (2002, p. 707) 
1709

 Verbatim from Jimerson & Carothers (2002, p. 715) 
1710

 Nearly verbatim from Engber et al (2011, p. 35) 
1711

 Verbatim from Engber et al (2011, p. 35). Engber et al. cite Underwood et al. (2003) and Fritschle (2008) for 

this information. 
1712

 Verbatim from Cocking et al. (2012, p. 25). As stated on p. 29 and shown in Table 2 of the cited article, 

Douglas-fir dominated the canopy surrounding focal oaks, accounting for 56.6% of all tagged trees. 
1713

 Verbatim fro Cocking et al. (2012, p. 29) 
1714

 Nearly verbatim from Cocking et al. (2012, p. 32). Cocking et al. refer the reader to Figure 2 in the cited article. 
1715

 Verbatim from Cocking et al. (2012, p. 25) 
1716

 Verbatim from Cocking et al. (2012, p. 30) 
1717

 Verbatim from Cocking et al. (2012, p. 30) 
1718

 Verbatim from Cocking et al. (2012, p. 25) 
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characteristics; in particular the height of neighboring Douglas-fir.
1719

 Probability of mortality for 

Douglas-fir decreased with increasing tree size, while the probability of California black oak top-

kill was much higher than that for ~7.9–12 inches diameter at breast height (20–30 cm dbh) 

Douglas-fir across a continuous measure of char height.
1720

 Results indicate that competitive 

pressure from encroaching trees may compromise California black oak’s ability to survive fire 

while resilience of encroaching Douglas-fir improves with greater size.
1721

 

Future Projections 

Southcentral and Southeast Alaska 

Information needed. 

Western British Columbia and Pacific Northwest 

Due to the longevity of Garry oak (the oldest individual sampled is probably 300 years old, and there are 

reports of individuals in excess of 400 years in age), the current lack of recruitment at Rocky Point on 

southern Vancouver Island, British Columbia does not necessarily indicate that oak will ultimately 

disappear from the site.
1722

 Given the episodic nature of oak regeneration, stand-wide disturbance every 

two- to three-hundred years could be at least theoretically sufficient to maintain a viable Garry oak 

population.
1723

 

Future projections of the Random Forest model based on four GCMs (CSIRO, CGCM2, HADCM3, and 

CCSRNIES run under the A2 and B2 scenarios and comparing the 2020s, 2050s, and 2080s with 1961-

1990) suggested that over a study area in British Columbia, Washington, and Oregon, the average climate 

suitability for Garry oak will increase in the future.
1724

 However, in the case of Garry oak ecosystems, the 

climate of the recent past, the current distribution of Garry oak, and bioclimatic envelope modeling with 

the Random Forest model indicates that the climate suitability for the current Garry oak range in British 

Columbia will decrease in the near future.
1725

 The model also indicates that climate suitability will 

improve later in the century, but will not return to current conditions.
1726

 Spatially, the models projected 

higher climate suitability inland in the future, but rarely north of Washington State especially in the next 

few decades.
1727

 In fact, when Bodtker et al. (2009) examined projected change in suitability at Garry oak 

sites by latitude, they found greater decreases in suitability the further north you go, especially in the 

2020s and 2050s.
1728

 

                                                      
1719

 Nearly verbatim from Cocking et al. (2012, p. 32). Cocking et al. refer the reader to Figure 4 (left) and Table 4 

in the cited article. 
1720

 Verbatim from Cocking et al. (2012, p. 25) 
1721

 Verbatim from Cocking et al. (2012, p. 25) 
1722

 Nearly verbatim from Gedalof et al. (2006, p. 42). Gedalof et al. cite Warren (1952) for information on oaks 

exceeding 400 years in age. 
1723

 Verbatim from Gedalof et al. (2006, p. 42) 
1724

 Nearly verbatim from Bodtker et al. (2009, p. 13). Bodtker et al. refer the reader to Figure 5 in the cited report. 
1725

 Nearly verbatim from Bodtker et al. (2009, p. 18) 
1726

 Verbatim from Bodtker et al. (2009, p. 18) 
1727

 Verbatim from Bodtker et al. (2009, p. 14). Bodtker et al. refer the reader to Figure 7 in the cited report. 
1728

 Nearly verbatim from Bodtker et al. (2009, p. 14). Bodtker et al. refer the reader to Figure 8 in the cited report. 
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Bodtker et al. (2009) conclude that projections of increasing suitability in general over the whole study 

area were not surprising, given that Garry oak is suited to a near Mediterranean climate, much of the 

Pacific Northwest is currently considered temperate rainforest, and climate change is generally 

characterized as global warming.
1729

 Projections of decreasing suitability in sites currently occupied by 

Garry oak especially in British Columbia, the northern and cooler extent of the current Garry oak range, 

were somewhat surprising for the same reasons.
1730

 

In the Willamette Valley-Puget Trough-Georgia Basin (WPG) ecoregion, future increased summer 

drought seems unlikely to disadvantage prairie and savanna communities.
1731

 Instead, it may well affect 

less drought-tolerant trees and other forest species adjacent to prairies, possibly resulting in prairie 

expansion.
1732

 Most WPG prairies and oak savannas are dominated by perennial grasses and forbs that 

senesce late in the growing season.
1733

 Thus, future potential warming will likely cause a decline in soil 

moisture during the growing season unless species composition shifts are sufficiently extreme that 

annuals begin to dominate.
1734

  

Many of the aggressive exotic species that occur in both wet and dry prairies in western Pacific Northwest 

currently have wide range distributions in the U.S., so it is reasonable to assume that they will be 

relatively adaptable to changing climate.
1735

 Consequently, they may provide even more of a competitive 

challenge to native Pacific Northwest prairie species in the future than they do currently.
1736

 However, 

many native prairie species are well adapted to summer drought, which could give them an advantage 

over many exotic species as summer drought extends and intensifies.
1737

 

Increased winter rainfall seems unlikely to substantially alter grasslands that occur on well-drained glacial 

outwash soils, but may in fact increase the amount of wetland prairies on poorly drained soils in areas like 

the South Puget Sound, benefiting a suite of currently rare prairie species.
1738

 Since grasses accumulate 

most of their carbon belowground, potential carbon losses through disturbances such as fire or pest 

outbreaks are significantly reduced in grasslands.
1739

  

Western Washington 

Please see the previous section on the Pacific Northwest for information in western Washington. 

Western Oregon 

At five study areas in the Oregon Coast Range (Mount Hebo, Bald Mountain, Prairie Peak, Marys Peak, 

Grass Mountain), tree encroachment patterns and increased bald edge densities suggest increasing rates of 

                                                      
1729

 Nearly verbatim from Bodtker et al. (2009, p. 17) 
1730

 Verbatim from Bodtker et al. (2009, p. 17) 
1731

 Nearly verbatim from Bachelet et al. (2011, p. 417) 
1732

 Verbatim from Bachelet et al. (2011, p. 417) 
1733

 Nearly verbatim from Bachelet et al. (2011, p. 420) 
1734

 Verbatim from Bachelet et al. (2011, p. 420) 
1735

 Verbatim from Bachelet et al. (2011, p. 417). Bachelet et al. cite Dennehy et al. (2011) for information on the 

U.S. distribution of aggressive exotic species in wet and dry prairies found in the western Pacific Northwest. 
1736

 Verbatim from Bachelet et al. (2011, p. 417) 
1737

 Nearly verbatim from Bachelet et al. (2011, p. 417) 
1738

 Verbatim from Bachelet et al. (2011, p. 420) 
1739

 Verbatim from Bachelet et al. (2011, p. 420) 
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bald grassland loss in the future (balds are isolated grasslands which typically occur at the summits of 

Coast range peaks).
1740

 Since the remnant bald patches are closer to forest edge, they are more likely to 

encounter a higher density of tree seed.
1741

 Higher edge density of remnant bald patches also suggests the 

surrounding forest matrix will have increased influence on ecological patterns and processes in the 

remnant patches.
1742

 In particular, increased shade from the forest edge may reduce graminoid (i.e., grass) 

cover that excludes conifer establishment.
1743

 

Northwest California 

Information needed. However, one reviewer noted fine-scale downscaling has been completed for 

California, including an assessment of climatic water deficit for Douglas-fir forest, redwood, forest, and 

blue oak forest/woodland in the North Bay area of the San Francisco Bay region.
1744

 

Information Gaps 

Information on future projections for southcentral and southeast Alaska and northwest California are 

needed. In addition, future projections are needed for western Oregon, as the information presented does 

not incorporate climate change impacts.  

                                                      
1740

 Nearly verbatim from Zald (2009, p. 517) 
1741

 Verbatim from Zald (2009, p. 525) 
1742

 Verbatim from Zald (2009, p. 525). Zald cites Saunders et al. (1991) for this information. 
1743

 Verbatim from Zald (2009, p. 525) 
1744

 Comment from reviewer. Additional information on the downscaling and application to North Bay is available 

in: Flint, L. E., and A. L. Flint. (2012). Downscaling future climate scenarios to fine scales for hydrologic and 

ecological modeling and analysis. Ecological Processes. 1:1-15. Available at 

http://www.ecologicalprocesses.com/content/1/1/2 (accessed December 31, 2013).  

http://www.ecologicalprocesses.com/content/1/1/2


 

 
215 

4. Changes in the status, abundance, and distribution of alpine 

and subalpine habitats 

Treelines are temperature sensitive transition zones that 

are expected to respond to climate warming by advancing 

beyond their current position.
1745

 However, the sensitivity 

of treelines to environmental change, and in particular, to 

climate warming varies with local and regional 

topographical conditions and thus differs as to its extent, 

intensity, and the process of change:
1746

  

 Orographic treelines (i.e., influenced by the 

position and form of mountains): Orographically 

controlled treelines are relatively insensitive to 

changing climate.
1747

 They will not advance to the 

potential climatic tree limit (greater altitude) as 

long as mass wasting, debris slides, and 

avalanches occur.
1748

 

 Anthropogenic treelines (i.e., influenced by 

human activity): Great sensitivity and more rapid 

change can be expected in anthropogenic treelines 

after the cessation of human activity.
1749

 

However, establishment of trees above the 

anthropogenic forest limit is more impeded by 

extreme microclimates resulting from the removal 

of the forests than is generally recognized.
1750

 In 

many locations, the amplitude and magnitude of 

recent warming might not be sufficient to 

compensate for what is left from a detrimental 

arboreal history.
1751

 

 Climatic treelines (i.e., influenced by climate, 

especially heat deficiency): The sensitivity of 

climatic treelines to climate warming varies both 

in the local and regional topographical 

conditions.
1752

 Climatic limits of tree growth will 

occur only if no other factors, such as orography 

                                                      
1745

 Verbatim from Harsch et al. (2009, p. 1040) 
1746

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1747

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1748

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1749

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1750

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1751

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1752

 Verbatim from Holtmeier & Broll (2005, p. 395) 

Key Terms in this Section 

Alpine habitat: habitats occupying the highest 
vegetated elevations, located above open subalpine 
parkland and below non-vegetated surfaces such 
as glaciers, permanent snowfields, rocky peaks, 
and talus slopes (i.e., slopes with a pile of rocks 
at their base). 

Forest line: see Timberline 

Krummholz: the term commonly used to refer 
to trees deformed by wind and harsh climate, 
typically short in stature and found at the treeline 

Subalpine habitat: habitats located between 
the forest line and tree line. They occupy the 
transition zone between closed forest and alpine 
tundra. 

Timberline: the altitudinal boundary between 
forest and woodland; the highest extent of 
continuous closed-canopy forest 

Treeline: the highest extent, in both altitude 
and latitude, of individual upright trees; the 
altitudinal boundary between shrubland and 
woodland 

Tundra: a common name for alpine vegetation; 
adapted to a short growing season controlled by 
temperature, extent and duration of snowpack, 
desiccation (i.e., drying) by wind and sun, and 
other factors. Common plant species include 
wildflowers, grasses, sedges, lichens, and mosses. 

Sources: Aubry et al. (2011), Dial et al. 

(2007), Harsch et al. (2009) 
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or human impact, prevent tree growth from reaching its climatically caused altitudinal or northern 

limit.
1753

 

Tree invasions into high-elevation meadows are often associated with large-scale changes in climate or 

disturbance regimes, but are fundamentally driven by regeneration processes influenced by interactions 

between climatic, topographic, and biotic factors at multiple spatial scales.
1754

 Potential impacts of tree 

invasion will largely be determined by the spatial extent and temporal rates of tree invasion, which for 

many species will be fundamentally determined by seed-based regeneration processes.
1755

 Subalpine 

meadow habitat may decrease—conifer advancement into subalpine meadows is a documented impact of 

climate change, with treeline advancing unevenly upward into meadow sites that become more favorable 

to tree establishment.
1756

  

Alpine plants are considered highly vulnerable to impacts associated with a warming climate and already 

serve as an “early warning” system for climate change effects.
1757

 Climate-related factors include summer 

temperature, winter snowpack, movement of lower-elevation species upslope, and disturbance from 

insects and pathogens:  

 Summer temperature and snowpack: Summer temperatures and the duration and extent of 

winter snowpack are key controlling factors for plant establishment, distribution, and survival in 

high-elevation landscapes, although specific limiting factors vary locally and regionally (Figure 

56).
1758

 Reductions in snowpack extent and duration may result in loss of habitat and increased 

risk of desiccation and freezing for frost-sensitive plant species adapted to wintering in the stable, 

near-freezing conditions found under snow.
1759

 

 Movement of lower-elevation species upslope: High-elevation habitats are expected to 

experience increased habitat fragmentation and increased competition from lower elevation 

species as a result of climate change.
1760

 Conditions are expected to change more rapidly than 

alpine plant species will be able to adapt, and plant community composition is likely to change as 

different species respond differently to changing conditions.
1761

  

 Disturbance from insects and pathogens: An additional threat associated with projected climate 

change is the potential for increased native and non-native insect and pathogen outbreaks and 

                                                      
1753

 Verbatim from Holtmeier & Broll (2005, p. 399) 
1754

 Nearly verbatim from Zald et al. (2012, p. 1197) 
1755

 Verbatim from Zald et al. (2012, p. 1198) 
1756

 Verbatim from Aubry et al. (2011, p. 73). Aubry et al. cite Holtmeier & Broll (2005), Millar et al. (2004), 

Peterson et al. (2002), Rochefort & Peterson (1996), Woodward et al. (1995), and Zolbrod & Peterson (1999) for 

this information. 
1757

 Verbatim from Aubry et al. (2011, p. 71). Aubry et al. cite Guisan & Theurillat (2000) for information on alpine 

plant vulnerability to a warming climate and Grabherr et al. (2010) for information on alpine plants as an “early 

warning” system for climate change effects. 
1758

 Verbatim from Aubry et al. (2011, p. 71). Aubry et al. cite Millar et al. (2004), Peterson et al. (2002), and 

Woodward et al. (1995) for this information. 
1759

 Verbatim from Aubry et al. (2011, p. 73-74). Aubry et al. cite Grabherr et al. (2010) for information on 

conditions being expected to change more rapidly than alpine plant species will be able to adapt. 
1760

 Verbatim from Aubry et al. (2011, p. 73). Aubry et al. cite Walther (2005) for this information. 
1761

 Verbatim from Aubry et al. (2011, p. 73). Aubry et al. cite Grabherr (2003) for information on conditions being 

expected to change more rapidly than alpine plant species will be able to adapt. 
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related disturbances.
1762

 Please see Chapter IV.4 for additional information on native and non-

native insect and pathogen outbreaks and related disturbances.  

However, the high degree of fine-scale microhabitat variability in mountain ecosystems may provide 

some localized protection from climate change influences for species with slow migration rates, although 

the prevalence of this refugia effect is uncertain.
1763

 Relatively mobile species, such as those with light, 

wind-dispersed seeds, may be able to migrate locally to more hospitable locations, shifting to cooler, 

moister microhabitats or to more northerly aspects.
1764

  

Observed Trends 

Global 

Response to climate warming over the last century has been mixed, with some treelines showing evidence 

of recruitment at higher altitudes and⁄or latitudes (advance) whereas others reveal no marked change in 

the upper limit of tree establishment.
1765

 To explore this variation, Harsch et al. (2009) analyzed a global 

dataset of 166 sites for which treeline dynamics had been recorded since 1900 AD.
1766

 They found that: 

 Advance was recorded at 52% of sites (87 of 166 sites) with only 1% (2 sites) reporting treeline 

recession (Figure 54).
1767

  

 Treelines that experienced strong winter warming were more likely to have advanced, and 

treelines with a diffuse form (i.e., characterized by decreasing tree density with increasing altitude 

or latitude) were more likely to have advanced than those with an abrupt (i.e., a continuous 

canopy with no decline in density right up to the treeline) or krummholz form.
1768

  

 

Figure 54. The location of the 166 treeline sites across the globe analyzed by Harsch et al. (2009). They are grouped 

according to whether they are advancing (black circles) or not advancing (grey circles). Source: Reproduced from 

Harsch et al. (2009, Figure 1, p. 1042) by the authors of this report.  

                                                      
1762

 Verbatim from Aubry et al. (2011, p. 74). Aubry et al. cite Dale et al. (2001) for this information. 
1763

 Verbatim from Aubry et al. (2011, p. 73). Aubry et al. cite Randin et al. (2009) for this information. 
1764

 Verbatim from Aubry et al. (2011, p. 73). Aubry et al. cite Millar et al. (2007) for this information. 
1765

 Nearly verbatim from Harsch et al. (2009, p. 1040) 
1766

 Nearly verbatim from Harsch et al. (2009, p. 1040) 
1767

 Nearly verbatim from Harsch et al. (2009, p. 1040). As noted on p. 1045 of the cited article, Pinacaea (the pine 

family) and Betulaceae (the birch family) formed the treeline at 136 sites (82%). 
1768

 Nearly verbatim from Harsch et al. (2009, p. 1040) 
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Figure 55. Diagrammatic representation of sub-

alpine conifer distribution. A mosaic of trees and 

meadows dominates the ecotone between the 

continuous forest below and the treeless alpine 

above. Source: Reproduced from Rochefort et al. 

(1994, Figure 1, p. 90) by the authors of this report.  

Western North America 

Increases in tree establishment in sub-alpine 

meadows have been documented in 

mountainous areas throughout western North 

America.
1769

 Most areas show initial forest 

margin expansion after AD 1890 and 

significant establishment peaks between 1920 

and 1950.
1770

 Additional peaks of 

establishment have also been identified in 

some areas.
1771

 Most studies conclude that 

recent increases in tree establishment are the 

result of a warmer, drier climate following the 

Little Ice Age.
1772

 Rochefort et al. (1994) state 

that although most studies conclude that these 

increases were caused by warming trends, it is uncertain whether this is a long-term directional change or 

a short-term variation in relatively stable ecotones.
1773

 

To better understand the relationship between mountain hemlock growth and climate variability 

throughout its range, Gedalof and Smith (2001) analyzed chronologies from ten coastal sites located 

along a transect extending from northern California to southern Alaska.
1774

 The chronologies exhibit 

significant large-scale cross-correlations, with two distinct growth regions implied: chronologies from the 

Cascades in California to the Queen Charlotte Islands in British Columbia are correlated with each other 

but are distinct from Alaskan chronologies.
1775

  

                                                      
1769

 Verbatim from Rochefort et al. (1994, p. 94) 
1770

 Verbatim from Rochefort et al. (1994, p. 94) 
1771

 Verbatim from Rochefort et al. (1994, p. 94) 
1772

 Verbatim from Rochefort et al. (1994, p. 94) 
1773

 Nearly verbatim from Rochefort et al. (1994, p. 94-95) 
1774

 Nearly verbatim from Gedalof & Smith (2001, p. 322) 
1775

 Nearly verbatim from Gedalof & Smith (2001, p. 322) 



 

 
219 

 

Figure 56. Treeline-controlling factors at different scales. Treeline heterogeneity increases from the global to 

smaller scales. Source: Reproduced from Holtmeier & Broll (2005, Figure 1, p. 396) by the authors of this report.  

Overall, four general radial growth–climate associations were observed:
1776

 

 Positive response to temperature in spring or summer of the growth year: In the year of 

growth there is a positive association to at least one month of spring or summer temperature at all 

sites except Hemlock Knob (AK) and Mount Hood (OR).
1777

 

 Negative response to summer temperature in the year preceding ring formation: With the 

exception of Hemlock Knob (AK), all of the sites show a negative response to summer 

temperature in the year preceding growth.
1778

 

 Tendency for a negative response to precipitation in the winter preceding growth: South of 

the Queen Charlotte Islands (BC), four of the six sites exhibit a negative response to winter 

                                                      
1776

 Nearly verbatim from Gedalof & Smith (2001, p. 326) 
1777

 Nearly verbatim from Gedalof & Smith (2001, p. 326) 
1778

 Nearly verbatim from Gedalof & Smith (2001, p. 326) 
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precipitation in the season preceding growth.
1779

 The association with winter precipitation may 

reflect the role of deep, persistent snowpacks in regulating the duration of the growing season.
1780

 

 Positive response to spring precipitation in southeastern Alaska: While Hemlock Knob (AK) 

exhibits a negative association with preceding November precipitation, the remaining Alaskan 

sites exhibit a positive response to precipitation in spring of the growth year.
1781

 

The percentage of variation in radial growth explained by the climate response functions ranged from 

38% at Mount Baker (WA) to 68% at Strathcona Park (BC).
1782

 The particularly weak association at 

Mount Baker may be a consequence of the substantial local variability in climate at Mount Baker and the 

lack of a representative meteorological station nearby.
1783

  

Southcentral and Southeast Alaska 

Changes in the alpine forest-tundra ecotone in southcentral Alaska’s western Kenai Mountains between 

1951 and 1996 have been observed.
1784

 Overall, the greatest absolute decrease in area was tundra and 

greatest absolute increase was shrub; the greatest relative decrease was unvegetated area (17.4%/decade) 

and the greatest relative increase was closed-canopy forest (14%/decade).
1785

 Area of open woodland 

remained constant but changed location.
1786

 These changes, when compared to the PDO, occurred during 

a period of warming and drying across the Kenai Peninsula.
1787

  

Information is available for specific changes in vegetation composition and structure, tundra retreat and 

rise in timberline, tree line and shrub line, variation in upward movement of the ecotone by aspect, and 

trends in recruitment: 

 Changes in vegetation composition and structure at three sites: From 1951 to 1996, three 

local study sites known to have substantial changes (Mystery Hills, Russian Mountain, Skilak 

River) showed dramatic decreases in tundra and increases in shrub and closed canopy, with a 

relatively constant open woodland.
1788

 Shrub was the primary exit state for tundra points with 

almost half of the tundra replaced by shrub (30–54% among the three sites), greater than that seen 

regionally (25%) or on cooler slopes (27%).
1789

  

 Tundra retreat and rise in timberline, tree line, and shrub line: Data suggest that while the 

forest-tundra ecotone is shifting upward, its constituent parts are doing so at differing rates, with 

shrub-line likely moving most rapidly, then tree line, then tundra retreat, and timberline moving 

                                                      
1779

 Nearly verbatim from Gedalof & Smith (2001, p. 326) 
1780

 Verbatim from Gedalof & Smith (2001, p. 322) 
1781

 Nearly verbatim from Gedalof & Smith (2001, p. 326) 
1782

 Nearly verbatim from Gedalof & Smith (2001, p. 326). Gedalof & Smith refer the reader to Table 4 in the cited 

article for this information.. 
1783

 Verbatim from Gedalof & Smith (2001, p. 326). Gedalof & Smith cite Heikkinen (1985) for this information. 
1784

 Dial et al. (2007) 
1785

 Nearly verbatim from Dial et al. (2007, p. 6) 
1786

 Verbatim from Dial et al. (2007, p. 1) 
1787

 Verbatim from Dial et al. (2007, p. 12) 
1788

 Nearly verbatim from Dial et al. (2007, p. 8) 
1789

 Verbatim from Dial et al. (2007, p. 8). Dial et al. refer the reader to Table 1 in the cited article for information on 

the regional average and Table 3 in the cited article for information on the cool slope value. 
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slowest.
1790

 Using the highest quartile elevations to estimate changes in timberline, tree line, and 

shrub-line from 1951 to 1996 suggested that:  

o Shrub-line rose by ~190 feet (59 meters, m; ~43 feet/decade, 13 m/decade);  

o Tree line rose ~160 feet (49 m; ~36 ft/decade, 11 m/decade); and,  

o Timberline rose ~20 feet (6 m; ~4.2 ft/decade, ~1.3 m/decade).
1791

  

o Using the difference in the lowest quartile elevation (bottom 25%) for tundra in 1996 and 

1951 implied that tundra retreated upward ~130 feet (39 m; ~26 ft/decade, 8.0 

m/decade).
1792

  

 Variation in upward movement of the ecotone by aspect: There was evidence for upward 

movement of the forest-tundra ecotone on cool, northern exposures (N, NW, NE), less so or none 

for warm, nonnorthern exposures (S, SE, SW, E, W).
1793

 For example, tree line, identified using 

upper quartiles of open woodland, rose ~164 feet (~50 meters) on cool, northerly aspects, but not 

on other aspects.
1794

 Tundra on cool slopes decreased substantially below ~2300 feet asl (700 m 

asl) and on warm slopes tundra decreased mostly below ~2800 feet asl (850 m asl).
1795

 Neither 

aspect lost tundra above ~3280 feet asl (~1000 m asl).
1796

  

 Trends in recruitment: Results are consistent with tree establishment that is sensitive to both 

temperature and to moisture stress.
1797

 No recruits were found from the coldest decade, 1945-

1955.
1798

 From 1985-1995, the second warmest decade but one of relatively high water balance, 

recruits established at all elevations sampled and represented the most numerous cohort.
1799

 The 

last, hottest, and driest decade, 1995-2005, showed a sharp reduction in recruits that could be due 

to a sampling failure to find very small recruits.
1800

  

In southeast Alaska, western balsam bark beetle killed subalpine fir in 2002 in the Skagway river 

drainage.
1801

 The northern-most extension of balsam bark beetles is now in the Taiya Inlet ~0.93 miles 

(1.5 km) south of Skagway.
1802

 

Western British Columbia 

In one of the first studies on recent increases of tree establishment in sub-alpine meadows, Brink (1959) 

documented establishment of subalpine fir and mountain hemlock between 1919 and 1939 in heather 

                                                      
1790

 Nearly verbatim from Dial et al. (2007, p. 7). Dial et al. refer the reader to Figure 3 and Table 2 in the cited 

article. 
1791

 Nearly verbatim from Dial et al. (2007, p. 6). Dial et al. refer the reader to Table 2 in the cited article for this 

information. 
1792

 Verbatim from Dial et al. (2007, p. 6) 
1793

 Verbatim from Dial et al. (2007, p. 7) 
1794

 Nearly verbatim from Dial et al. (2007, p. 1) 
1795

 Verbatim from Dial et al. (2007, p. 7) 
1796

 Verbatim from Dial et al. (2007, p. 7) 
1797

 Nearly verbatim from Dial et al. (2007, p. 10) 
1798

 Verbatim from Dial et al. (2007, p. 10) 
1799

 Nearly verbatim from Dial et al. (2007, p. 10). Dial et al. refer the reader to Figure 1b in the cited article for 

information on water balance. 
1800

 Nearly verbatim from Dial et al. (2007, p. 10). Dial et al. refer the reader to Figure 1b in the cited article for 

information on water balance. 
1801

 Nearly verbatim from Kelly et al. (2007, p. 54) 
1802

 Nearly verbatim from Kelly et al. (2007, p. 54). Kelly et al. cite Wittwer (2002) for this information. 
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communities (paddle worms/western moss heather) of the Coast Range.
1803

 Heather communities were on 

topographic convexities, with earlier snowmelt and a longer growing season.
1804

 Soils were also more 

xeric (i.e., dry) than surrounding depressions, but not as dry as south-facing forb meadows without 

trees.
1805

 

The combination of long-term fire suppression, wholesale planting of lodgepole pine, and moister 

summers has intensified Dothistroma (i.e., needle blight) epidemics in northwestern B.C.
1806

 Warmer 

temperatures at high elevations have enabled mountain pine beetle outbreaks to spread up into parts of the 

whitebark pine’s range where they had not occurred before.
1807

 Whitebark pine is not regenerating very 

successfully because of:  

 Widespread mortality of young trees due to the introduced white pine blister rust;  

 Beetle-caused mortality of cone-bearing trees; and,  

 Fewer fires that normally provide suitable sites for seedlings.
1808

  

In 2005, 3.5 million acres (~1.4 million hectares) of subalpine fir were infested by western balsam bark 

beetle in British Columbia.
1809

 

Pacific Northwest 

The similarity in forest history across a broad region with diverse topographic settings (i.e., the Pacific 

Northwest) indicates that large-scale atmospheric circulation exerted strong controls over patterns of 

regional vegetation change.
1810

 The Lateglacial period (>10,000 Before Present, BP) is characterized by a 

diverse conifer assemblage, the early Holocene (c. 10000–6500 BP) is dominated by disturbance-adapted 

species (e.g., Sitka alder at high elevation, red alder and Douglas fir at low elevation), and the late 

Holocene (< c. 6500 BP) records the establishment of modern forest communities.
1811

 

Rochefort et al. (2006) note less than 0.5% of Oregon and 5% of Washington lie above the continuous 

forest line.
1812

 In the Pacific Northwest, the subalpine parkland is a broad ecotone, often ~984 to 1640 feet 

(300-500 meters) wide, characterized by scattered trees or tree clumps interspersed with herbaceous 

meadows (Box 7).
1813

 Typical forest line elevations range from ~6,990 feet (2,130 meters) at Mt. 

McLoughlin in southern Oregon to ~4,590 feet (1,400 meters) on Mt. Baker in northern Washington.
1814

  

                                                      
1803

 Nearly verbatim from Rochefort et al. (1994, p. 95) 
1804

 Verbatim from Rochefort et al. (1994, p. 95) 
1805

 Verbatim from Rochefort et al. (1994, p. 95) 
1806

 Nearly verbatim from Pojar (2010, p. 23). Pojar cites Woods et al. (2005) for this information. 
1807

 Verbatim from Pojar (2010, p. 23) 
1808

 Nearly verbatim from Pojar (2010, p. 23). Pojar cites Campbell & Antos (2000), Zeglen (2002), and Smith et al. 

(2008) for this information. 
1809

 Nearly verbatim from Kelly et al. (2007, p. 54). Kelly et al. cite Westfall (2005) for this information. 
1810

 Verbatim from Gavin et al. (2001, p. 186). Gavin et al. cite Thompson et al. (1993) for this information. 
1811

 Verbatim from Gavin et al. (2001, p. 186). Gavin et al. cite Whitlock (1992), McLachlan & Brubaker (1995), 

and Pellatt et al. (1998) for this information. 
1812

 Nearly verbatim from Rochefort et al. (2006, p. 247) 
1813

 Nearly verbatim from Rochefort et al. (2006, p. 247). Rochefort et al. cite Franklin & Dyrness (1987) for this 

information. 
1814

 Nearly verbatim from Rochefort et al. (2006, p. 241) 
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Subalpine tree growth and establishment in the Pacific Northwest (primarily British Columbia, 

Washington, and Oregon) are affected by total and seasonal distribution of precipitation.
1815

 

Spatiotemporal patterns of growth and establishment are generally limited by accumulation of winter 

snowpack and timing of snowmelt, and by low temperature and low soil moisture (at some locations) 

during the growing season.
1816

 During the past century (i.e., since 1890), widespread tree establishment 

has been occurring in snow-dominated subalpine meadows of the Pacific Northwest (Table 28).
1817

 This 

establishment may be related partly to warmer air temperatures since the 1890s following the end of the 

Little Ice Age.
1818

 However, on a subregional scale, periods of tree establishment are associated with 

                                                      
1815

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1967) 
1816

 Verbatim from Zolbrod & Peterson (1999, p. 1967). Zolbrod & Peterson cite Brink (1959), Franklin et al. 

(1971), Canaday & Fonda (1974, Peterson & Peterson (1994), Woodward et al. (1995), Ettl & Peterson (1995a, 

1995b), Rochefort & Peterson (1996), and Peterson (1998) for information winter snowpack and the timing of 

snowmelt. Zolbrod & Peterson cite Little et al. (1994), Ettl & Peterson (1995a, 1995b), and Woodward et al. (1995) 

for information on temperature and soil moisture. 
1817

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1967). Zolbrod & Peterson cite Brink (1959), Fonda & Bliss 

(1969), Franklin et al. (1971), Heikkinen (1984), Magee & Antos (1992), Rochefort et al. (1994), Woodward et al. 

(1995), Rochefort & Peterson (1996), Miller & Halpern (1998), and Peterson (1998) for this information. 
1818

 Verbatim from Zolbrod & Peterson (1999, p. 1967). Zolbrod & Peterson cite Heikkinen (1984) for this 

information. 

Box 7. Alpine and subalpine plant communities in the Pacific Northwest. 
 

Subalpine Plant Communities 

1. Heath-shrub communities, dominated by one 
or two ericaceous (i.e., of the heather family) 
shrubs. Examples: red mountain heath, cream 
mountain heath, western cassiope, blueleaf 
huckleberry 

2. Lush herbaceous vegetation communities, 
dominated by tall perennials. Examples: Sitka 
valerian, broadleaf lupine, false hellebore. 

3. Low herbaceous vegetation communities, 
dominated by fanleaf cinquefoil and wooly 
everlasting. Lesser amounts of black sedge are 
also present. 

4. Wet sedge communities are dominated by 
black sedge, showy sedge, alpine aster, and 
wooly everlasting. These communities are found 
in depressions on the landscape. 

5. Dry grass communities, dominated by green 
fescue, Idaho fescue, and broadleaf lupine. 
These communities are found on well-drained 
sites and are more common east of the 
mountains. 

Alpine Plant Communities 

1. Snowbed communities may be dominated by 
alpine buckwheat-tolmie saxifrage-luetka 
communities, or by a variety of sedges and 
herbs. They have the shortest growing season 
due to their proximity to snowbanks. 

2. Krummholz may be composed of any species. 
Subalpine fir, whitebark pine, Engelmann 
spruce, and mountain larch are common. 

3. Heath-dwarf shrub community composition 
depends on local conditions, with pink, yellow, 
and mountain heathers and western cassiope 
generally found on moister, more protected 
sites than willows, crowberry, or kinnikinnick 
communities. The growing season is 
intermediate in length. 

4. Fellfield and talus communities are 
influenced by the size and distribution of rock 
cover and have the longest growing season. 
Observed communities include creamy 
mountain heath ridge, more continuous sedge 
turf (dominated by Brewer and showy sedge, 
coiled lousewort), and grass species (purple 
reedgrass, timber danthonia). 

 
Source: Modified from Rochefort et al. (2006, p. 243-245) by authors of this report. 
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specific long-term precipitation trends and the amelioration of limiting factors.
1819

 High-snowfall sites 

have high regeneration during periods of lower than average winter precipitation (ca. 1900-1950), and 

low-snowfall sites have high regeneration during periods of higher than average winter precipitation (ca. 

1950-1990).
1820

 

In a study of mountain hemlock growth response to climatic variability at annual and decadal time scales 

from 1895-1991 at elevations ranging from ~3600 to ~7550 feet above sea level (1100-2300 m asl), 

Peterson and Peterson (2001) found that at high-elevation and midrange sites in Washington and northern 

Oregon, growth was negatively correlated with spring snowpack depth, and positively correlated with 

growth-year summer temperature and the winter Pacific Decadal Oscillation (PDO) index.
1821

 In southern 

Oregon, growth was negatively correlated with spring snowpack depth and previous summer temperature, 

and positively correlated with previous summer precipitation.
1822

 At the low-elevation sites, growth was 

mostly insensitive to annual climatic variability but displayed sensitivity to decadal variability in the PDO 

opposite to that found at high-elevation sites.
1823

 

Western Washington 

Both records at Martins Lake and Moose Lake in the Olympic Mountains indicate the onset of mesic (i.e., 

moderate moisture) conditions in the late Holocene, which is in agreement with other paleoenvironmental 

records in the Pacific Northwest and paleoclimatic reconstructions that indicate moist summer conditions 

(see previous section).
1824

  

In western Washington, current forest line and tree line elevations vary, with the transition between 

forested and subalpine habitat generally taking place between 5,000 and 6,000 feet (1,520 and 1,830 

meters) and alpine tundra beginning between 1,000 and 1,500 feet (300 and 460 meters) above that.
1825

 

Alpine and subalpine habitats cover approximately 859,000 acres (348,000 hectares, ha).
1826

 Of those 

approximately 859,000 acres (348,000 ha), 719,000 acres (291,000 ha; 84%) are classified as subalpine 

parkland, and 140,000 acres (56,700 ha; 16%) are classified as alpine.
1827

 

At regional and smaller scales, sensitivity of treeline-relevant factors (e.g., tree physiognomy, seed-based 

regeneration, local topography) may vary in areas with different climatic characteristics.
1828

 In the sub-

alpine zone of Mt. Baker (North Cascades), which is characterized by a maritime, snow-rich climate, 

young growth that became established during the period 1925-1945 was most successful on ridge crests, 

                                                      
1819

 Verbatim from Zolbrod & Peterson (1999, p. 1967) 
1820

 Verbatim from Zolbrod & Peterson (1999, p. 1967). Zolbrod & Peterson cite Agee & Smith (1984) and 

Woodward et al. (1995) for this information. 
1821

 Nearly verbatim from Peterson & Peterson (2001, p. 3330) 
1822

 Verbatim from Peterson & Peterson (2001, p. 3330) 
1823

 Verbatim from Peterson & Peterson (2001, p. 3330) 
1824

 Nearly verbatim from Gavin et al. (2001, p. 185). Gavin et al. cite Thompson et al. (1993) for this information. 
1825

 Verbatim from Aubry et al. (2011, p. 71) 
1826

 Nearly verbatim from Aubry et al. (2011, p. 71). Aubry et al. refer the reader to Figure 11 in the cited report. 
1827

 Verbatim from Aubry et al. (2011, p. 71) 
1828

 Nearly verbatim from Holtmeier & Broll (2005, p. 402) 
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whereas late-lying snow and wetness impeded trees from invading valleys and other snow-rich 

depressions.
1829

  

The same was observed in the treeline ecotone on Mt. Rainier in the early- to mid-20
th
 century.

1830
 A 

study of the temporal and spatial distribution of trees in subalpine meadows of Mt. Rainier National Park 

from 1930-1990 concluded recruitment in subalpine meadows has been continuous on the west side of 

Mt. Rainier since about 1930, but has occurred in short, discrete periods on the east side.
1831

  

Whitebark pine, western white pine, and lodgepole pine are all associated with high-elevation forests, and 

whitebark pine and lodgepole pine are often found in subalpine habitats.
1832

 An example of a subalpine 

habitat vulnerable to climate change is the whitebark pine community found in all three of western 

Washington’s national forests (i.e., Olympic, Gifford Pinchot, and Mt. Baker-Snoqualmie National 

Forests).
1833

 On the Mt. Baker-Snoqualmie and Gifford Pinchot National Forests, whitebark pine 

populations occur primarily near the Cascade Crest, and to a greater extent east of the crest.
1834

 On the 

Olympic National Forest, the Buckhorn Wilderness contains the only known population of whitebark pine 

on the forest, as well as the Buckhorn Research Natural Area (RNA), both of which provide areas for 

assessing current condition and monitoring climate change effects on high-elevation ecosystems.
1835

 In 

addition, recent warming trends resulted in range expansion and population outbreaks of mountain pine 

beetle, a native bark beetle, that have led to widespread mortality in high-elevation pines (e.g., whitebark 

pine, western white pine, lodgepole pine) and led to a short-term risk of increased fire intensity.
1836

  

Western Oregon 

In a subalpine meadow complex in the Mount Jefferson Wilderness (Willamette National Forest, central 

Cascades), proportion of meadow occupied by trees increased from 8% in 1950 to 35% in 2007.
1837

 Trees 

occupied 7.75 % of the total meadow landscape in 1950, increased at an average rate of 0.49 % per year, 

with 34.71 % occupied in 2008.
1838

  

Larger landforms, topography, and tree canopies interactively mediated regional climatic controls of tree 

invasion by modifying depth and persistence of snowpack, while tree canopies also influenced seed 

source availability.
1839

 Specifically: 

                                                      
1829

 Nearly verbatim from Holtmeier & Broll (2005, p. 403). Holtmeier & Broll cite Heikkinen (1984) for this 

information. 
1830

 Nearly verbatim from Holtmeier & Broll (2005, p. 403). Holtmeier & Broll cite Lowery (1972) and Franklin & 

Dyrness (1973) for this information. 
1831

 Nearly verbatim from Rochefort & Peterson (1996, p. 52) 
1832

 Nearly verbatim from Aubry et al. (2011, p. 74) 
1833

 Nearly verbatim from Aubry et al. (2011, p. 71) 
1834

 Verbatim from Aubry et al. (2011, p. 71) 
1835

 Verbatim from Aubry et al. (2011, p. 71) 
1836

 Nearly verbatim from Aubry et al. (2011, p. 74). Aubry et al. cite Logan et al. (2003) and Williams & Leibhold 

(2002) for information on mortality in high-elevation pines due to outbreaks of mountain pine beetle. 
1837

 Nearly verbatim from Zald et al. (2012, p. 1197) 
1838

 Nearly verbatim from Zald et al. (2012, p. 1203) 
1839

 Verbatim from Zald et al. (2012, p. 1197) 
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 In Jefferson Park, tree invasion has been largely absent in wet meadows at low topographic 

positions over the past fifty years, while seed dispersal limitations may constrain tree invasion 

and treeline movement for select species.
1840

  

 On glacial landforms, tree invasion was negatively associated with spring snowfall, but on debris 

flows tree invasion was not associated with snowfall.
1841

 

 By 2008, meadow landscape occupancy was 33.68 and 38.82 % on glacial and debris flow 

landforms, respectively.
1842

 

Northwest California 

Information needed. 

Table 28. Summary of recent sub-alpine tree invasion attributed to climate for British Columbia and the Pacific 

Northwest. 

Species Location Period of invasion Author(s) 

Subalpine fir 

Mountain hemlock 
Coast Mountains (BC) 1919-1939 Brink (1959) 

Subalpine fir 

Subalpine larch 

Mountain hemlock 

Cascade Mountains (WA) 1919-1937 Arno (1970) 

Pacific silver fir 

Subalpine fir 

Yellow-cedar 

Mountain hemlock 

Cascade Mountains (WA) 1920-1950 Lowery (1982) 

Pacific silver fir 

Mountain hemlock 
Cascade Mountains (WA) 1923-1943 Douglas (1972) 

Mountain hemlock 

Subalpine fir 

Mountain hemlock 

Cascade Mountains (WA) 
1925-1934 

1940-1944 
Heikkinen (1984) 

Subalpine fir 
Mt. Rainier National Park, 

Cascade Mountains (WA) 
1930-1990 

Rochefort & Peterson 

(1996) 

Subalpine fir 

Subalpine larch 

Mountain hemlock 

Cascade Mountains (WA, OR) 
1894-1920 

1925-1950 
Franklin et al. (1971) 

Mountain hemlock Olympic Mountains (WA) 1920-1950 Agee & Smith (1984) 

Subalpine fir 

Mountain hemlock 
Olympic Mountains (WA) 

1923-1933 

1943-1948 

1953-1960 

Fonda & Bliss (1969) 

Source: Modified from Rochefort et al. (1994, Table 2, p. 95) by the authors of this report. 

                                                      
1840

 Verbatim from Zald et al. (2012, p. 1210) 
1841

 Verbatim from Zald et al. (2012, p. 1197) 
1842

 Nearly verbatim from Zald et al. (2012, p. 1204) 
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Future Projections 

Global 

In the long term, continued global warming will facilitate treeline advance to greater altitude and 

latitudes.
1843

 However, the sensitivity of treelines to environmental change, and in particular, to climate 

warming varies with local and regional topographical conditions and thus differs as to its extent, intensity, 

and the process of change.
1844

  

Southcentral and Southeast Alaska 

If current conditions continue for the next 50-100 years, the Kenai forest-tundra ecotone will markedly 

change to a far woodier landscape with less tundra and more closed-canopy forest.
1845

 According to the 

model (i.e., Markov models of stochastic [i.e., randomized] transition matrices to estimate future 

distributions of cover classes for the years 2041 and 2086 compared to 1951), by the end of the 21
st
 

century, cool aspects are likely to be more than half tree-covered, while warm aspects will be about one-

third tree covered, the difference in cover being principally shrub.
1846

 These model results are suggestive 

at best, based on an assumption of unchanging transition probabilities.
1847

 Their principle purpose is to 

highlight the differences between warm and cool aspects as their transitions compound into the future.
1848

 

In Alaska, models predict that 75%-90% of the area that was tundra in 1922 will be replaced by boreal 

and temperate forest by the end of the 21
st
 century.

1849
 By then, one can expect lower elevation 

alpine/tundra habitat in southeastern Alaska to be largely replaced by shrubs and trees.
1850

  

Western British Columbia 

Ecosystem productivity could increase in the north and at high elevations, where cold air and soil 

temperatures and short growing seasons currently limit plant growth.
1851

 In such energy-limited 

environments, warmer temperatures combined with increased CO2 should result in longer growing 

seasons, higher rates of photosynthesis, and increased primary production, decomposition, and rates of 

mineral cycling.
1852

 However, unsuitable conditions for regeneration (for example, lack of mineral soils in 

high mountains and northern muskeg), slow migration, and other factors such as nutrient limitations will 

likely retard the emergence of productive forests in these regions.
1853

  

                                                      
1843

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1844

 Verbatim from Holtmeier & Broll (2005, p. 405) 
1845

 Verbatim from Dial et al. (2007, p. 1) 
1846

 Nearly verbatim from Dial et al. (2007, p. 11) 
1847

 Verbatim from Dial et al. (2007, p. 11-12) 
1848

 Verbatim from Dial et al. (2007, p. 12) 
1849

 Nearly verbatim from Kelly et al. (2007, p. 52). Kelly et al. cite Bachelet et al. (2005) for this information. 
1850

 Nearly verbatim from Kelly et al. (2007, p. 52) 
1851

 Verbatim from Pojar (2010, p. 24) 
1852

 Verbatim from Pojar (2010, p. 24). Pojar cites Waring & Running (1998) for this information. 
1853

 Verbatim from Pojar (2010, p. 24). Pojar cites Campbell et al. (2008) for this information. 
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Pacific Northwest 

Increasing atmospheric CO2 concentrations could produce warmer temperatures and reduced snowpack 

depths in the next century.
1854

 Such changes would likely increase mountain hemlock growth and 

productivity throughout much of its range in Washington and northern Oregon.
1855

 New pulses of seedling 

establishment in wet subalpine and alpine meadows and upward movement of the alpine tree line would 

also be likely, as these have occurred during warm periods of the past century.
1856

 Increased summer 

drought stress and reduced productivity would be likely, however, in mountain hemlock forests of 

southern Oregon and near the species lower elevation limit at some sites.
1857

 There could also be 

increased risk of frost damage if earlier snowmelt causes shoot growth to commence earlier in the 

spring.
1858

 Regeneration could be increasingly limited to periods when decadal variability in climate 

produces a series of summers with reduced temperature and moisture stress.
1859

 

Western Washington 

In a vulnerability assessment for western Washington terrestrial habitats, several high-elevation tree 

species ranked among the most vulnerable to climate change.
1860

 Among those species, subalpine fir and 

mountain hemlock are associated with subalpine habitat.
1861

 They are important components of the patchy 

habitat structure of subalpine environments, and are commonly dominant species below the subalpine 

zone.
1862

 In the case of mountain hemlock, habitat affinity was the greatest contributor to its high overall 

vulnerability score; for subalpine fir, insects and disease was the most influential factor.
1863

 These results 

demonstrate some of the potential differences among species in relative vulnerability to climate 

change.
1864

 In addition, fire frequency is expected to increase with future climate warming, and may be 

exacerbated in subalpine habitats by increased tree mortality from mountain pine beetle.
1865

  

In a modeling study of the response of high-elevation forests in a southwest and northeast region of the 

Olympic Mountains (using the gap model ZELIG run under three scenarios, a 3.6 °F (2 °C) temperature 

increase and either no change in annual precipitation, a 20% increase in annual precipitation, or a 20% 

decrease in annual precipitation over 1000 years), for all transects, trees establish in the subalpine 

                                                      
1854

 Verbatim from Peterson & Peterson (2001, p. 3330) 
1855

 Verbatim from Peterson & Peterson (2001, p. 3330) 
1856

 Verbatim from Peterson & Peterson (2001, p. 3341). Peterson & Peterson cite Rochefort et al. (1994) and 

Rochefort & Peterson (1996) for this information. 
1857

 Verbatim from Peterson & Peterson (2001, p. 3330) 
1858

 Verbatim from Peterson & Peterson (2001, p. 3342). Peterson & Peterson cite Cannell & Smith (1986) for this 

information. 
1859

 Verbatim from Peterson & Peterson (2001, p. 3342) 
1860

 Verbatim from Aubry et al. (2011, p. 73) 
1861

 Verbatim from Aubry et al. (2011, p. 73) 
1862

 Verbatim from Aubry et al. (2011, p. 73) 
1863

 Verbatim from Aubry et al. (2011, p. 73) 
1864

 Verbatim from Aubry et al. (2011, p. 73) 
1865

 Nearly verbatim from Aubry et al. (2011, p. 74). Aubry et al. cite Littell et al. (2009a) and Westerling et al. 

(2006) for information on projected increases in fire frequency and Littell et al. (2009b) for information on 

potentially exacerbated fire frequency in subalpine habitats. 
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meadows in the warmer climatic scenario, continuing the pattern of tree establishment documented for the 

20
th
 century.

1866
 Specific projections are available: 

 Northeast region:In the northeast region, the high-elevation meadows on both the north and 

south aspects are dominated by lodgepole pine stands in 150-200 years.
1867

 However, the 

establishment of forest in the northeast meadows is contrary to predictions that warmer summers 

would increase evapotranspiration and drought during the growing season, thereby increasing 

moisture stress in seedlings and reducing regeneration.
1868

 

 Southwest region: In the southwest region, the subalpine meadows are dominated by stands of 

large Pacific silver fir with western hemlock and mountain hemlock subdominant in about 200 

years.
1869

 The establishment of forest in the southwest matches predictions for a warmer climate 

in a high precipitation regime.
1870

  

Also in the Olympic Mountains, the Martins Lake and Moose Lake pollen records have at least two 

important implications for subalpine forest responses to future climatic warming.
1871

 First, warmer 

summer temperatures may not cause an upward shift in elevational tree-line, as evidenced by lower than 

present tree-line near Martins Lake during the early Holocene (see observed trends in this section for 

more information).
1872

 Second, subalpine forests will probably not respond to climatic change uniformly 

over space because mountain environments can modify regional climatic forcing to produce complex 

spatial variability in local climates that affect both the direction and rate of local population responses.
1873

 

Overall, the Martins Lake and Moose Lake records demonstrate that the local expression of regional 

climatic change varies spatially in the Olympic Mountains, indicating that vegetation response to future 

climatic change will be complex in such areas.
1874

 

Western Oregon 

In future vegetation simulations produced by MC1, areas of subalpine forest and alpine tundra in Oregon 

are projected to decrease as temperatures increase at higher elevations by 2070-2099 (compared to 1961-

1990, using the CSIRO-Mk3.0 and UKMO-HadCM3 GCMs under the B1 and A2 scenarios).
1875

 Species 

that currently occur at lower elevations may expand upward in elevation over time.
1876

 

                                                      
1866

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1970-1971). Zolbrod & Peterson cite Agee & Smith (1984), 

Rochefort et al. (1994), Woodward et al. (1995), Rochefort & Peterson (1996), Miller & Halpern (1998), and 

Peterson (1998) for this information. 
1867

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1971). Zolbrod & Peterson refer the reader to Table 3 in the 

cited article for this information. 
1868

 Verbatim from Zolbrod & Peterson (1999, p. 1971). Zolbrod & Peterson cite Little et al. (1994), Soll (1994), and 

Woodward et al. (1995 for this information. 
1869

 Nearly verbatim from Zolbrod & Peterson (1999, p. 1971) 
1870

 Verbatim from Zolbrod & Peterson (1999, p. 1971). Zolbrod & Peterson cite Franklin et al. (1971), Little et al. 

1994), Woodward et al. (1995), and Rochefort & Peterson (1996) for this information. 
1871

 Nearly verbatim from Gavin et al. (2001, p. 186) 
1872

 Verbatim from Gavin et al. (2001, p. 186) 
1873

 Verbatim from Gavin et al. (2001, p. 186) 
1874

 Verbatim from Gavin et al. (2001, p. 186) 
1875

 Nearly verbatim from Shafer et al. (2010, p. 180). Shafer et al. refer the reader to Figures 5.3b and 5.3c in the 

cite report for this information. 
1876

 Verbatim from Shafer et al. (2010, p. 195) 
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In a subalpine meadow complex in the Mount Jefferson Wilderness (Willamette National Forest, central 

Cascades), while regional climatic changes are likely to accelerate tree invasion, finer scale topographic 

and biotic factors influencing tree invasion will persist in the future.
1877

 These fine scale spatial 

constraints on tree invasion may result in high elevation persistence of meadows and meadow obligate 

species that may be overlooked at larger spatial scales.
1878

 However, lower snow depth and rapid tree 

invasion on debris flows that was not associated with annual and spring snowfall suggests a threshold of 

snow depth and persistence may exist, below which rapid tree invasion may occur.
1879

  

The importance of snow, uncertain climate change impacts on snow, and mediation of snow by 

interacting and context dependent factors in complex mountain terrain poses substantial hurdles for 

understanding how these ecotones (i.e., subalpine meadow complexes) may respond to future climate 

conditions.
1880

  

Northwest California 

Information needed. 

Information Gaps 

Site-specific management requires site-specific information, but alpine and subalpine habitats are not 

well-mapped, due in part to difficulties of scale.
1881

 Uncertainty in regional and global climate models is 

often greatest for precipitation and snowfall, especially in areas with complex mountainous terrain and 

ocean-land interactions.
1882

 Current climate modeling is limited to resolutions too coarse to be useful in 

complex high-elevation topography, and also misses these important small-scale landscape and habitat 

variations.
1883

 These localized habitats include dry meadows, wet meadows, wetlands, seasonal ponds, 

lichen-covered rocks and cliffs, talus slopes, krummholz, shrub thickets, tree islands, and other small 

ecosystems.
1884

 Holtmeier and Broll (2005) suggest research on the factors controlling spatial and 

temporal patterns of establishment and survival of seedlings and young growth should be intensified.
1885

 

Also lacking are inventories of existing non-native invasive plant (noxious weed) infestations in high-

elevation environments.
1886

 

Direct monitoring of climate-sensitive factors will provide better information for assessing alpine and 

subalpine responses to climate change.
1887

 For instance, threshold snow levels could greatly alter 

understanding of potential tree invasion (e.g., in subalpine meadow complexes) in the future, but 

                                                      
1877

 Nearly verbatim from Zald et al. (2012, p. 1210) 
1878

 Verbatim from Zald et al. (2012, p. 1210). Zald et al. cite Randin et al. (2009) for this information. 
1879

 Nearly verbatim from Zald et al. (2012, p. 1210) 
1880

 Verbatim from Zald et al. (2012, p. 1197) 
1881

 Verbatim from Aubry et al. (2011, p. 74) 
1882

 Nearly verbatim from Zald et al. (2012, p. 1210). Zald et al. cite Good & Lowe (2006) and Salathé et al. (2008) 

for this information. 
1883

 Verbatim from Aubry et al. (2011, p. 75). Aubry et al. cite Bachelet (2010a) for this information. 
1884

 Verbatim from Aubry et al. (2011, p. 74). Aubry et al. cite Malanson et al. (2007) for this information. 
1885

 Nearly verbatim from Holtmeier & Broll (2005, p. 405) 
1886

 Verbatim from Aubry et al. (2011, p. 75) 
1887

 Verbatim from Aubry et al. (2011, p. 75) 
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observational and experimental evidence regarding threshold snow effects on tree invasion are lacking.
1888

 

The duration and extent of annual snowpack can be tracked using existing aerial imagery and remote 

sensing.
1889

 Changes in tree density and establishment in subalpine meadows can also be tracked using 

aerial imagery.
1890

 Holtmeier & Broll (2005) suggest the search for treelines suitable for monitoring for 

the first effects of present climate change at the regional, landscape, or local scales should focus on 

treelines undisturbed by orographic effects and human impact.
1891

 Satellite imagery and other remote 

sensing techniques can facilitate the identification of those treelines that are most appropriate for this type 

of field research, even in remote areas.
1892

 

Local temperature and precipitation data are available from the existing system of weather stations 

maintained by various agencies, such as the Western Regional Climate Center 

(www.wrcc.dri.edu/index.html).
1893

 Consistent observation of these data, combined with a review of 

historical data, would offer clues as to which elements of alpine and subalpine habitats might be most 

vulnerable to the effects of climate change.
1894

 Gaps in the network of weather stations could be identified 

and filled to provide a more complete picture of patterns of climate change in alpine and subalpine 

habitats.
1895

  

  

                                                      
1888

 Nearly verbatim from Zald et al. (2012, p. 1210) 
1889

 Nearly verbatim from Aubry et al. (2011, p. 75) 
1890

 Verbatim from Aubry et al. (2011, p. 75) 
1891

 Nearly verbatim from Holtemeier & Broll (2005, p. 405) 
1892

 Verbatim from Holtemeier & Broll (2005, p. 405) 
1893

 Verbatim from Aubry et al. (2011, p. 75) 
1894

 Verbatim from Aubry et al. (2011, p. 75) 
1895

 Verbatim from Aubry et al. (2011, p. 75) 

http://www.wrcc.dri.edu/index.html
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