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Climate change is significantly impacting the Passamaquoddy Tribe economically, culturally and 
spiritually. Invasive plant species including a grass usually found in Southern New England have inhibited 
the harvest and production of blueberries on the Tribe’s Northeast Blueberry Company (NEBCO), at 
nearly 5,000 acres one of the largest wild blueberry farms in the world.  Ocean acidification is being 
monitored by the Tribal Environmental Department. The pH of Passamaquoddy, Cobscook Bays and Bay 
of Fundy was around 8.03 during the 1990’s and has now dropped to 7.92.  If, or when, the level falls to 
7.90 the shellfish including clams, scallops and lobster will be unable to fix CaCO3 and will die.  Here are 
107 Tribal members with clam licenses that depend in varying degrees on income from clams.  This 
resource could be gone within the next decade.  The Tribe has forestry operations on most of its 
130,000 acres, harvesting spruce and fir for the paper industry.  When a lot is cut, maple and birch 
replace the spruce/fir, with the result that in the next generation there will be no spruce/fir.  The 
market, methods, and machinery are different for the maple/birch and if there are no resources for the 
harvesters to adapt by obtaining new machinery and training, this will be a lost resource. Some boreal 
medicinal species (those with northern ranges) are no longer found on the reservation, impacting 
cultural and spiritual uses.  Southern species with similar uses will probably move into the area, but this 
has not been documented perhaps due to lack of knowledge by the elders of the use of these new 
plants. 
 
The Passamaquoddy Environmental Dept. suggests that EPA Air Program form an advisory panel 
consisting of Tribal and Federal representatives to address climate change impacts and assist in 
identifying adaptation and mitigation strategies.  This advisory committee could be similar to the Tribal 
Energy Policy Advisory Committee (TEPAC) headed by DOI Energy and Economic Development that 
includes up to 15 tribal representatives from all regions of the US, and representatives from DOI, EPA, 
Mineral Management Service, DOE, USDA, USGS, and Corps of Engineers.  Because climate change 
impacts tribal health we suggest CDC and IHS be represented as well.  To properly address this issue, 
resources from a number of federal agencies must be pooled.  The committee would advise the EPA Air 
Climate Change Department in developing a strategy for the Obama Administration to provide aid and 
assistance to Tribal Country in addressing climate change adaptation and mitigation practices required 
to allow survival of Tribal culture. 
We also suggest that EPA Air Program provide grants for Tribes to develop a climate change adaptation 
and mitigation strategy. 
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Ocean acidification: do we need to worry? 
 

Probably.  As we continue to release CO2 into the atmosphere, much is dissolved into the ocean.  
During the last 650,000 years before the industrial revolution the atmospheric CO2 concentration varied 
from 180 to 300 ppm. In the last 200 years the concentration has increased at a rate 100 times faster 
than at any other time in these past 650,000 years.  The ocean has taken up about one third, greatly 
reducing the climate change impact of CO2 in the atmosphere.  This uptake of CO2 in the water has 
produced more carbonic acid, reducing the pH of the water.   

Recent studies by Bob Steneck, UMO, Barney Balch, Bigelow Lab., Mark Green of University of 
New England and others have indicated that the increased acidification of the Gulf of Maine may be 
impacting a number of important commercial species’ survival. Lobsters, clams, oysters, scallops all 
depend on drawing calcium carbonate from the water to make their shells.  Acidification inhibits this 
process.  The amount of acid in the water is measured by the pH.  I have been measuring pH in Cobscook 
Bay and Bay of Fundy near East Quoddy Head since my nori growing days during the 1990’s.  It used to 
be 8.2 – 8.3.  Now it ranges from 7.92 – 8.0, depending on tidal flow.  Researchers studying the impacts 
on various animals of low pH have found that a pH of less than 8.0 decreases the fertilization and 
embryo development of our sea scallop.  Compare to the pH in Cobscook Bay of 7.92.  Mark Green 
found that a large percentage of early juveniles of soft-shelled clams in Casco Bay die within the first few 
weeks because their shells dissolve.  Oyster seed in Washington State have failed to survive every year 
since 2005, linked to decreasing pH and causing significant distress to their $111 million industry. If this 
continues, there will be no oyster industry there. 

As the CO2 increases in the water, fish and other animals become stressed because they can’t 
get oxygen into their systems as easily.  Think fish with asthma; it’s the same concept.  Highly mobile 
animals are more susceptible, with squid being the most vulnerable.  Fish and many other animals also 
need calcium to form their balance organs, and these have been measured to be smaller.  This increases 
the amount of energy the animals need to maintain their balance, and coupled with getting less oxygen 
this affects their growth and reproductive capacity. This has been observed in yellowfin tuna. The most 
significant changes are occurring with certain tiny marine organisms with big names, like foraminifera, 
coccolithophores, and Pteropods, but that’s too technical to wade through.  The take home message is 
that these little things form the base of the ocean food pyramid, and if, or when they can’t produce 
shells and die it will cause major changes in the Gulf of Maine ecosystem. 

What can we do to mitigate this acidification and make things “better”?  Not much.  Even if we 
all quit breathing (every human exhales 1 ton of CO2/yr, there are 6.9 billion of us making more CO2 
than all of the coal fired electric plants in the world) and stop all industry, there is enough of a pool of 
CO2 in the atmosphere to cause the ocean to continue to be more acid for at least the next 500 years.  
We must adapt to the new evolving situation.  We should encourage coastal towns and the Maine DMR 
to monitor coastal pH and the shellfish seed production intensely, to learn when drastic changes are 
happening and be pro-active in the response for assistance to commercial fishermen, rather than 
reactive.  We may have to get used to different diets as well. 

Steve Crawford 
Perry, ME 
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ABSTRACT The earth is in the midst of a pronounced warming trend and temperatures in Minnesota, USA, as elsewhere, are projected to

increase. Northern Minnesota represents the southern edge to the circumpolar distribution of moose (Alces alces), a species intolerant of heat.

Moose increase their metabolic rate to regulate their core body temperature as temperatures rise. We hypothesized that moose survival rates

would be a function of the frequency and magnitude that ambient temperatures exceeded the upper critical temperature of moose. We

compared annual and seasonal moose survival in northeastern Minnesota between 2002 and 2008 with a temperature metric. We found that

models based on January temperatures above the critical threshold were inversely correlated with subsequent survival and explained .78% of

variability in spring, fall, and annual survival. Models based on late-spring temperatures also explained a high proportion of survival during the

subsequent fall. A model based on warm-season temperatures was important in explaining survival during the subsequent winter. Our analyses

suggest that temperatures may have a cumulative influence on survival. We expect that continuation or acceleration of current climate trends

will result in decreased survival, a decrease in moose density, and ultimately, a retreat of moose northward from their current distribution.

(JOURNAL OF WILDLIFE MANAGEMENT 73(4):503–510; 2009)

DOI: 10.2193/2008-265
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The earth is in the midst of a pronounced warming trend,
and more substantial changes in temperature and precip-
itation patterns are expected during the next century
(Houghton et al. 2001). Direct effects of this warming
may include altered mortality and reproductive rates that
ultimately result in a shift in wildlife species distribution
(Humphries et al. 2004). In the Great Lakes region of
North America, predictions call for an increase of 1.58 C to
28 C in spring and summer temperatures as early as 2025–
2035 and as much as 58 C to 88 C in autumn and winter
temperatures over the next century (Union of Concerned
Scientists 2003). Wildlife species on the southern edge of
their distribution will likely experience a shift northward
(Parmesan and Yohe 2003, Humphries et al. 2004).
Knowledge of the response of wildlife to changes in
environmental conditions, therefore, is paramount to species
management.

Prior to European settlement, moose (Alces alces) were
found throughout the forested portion of northern Minne-
sota, USA (Idstrom 1965). Alteration of habitat by logging,
mining, and homesteading, combined with subsistence and
market hunting, and perhaps disease, dramatically reduced
their range to only the most isolated portions of northern
Minnesota (Surber 1932). Moose numbers slowly recovered
and by the early 1970s were distributed in 2 disjunct
populations in the northeastern and northwestern portions
of the state. By the mid-1980s the northwestern population
contained as many as 4,000 moose (Murray et al. 2006).
This population underwent a substantial decline (Murray et

al. 2006), and ,100 moose were estimated from a 2007
aerial survey (Lenarz 2007). Murray et al. (2006) concluded
that climate change acting in tandem with pathogens and
malnutrition was responsible for this decline. An estimated
7,600 moose occur in northeastern Minnesota and aerial
surveys suggested that until recently, moose numbers were
stable (Lenarz 2008).

Several factors have been identified as influencing the
biogeographical distribution of moose including food
supply, climate, and habitat composition (Kelsall and Telfer
1974). Based on metabolic research, Renecker and Hudson
(1986) indicated that moose are intolerant of heat but
superbly adapted to cold and that summer temperatures may
well define their southerly distribution. When winter
temperatures were .�58 C or summer temperatures were
.148 C, moose experienced an increase in metabolism and
heart and respiration rates (Renecker and Hudson 1986,
1990), reduced feed intake (Belovsky and Jordan 1978,
Renecker and Hudson 1986), and reduced body weight
(Renecker and Hudson 1986). When ambient air temper-
atures exceeded 208 C, moose resorted to open-mouthed
panting to regulate core body temperature (Renecker and
Hudson 1986). Schwartz and Renecker (1997) suggested
that heat stress was particularly difficult in the spring when
moose were still in their winter coats. Thus, these temper-
ature thresholds represent physiological thresholds that,
when exceeded, represent heat stress that increases the
energy expenditure needed to stay cool.

As climate change progresses, heat stress will increase. In
moose, this will likely result in increased energy expenditure
and reduced food intake, both of which would result in a1 E-mail: mark.lenarz@dnr.state.mn.us
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loss of body weight or a failure to accumulate fat reserves.
Ungulates in northern latitudes are particularly dependent
on the accumulation of fat reserves to survive winter (Mautz
1978, Verme and Ullrey 1984). In addition, cattle exposed
to heat stress had markedly reduced white blood cell
numbers (Morrow-Tesch et al. 1996), which suggests a
reduction in the animal’s resistance to environmental
pathogens (Hahn 1999). Regardless of mechanism, exposure
to heat stress would be part of a cumulative process that may
ultimately result in death. We hypothesized that moose
survival rates would be a function of heat stress, defined as
the frequency and magnitude that ambient temperatures
exceed the thresholds identified earlier (Renecker and
Hudson 1986). Our primary objective was to estimate
annual and seasonal survival rates in adult moose in
northeastern Minnesota and determine whether heat stress
explained variation in these survival rates.

STUDY AREA

We radiocollared and monitored moose within a 3,780-km2

study area in northeastern Minnesota (478300N, 918210W;
Fig. 1). The area was a low plateau of modest relief that rose
abruptly from Lake Superior to a crest approximately 700 m
above sea level. A continental divide runs northeast–
southwest down the middle of the plateau with water
flowing northwest into the Hudsonian watershed or south-
east into Lake Superior. Wetlands, including bogs, swamps,
small to medium-sized lakes, and small streams were
interspersed with rolling uplands (Heinselman 1996).

The study area fell within the Northern Superior Upland
section (Minnesota Department of Natural Resources
[MNDNR] 2007). The landscape was a mosaic of conifer
communities characterized by northern white cedar (Thuja

occidentalis), black spruce (Picea mariana), and tamarack
(Larix laricina) on the lowlands and balsam fir (Abies

balsamea), and jack (Pinus banksiana), white (P. strobus), and
red pines (P. resinosa) on the uplands. Deciduous species
intermixed with conifers on uplands and included quaking

aspen (Populus tremuloides) and white birch (Betula papy-

rifera). Open lands were characterized as upland and
lowland deciduous shrub and sedge meadows.

Moose hunting occurred each year in northeastern
Minnesota with a limited number of permits issued to
State and tribal licensed hunters. Beginning in 2007, most
hunters were restricted to harvesting males and approx-
imately 82 moose (approx. 4% of estimated population)
were harvested in the study area (M. S. Lenarz, Minnesota
Department of Natural Resources, unpublished data).

People sparsely inhabited the area, and communities
within the study area contained ,100 permanent residents.
Few paved roads existed and much of the area was accessible
only from logging roads or abandoned railroad grades.
Approximately 74% of the land fell within the Superior
National Forest with the balance in state, county, or private
ownership.

Average monthly maximum temperatures exceeded 148 C
between May and September with July being the warmest
month (average high of 268 C; National Oceanic and
Atmospheric Administration [NOAA] 2001–2008). The
average monthly high temperature stayed ,�58 C from
December to February with January being the coldest month
(average high of�108 C, NOAA 2001–2008). Total annual
precipitation averaged 71 cm with 55% occurring between
June and September. Precipitation usually occurred as snow
between late October and mid-April and snow sometimes
accumulated .100 cm (NOAA 2001–2008).

METHODS

Field Procedures
We captured adult male and female moose (�1.7 yr old) by
net-gunning (2002; Wildlife Capture Services, Marysvale,
UT) or darting (2003–2005; Quicksilver Air, Inc., Fair-
banks, AK) from helicopters in February or early March.
Beginning in 2003, we sedated moose with a mixture of 1.2
ml (4.0 mg/ml) carfentanil citrate (ZooPharm, Laramie,
WY) and 1.2 ml (100 mg/ml) xylazine HCl (Midwest
Veterinary Supply, Inc., Burnsville, MN) administered from
a Palmer Capchurt dart (Douglasville, GA). The antagonist
was 7.2 ml (50 mg/ml) naltrexone HCl (ZooPharm) and 3
ml (5 mg/ml) yohimbine HCl (Midwest Veterinary Supply).
We monitored rectal temperatures continuously while
moose were immobilized. Beginning in 2003, we extracted
a last incisor (I4) tooth following procedures similar to
Nelson (2001). We aged adult moose by counting
cementum annuli (Matson’s Laboratory, Milltown, MT)
of incisors (I4) extracted at capture or I1 postmortem. We
fitted each moose with a very high frequency radiocollar
(Advanced Telemetry Systems, Isanti, MN). Collars were
equipped with motion-sensing–mortality detectors, which
increased the pulse rate when the collar was motionless for
.6 hours. Animal capture and handling protocols met the
guidelines recommended by the American Society of
Mammalogists (Gannon et al. 2007).

Each year we estimated moose numbers using a helicopter
survey to fly transects on a stratified random sample of plots

Figure 1. Minimum convex polygon of area in northeastern Minnesota,
USA, used by adult moose included in our study, 2002–2008.
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(Lenarz 2008) and we corrected observations using a
sightability model (Anderson and Lindzey 1996, Quayle et
al. 2001). We monitored radiocollared moose weekly for
mortality using fixed-wing aircraft from February 2002 to
March 2008. When radiocollars emitted a mortality signal,
we homed in on the collar on the ground and examined the
site for evidence of predators and a struggle (Roffe et al.
1996) or other causes of mortality. We conducted a gross
field necropsy looking for evidence of trauma, parasites, or
disease if carcass condition permitted. We sent frozen or
formalin-preserved tissues to a diagnostic lab (University of
Minnesota Veterinary Diagnostic Laboratory, St. Paul,
MN) for pathogen examination.

Data Collection and Statistical Analysis
Daily maximum and minimum temperature data from 1
March 2001 to 31 October 2002 were recorded at Ely,
Minnesota (approx. 37 km NW of study area; NOAA
2001–2002). We collected temperature data from 1
November 2002 to 28 February 2008 using a temperature
recorder (Barnstead/ERTCO, West Patterson, NJ) located
within the study area. The recorder was located on the north
side of a spruce tree with 100% canopy closure to ensure
shading. Maximum and minimum temperatures recorded
daily on the study area were highly correlated with data from
Ely (1 Nov 2002–29 Feb 2008; NOAA 2002–2008; max. r¼
0.97, min. r ¼ 0.99). Hence, use of Ely temperature data
prior to the establishment of a temperature recorder in the
study area was justified.

We reasoned that because effects of heat stress would be
cumulative, mortality would occur following a period during
which moose were exposed to heat stress, and we selected 4
periods to represent this stress: warm season (1 Apr–31
Oct), cold season (1 Nov–31 Mar), late spring (1 Apr–31
May), and January (Table 1). We used warm- and cold-
season periods because predictions call for increased summer
and winter temperatures (Union of Concerned Scientists
2003). We used late spring because Schwartz and Renecker
(1997) suggested that heat stress was particularly difficult in
spring when moose were still in their winter coats. Finally,
we used January as a period because it was the coldest month
with the highest variability in mean temperature.

Corresponding to moose metabolic thresholds (Renecker
and Hudson 1986), we tabulated the number of days when
daily maximum and minimum temperatures exceeded 148 C
and 208 C during the warm season and during late spring.
Similarly, we tabulated the days .�58 C during the cold
season and during January. We then summed the temper-
ature difference each day that a threshold was exceeded for a
heat stress index (HSI). We considered this metric to reflect
the increased energy expenditure needed for moose to
maintain thermal balance.

We calculated annual and seasonal survival using the
Kaplan–Meier procedure (Kaplan and Meier 1958) modified
for a staggered-entry design (Pollock et al. 1989). We
censored all moose that died from anthropogenic causes
(i.e., capture mortality, hunting, poaching, or collisions with
vehicles), moose that emigrated, lost their collar, or lost

radio contact, and moose still alive as of 1 March 2008. We
reasoned that anthropogenic mortality would be unrelated
to heat stress. We partitioned survival data into 6 annual
periods (1 Mar–29 Feb) from 2002 to 2008. In a similar
manner, we partitioned data into 24 seasonal periods (4
seasons 3 6 yr) based on intervals identified by Murray et al.
(2006) with spring (1 Mar–15 May), summer (16 May–31
Jul), autumn (1 Aug–30 Nov), and winter (1 Dec–28 Feb).

We conducted regression analysis of survival data based on
the Cox proportional hazards model (Cox 1972; PROC
PHREG, SAS Institute, Cary, NC) to explain the effect of
sex on hazard rate. The hazard rate (function) represents the
instantaneous risk of death and this analysis tests whether
the regression coefficient for sex is zero (i.e., there was no
difference between sexes). We then tested the assumption
that the hazard ratio (ratio of hazard functions between the
2 sexes) was constant over time by recalculation of the
regression using a time-dependent explanatory variable
(SAS Institute 2004). We used linear regression (Draper
and Smith 1998; PROC REG) to identify relationships
between estimates of the dependent variable, annual or
seasonal survival, and the independent variable, HSI. In all
analyses, survival occurred subsequent to heat stress and
there was no overlap between periods. Because estimates of
survival were limited (n¼ 6 yr), we restricted our analyses to
models containing only one independent variable (Burnham
and Anderson 1998, Harrell 2001). We hypothesized that
survival would be a linear function of HSI, a measure of the
thermal environment to which moose were exposed. We
selected models a priori relative to temperature thresholds
identified as being important to moose (Renecker and
Hudson 1986, 1990), and models reflect the magnitude by

Table 1. Temperature models tested for relationship to annual and season
survival of moose in northeastern Minnesota, USA, 2002–2007. Summer
thresholds were included in 8 models and the winter threshold in 4 models.

Thresholds:

148 C ¼ upper critical temp during summer at which moose
experienced increased metabolism and heart and respiration rates
(Renecker and Hudson 1986).

208 C ¼ temp during summer at which moose began to pant
(Renecker and Hudson 1986).

�58 C ¼ upper critical temp during winter months at which moose
experienced increased metabolism and heart and respiration rates
(Renecker and Hudson 1986).

Time intervals:

Warm season (WS) ¼ 1 Apr–31 Oct. Regressions of autumn survival
used warm-season data truncated at 31 Jul to eliminate overlap.

Late spring (LS) ¼ 1 Apr–31 May, to reflect when moose may
experience greater stress because of retention of winter coat
(Schwartz and Renecker 1997).

Cold season (CS) ¼ 1 Nov–31 Mar.
Jan ( J) ¼ period during the cold season when heat stress index (HSI)

was most variable.

Measures:

Max. (X) ¼ sum of 8 C above threshold during time interval when
daily max. ambient air temp exceeded threshold.

Min. (M) ¼ sum of 8 C above threshold during time interval when
daily min. ambient air temp exceeded threshold. This metric
represents an entire day above the threshold temp.
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which thresholds were exceeded (Table 1). Models reflect
temperature events that preceded calculated survival; for
autumn survival, we truncated the warm-season HSI at the
end of July to eliminate overlap with calculated survival.

RESULTS

From 2002 to 2005 we captured and radiocollared 116 adult
moose (61 F and 55 M). Sex ratio (M:F) of collared animals
at the beginning of each year (1 Mar) varied from 0.41 to
0.80 (x̄¼ 0.65, SE¼ 0.06, n ¼ 6). We determined ages for
87% of radiocollared moose and median age at capture was
5.7 years (1.7–19.7, n ¼ 55, SE ¼ 0.5) for females and 4.7
years (1.7–14.7, n ¼ 46, SE ¼ 0.4) for males. Of the 116
radiocollared moose, 85 (73%) died by 1 March 2008. In
addition, one moose apparently slipped its collar, one moose
emigrated out of the study area, and we lost contact with
one moose. We designated moose that died within 2 weeks
of capture (5) as capture mortality. Hunters killed 15 moose,
2 were poached, and 8 were killed in collisions with vehicles
(i.e., cars, trucks, or trains). We considered remaining
mortality (55) to be nonanthropogenic and causes included
wolf (Canis lupus) predation (5), bacterial meningitis (1), or
unknown (49) and occurred in all months of the year (Fig.
2). We monitored survival of individual radiocollared
animals during a mean 876 days (SE ¼ 57, n ¼ 116)
between February 2002 and March 2008.

Much of the unknown mortality appeared to be non-
traumatic. In 49% (n ¼ 24) of cases, we found the intact
carcass with only minor scavenging by small mammals or
birds. Wolves and bears (Ursus americanus) were the primary
scavengers in 37% (n ¼ 18) of the remaining cases. We
conservatively did not attribute predation as the cause of
death in these cases because there was no clear evidence the
animal had been killed rather than simply scavenged. In
14% (n ¼ 7) of cases, we were unable to examine the
carcasses or only found a collar with tooth-marks.

Incorporating only nonanthropogenic mortality (i.e.,
moose that died from disease, predation, or unknown
causes), annual survival rates for male and female moose
averaged 0.84 (SE¼ 0.05, n¼ 6) and 0.78 (SE¼ 0.04, n¼
6), respectively. The Cox proportional hazard model
indicated that sex did not contribute to prediction of
survivorship (v2

1 ¼ 0.01, P ¼ 0.94). The dummy value for
sex conformed to the proportional hazard assumption (v2

1¼
0.29, P ¼ 0.59) that the ratios of hazard functions were
constant over time. We used survival estimates from pooled
male and female data in subsequent regression analyses.

Annual survival rates for the combined data averaged 0.81
(SE¼ 0.04, n¼ 6) and ranged from 0.68 in 2006 to 0.96 in
2004 (Table 2). Average survival was highest during
summer, and there was no mortality in 3 of 6 summers
(Table 2). In contrast, average survival was lowest during
spring and fall.

The HSI and its variability were dependent on the
threshold and season. During the warm season, mean HSI
per day was 6.28 C above the 148 C threshold and 2.68 C
above the 208 C threshold (Table 3). During the cold
season, the mean HSI/day was 5.28 C above the �58 C
threshold. Excluding 3 models with insufficient data for
analysis (LS14M, LS20M, and WS20M), models based on
January temperatures had the highest coefficients of
variation ranging from 82 to 86, followed by late-spring
temperatures (58–160). In contrast, models based on
temperatures in the cold season had substantially lower
coefficients of variation ranging from 17 to 21.

Regression analyses indicated that HSI, as calculated for
each model, explained a high proportion of variation in
seasonal and annual survival. Minimum and maximum
temperatures in January ( J5M and J5X, respectively)
consistently explained .78% (P , 0.019) of variability in

Figure 2. Timing of nonanthropogenic mortality in adult male and female
moose in northeastern Minnesota, USA, 2002–2008.

Table 2. Annual and seasonal survival for adult moose in northeastern Minnesota, USA, 2002–2008, as calculated following Pollock (1989). Survival based
only on nonanthropomorphic mortality including wolf predation, disease, or unknown causes.

Yr

Springa Summer Fall Winter Annual

Survival 95% CI Survival 95% CI Survival 95% CI Survival 95% CI Survival 95% CI

2002 0.96 0.08 0.91 0.12 0.95 0.10 0.95 0.07 0.79 0.12
2003 0.92 0.07 0.96 0.05 0.92 0.08 0.93 0.06 0.76 0.10
2004 0.98 0.03 1.00 0.00 0.98 0.04 1.00 0.00 0.96 0.09
2005 0.99 0.02 0.96 0.04 0.94 0.06 0.95 0.05 0.85 0.08
2006 0.86 0.08 1.00 0.00 0.86 0.10 0.92 0.08 0.68 0.13
2007 0.91 0.09 1.00 0.00 0.94 0.08 0.97 0.04 0.83 0.08

a Seasons follow Murray et al. (2006) with spring (1 Mar–15 May), summer (16 May–31 Jul), autumn (1 Aug–30 Nov), winter (1 Dec–29 Feb), and annual
(1 Mar–29 Feb).
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spring, fall, and annual survival (Fig. 3a; Table 4). These
models also explained .55% (P , 0.090) of variability in
winter survival, despite that these temperatures occurred 11
months prior to the survival period. Models based on late-
spring temperatures (LS14X and LS20X) were also
important in explaining variability in autumn survival (r2

. 0.835, P , 0.011; Fig. 3b) and to a lesser extent, winter
survival (LS14X only, r2¼ 0.537, P¼ 0.098). Models based
on cold-season temperatures (CS5M) explained �68% of
variability in spring and autumn survival (P , 0.044). The
model based on total warm-season maximum temperatures
(WS14X) was important in explaining variability in survival
the following winter (r2 ¼ 0.715, P ¼ 0.034). None of the
models were effective at explaining summer survival. In
general, models with a higher coefficient of variation (Table
3) tended to explain a higher proportion of the variability in
survival.

DISCUSSION

Our results suggest that ambient temperatures in excess of
reported physiological thresholds are important in explain-
ing moose survival in northeastern Minnesota. January
temperatures, in particular, explained a high proportion of
variation in survival both short- and long-term with an
inverse relationship between temperature and survival. In
addition, above-average temperatures in late spring appear
to be important in explaining moose short-term survival
during the fall. In contrast, when we measured HSI over
longer periods (e.g., warm season or cold season), models
provided lower potential for explaining subsequent survival.
The HSI measured over several months tended to be less
variable (Table 3), perhaps because of an inherent muting
effect, and this may result in the lower potential to explain
variation in survival.

Those models containing January minimum and max-
imum temperatures were consistently important in explain-
ing variability in annual, spring, and autumn survival (Table
4), which suggests that increasing winter temperatures may

Table 3. Statistics for heat stress index (HSI) for each of the models used in regression analyses, which evaluate moose survival in northeastern Minnesota,
USA, 2002–2008.

Physiologic
thresholda Interval

Daily
ambient temp Modelb n

Mean annual
HSI

Mean
HSI/day SE CV Min. Max.

148 C Late spring (Apr–May) Max. LS14X 6 189 3.1 45 58 45 360
Min. LS14Mc 6 1 1 160 0 3

Warm season (Apr–Oct) Max. WS14X 6 1,329 6.2 99 18 873 1,572
Min. WS14M 6 64 0.3 15 58 19 123

208 C Late spring (Apr–May) Max. LS20X 6 57 0.9 20 85 4 141
Min. LS20Mc 6 0 0 0 0

Warm season (Apr–Oct) Max. WS20X 6 552 2.6 72 32 253 793
Min. WS20Mc 6 2 1 150 0 9

�58 C Jan Max. J5X 6 58 1.9 20 86 11 152
Min. J5M 6 6 0.2 2 82 0 13

Cold season (Nov–Mar) Max. CS5X 6 779 5.2 53 17 618 1,010
Min. CS5M 6 118 0.8 10 22 86 160

a Physiologic thresholds based on Renecker and Hudson (1986). When threshold temp were exceeded moose experienced an increase in metabolism and
heart and respiration rates, reduced feed intake, and reduced body wt.

b Model descriptors: LS ¼ late spring, X¼max. temp, M¼min. temp, WS¼ warm season, J ¼ Jan, CS¼ cold season.
c Insufficient HSI for analyses.

Figure 3. Relationship between (a) heat stress index (HSI) based on
maximum temperatures in January ( J5X), (b) HSI based on maximum
temperatures in late spring (LS14X), and annual and seasonal survival of
moose in northeastern Minnesota, USA, 2002–2008. Dashed lines
represent 95% confidence interval.
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be more important to moose than are warming summers.
This could, however, be an artifact of the small sample size
(n¼ 6 yr). It should not be inferred that summer heat stress
is unimportant to moose. We tested a model of warm-
season heat stress that included 7 months and mean HSI per
day was highest during this period (Table 3). Further
partitioning of the HSI during the warm season (e.g., late
spring) suggested that specific portions of the warm season
may be more important than others in explaining variability
in survival. It is clear from literature on effects of heat stress
on cattle that warm summertime temperatures are important
(Hahn et al. 1992, 1997; Morrow-Tesch et al. 1996, Hahn
1999). Unlike cattle, however, moose in northeastern
Minnesota may be able to ameliorate warmer conditions
by using thermal refuges such as conifer swamps or aquatic
habitats (Renecker and Hudson 1990, Dussault et al. 2004).
That the mean July maximum temperature (measured in the
shade) in the study area exceeded 248 C implies that
threshold temperatures were exceeded most days and would
have resulted in high metabolic costs if thermal refuges were
not available. Demarchi and Bunnell (1993) predicted that
moose in British Columbia would need �26–35% crown
closure to remain below their upper critical temperature.

Our study revealed a high proportion of moose that
apparently died from non-traumatic causes throughout the
year (Fig. 2). In some cases, moose were emaciated; in
others, tests indicated that moose were infected with
parasites such as brainworm (Parelaphostrongylus tenuis),
winter ticks (Dermacentor albipictus), flukes (Fascioloides
magna), and tapeworm (Echinococcus granulosus; M. S.
Lenarz, unpublished data), and in some cases, moose were
both emaciated and infected with parasites. Carcass
necropsy is a poor method for confirming mortality from
specific pathogens (Minchella and Scott 1991, Holmes
1995), and we were generally unsuccessful in assigning
specific parasites or diseases as a causative agent. In the
absence of other identifiable causative agents, we inferred

that infective pathogens (disease or parasites) or malnu-
trition were likely proximate causes of mortality. Murray et
al. (2006) were more successful in quantifying the role of
specific pathogens in a moose population die-off in north-
western Minnesota and suggested that a direct link might
exist between heat stress and body condition deterioration,
which would result in energy loss, general malnutrition,
immunosuppression, and ultimately in mortality. Correla-
tions we found, between warmer temperatures and reduced
survival, support this inference. Many animal diseases are
kept in check by climatic restrictions on vectors, environ-
mental habitats, and disease-causing agents (Stem et al.
1989, DelGiudice et al. 1997). Changes in temperature
regimes may result in a spread of disease and parasites or
produce an increase in incidence of disease that would
reduce animal productivity or increase animal mortality
(Baker and Viglizzo 1998).

MANAGEMENT IMPLICATIONS

Assuming that the cumulative effect of heat stress is body-
condition deterioration and that this translates into general
malnutrition, immunosuppression, and ultimately, increased
mortality (Murray et al. 2006), the increased temperatures
predicted by climate models in the Great Lakes region
(Union of Concerned Scientists et al. 2003) will likely result
in further reductions in survival. Causal attribution of moose
survival to warming temperatures is complicated, however,
and difficult to test in the wild. Specific hypotheses on the
importance of pathogens or the significance of thermal cover
in reducing heat stress could be tested but likely would
require a captive population or moose outfitted with Global
Positioning System radiocollars. Moreover, climate may also
influence moose numbers indirectly through a range of
ecosystem-level changes (Murray et al. 2006), and a rigorous
assessment of climate effects on moose populations would
require an integrated approach involving multiple levels of
analysis (Parmesan and Yohe 2003, Schmitz et al. 2003).

Table 4. Regression statistics of relationships between thermal models and moose survival in northeastern Minnesota, USA, 2002–2008. Models not listed
had r2 , 0.50.

Survival period Modela n Coeff. SE t P r2

Spring (1 Mar–15 May) J5M 6 �0.00966 0.00205 �4.72 0.009 0.847
J5X 6 �0.00084 0.00021 �4.01 0.016 0.800
CS5M 6 �0.00153 0.00052 �2.91 0.044 0.679
WS14Mb 6 �0.00105 0.00040 �2.62 0.059 0.631

Fall (1 Aug–30 Nov) J5X 6 �0.00078 0.00013 �5.93 0.004 0.898
LS14X 6 �0.00035 0.00007 �5.06 0.007 0.865
LS20X 6 �0.00078 0.00017 �4.50 0.011 0.835
J5M 6 �0.00832 0.00193 �4.30 0.013 0.823
CS5M 6 �0.00140 0.00040 �3.47 0.026 0.750

Winter (1 Dec–28 Feb) WS14X 6 �0.00010 0.00003 �3.17 0.034 0.715
J5Xb 6 �0.00043 0.00017 �2.47 0.069 0.605
J5Mb 6 �0.00459 0.00206 �2.23 0.090 0.554
WS20X 6 �0.00011 0.00005 �2.11 0.102 0.528
LS14X 6 �0.00019 0.00009 �2.15 0.098 0.537

Annual (1 Mar–28 Feb) J5M 6 �0.01871 0.00483 �3.88 0.018 0.790
J5X 6 �0.00168 0.00044 �3.80 0.019 0.783
CS5M 6 �0.00296 0.00112 �2.64 0.058 0.636

a Models descriptors: J ¼ Jan, M¼min. temp, X ¼max. temp, CS ¼ cold season, WS ¼ warm season, LS¼ late spring.
b Based on heat stress index from the preceding yr.
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Regardless of the specific mechanism, we expect that
continuation or acceleration of current climate trends will
lead to a retreat of moose northward from their current
distribution.
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GLOBAL WARMING/CLIMATE CHANGE 
Coconino Plateau/Western Grand Canyon - Hualapai Tribe 

 

I.  Reduced Precipitation/Increasing Temperatures 

 

A.  Reduced water availability 

 Decreased carrying capacity for wildlife and cattle - caused herd reductions 

 Impacts to water quality 

 Impacts to recreation 

 Impacts to tourism 

 Loss of riparian habitats 

 Loss of wetland area 

 Impacts to human health (e.g. impacts to air quality) 

 Impacts to forest health 

 Increased fire danger and wildfire severity 

 Impacts to fisheries 

 Invasion of non-native plants and animals 

 

B.  Impacts to water rights 

 Less water available for tribal water rights 

 

C.  Increased costs of operations 

 Increased costs of water lines, storage tanks, new wells 

 Increased costs of water hauling 

II. Mitigation Actions being undertaken by the Hualapai Tribe 

 

A.  Construction of water catchments 

 nine water catchments have been constructed on the reservation 

B.  Removal of non-native tamarisk 

 20 acres of tamarisk have been eradicated 

 over 800 willow trees have been planted 

 nursery developed to produce willows 

C.  Development of fish-rearing facility 

 grow out of endangered razorback sucker for repatriation 

 establishment of a genetic refuge for the endangered humpback chub 

D.  Installation of new wells and pipelines 

 Mud Tank well drilled in 2004 

 Construction of a new water pipeline to Westwater 

 Replacement of the Thornton Tower water pipeline 

 Feasibility study for filtering radioactive well water 

E.  Watershed Management Planning 

 Nine sub-basins now have watershed management plans 

 Wetland Monitoring Program 

 Sage removal to stimulate native grass succession 
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Mitigation Actions being undertaken by the Hualapai Tribe 

A. Construction  of water catchments  

 

 
 

 

B. Removal of non-native tamarisk 

 

 
 



 

 
 

 

 
 

 

 



 
 

Willow trees planted 

 

 



Willow Nursery 

 

 
 

 

 

C. Fish Rearing Facility 

 

 

 
 

 



D. New well and pipeline 

 

Mud Tank well 

 

 
 

 

Well pipeline 

 

 
 



 

 

Thorton Tower Water pipeline 

 

 
 

 

 

 

 



Deep well at Grand Canyon West 

 

 
 

 

Water storage tank at Grand Canyon West 
 

 
 

 



E. Watershed Management Planning 

 

Wetland Monitoring Program focused from a watershed perspective 

 

 
 

 

 
 

 

 

 

 



Sage removal to stimulate native grass growth 

 

 
 

 
 

 
 



Climate Change Questionnaire 
 

 
Name:______Allan Tobey______________________ 
 
Tribal Affiliation:  _Reno-Sparks Indian Colony______ 
 
E-mail:  _______atobey@rsic.org________________ 
                                 
Telephone: __775.785.1363__________    Fax: __775.789.5652______ 
 
Mailing address:  _____1937 Prosperity, Reno, Nevada 89502________ 
 
 

1. How urgent is climate change to your Tribe? 
a. Very urgent, actions should be taken immediately. 
b. Somewhat urgent, but we still have time to think about it.  
c. Not urgent at all.  Let the next generations worry about it. 

 
2. Temperatures are expected to increase due to global warming.  Have you noticed any 

increases in temperatures (including air, water, etc.) on your reservation?  If yes, what, 
when and how much?  
a. Less than 3 degrees F increase 
b. Lower warming range: 3 – 5.5 degrees F increase 
c. Medium warming range: 5.5 – 8 degrees F increase 
d. Higher warming range: 8 – 10.5 degrees F increase 

 
3. Using several models, precipitation projections do not show a consistent trend during the 

next century.  Have there been changes in total annual precipitation (rain and snow) on 
your reservation? 

 

Based on the Natural Resources Conservation Service publication Nevada Water Supply Outlook 
Report, the past years have been dry years with 2007 reaching just 41% of normal. This year, has 
been at or slightly above average. However, water supplies may drop below average if precipitation 
does not continue.  

 
4. Continued global warming will increase pressure on Tribal water resources.  What are the 

surface and ground water issues on or near your reservation?  For example, are there 
extreme drought conditions on your reservation?    

 

The Tribe drilled two new wells in order to meet water demands on the Colony. The Colony receives 
its drinking water from ground water only. The Colony is in a drought situation. 

 
5. Will rising sea levels affect your reservation? 
 
Rising sea levels will not affect our Colony. 
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6. It is predicted that Tribes will be disproportionately impacted by global warming.  Has a 
changing climate affected your reservation?  If yes, what are the affects?  

 

    Yes - Dryer temperatures have lead to drought conditions.  These conditions have resulted in 
water restrictions for the community.   

 
7. Do you believe that global climate change will impact your reservation further in the 

future?  If yes, what would be the impacts? 
 

    Impacts:  Increased drought conditions, loss of plant and animal life which are used culturally, 
increased   particulate matter (The RSIC is located in Washoe County and the County is in non-
attainment), increased CO and Ozone. 

 
8. Higher temperatures are expected to increase the frequency, duration, and intensity of 

conditions conducive to air pollution formation.  Have you noticed poorer air quality on 
your reservation? 

 

We have not base line data to compare air quality conditions at this time. 
 

9. Global warming is at least partially due to emissions from human activities.  Do you have 
an emission inventory for your reservation?  If yes, would your tribe be willing to share 
the information with us? 

 

    RSIC currently has not completed an emissions inventory. 
 

10. Have you seen any change in gathering periods for native plants?  
 

The tribe has not conducted a gathering for native plants.  
 

11. Have you seen any changes in migration or hunting periods for your tribe?  
 

The RSIC has not conducted hunting periods on the Colony 
 

12. Have you seen any changes in the number of fires in your area?  
 

The number of fires in our area appears to remain the same as past years. However, the Colony is 
concerned with the addition of invasive species such as cheet grass which increases the wildfire 
danger. 

 
13. Have you seen any changes in wetlands on your reservation? 
 

    No – RSIC does not have any wetlands within tribal boundaries. 
 

14. Have you seen any changes in forests on your reservation? 
 

    No – RSIC does not have forest land within tribal boundaries. 
 

15. Continued climate change will likely shift the ranges of invasive species.  Do you have 
invasive species problems on your reservation? 

 

          Cheat Grass is our main concern for possible wildfires.  
 



16. Continued climate change will impact Tribal natural ecosystems and biodiversity.  Are 
there loss of habitat on your reservation? 

 

    There is not a noticeable affect on the natural ecosystem or biodiversity on the Colony. 
 

17. How will your tribe manage global warming? 
 

The Colony will develop policies to reduce the amount of emissions from tribal vehicles and 
businesses. Promote sustainable energy and explore options of alternative fuels. 

 
18. Would your tribe need additional training, resources, and/or funding to address climate 

change issues?  If yes, what does your tribe need? 
 

Training is needed for climate change issues, specifically information on providing public 
education and awarness, learning about all of the climate change issues, learning about 
alternatives fuels, transportation etc. 

 
19. Would your tribe need assistance from RTOC and EPA?  If so, what kind of assistance? 
 

    Training and funding are two key elements that RTOC can help   our tribe with.  The more we 
learn about important everyday    climate change issues, the more intelligent and educated 
decisions we can make to better our communities and our  environment. 

 
20. Please attach any other comments, issues, testimonials, pictures, etc. 
 
     

 
 
Thank you for responding to this questionnaire. 
 



 
 
Name:__ _Washoe Tribal Members       (WEPD-Washoe Environmental Protection Department) 
 
Tribal Affiliation:  ___ Washoe Tribe of Nevada And California ___________________________ 
 
E-mail:  ______Marie.barry@washoetribe.us 
            Denice.morphew@washoetribe.us 
                                 
Telephone: __775-265-8684__________    Fax: ____775-265-3211____________ 
 
Mailing address:  ___919 Hwy 395 S. Gardnerville NV 89410__________________ 
 
 

 
1. How urgent is climate change to your Tribe? 

a. Very urgent, actions should be taken immediately. 
 

2. Temperatures are expected to increase due to global warming.  Have you 
noticed any increases in temperatures (including air, water, etc.) on 
your reservation?  If yes, what, when and how much?  
a. Less than 3 degrees F increase 

New study on Lake Tahoe shows the water temperature has increased 
approximately 1 degree, which in longevity could be devastating to the 
entire eco-region. 
This last summer we saw heat in the three digits and that is unusual for 
this area.  Was this a trend? We do not know for sure, but time will 
tell. 

3. Using several models, precipitation projections do not show a 
consistent trend during the next century.  Have there been changes in 
total annual precipitation (rain and snow) on your reservation? 

There has been quite a bit of decrease in precipitation. 
The seasons appear to be changing and getting later or earlier in the 
year? 
Look at the lakes and the rivers, there is getting less and less surface 
water.  

4. Continued global warming will increase pressure on Tribal water 
resources.  What are the surface and ground water issues on or near 
your reservation?  For example, are there extreme drought conditions on 
your reservation? 

Not only is Washoe Tribe suffering from drought impacts on tribal lands 
and waters, but the tribe is also suffering the impacts that drought is 
making on others.  The mining of tribal waters both surface and sub 
surface.  All the new wells that are being over allocated and mostly along 
tribal boarders and overlay zones, all of which are making very large 
impacts to sovereign waters.  Agriculture is extracting more from the 
rivers, development is extracting more from the ground, they will take it 
all, until there is not more!! 

 
5. Will rising sea levels affect your reservation? 
Not directly but certainly indirectly.  Rising lake levels would cause 
tremendous issues in the Great Basin, especially since it is a closed 
basin, that keeps sea levels out, but also keeps lake levels in. 

6. It is predicted that Tribes will be disproportionately impacted by 
global warming.  Has a changing climate affected your reservation?  If 
yes, what are the affects? 
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Some of the impacts might appear unusual: 
Washoe tribe is not economically sound, when laws are mandated to stop 
burning wood due to air impacts, Washoe has no alternative heat and has 
been burning wood since the beginning of time.  Season change affects 
the plants especially the medicinal plants and utilitarian plants. 
Warming Changes the hunting seasons and migration paths, all which are 
traditional, cultural and aboriginal rights to the people.  The biggest 
and greatest loss to the Washoe Tribe will be the impacts made to the 
culture and possibly the loss and demise of the people.  If one can not 
live off the land one will not live. 

7. Do you believe that global climate change will impact your reservation 
further in the future?  If yes, what would be the impacts? 
PLEASE SEE ANSWER ABOVE 

8. Higher temperatures are expected to increase the frequency, duration, 
and intensity of conditions conducive to air pollution formation.  Have 
you noticed poorer air quality on your reservation? 

   Most definitely Washoe has seen an increase in air pollution during all 
 seasons, not just summer anymore, now all year around. 

 
9. Global warming is at least partially due to emissions from human 

activities.  Do you have an emission inventory for your reservation?  
If yes, would your tribe be willing to share the information with us? 
Washoe does not have emissions inventory, but NDEP does, would you like 
there’s? 

10. Have you seen any change in gathering periods for native plants?  
  The plants and animals appear to be the most affected by this 
drastic change in the environment.  Very Specialized and general species 
appear to be surviving, ie noxious weeds and NON native plants and animals.  
What appear to not be surviving are the plants and animals most endured and 
culturally relative to the Washoe Tribe.  

11. Have you seen any changes in migration or hunting periods for 
your tribe?  
Washoe Environmental is on the look out for CWD but thankfully have not 
seen it so far.  Other animals are suffering from odd worms, shedding 
coats to early before the winter is really over, fish with strange 
water born diseases, usually agriculturally related.  Many less animals 
as in history and less birds landing in the migration fly zone around 
the Carson River, which has been noted by many not just the tribe. 

12. Have you seen any changes in the number of fires in your area?  
Major fire increases appear to me happening every where, not so much on 
tribal lands due to the expert care and stewardship of the 
environmental department, but in other areas surrounding tribal lands 
there have been major increases, also the IPS Beatle infestation around 
the Pine Nut Mountains has increased and is becoming a very sever issue  

13. Have you seen any changes in wetlands on your reservation? 
 Loss of water, plants, aquatic animals and traditional food; 
Where there use to be wetlands now there are homes and businesses, all 
of which have built paved roads, parking lots and impermeable surfaces, 
no where for the plants, animals, and water to live.    

14. Have you seen any changes in forests on your reservation? 
The Juniper tree appears to be moving and the scrub pine of Pinion Pine 
is taking over where there use to be Juniper.  Juniper is a very 
important tree to Washoe, more than even the Pinion Pine. 

15. Continued climate change will likely shift the ranges of invasive 
species.  Do you have invasive species problems on your reservation? 
Major invasive issues 



16. Continued climate change will impact Tribal natural ecosystems 
and biodiversity.  Are there loss of habitat on your reservation? 
Washoe Tribe is seeing a drastic decline in Water, animals, plants, and 
other natural resources. 

17. How will your tribe manage global warming? 
Try to save what is left and start teaching the children to live off 
the land better and to learn how to adapt to the changing land. 

18. Would your tribe need additional training, resources, and/or 
funding to address climate change issues?  If yes, what do your tribe 
need? 
Washoe Tribe would encourage the administration to give money for 
education of the people and staff, to go out and look more closely at 
the changes.  Assessments and education are going to be the key, being 
proactive and not reactive will be the best strategy. Tribes will need 
money to work at restoring wetlands, water systems, and regenerate 
plants in new eco systems and possibly start a native plant farm, for 
medicinals and utilitarian items, but mostly Washoe Tribe would like 
funding to implement projects to save what is left and rebuild what has 
been lost. 

19. Would your tribe need assistance from RTOC and EPA?  If so, what 
kind of assistance? 
Dollars are always needed, but expert information and net working with 
the appropriate people with the knowledge base to assist in using the 
money wisely and wasting any time in implementing the projects. 

20. Please attach any other comments, issues, testimonials, pictures, 
etc. 

 
   I have lots of the above Please tell me more specifically 
what you are looking for, I can give you any of the above, but my library is 
so vast, I need specifics on what is really needed, ie photos,  
 
 



 
Wind River Indian Reservation 

Comments on effects of global warming 
Nov. 24, 2009 

 
1. After participating in the global warming conference call on Nov. 23, 09....there is 

no question that global warming impacts are more severe and direct in Alaska.  
Alaska's impacts are unique...permafrost changes, erosion, polar bears, sea 
levels,etc. We suggest itemizing and prioritizing Tribal concerns and impacts by 
ecological regions.  The Wind River Indian Reservation, located in central 
Wyoming, would be grouped with the Rocky Mountain West.  Or classify by 
regions we would region 8. 

2. The Wind River Indian Reservation is about 2.2 million acres and is bordered on 
its west side by the Wind River Mountains and the continental divide which 
reaches 12,000 feet in elevation. The Reservation is home to two tribes, the 
Eastern Shoshone and the Northern Arapaho. We are part of the greater 
Yellowstone ecosystem and as such, we are part of the largest Class 1 air shed in 
continental U. S.  The Wind Rivers have the most remaining permanent 
snowfields and alpine glaciers in the continental U. S. The very first wilderness 
area set aside in the U. S. was on this reservation (1933). 

3. The most direct impact of global warming on this reservation is the incredible rate 
that the snowfields and glaciers are disappearing at. This and the lesser winter 
snow pack depths,  are vital for water, water storage, drinking water, and water for 
irrigation in the foothills and basins that are water starved.  Especially in the 
months of July and August, when water is most needed by the crops and when 
most glacial melting would normally occur and be released. 

4. At the same time, there is a corresponding loss of the unique cold monomictic 
lakes and their  unique biota.  An example is the loss of a unique copepod, called 
Diaptomus shoshonii and named after the Shonshone tribe.  These simple 
foodchains are collapsing and the end users, such as the once plentiful golden and 
cutthroat trout, are threatened. 

5. Four years ago a lake confined within Grasshopper glacier melted out.  The 
released water caused extensive flash flooding and the whole Dinwoody valley 
below this glacier, and for miles downstream, became a wall of water.  It is a 
miracle that there were no hikers or backpackers in the valley at this time.  This 
kind of event is rare in these latitudes and on this reservation, but are becoming 
more and more common in more northerly glaciated latitudes.  In Sweden they 
have named these events  jacaloups.  The EPA and the tribes in Alaska should be 
aware that these kind of events can occur in drainages with glaciers upstream. The 
effects can be an immediate danger to downstream villages and the safety of 
people, often many miles away. (Do an internet search) 

6. Water is vital to the western United Stated.  As water levels diminish and there is 
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an ever increasing need for water, many western states and some tribes have 
turned to cloud seeding to potentially increase their winter snow packs.  Silver 
iodide crystals are shot into the atmosphere from ground based propane generators 
or are spread from air craft to create condensation nucleii for rain drops to form 
on.  Silver is not very toxic to mammals and humans, but in its free form. is the 
most toxic metal there is to plankton, especially diatoms.  The environmental risk 
to the food chains (often diatom based) in high altitude alpine and sub-alpine 
lakes and other water bodies has not been evaluated by any Federal Agency to 
date.  (Please contact WREQC for more information on this potential 
environmental threat, directly related to global warming) 

7. Many potential  global warming impacts are just now emerging......   
• For instance, in the last five years, we have seen many of our foothills and basin 

streams impacted by devastating population explosions of the diatom 
Didymosphenia geminata  These have impacted macroinvertebrate populations in 
certain stream reaches and the dependent fisheries. This diatom may be 
undergoing these population explosions because of warmer temperatures and 
more exposure to light because of less ice and snow cover in the winter and 
spring.  An Internet search will show many areas in the world suffering from this 
diatom. 

• The largest herds of Big Horn sheep in the lower 48 states are located on the 
Reservations north west boundary and just off the Reservation in what is called 
the Whiskey Basin herd.  There have been devastating  declines in the number of 
lambs that are surviving and the long term outlook for this herd is dismal.  
Research as to why this die off is occurring is non conclusive at this point, but 
global warming, higher temperatures, and increasing soil nitrates have been 
implicated in one hypothesis. 



Affects of CLIMATE CHANGE/ GLOBAL WARMING 
On the 

Pyramid Lake Indian Reservation: Northern Nevada - Great Basin Ecoregion 
 
I.  UHydrological Models are predicting: 
 

    A. Snow levels increasing in elevation. 
 1.  Snow caps reduced by 2/3 by 2050 year….which will reduce water availability for: 
  *  Upstream Reservoirs  affects M&I /Ag/ Drinking / recreation water supplies… 
  *  In stream flows  affects WQ, WQS, and Beneficial Use’s (esp. when WW is present) 
  *  Flows required for spawning  E & T species of fish, biological integrity of Aquatic Life. 
  *  Flows required for riparian maintenance  affects plant health.  E.g. drought stress -> 
      Increased water temperatures leads to diseases and other problems affecting fish. 
  *  Pyramid Lake   reducing lake elevations affect WQ, WQS, TDS, and alkalinity… 
      Increase TDS affects endangered fish and reduces species abundance/diversity. 
 

   B.   Decrease Precipitation / Increase Temperatures Trends 
 1.  Conducive to Invasive (exotic) plant and animal species, Unot U to Native species 

• Provides a favorable environment non-native species to ‘thrive’, and out- 
           compete native plants for nutrients, space, etc... 

• Warmer temperatures conducive to mormon crickets.   Colder temperatures (below 
freezing) act as a natural control  killing mormon cricket larva during the spring time.    

• Non-native plants (e.g. cheat grass, bromus tetorum) provide “fuel” for range fires.  The 
increase of fires, and fire intensity, has removed a lot of native plants. Warmer climate 
provides an environment for non-native plants to take over range and riparian areas.  

 2.  Loss of native (medicinal) plants, animal species, range (overuse), riparian, springs, seeps,… 
 3.  Loss of habitat for plant and animal species, Shift in ecological zones, native species  
      composition,…  Affects  Aquatic Life, wildlife, and livestock AUMS’s 
 4.  Dewatering of lakes, seeps, springs, wetlands, and riparian areas. 
      (further exasperated by municipalities going after surface & ground waters and moving  
        groundwater supplies out-of-basin to support M & I growth & housing developments). 

5. Decreases water available to recharge aquifers 
6.  Increases WQ problems 
7. Increases Air Quality problems > Loss of Winnemucca Lake, sister lake to Pyramid Lake, and 

seasonal lake beds are w/o water for longer periods of time (Honey Lake, Owens Lake - CA) 
    * Dry lake beds leads to  Increases Asthma/Respiratory problems 

 8.  Increase of Water Right purchases and “prices” due to demand/ competition from  
      developers seeking water to support support M & I growth & housing projects. 

>Increases WWTP effluent into the Truckee River > which affects WQ and aquatic life. 
9.  Affects crop production > drier climate > less water for Irrigation, more weeds in fields, etc.. 

 
II.   Adaptative Management Strategies (Mitigation) to deal with climate change. 
 

• Removal of non-native plant species that compete with native plants for water, soil nutrients, and 
space (e.g. tamarisk, purple loosestrife, whitetop removal).  <High annual O&M costs> 

• Planting of Native ‘drought tolerant’ plants to replace non-native plant species. 
• Purchase water rights and dedicate ‘them’ for in-stream flows (streams, lakes,…), i.e. for the 

purposes of protecting biological integrity and riparian habitat.  “Dedicated” water rights for in-
stream flows will maintain riparian maintenance, improve water quality, and provide flows for 
spawning of fish and aquatic life.  

• Working with upstream stakeholders to develop a watershed plan for using/ managing water to 
protect regional beneficial uses.   E.g. the Pyramid Lake Paiute Tribe worked since 1992 to 2009 
to develop the “Truckee River Operating Agreement” (TROA) with all the major stakeholders 
within the Truckee River watershed basin. The final TROA document was signed by Sept 6, 2008. 
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Climate Change/Global Warming and the Eastern Sierra/Owens Valley 
 
Climate change impacts are already affecting people and the planet. And the science 
shows it will get far, far worse. The biggest impacts will be on the lives and livelihoods of 
the poor and developing countries, especially small island states and this includes 
Indigenous Communities locally and globally.  
 
Impacts from climate change and global warming have been occurring within the 
Eastern Sierra for quite sometime now. In November of 2008, more than 200 scientists, 
researchers, resource managers, journalists, and others from around the nation gathered 
for the “Climate, Ecosystems and Resources in Eastern California,” or CEREC, was a 
three-day symposium. This symposium was hosted by the White Mountain Research 
Station and marks the 5th such conference on climate change within the Eastern Sierra. 
The symposium came about to “to share what they’ve learned, and hope to learn, about 
climate change” particularly in Eastern and Central parts of California. The information 
that was discussed can be used as a basis in identifying current and potential impacts to 
the area and the affects poised by the change in climate.  
 
Information gathered for this paper also comes from extensive research on Climate 
Change/Global Warming in the Eastern Sierra Nevada Mountains.  
 
CURRENT IMPACTS: 

→ Evidence suggests that change is already occurring: increasing temperatures 
have changed the runoff pattern of several watersheds of the Sierra Nevada. The 
trend is to have more runoff in the winter season and less in the spring-summer 
season.1

→ Sierra Nevada snowmelt driven streamflows are likely to peak earlier in the 
season under global warming due to increased atmospheric greenhouse gas 
(GHG) concentrations.  

 

→ Change in the amount of precipitation (seasonally) 
→ Increase in wildfire due to drier vegetation  
→ Invasive species-animals 

o bark beetle (Mountain Pine Beetle) 
o ring neck dove (Change in migration patterns) 

 
POTENTIAL IMPACTS: 
 Earlier start of spring snowmelt 
 Increase in winter runoff as a fraction of the total runoff 
 Increase in winter flood frequency 
 Changes in total runoff amount that depend on the GCM (Global Circulation 

Models). There are the two GCMs used in these studies, the PCM and HadCM2. 
The former show results that are cooler and drier than latter 

                                                 
1 Dettinger, M.D. and D.R. Cayan, 1995. Large-scale Atmospheric Forcing of Recent Trends toward Early 
Snowmelt Runoff in California. Journal of Climate 8(3):606-623. 
2 An Overview of Hydrology and Water Resources Studies on Climate Change: The California Experience. 
John Dracup and Sebastian Vicuna. University of California, Berkley, California.  
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 Results will vary by basin, with some key parameters being elevation relative to 
the freezing line location during snow accumulation and melt periods. Basins at 
higher altitudes will be more affected by climate change.2 

 Due to water resource concerns, Los Angeles Department of Water and Power 
(LADWP) pumping rates may be affected, including drilling deeper wells. 

 Due to change in streamflows, reservoirs will be affected and will change their 
ability to serve all the functions in which they were designed for: flood control, 
water supply, hydropower generation, navigation and recreation 

 Decrease in recharge of aquifers  
 Pinion pines affected by decreased precipitation, higher snow levels; loss of 

cultural subsistence. 
  Higher percentage of total runoff exported may lead to loss of wetland habitat; 

home to important cultural foods such as taboose. 
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Climate Change Questionnaire 
       
 
Name: Becky J. Ross, Environmental Manager 
 
Tribal Affiliation:  San Manuel Band of Mission Indians 
 
E-mail:  bross@sanmanuel-nsn.gov 
                                 
Telephone: 909-425-3590, ext 4320               Fax: 909-862-5152 
 
Mailing address:  101 Pure Water Lane 
    Highland, CA 92346 
 
 

1. How urgent is climate change to your Tribe? 
a. Very urgent, actions should be taken immediately. 
b. Somewhat urgent, but we still have time to think about it.  
c. Not urgent at all.  Let the next generations worry about it. 

 
2. Temperatures are expected to increase due to global warming.  Have you 

noticed any increases in temperatures (including air, water, etc.) on your 
reservation?  If yes, what, when and how much?  
a. Less than 3 degrees F increase 
b. Lower warming range: 3 – 5.5 degrees F increase 
c. Medium warming range: 5.5 – 8 degrees F increase 
d. Higher warming range: 8 – 10.5 degrees F increase 
We have some documentation for water but none for air unless we use data 
from the neighboring city of Highland. 

 
3. Using several models, precipitation projections do not show a consistent 

trend during the next century.  Have there been changes in total annual 
precipitation (rain and snow) on your reservation? 
There is no data in which to base a trend. 
 

4. Continued global warming will increase pressure on Tribal water 
resources.  What are the surface and ground water issues on or near your 
reservation?  For example, are there extreme drought conditions on your 
reservation? 
The majority of the streams/creeks on the reservation are ephemeral so 
their flow is contingent on precipitation and water table levels that feed 
the springs that also provide flow. 
 
The ground water level is a concern as it is also tapped by nearby urban 
areas and the local water district. 

 
5. Will rising sea levels affect your reservation? 

No 
 
6. It is predicted that Tribes will be disproportionately impacted by global 

warming.  Has a changing climate affected your reservation?  If yes, what 
are the affects? 
Yes – with the lessening precipitation, the vegetation covering the 
reservation hills dry earlier in the summer lengthening the potential time 
frame for wildfires. The last wildfire on the reservation was in October 
2002. 

kcronin
Typewritten Text
ATTACHMENT J



Prepared: 25 February 2008 2 of 3 

 
7. Do you believe that global climate change will impact your reservation 

further in the future?  If yes, what would be the impacts? 
Yes – due to lessening precipitation, increase fire danger and falling 
aquifer levels due to use and non-replenishment 

 
8. Higher temperatures are expected to increase the frequency, duration, and 

intensity of conditions conducive to air pollution formation.  Have you 
noticed poorer air quality on your reservation? 
The reservation is situated on the northern boundary of an area that is 
known as the Inland Empire. The Inland Empire has been classified as a 
non-attainment area for several know air pollutants. This is due to the on 
shore winds blowing pollutants from the seaports, industry, vehicle 
emissions, etc to the mountains that border the area on the north and 
east. The mountains act as barriers to the wind born pollutants.   

 
9. Global warming is at least partially due to emissions from human 

activities.  Do you have an emission inventory for your reservation?  If 
yes, would your tribe be willing to share the information with us? 
We are in the process of identifying these activities. 

 
10. Have you seen any change in gathering periods for native plants?  

Due to the wildfires, many of the native plants did not re-seed. The 
number of pine cones in the ancestral areas is not as plentiful. 

 
11. Have you seen any changes in migration or hunting periods for your 

tribe?  
As an ‘urban tribe’ many of the traditional activities are no longer 
practiced like hunting. 

 
12. Have you seen any changes in the number of fires in your area? 

Yes – they are more frequent and longer in duration. They are also much 
hotter and the fire does more damage.  

 
13. Have you seen any changes in wetlands on your reservation? 

A few of the small wetlands that had been feed by springs, no longer are 
present due to a drop in spring water (may relate to a water table level 
drop. 

 
14. Have you seen any changes in forests on your reservation? 

Some of the pines have been infected with pine beetle which may be 
attributed to climate change. 

 
15. Continued climate change will likely shift the ranges of invasive 

species.  Do you have invasive species problems on your reservation? 
Yes – Tamarisk (Salt Cedar) and Giant Cane 

 
16. Continued climate change will impact Tribal natural ecosystems and 

biodiversity.  Are there loss of habitat on your reservation? 
Yes – due to wildfires, it takes longer for the natural ecosystems to 
return. Due to the intensity of the fire, some of the native plants have 
not returned that support the wildlife. Also with the lost of springs that 
feed some of the micro wetlands, the aquatic species have not replenished. 

 
17. How will your tribe manage global warming? 

The tribe is looking at alternative energy like solar and wind. They are 
also looking at other ways to decrease the reservation’s carbon footprint. 
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18. Would your tribe need additional training, resources, and/or funding to 

address climate change issues?  If yes, what do your tribe need? 
Since the reservation borders a known non-attainment area for air 
pollutants, the support of an air program is necessary.  

 
19. Would your tribe need assistance from RTOC and EPA?  If so, what kind 

of assistance? 
Grant funds for a CAA 103 program. 

 
20. Please attach any other comments, issues, testimonials, pictures, etc. 
 



All Tribes in Region IX, 
Base on available scientific data, global climate change is real and is 
happening now. It is also clear that many Indian Tribes in Region IX have 
already been affected culturally and environmentally by changing climatic 
conditions. In the future, Tribes will continue to be disproportionately 
impacted. For this reason, the Regional Tribal Operation Committee (RTOC) had 
listed climate change as a major goal for fiscal years 2007 and 2008. The 
RTOC Tribal Science Council (TSC) workgroup was assigned to take the lead on 
addressing the climate change goal.  
An important action item this year for the TSC workgroup is to solicit 
comments, data, and testimonials from Tribal environmental professionals, 
Tribal members and Tribal elders of every Tribe in Region IX to determine the 
impacts of climate change and global warming on Tribal lands. Specifically 
the workgroup is looking for a list of defined issues and possible action 
items which would be can be put summarized into a presentation format, and a 
booklet or informational pamphlet for RTOC. It is anticipated that the 
information gather will contribute to the development of models predicting 
eco regions impacts and risk assessments. The information gathered will also 
be needed to support the national TSC, NTEC, NTOC, and Congress in their 
effort to procure more resources and funding for tribes to address the 
impacts of global climate change. Completion of these goals will ultimately 
assist all Tribes in Region IX, including your own Tribe, to address one of 
the most important environmental challenges of our time.  
Please reply to this email ASAP (March 31, 2008 at the latest) by completing 
the questionnaire below and attaching any additional information (comments, 
testimonials, pictures, etc.) on how global climate change has affected or 
will affect your Tribe. Thank you in advance for your assistance.  

Climate Change Questionnaire 
Name:_______Ken Fetcho_________________________________________________ 
Tribal Affiliation: ________Yurok Tribe Environmental Program ______________ 
E-mail: _______kfetcho@yuroktribe.nsn.us__________________________________ 
Telephone: _______707-482-1350 __________________ Fax: ____707-482-1356_____________ 

Mailing address: __PO BOX 1027 Klamath, CA 95548__________________________________ 
 

1. How urgent is climate change to your Tribe? 
a. Very urgent, actions should be taken immediately. 
b. Somewhat urgent, but we still have time to think about it.  
c. Not urgent at all. Let the next generations worry about it. 

2. Temperatures are expected to increase due to global warming. Have you 
noticed any increases in temperatures (including air, water, etc.) on your 
reservation? If yes, what, when and how much?  
a. Less than 3 degrees F increase 
b. Lower warming range: 3 – 5.5 degrees F increase 
c. Medium warming range: 5.5 – 8 degrees F increase 
d. Higher warming range: 8 – 10.5 degrees F increase 

A few months ago the Self Governance office took the subject of climate 
change to the elders committee and gathered some anecdotal information. Most 
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of them given their age were comparing back to the late twenties and 
thirties. They clearly said that it is warmer now then it was then. Cold 
snaps happened more frequently and lasted longer. They spoke of the Klamath 
River having frozen enough that people were walking across the river on the 
ice. Chunks of ice the size of automobile used to flow down the river. 
Certain ponds and lakes on the up-river sections of reservation use to freeze 
over annually and everyone in the area would go ice skating for a couple of 
days. There were a few other stories as well..  We have documented that over 
the last three years the peak water temperature on the Klamath river at 
Weitchpec has shifted two weeks every year. So we have seen changes in the 
timing of when water temps peak but not in the maximum temps.  More analysis 
would need to occur to answer this question accurately. 

3. Using several models, precipitation projections do not show a consistent 
trend during the next century. Have there been changes in total annual 
precipitation (rain and snow) on your reservation? 

Yes, rainfall patterns change every year but it is difficult to say if these 
are within a normal range, more analysis would need to occur to answer this 
question accurately. 

4. Continued global warming will increase pressure on Tribal water resources. 
What are the surface and ground water issues on or near your reservation? For 
example, are there extreme drought conditions on your reservation? 

No ground water issues exist on the Reservation in regards to wells going 
dry. In general, groundwater is not a reliable source of water on most parts 
of the reservation. River flows are affected every year but because water is 
diverted prior to reaching the reservation.  No extreme droughts occurring 
now on the reservation, Northern California suffered a drought in late 1980s 
and early 1990s which could happen again and put more restrictions on already 
limited water resources. 
5. Will rising sea levels affect your reservation? 

YES, Klamath River Estuary is on the Yurok Reservation and  
Pacific Ocean is adjacent to the reservation. Coastal/marine subsistence 
resources (seaweed, shellfish, and coastal species of fish) will certainly be 
impacted by climate change. Cultural sites (archeological and traditional use 
sites) along the coastal areas are also going to be impacted by rising sea 
levels, higher intensity storm events, and increased erosion from both.  One 
species particularly vulnerable to climate change (i.e.: warmer and drier) is 
Coastal Redwood. In general, coastal zones are the most at-risk for dramatic 
impacts from climate change.  Some scientists think the dead zone that is 
expanding off the coast or Oregon is a result of climate change. Some think 
the decline in salmon populations is reflecting ocean changes resulting from 
climate change. 
 

6. It is predicted that Tribes will be disproportionately impacted by global 
warming. Has a changing climate affected your reservation? If yes, what are 
the affects? 

Difficult to say that the changing climate has affected the Yurok 
Reservation.  Fish populations are declining and it appears that deer and 
other terrestrial wildlife populations are declining, as well.  It is not 
clear what is causing this, there are multiple stressors and changing climate 
may influence these stressors. A more in depth study would need to occur to 
solicit feedback from Tribal community and to analyze existing environmental 
data.  



7. Do you believe that global climate change will impact your reservation 
further in the future? If yes, what would be the impacts? 

Yes, difficult to say but a quick list of potential impacts includes: 

Timing of acorns becoming ripe, quantity and quality of acorns affected by 
climate change, warm climate creates warm water temperatures that affect 
salmon and other anadromous fish populations, quantity and quality of basket 
weaving materials = native plants habitat may change and plants may not be 
suited to shifts in seasons or higher air temperatures, less rain, etc., 
increased wildfires would jeopardize people, wildlife and plants. One problem 
is that this area is heavily forested and some insects, for example the bark 
beetle, are susceptible to cold. As the climate warms up and trees are more 
stressed, some insects proliferate and do more damage to the already 
stressed trees. This may not have happened on the Yurok Reservation yet but 
is happening elsewhere in the state and nation 
8. Highest temperatures are expected to increase the frequency, duration, and 
intensity of conditions conducive to air pollution formation. Have you 
noticed poorer air quality on your reservation? 

Not necessarily, most of air pollution on Yurok Reservation is from wildfires 
in summer and fall. Air pollution could get worse if wildfires increase in 
severity, size and frequency 
9. Global warming is at least partially due to emissions from human 
activities. Do you have an emission inventory for your reservation? If yes, 
would your tribe be willing to share the information with us? 

Yes, Yes. 
10. Have you seen any change in gathering periods for native plants?  

Additional scoping and/or analysis would need to occur to determine this 
11. Have you seen any changes in migration or hunting periods for your tribe?  

Additional scoping and/or analysis would need to occur to determine this 
12. Have you seen any changes in the number of fires in your area?  

Additional scoping and/or analysis would need to occur to determine this 
13. Have you seen any changes in wetlands on your reservation? 

Additional scoping and/or analysis would need to occur to determine this 
14. Have you seen any changes in forests on your reservation? 

Additional scoping and/or analysis would need to occur to determine this 
15. Continued climate change will likely shift the ranges of invasive species. 
Do you have invasive species problems on your reservation? 

YES 
16. Continued climate change will impact Tribal natural ecosystems and 
biodiversity. Are there loss of habitat on your reservation? 

Yes, manly due to industrial timber operations on fee land within Reservation 
boundaries. Additional scoping and/or analysis would need to occur to 
determine this 
17. How will your tribe manage global warming? 

Unsure how to answer this.  The Yurok Tribe is currently interested in 
acquiring Non-Tribal lands within Yurok Reservation boundaries and lands 
outside of the Reservation but within Yurok Ancestral Territory.  As part of 
this process the Tribe is interested in understanding how much carbon this 



land area currently stores and how much carbon this land area could 
additionally store if managed in certain ways over time. Tribe would then 
trade its carbon storing ability to carbon polluters that need to off set 
their carbon footprint. Also, Tribe is interested in measuring its current 
carbon footprint and ways to reduce its carbon footprint over time.   
18. Would your tribe need additional training, resources, and/or funding to 
address climate change issues? If yes, what do your tribe need? 

YES, Additional scoping and/or analysis would need to occur to determine 
this.  Some initial thoughts include: need training in how to measure carbon 
footprint, ways to reduce carbon footprint, also ways to deal with water 
shortages such as rain catchments systems for remote Tribal housing 
complexes.   

19. Would your tribe need assistance from RTOC and EPA? If so, what kind of 
assistance? 

YES, additional scoping and/or analysis would need to occur to determine 
this.  Additional funding to do data analysis to characterize what changes we 
are seeing in the data that we are currently collecting and have collected 
over the last 7-8 years.  OVERALL WE NEED USEPA TO REGULATE AIR EMISSIONS TO 
REDUCE GREENHOUSE GAS EMMISSIONS.  STATE OF CA IS TRYING TO REGULATE 
EMISSIONS FROM AUTOMOBILES, FREIGHTERS, ETC BECAUSE USEPA IS DRAGGING THEIR 
FEET.   
 
20. Please attach any other comments, issues, testimonials, pictures, etc. 
Thank you for responding to this questionnaire. 
 



Climate Change Issues & Needs for the Yurok Tribe 
 
Kathleen Sloan, Ph.D. 
Yurok Tribe Environmental Program 
 
Climate Change Issues 
 
The Yurok Tribe and the Yurok Reservation are particularly vulnerable to the impacts of Climate Change due to the 
unique ecosystem that comprises Yurok Ancestral Lands. The Yurok Reservation follows the lower 46 miles of the 
Klamath River and over 2 miles of the Pacific Coast of northwestern California. It is a magnificent watershed 
known for its abundance of giant salmon and giant redwoods, the foundations of Yurok culture and economy.  

 
The Yurok Reservation is located within the ‘Redwood Belt’, a remnant ecosystem dominated by massive and 
ancient redwood trees. Redwood forests are, and always have been, a significant cultural and economic resource for 
Yurok People. Redwood forests rely on heavy rainfall in winter months and dense fog in summer months. Changes 
in precipitation and fog could have adverse impacts on this ancient and irreplaceable species. Redwood forests may 
also be impacted by increased summer temperatures, invasive species, wildfires and ecosystem changes. These 
changes will in turn impact cultural and subsistence practices and uses of Tribal Trust resources. 
 
Significant species, including endangered Coho Salmon, will be impacted by changes in flows and temperatures in 
the Klamath River and its tributaries. The Yurok Fisheries Program is the primary entity that collects data on 
anadromous and resident salmon and other species important to Yurok subsistence, culture and economy. Tribal 
fisheries monitoring and mitigation projects improve vital fish habitat and collect valuable data on fish health and 
condition. This data is critical to understanding Climate Change impacts on endangered and Tribal Trust species.  
 
Climate Change models that are being developed for the Pacific Northwest suggest that changes in precipitation 
will include changes in seasonality, intensity and duration of events (more rain, less snow). Anadromous species 
may not be able to adapt to the changes in timing, duration and intensity that impact natural migration. Lower flows 
may occur during months when fish need water for migration up the Klamath. Higher water temperatures will also 
result from lower flows in summer months, causing conditions that may lead to increased fish disease and increased 
blooms of toxic blue-green algae (already identified as a public health risk for the Klamath River). The result could 
be devastating to salmon; the most important cultural, subsistence and economic resource for Yurok People. 
 
Increased flooding resulting from higher intensity rain events in winter months (and less snowpack) could effect 
communities and property along the Klamath, and result in displacement of communities within its floodplain. 
Lower Klamath tributaries, identified as refugia for salmon, steelhead and other significant species may be 
significantly impacted by increased flooding and erosion from higher intensity events.  
 
Rising sea levels will have significant impacts on coastal areas, the Klamath estuary and surrounding wetlands, all 
of which contain cultural and natural resources important to the continuation of Yurok life. Increased erosion may 
impact cultural sites and gathering areas. Increased storm surges will likely impact the estuary and its fishery.  
 
Regional and global Climate Change models indicate that increased intensity and duration of wildfires will occur 
throughout the US Western states. Wildland fires, such as those experienced in 2002, 2006 and 2008 suggest that 
this prediction is occurring within Yurok Ancestral Lands. Wildland fires within the Klamath Basin have resulted in 
extremely poor air quality on the Yurok Reservation and surrounding communities during fire events. In 2008 the 
wildland fires burned in Yurok High Country; sacred lands. Yurok Tribe declared a State of Emergency due to the 
extremely poor air quality and impacts on community and public health. Increased wildland fires also threaten 
significant Yurok cultural and subsistence resources throughout Yurok Ancestral Lands. 
 
For all of these reasons, and many others, the Yurok Tribe is concerned about Climate Change impacts on the 
Yurok Reservation, the Klamath River, continued and restored Beneficial Uses for all the resources that Yurok 
People have relied upon and cared for since time immemorial.  
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  As part of the Trust Responsibility to Tribes, the US Federal  
Government and its agencies must provide adequate resources  
and funding to support Tribal efforts to protect and manage  
these critical resources in an uncertain future and a changing climate. 

                   (DOI 2008:37) 
 
Climate Change Needs 
 

• Continued and increased funding for Tribal EPA programs and environmental grants including air quality, 
water quality, wetlands, forestry and fisheries programs. The Yurok Tribe has been collecting and reporting 
environmental data related to air quality, water quality, forest and fisheries resources for over 10 years. 
This data has been shared with outside entities and agencies for management and restoration purposes. In 
many areas, the Yurok Tribe is the only entity collecting significant environmental data that will be critical 
for creating accurate climate models for the Lower Klamath. 

 
• Climate Change case study for the Klamath River and watershed. Much of what is known about potential 

impacts of Climate Change is based upon global climate models, yet these models are not sufficient for 
predicting impacts at the regional or local scale. Due to the complexity and biodiversity of the Klamath 
River ecosystem and its once-historic salmon runs, a localized and regional model needs to be developed. 
Most mitigation and adaptation plans will be developed based upon climate modeling for predicting 
impacts. Without accurate and precise modeling, based on reliable data, Climate Change impacts may not 
be adequately identified and as a result mitigation/adaptation plans may be incorrect or insufficient. The 
Tribe intends to be a active participant and leader in Climate Change research and management within the 
Yurok Reservation and the Klamath River. 

  
• Climate Change research is needed for impacts to endangered and threatened species. Climate Change will 

result in increased stressors for endangered species and their vital habitats. Species, such as salmon, are 
vulnerable to climatic changes and changes in seasonality or environmental conditions that can confuse and 
disrupt migration and spawning patters. The Yurok Tribe currently conducts some of the leading research 
on fisheries and habitat restoration in the Klamath watershed. Increased funding and technical capacity are 
needed to identify and assess Climate Change impacts on Tribal fisheries in order to develop effective 
strategies for protecting Tribal Trust species in a changing environment.  

 
• Climate Change research and assessment requires increased and long term funding for the Clean Air Act, 

particularly to Tribes. Clean Air Act funding to Tribes is currently insufficient and unreliable yet many 
Tribes, including the Yurok Tribe have established Air Quality Programs with extremely limited funding.  
Air quality data is some of the most critical data needed to monitor and model Climate Change impacts and 
mitigation measures. There is a significant need for increased funding to Tribes for air quality programs. 
Many Tribes are actively collecting air quality data on many reservations throughout the US. This data is 
essential for predicting and modeling Climate Change, impacts, developing mitigation and adaptation 
strategies, and measuring the results of management decisions. 

 
• Climate Change will impact both water quality and quantity throughout the globe, particularly in the 

western US. Changes in water quality and temperature must be closely monitored as Climate Change 
models are being developed and as mitigation plans are being implemented. Tribes require more funding to 
continue and expand the high quality water quality research and monitoring that they currently perform. 
Clean Water Act funding to Tribes needs to be increased to aid in the collection and analysis of data on 
environmental conditions within the Klamath watershed.  

 
• Climate Change research and mitigation must include wetlands restoration and protection. Increased 

funding to Tribes is needed for wetlands programs under the Clean Water Act. Wetlands protection, 
restoration and creation will be critical to minimizing impacts of ocean surges and river flooding resulting 
from Climate Change, both on Tribal Trust resources and Reservation communities. Wetlands are critical 



for protection of property and communities, habitat and endangered species, and a wide range of culturally 
significant species to Indian People. Proposed Cap and Trade programs for Green House Gas (GHG) 
emissions need to include wetlands protection and increased funding for Tribal wetlands programs. Many 
Tribes, including the Yurok Tribe, have established Tribal wetlands programs for the purposes of 
protecting and enhancing wetlands within their reservations with little and unreliable funding. The 
important role that wetlands play in Climate Change mitigation requires that Clean Water Act funding is 
increased in the future. 

 
• Climate Change research and assessment is not enough to protect Tribal Trust resources and Tribal Lands. 

Climate Change impact mitigation plans are currently being developed by many local, state and federal 
governments and agencies. Funding is needed assist Tribes in responding to Climate Change impacts on 
natural, cultural, economic and subsistence Tribal Trust resources. The development, preparation and 
implementation of Climate Change Adaptation and Mitigation plans needs to coincide with the continued  
and expanded collection and analysis of environmental data that can be used to model and monitor Climate 
Change impacts and the effectiveness of any mitigation measures.  Funding and technical support are 
needed by the Tribe to prepare and implement mitigation and adaptation plans in response to Climate 
Change. Many states and local governments in the US west are actively engaged in Climate Change 
planning for mitigation and adaptation, yet little consultation on the development of such plans is occurring 
between these entities and Tribal governments.  

 
The Yurok Tribe intends to be a leader on Climate Change planning, particularly for adaptation and mitigation 
strategies being developed for the Klamath River. All upstream measures (mitigations or lack thereof) will impact 
the Lower Klamath and Tribal Trust resources, including the Yurok Reservation. Since its reorganization in 1988, 
the Yurok Tribe has aggressively built its own capacity on environmental research and management, developing 
top tier programs in Tribal Fisheries. Water Quality, Air Quality, Cultural Resources. The Tribe has worked 
diligently to build its capacity to manage a wide range of cultural, environmental and natural resources through the 
development of robust and highly-skilled technical programs within the Tribal government. Tribes need assistance 
and training to build their capacity to study, assess and manage for these uncertainties. The new Administration can 
change provide that assistance through increased funding to Tribes for Climate Change research and activities 
under the Clean Air, Clean Water and Endangered Species Acts and to aid Tribal governments in the development 
of Tribal Adaptation and Mitigation and Response Plans to help plan for an uncertain future. 
 
 
 
 
 
 
 
 
 
 
 
2008 United States Department of the Interior 
 Report of the Subcommittee on Law and Policy 

An Analysis of Climate Change Impacts and Options Relevant to Legal and Policy Issues at the 
Department of the Interior. 



             Native American Principles  
for 

Climate Legislation 
NTEC (December 5, 2008) 

 
• Indian tribes should be specifically referenced as sovereign partners in addressing the problem of 

climate change; legislation should avoid the use of such terms as “tribal communities” that are 
vague and could open up resources to a larger number of groups beyond federally-recognized 
tribes; “Indian tribe” as defined under the Indian Self-Determination and Education Assistance 
Act, or “Indian Tribal government” as defined under the Indian Environmental General 
Assistance Program should be used in the “definitions” section of climate legislation to best 
reflect which tribes should have access to resources  

 
• The status and rights of indigenous peoples throughout the world should be given due respect, 

particularly when referencing international efforts to address climate change  
 
• Appropriate weight should be given to traditional tribal knowledge of the environment in climate 

legislation  
 

• Indian tribes, states and local governments should be treated equally in climate legislation to the 
degree that each of these jurisdictions should have equal access to the same resources 

 
• Indian tribes should not be required to obtain treatment-as-a-state (TAS) status or meet a similar, 

burdensome requirement to access resources made available under climate legislation  
 

• Indian tribes should be provided with the resources to accurately assess and reduce their carbon 
footprint; these resources would go toward such activities as developing greenhouse gas 
emissions inventories, modeling for such emissions, and conducting subsequent monitoring 
 

• Sufficient resources should be provided to Indian tribes for the collection of traditional 
knowledge and the establishment of procedures for taking such knowledge into account 
 

• Sufficient resources should be devoted to the establishment of a federal-tribal program that 
researches and addresses the threats and costs to tribal cultures and lifeways as a result of climate 
change; additional resources should be provided for natural resource management programs that 
protect indigenous ecological systems, subsistence plants and animals, and promote intertribal 
sharing of traditional knowledge and culture 
 

• Indian tribes should be provided with sufficient resources to address the adverse impacts facing 
their communities as a result of climate change through adaptive and mitigation measures that 
will ensure the environmental integrity of their homelands 

 
• Tribal set-aside(s) should be established to address climate impacts; the following should be 

considered in establishing tribal set-aside(s) as part of climate legislation: 
• The federal trust responsibility to Indian tribes 
• The unique situation of Indian tribes, in that their cultural survival depends on the 
 safeguarding of their lands and resources including those resources off tribal lands  
 preserved as a result of treaty rights; the size of the tribal set-aside(s) therefore  
 needs to appropriately reflect this unique situation 
• The tribal set-aside(s) should be made available in direct monies as opposed to 

allowances; as a general rule, most Indian tribes lack the expertise, experience and 
administrative capacity to manage and sell allowances and would find it much more 
effective to have direct monies to immediately address climate change impacts 

• A negotiated rulemaking process should be authorized that would require the federal 



agency overseeing the tribal set-aside(s) to form an advisory committee with tribal 
leaders from across the nation to design, establish controls for, and provide overall 
management of the set-aside(s), assuring that effective government-to-government 
consultation occurs between tribes and the federal government in developing a 
distribution formula for the set-aside(s);  

• Indian tribes should have considerable discretion in how they use their portion of the 
tribal set-aside(s); examples of possible activities include promotion of energy efficiency, 
renewable energy and transmission development, climate change education, green job 
transition training, and adaptation and mitigation 

 
• Indian tribes should be acknowledged and provided with the necessary resources under any 

offsets program to best utilize their agricultural and forestry lands for sequestering carbon and 
providing them with substantial economic development opportunities 
 

• Indian tribes should be provided with the necessary financial and technical assistance to enact and 
implement energy efficiency codes for buildings on lands within their jurisdiction; this assistance 
is not unlike what has been provided to state and local governments since the early 1990s   
 

• Indian tribes should be provided with sufficient resources to improve their transportation 
infrastructure; tribal roads and routes need to be redesigned for better efficiency with additional 
resources needed to promote mass transit in locations where warranted 
 

• Alaska Native Villages should be provided with specific funding and technical assistance to 
relocate their communities due to flooding and erosion, a result of climate change  

 
• The Internal Revenue Code should be amended so as to allow Indian tribes to pass on their 

otherwise unused production tax credit (PTC) to joint partners in renewable energy projects; 
tribes are tax exempt and have no federal liability against which they can apply the PTC, meaning 
that the only portion of the PTC that can be currently applied as part of a tribal renewable energy 
project is the ownership interest of the private investor  



 
October 15, 2008 
 
EPA Office of Air and Radiation 
1200 Pennsylvania Ave. NW 
Washington, D.C. 20460 
Docket ID:  
EPA-HQ-OAR-2008-0318 
 
Dear Mr. Joe Dougherty: 
 
 The Quinault Indian Nation appreciates the opportunity to comment on the Advanced 
Notice of Proposed Rulemaking for Green house gases under the Clean Air Act (ANPR). The 
Advanced Notice of Proposed Rulemaking: Regulating Greenhouse Gases under the Clean Air 
Act (ANPR)  is difficult for any one individual to understand. It is a 600 page document. The 
U.S. Environmental Protection Agency (EPA) in responding to the U.S. Supreme Court’s 
decision, Massachusetts v. EPA, 127 S. Ct. 1438 (2007). In that case, the Court held that the 
Agency has the authority to regulate greenhouse gas (GHG) tailpipe emissions from motor 
vehicles and must do so if it finds that such emissions “cause or contribute to air pollution that 
may reasonably be anticipated to endanger public health or welfare.” The latter part of the court 
holding points to the EPA making an endangerment finding concerning GHGs, something that 
the ANPR does not seek to do. Instead, the ANPR reviews the bases for a potential 
endangerment finding concerning new motor vehicles; explores the interconnections between 
CAA provisions that could lead to broader regulation of GHG emissions; and examines the full 
range of potential CAA regulations of GHGs.  
          EPA must now consider what options currently exist for regulating GHGs under the CAA, 
at least until a legislative measure is passed and enacted. It is equally important that Indian tribes 
weigh in on any prospective options to be taken by the EPA so as to best assure that their 
interests and needs concerning climate change are sufficiently addressed. 
          Can GHG emissions can be determined to endanger public health or welfare? While 
scientific evidence has shown that GHGs have contributed to climate change and impacts of the 
planet’s ecological system, hence showing some effect on welfare, the case for showing an 
impact on public health remains a difficult argument.  There are some likely effects from GHG 
(e..g, health-related mortality, exacerbated air quality).  
 From what EPA staff and others outside the Agency have indicated, however, they 
believe that an endangerment finding from the EPA will be forthcoming in 2009. What such a 
finding means with respect to regulating GHGs under the CAA remains to be seen and is a large 
focus of the ANPR. Specifically, the EPA looks at other CAA provisions that would be triggered 
as a result of an endangerment finding. 
             The Quinault Indian Nation (QIN)  has concerns about GHG emissions and the results 
from GHG in the atmosphere.  The QIN seeks to recommend that the EPA regulates GHG, and 
that further research and legislative work be continued on GHG. 
 
                                                                                           Sincerely, 
                                    
                                                                                            Fawn R. Sharp 
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Quinault Indan Naton
POST OFFICE BOX 189 TAHOLAH WASHINGTON 98587 TELEPHONE 360 2768211

QUINAULT INDIAN NATION

RESOLUTION NO Qq2I

Quinault Indian Nation Policy on Climate Change

WHEREAS climatedriven changes to weather water food natural resources

and landscapes may profoundly affect the life ways social identity and cultural

survival of the Quinault people and

WHEREAS climaterelated policies and programs are being developed at

international national regional and state levels without the participation or

informed consent of the Quinault Indian Nation and

WHEREAS the imposition of externallyformulated climate change policies and

programs may infringe upon the territorial sovereignty of the Quinault Indian

Nation and ignore the rights of the Quinault people to equitable benefit from

the amenities and values provided by Quinault resources and

WHEREAS the Quinault Business Committee has the duty and responsibility to

protect strengthen and advance the interests of the Nation and its members

and

WHEREAS the Quinault Business Committee has determined that aClimate

Change Policy will advance the ability of the Quinault Indian Nation to

substantively address actual perceived or potential impacts of Climate Change

on the health and prosperity of the Quinault people

NOW THEREFORE BE IT RESOLVED that the Quinault Business Committee hereby

adopts the Climate Change Policy set forth below
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Quinault Indian Nation shall

a address matters pertaining to Climate Change in a manner that protects

and promotes the sovereignty and longterm health economic prosperity

and social well being of the Quinault people

b by virtue of its inherent sovereign authority exercise jurisdictional

authority over matters pertaining to Climate Change within Quinault

territories and affecting the lives property and interests of the Quinault

people including but not limited to administration taxation regulation

legislation and adjudication

c protect and vigorously defend Quinault laws and customary practices from

external challenges or threats

d issue all official pronouncements regarding the position and policies of the

Quinault Indian Nation solely from the office of the President of the

Quinault Indian Nation or a duly authorized designee

e promote official representation by Indian tribes on delegations of the

United States and support representation by indigenous peoples of other

countries in international forums involved in the development and

implementation of policies and programs relating to Climate Change In so

doing the Quinault Nation shall advocate and advance the formation of an

intergovernmental contact group on climate change to facilitate Quinault

participation in negotiations to establish a new international treaty on

climate change in connection with the United Nations Framework

Convention on Climate Change and UN Declaration on the Rights of

Indigenous Peoples in preparation for the Conference of Parties sessions

f whenever practicable seek to establish mutually cooperative and

constructive relations with county state federal and international bodies

to formalize a working consensus on policies and programs relating to

Climate Change



g work constructively with other governments to develop intergovernmental

mechanisms that provide an ongoing framework for communications and

collaboration at the local regional federal and international levels where

Climate Change and related policies can be negotiated for mutual benefit

h formulate and adopt laws and regulations to constrain emissions of green

house gasses from industries institutions and businesses and encourage

the development of clean energy systems and measures to promote

efficient use and production of energy on the Quinault Reservation

i adopt and enforce such laws and regulations as may be necessary and

appropriate to ensure that the Quinault Indian Nation and its members

benefit directly and equitably from revenues generated by international

federal regional state or local efforts to control green house gas

emissions

Q aggressively pursue opportunities to participate in programs markets and

business enterprises relating to mitigation of or compensation for Climate

Change impacts

k to the extent practicable develop measures to maintain and increase

biological diversity within Quinault territory pursue policies with

neighboring governments to promote biological diversity and to preserve

protect and promote cultural diversity within Quinault society

I promote advance employ and apply the best available science including

traditional science practices and knowledge in the formulation of

domestic and international policy regulations and external agreements

involving the Quinault Indian Nation

m monitor and regulate institutional growth to the extent

necessary to protect Quinault life ways



n instruct the head of each department to take necessary steps to the

maximum extent practicable consistent with applicable law to implement

the Climate Change policy of the Quinault Indian Nation and

o undertake such initiatives as may be necessary and advisable to inform

prepare and guide the efforts of the Quinault Nation when undertaking

actions to meet the social economic cultural and political challenges to

the Quinault people which result from impacts of Climate Change

PART B

Task Force to Develop a Climate Change and Adaptation Strategy

WHEREAS the Quinault Business Committee has duly adopted resolution

setting forth an official Climate Change Policy for the Quinault Indian

Nation and

WHEREASthe Quinault Business Committee has deemed it prudent to initiate

development of a Climate Adaptation and Strategy Plan Plan to guide the

efforts of the Quinault Nation to meet the social economic cultural and

political needs of the Quinault people over the next decade

THEREFORE BE IT RESOLVED that an interdepartmental Task Force is hereby

created to prepare a Climate Adaptation and Strategy Plan Plan The Task

Force shall be advisory only providing recommendations for consideration by

the President of the Quinault Indian Nation

BE IT FURTHER RESOLVED that upon request by the President of the Quinault

Indian Nation the head of each executive department shall appoint staff

qualified on the basis of achievement experience independence integrity and

Knowledge to serve on the Task Force The Task Force may be supplemented

by others at the discretion of the President of the Quinault Indian Nation

Quinault staff who serve as members of the Task Force shall serve at the

pleasure of the President of the Quinault Indian Nation and without additional

compensation but may receive transportation expenses including per diem in



lieu of subsistence as authorized by the internal policies of the Quinault Indian

Nation and contingent upon the availability of funds

BE IT FURTHER RESOLVED that the Plan shall include but not necessarily be

limited to

a Tribal Laws and Regulations Propose laws and regulations to preempt

protect and advance the territorial sovereignty and integrity of the lands

and resources of the Quinault Indian Nation and its members from

external state or federal measures to regulate administer or tax matters

pertaining to Climate Change

b Tribal Life Ways Risk Assessment A plan to prepare and maintain a

Tribal Life ways Risk Assessment describing principal risks to the social

health education cultural and political lives and interests of the Quinault

people associated with impacts of climate change and identifying

appropriate measures to address those risks

c Public Safety and Emergency Management A comprehensive Public

Safety and Emergency Management Program to guide and prepare

Quinault communities to respond to climatedriven threats to public

health and safety The Program is to contain measures to monitor

environmental and identify events to trigger actions to maintain security

preserve food supplies and conserve natural and cultural resources The

Plan is to contain provisions designed to foster cooperation and sharing

among communities measures to be undertaken in the event of

droughts wildland fire severe storms floods forest pest infestations

episodic high surf conditions sealevel variation with associated coastal

and beach erosion and nearshore flooding and other environmental

changes The Plan is also to contain recommended standards for

building bridge and road construction codes that anticipate and are

designed to withstand increased variability frequency and force of

catastrophic natural events



d Delineation of Responsibilities and Authorities Objectives

responsibilities authorities and accomplishment milestones for

departments in implementing the Plan

e Provisions for review and amendment

BE IT FURTHER RESOLVED that the head of each department shall a

cooperate in the development and implementation of the Plan and provide such

information and assistance as the Task Force may request to the extent

permitted by law and available resources and b report upon request to the

President of the Quinault Indian Nation on the actions taken by the department

to implement this Order and the effectiveness of those actions in advancing the

Climate Change policy Upon request the head of each department shall

provide a report to the President of the Quinault Indian Nation evaluating the

effectiveness of measures laws regulations and policies within their areas of

responsibility along with recommendations for modification

FINALLY BE IT RESOLVED that the Plan shall be delivered to the President of the

Quinault Indian Nation no later than 3l December 2009 The President of the

Quinault Indian Nation shall have the discretion to reject the Plan or to subject

it to appropriate processes for public review

arp President

Quinault Indian Nation



CERTIFICATION

This resolution was adopted at a regular meeting of the Quinault Business

Committee held in the Joe Delacruz Chambers of the headquarters of the

Quinault Indian Nation onyi2IUwith a quorum present by a vote

of aye nay and 1 abstain

Latosha Underwood

Secretary



CLIMATE CHANGE IMPACTS 

QUINAULT INDIAN NATION 

NOV. 23, 2009 

LISA RIENER, AIR QUALITY PROGRAM MANAGER 

 

Climate change is removing traditional habitats out from under the tribes. What options 
will Native peoples have to continue their traditions when the species on which these 
traditions have been built have gone extinct or moved away?  How will tribes afford to 
adapt, given that as resource dependent peoples are the first to be exposed, are most 
sensitive to impacts, and are least able to pay for defense or recovery? How will tribes 
be able to maintain environmental health care and ensure cultural sustainability and 
survival? 

The Quinault Nation needs to start: Integrating climate change into tribal policy and 
planning, for example promoting carbon sequestration by reserving stands of forest for 
the long-term to store carbon and provide habitat for culturally important species. 
Consider options to prevent impacts, like promoting wetland expansion to store water 
as a buffer against drought. Cultural sustainability assessments and plans should address 
the social, economic and cultural impacts that changes in land use and climate will have 
on human health, livestock health, cultural resources, agriculture, water resources, 
livelihood options and subsistence activities, and the necessity of adapting to inevitable 
changes. 

The Quinault Nation should develop legal and political strategies. In exchange for ceding 
lands and resources, the United States guaranteed by treaty the rights of tribes to 
maintain their ways of life. Ecological dispossession would limit or remove tribal access 
to many culturally vital resources, increasing the resource dependence of many tribes 
on traditional use lands, usual and accustomed places and other tribal access lands held 
in federal trust. Tribes have not secured full tribal rights in many of these areas. 

We have less than a decade to act. The less we spend today to prevent climate change 
will only convert into future consequences of having to adapt to the uncontrolled 
impacts of climate change, to the peril of future generations of tribal children and 
culture. 

We must not allow these burdens to be passed on to them, and it is as much for the 
future generations as for ourselves that we must begin to act. 
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 Impacts from climate change in northern California are expected to be wide-
ranging, from changes in natural systems to direct impacts to the economy and human 
health. Northern California’s natural ecosystems are highly sensitive to the availability of 
water. Thus changes in the timing or amount of precipitation are likely to have a great 
impact to these ecosystems. Climate change is predicted to have profound effects on the 
distribution, function and productivity of California’s forests. Climate change will 
inevitably shift the suitable range for each type of ecosystem, as well as the mix of plants 
and animals. Climate variation has involved more than simple upward or downward 
movements of the tree line boundary. It has involved relatively complex changes in 
distribution, accompanied by changes in forest structure. The influx of invasive plant and 
tree species has already been noticed throughout the region.  
 Many different changes are seen as snowmelt and runoff occur earlier each year. 
The increases in winter peak flows make it difficult to gauge the timing of water releases 
from reservoirs. Many mountain streams are going dry by summer due to the earlier snow 
pack melting in the Sierra Nevada.  Soil moisture reservoirs are drying out earlier each 
year. Drier summer soils and vegetation promote more opportunities for wildfires. By 
warming and drying vegetation and by stirring the winds that spread fires, global 
warming and associated climate change have the potential to increase the severity and 
extent of wildfires.  
 Habitat change is another major threat to northern California. The biological 
responses to climate change and human encroachment have been evident in many 
different habitat types. We are seeing a shift in the habitat areas of a wide range of 
animals. The higher elevation habitats are getting smaller resulting in a more crowded 
habitat. With the increase in human development, animals are now coming into populated 
areas to find food and water.  
 There are so many changes to the ecosystem as a result of global warming. More 
scientific studies are needed for this area to adequately assess the impacts and 
management actions needed.  
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Climate Change Questionnaire 
 
 
In recent years Tribes have seen many changes.  Among them, we are now seeing 
changes in our climate.  The Region 9 Tribal Operation Committee Tribal Science 
Council is gathering Tribal perspectives on global climate change and its effects 
on tribal people and land in the states of Arizona, California, and Nevada and the 
Navajo Nation.   
 
Please take the time to fill in the following questionnaire.  Your response will aid 
in our understanding of the human impacts climate change is having on your 
home land and native ways of life.  Additional comments, testimonials, or 
pictures are welcome.  We look forward to have your responses.   Please send 
your response to: 
 
Tia Chullakorn  
Email: u2sc@yahoo.com  
FAX: (707) 591-0583, attn: Tia Chullakorn 
  
Or 
 
Dan Mosley 
Email:  dmosley@plpt.nsn.us 
 
 
Thank you very much for your assistance.   

Page 1 of 5 
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Climate Change Questionnaire 
 
 

Name:  

Tribal Affiliation:  

Email:  

Telephone:  Fax:  

Mailing Address:  
  
1.  How urgent is climate change to your Tribe? 
 

a. □ Very urgent, actions should be taken immediately. 
b.  □ Somewhat urgent, but we still have time to think about it.  
c.  □ Not urgent at all.  Let the next generations worry about it. 

  
2.  Temperatures are expected to increase due to global warming.  Have you 
noticed any increases in temperatures (including air, water, etc.) on your 
reservation?  If yes, what, when and how much?  
 

a. □ Less than 3 degrees F increase 
b. □ Lower warming range: 3 – 5.5 degrees F increase 
c. □ Medium warming range: 5.5 – 8 degrees F increase 
d.  □ Higher warming range: 8 – 10.5 degrees F increase 

  
3.  Using several models, precipitation projections do not show a consistent trend 
during the next century.  Have there been changes in total annual precipitation 
(rain and snow) on your reservation? 
 

 

 

 
4.  Continued global warming will increase pressure on Tribal water resources.  
What are the surface and ground water issues on or near your reservation?  For 
example, are there extreme drought conditions on your reservation? 
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Climate Change Questionnaire 
 
5.  Will rising sea levels affect your reservation? 
  

 

 

 
6.  It is predicted that Tribes will be disproportionately impacted by global 
warming.  Has a changing climate affected your reservation?  If yes, what are the 
affects? 
  

 

 

 
7.  Do you believe that global climate change will impact your reservation further 
in the future?  If yes, what would be the impacts? 
  

 

 

 
8.  Higher temperatures are expected to increase the frequency, duration, and 
intensity of conditions conducive to air pollution formation.  Have you noticed 
poorer air quality on your reservation? 

  

 

 

 

9.  Global warming is at least partially due to emissions from human activities.  
Do you have an emission inventory for your reservation?  If yes, would your tribe 
be willing to share the information with us? 
 

 

 

 
10. Have you seen any change in gathering periods for native plants?  
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Climate Change Questionnaire 
 
11. Have you seen any changes in migration or hunting periods for your tribe?  
  

 

 

 
12. Have you seen any changes in the number of fires in your area?  
  

 

 

 
13. Have you seen any changes in wetlands on your reservation? 
  

 

 

 
14. Have you seen any changes in forests on your reservation? 
  

 

 

 
15. Continued climate change will likely shift the ranges of invasive species.  Do 
you have invasive species problems on your reservation? 
  

 

 

 
16. Continued climate change will impact Tribal natural ecosystems and 
biodiversity.  Are there losses of habitats on your reservation? 
  

 

 

 
17. How will your tribe manage global warming? 
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Climate Change Questionnaire 
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18. Would your tribe need additional training, resources, and/or funding to 
address climate change issues?  If yes, what does your tribe need? 
  

 

 

 
19. Would your tribe need assistance from RTOC and EPA?  If so, what kind of 
assistance? 
  

 

 

 
20. Please attach any other comments, issues, testimonials, pictures, etc. 
 
  

 

 

 
 

 
Thank you for responding to this questionnaire. 
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CHAPTER 1: THE CHANGING CLIMATE 
 

E arth’s climate is rapidly changing in significant 
ways.  The Intergovernmental Panel on Climate 

Change (IPCC) predicts that the 21st century will ex-
perience accelerating rates of climate change, largely 
due to the build up of atmospheric CO2 and the accu-
mulation of heat in the oceans.  Among the IPCC’s lat-
est findings, released this year: 
 
Temperature.  The most obvious, well understood and 
documented aspect of climate change is global warm-
ing.  Global near-surface air temperatures have in-
creased 0.74oC (1.33oF) over the past century (1906-
2005).  Temperatures are expected to rise another 1.1-
6.4oC (2.0-11.5oF) in the 21st century, depending on 
future policies regarding greenhouse gas emissions.  
These changes in air and water temperatures drive 
most of the other climate change impact. 
 
Precipitation.  Precipitation trends are highly region-
specific and remain difficult to forecast.  Computer 
modeling increasingly suggests the possibility of future 
drying in much of southern North America, and stable 
or wetter conditions in the remainder of the continent. 

Sea Level Rise.  Rising ocean levels are primarily 
caused by thermal expansion of warming water and the 
melting of the Greenland and Antarctic ice sheets.  
Overall, ocean levels in the 20th century rose by ap-
proximately 0.17 meter (6.7 inches).  In the 21st cen-
tury, the IPCC predicts sea levels to rise 0.18-0.59 me-
ters (7.1-23.2 inches), depending upon the emissions 
scenario considered.  This IPCC estimate assumes no 
acceleration in the melt rate of the Greenland and Ant-
arctic ice sheets, although many scientists expect that 
melting will accelerate.  Thus, this IPCC estimate could 
prove too conservative. In addition to flooding low-
lying coastal areas, sea level rises are expected to ac-
celerate saltwater intrusion and increase the vulnerabil-
ity of coastal communities and ecosystems to extreme 
weather-related events. 

Native Communities and Climate Change:  Protecting 
Tribal Resources as Part of National Climate Policy 

A scientific consensus has emerged in recent decades that human activities are causing consid-
erable changes to our climate.  Among the changes already observed are higher temperatures, 

rising sea levels, warming oceans, and melting polar ice sheets.  These trends will continue even if 
significant policy changes are made, and they will grow much worse if we do little or nothing to 
address the problem.   

While climate change will affect everyone, it will impact some disproportionately.  Native 
American communities are among the most vulnerable.  Climate change threatens tribal culture, 
resources, and ways of life.  For this reason, it is imperative that Congress and executive branch 
agencies consider the special threats and disparate impact faced by tribes.  Ample authority exists 
to support such consideration.  In particular, the federal trust responsibility requires the federal 
government to protect tribal land and resources.  This authority is rooted in numerous treaties, 
statutes, executive orders, and judicial opinions that recognize the very tribal rights at risk from 
climate change.   

This report describes the special problems facing tribes as a result of climate change, focusing 
on four regions of the country.  It then reviews federal authority for addressing these problems 
and outlines a course of action for federal policymakers.   

Solving the climate change problem is a daunting task.  But understanding how climate change 
poses special threats to tribes is crucial for enacting a successful climate policy. 

While climate change will affect everyone, it 
will impact some disproportionately.  Native 
American communities are among the most 
vulnerable. 
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Observed changes in global average surface temperature, 
global average sea level, and Northern Hemisphere snow 
cover for March-April. Source: IPCC Fourth Assessment Re-
port, Working Group 1 Summary for Policy Makers. 
 
Water Cycles/Supplies.  In basins where water sup-
ply is associated with snowmelt, warmer temperatures 
often result in an increased ratio of rain to snow, earlier 
snowmelt, decreased summer stream flows and, occa-
sionally, higher winter stream flows. 
 
Extreme Events.  As temperatures increase, so too do 
the frequency and intensity of extreme weather events 
such as storms and droughts.  Heat-related crises are 
an increasingly common occurrence in many places.  
By contrast, cold-related events (e.g., frosts, cold snaps) 
are increasingly rare.  These trends are expected to con-
tinue.  
 
Environmental Impact.  Generally, increased warm-
ing is expected to shift many habitat regimes north-
ward.  Rising temperatures will also magnify extinction 
pressures on species requiring moderate and/or cooler 
habitats.  Arctic habitats may be particularly vulnerable 
to the unusually high rates of global warming and ice 
melting already observed there.  Extreme weather and 
water scarcity provide further stress. 
 
CHAPTER 2: THE IMPACT OF CLIMATE CHANGE ON 
NATIVE COMMUNITIES 
 

C limate change is a global phenomenon and will af-
fect everyone under even the most conservative 

future scenarios.  However, a changing climate will not 
affect everyone equally.  Native communities are par-
ticularly vulnerable, and the adverse effects of climate 
change will fall disproportionately on tribes even 
though their contributions to the problem are usually 
negligible.  Tribes are often the first to see, and the 
first to feel, changes in the natural environment.  Tradi-

tional tribal practices and relationships with the natural 
world form the spiritual, cultural, and economic founda-
tion for many Native American nations—foundations 
that will be, and in some cases already are, threatened 
by climate change.  The following regional case studies 
highlight some of these threats. 
 
Alaska.  Alaska Natives provide perhaps the most 
compelling illustration of the harm that native commu-
nities already face from climate change.  For centuries 
Alaska Natives have developed a rich trove of tradi-
tional knowledge that enables them to survive in this 
harsh climate.  Climate change undermines their ability 
to rely on that knowledge.  Warmer temperatures alter 
the availability of the species upon which Alaska Na-
tives rely for subsistence.  As permafrost thaws and ice 
thins, hunting becomes more difficult and dangerous.  

Climate change threatens not only the traditional 
subsistence lifestyle of Alaska Natives, but also their 
homes.  Rising sea levels, thawing permafrost and re-
duced pack ice threaten coastal villages with inundation 
and increased vulnerability to storm surges.  One re-
cent federal study found that 86% of Alaska Native vil-
lages are at some risk from flooding and erosion exac-
erbated by climate change.  For villages such as New-
tok, Shishmaref, and Kivalina, conditions are so dire 
that relocation is the only option left, a process esti-
mated to cost over $100 million for a single village. 

It is a bitter irony that Alaska Natives—some of the 
earliest inhabitants of North America whose subsistence 
lifestyle contributes little to the causes of climate 
change—are becoming some of the very first to be dis-
placed by climate change.   

A view of damage due to permafrost melting and bluff erosion 
in the Alaska Native village of Shishmaref.  Due to these con-
ditions, exacerbated by climate change, the only viable option 
is to relocate the village.  This move is expected to be com-
pleted by 2009 and could cost well over $100 million.  Photo 
Source, NOAA. 

Traditional tribal practices and relation-
ships with the natural world form the spiri-
tual, cultural, and economic foundation for 
many Native American nations—
foundations that will be, and in some cases 
already are, threatened by climate change. 
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Pacific Northwest.  For centuries, salmon have been 
a cultural cornerstone for the Native American tribes of 
the Pacific Northwest.  Thus, any harm to the salmon 
will necessarily harm those tribes whose identity is in-
extricably bound to these fish.   

Climate change affects salmon in a number of 
ways.  For example, less snow and more rain in the 
winter months will alter natural stream flows, affecting 
salmon migration from freshwater to the ocean and 
back.  Also, changes to the nature and quality of the 
aquatic environment could destroy salmon habitat and 
spawning grounds, diminish food supplies, and increase 
the incidence of predators and aquatic contaminants. 
Rising air temperatures translate to warmer water, 
threatening salmon spawning and rearing.  If streams 
get too warm, they will become uninhabitable to 
salmon altogether.  One study estimates that by 2090, 
some states could lose over 40% of salmon habitat due 
to rising temperatures.  These estimates do not take 
into account numerous other factors besides climate 
change that affect salmon viability.  Over-fishing, de-
forestation, changing land use patterns, pollution, and 
other factors have already taken a serious toll on 
salmon populations since the 19th century. 

In the Columbia River basin, historic (late 1800s) 
salmon runs were estimated at 11-15 million fish per 
year.  A century later, they are estimated at 110,000-
330,000, a mere 1.7% of their past numbers.  Scien-
tists have identified as many as 200 individual Pacific 
Northwest salmon stocks that have become extinct.  
Five more species of west coast salmon and steelhead 
are listed as endangered, and 21 others are considered 

threatened.  When added to other pressures, climate 
change could turn the treaty fishing right into little 
more than a chance to drop a line in waters devoid of 
salmon. 
 
Southwest.  For centuries, the Colorado River and its 
tributaries have been the lifeblood of southwestern 
tribes, including the Hopi, Navajo, Mohave, Apache, 
Tohono O'odham, and others.  Historically plentiful wa-
ters enabled tribes to survive in this arid region by 
growing crops and raising livestock, traditional subsis-
tence practices that many tribes still follow today.   

A dramatic increase in the population of the South-
west has placed a severe strain on the water resources 
in the Colorado River basin.  Today’s users place such 
high demand on the river system that in most years the 
Colorado does not reach its outflow into the Gulf of 
California.  Nor does this trend show signs of stopping.  
Nevada and Arizona alone are expected to double their 
population in the next 25 years. 

In light of the growing demand for finite water re-
sources in the Southwest, the rising temperatures and 
increasing aridity brought by climate change could hold 
serious consequences.  The latest hydrologic studies 
agree that runoff will decrease in the Colorado River 
basin due to climate change.  Estimated decreases 
range from an 11% reduction by the end of the century 
to a 45% decrease by the middle of the century.  Even 
at the low end, such reductions make clear that water 
scarcity will be the defining impact of climate change in 
the Southwest.  

Recent drought conditions seen on the Gila River.  Water scar-
city due to climate change in the Southwest will only exacer-
bate existing pressure.  Increased demand for decreasing wa-
ter supplies will have serious implications for tribes, as compe-
tition between tribal and non-tribal users will make water ad-
judication and negotiation more difficult.  Photo Source: U.S. 
Geological Survey. 

When added to other pressures on salmon, 
climate change could turn the treaty fishing 
right into little more than a chance to drop a 
line in waters devoid of salmon. 

The latest studies agree that runoff will de-
crease in the Colorado River basin due to 
climate change….Such reductions make 
clear that water scarcity will be the defining 
impact of climate change in the Southwest. 
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Tribal dipnet fishing at Celilo Falls on the Columbia River in 
Oregon.  This prolific tribal fishing location was inundated 50 
years ago behind the newly-built Dalles Dam.  Now, climate 
change poses further threats to salmon and the treaty fishing 
right.  Photo source: Army Corps of Engineers archives. 



Tribes often hold federal reserved water rights that 
are among the most senior in the prior appropriation 
scheme of water allotment in the West.  Yet many tribal 
water rights remain unquantified and tribal access to 
water rights is often impeded by the lack of infrastruc-
ture.  In a warmer and drier Southwest, competition for 
water resources will only become more fierce, posing 
significant challenges for tribes, and also threatening 
the already unstable and delicate allocation for all 
southwestern residents. 
 
Florida.  Perhaps the most dramatic impact of climate 
change for Florida tribes will stem from the predicted 
rise in sea levels.  Florida has approximately 4,500 
square miles of land within five feet of sea level.  While 
this is only a small portion of the total state, much of 
this low elevation consists of the Everglades in the 
southern tip of Florida.  Tribes have long called home 
the mangrove forests, cypress domes, and sawgrass 
prairies of the Everglades.  Today, the Miccosukee and 
Seminole have a number of reservations in and around 
this area.  

The Miccosukee and Seminole tribes also have a 
long history of subsistence activities such as hunting, 
fishing, and growing food crops in and around the Ever-
glades.  Rising temperatures, changing weather pat-
terns, encroaching sea levels, and saltwater intrusion 
could all have devastating impact on the plants and 
animals upon which the tribes rely to support their tra-
ditional practices. 

Even a modest rise in sea levels due to climate 
change could have tremendous and negative effects.  
Flooding will result in loss of tribal lands.  Storm surges 
will reach further inland, leaving additional destruction 
in their wake.  Saltwater intrusion into the Biscayne 
Aquifer threatens the freshwater supplies for all of 
southern Florida. 

 
CHAPTER 3: CONGRESS AND EXECUTIVE AGENCIES 
SHOULD ACT TO ADDRESS CLIMATE CHANGE IMPACT 
ON TRIBES 
 

A number of factors compel the federal government 
to take action to address the severe and disparate 

impact that climate change will have on native commu-
nities.  At the heart of this obligation is the trust re-
sponsibility, which requires the federal government to 
protect tribal land and resources.  Moreover, many as-
pects of tribal culture—for example, subsistence prac-
tices and water rights for tribal lands—have long been 
recognized and protected by treaties, statutes, and ju-
dicial decisions.  If, as predicted, climate change makes 
water and other natural resources more scarce, tribal 
protection of these interests could pose significant 
problems for current patterns of use and consumption 
by non-tribal parties, thereby requiring federal inter-
vention. 

Addressing the causes of climate change and 
adapting to its consequences will not come cheaply.  
For this reason, the federal government must recognize 
that climate policy will only be effective if it generates 
the substantial sums of money these efforts will re-
quire. 
 

Trust Responsibility.  The federal government has a 
unique trust relationship with American Indian tribes.  
This relationship, which is embodied in thousands of 
treaties, statutes, and executive orders and recognized 
in countless judicial opinions, provides Congress with 
the authority to pass legislation that will address the 
specific effects of climate change on American Indian 
communities.  In some particular circumstances where 
tribal rights are threatened by climate change, the trust 
responsibility may create a legal obligation requiring 
the government to act.  While courts are often reluctant 
to order the federal government to take specific actions 
pursuant to the trust responsibility, there have been 
occasions where rights to both damages and injunctive 
relief have been recognized.  Furthermore, judicial cau-
tion in enforcing the trust obligation does not lessen the 
federal government’s legal and moral responsibility to 
take action when tribal land and resources, which form 
the basis for tribal sovereignty, face threats as serious 
as those from climate change.  The trust responsibility 
should also encourage federal agencies to interpret and 
apply statutory and administrative climate change poli-
cies for the benefit of native communities. 
 
Treaty Rights.  Rights to land, water, fish, and wildlife 
guaranteed by treaties, as well as other solemn legal 
commitments with tribes, impose a clear duty on the 
federal government.  As tribal resources are threatened 
by changing climate, the federal government has an 
obligation to take action.   For example, in a series of 
treaties signed with the government over 150 years 

A map showing Florida’s vulnerability to sea level rise.  The 
red area is less than 5 feet above sea level, the blue area is 
land less than 10 feet above sea level, and the dotted area is 
the Biscayne Aquifer.  Rising sea levels due to climate change 
pose a serious threat to the Everglades.  Loss of coastal eco-
systems and resident species, saltwater intrusion, and in-
creased vulnerability to storm surges could have significant 
negative impact on the tribes that reside in this area.  
Source: Environmental Protection Agency, Saving Florida’s 
Vanishing Shores.  
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ago, the tribes of the Pacific Northwest ceded signifi-
cant portions of tribal land while reserving the right to 
fish for the salmon that have always been a mainstay 
of their culture.  This treaty right has been the subject 
of extensive litigation in the intervening years, and has 
continually been upheld.  Significantly, a federal district 
court in Washington State held in 1980 that the right to 
fish identified in the treaties includes an implied right to 
protection of the habitat from environmental degrada-
tion.  As climate change affects salmon populations and 
habitat, the potential for further litigation to vindicate 
tribal treaty rights seems inevitable. 

Whether a court would compel the government to 
mitigate the effects of climate change on a tribe’s re-
sources or to grant damages for the failure to protect 
Indian rights from the impact of climate change re-
mains unknown.  But the prospect for litigation may 
impel the political branches to seek proactive solutions 
to address these problems. 
  
Statutory Rights.  Tribes also have statutory rights.  
For example, a number of federal statutes recognize 
the importance of the subsistence hunting and fishing 
to which Alaska Native communities are so intimately 
connected.  The Alaska National Interest Lands Conser-
vation Act (ANILCA) gives subsistence uses priority 
over non-subsistence uses on the state’s public lands.  
Furthermore, the Endangered Species Act (ESA) and 
the Marine Mammal Protection Act carve out exemp-
tions from their provisions to protect Alaska Native sub-
sistence practices.  Impact on subsistence uses 
wrought by climate change will certainly implicate these 
and other statutes.  Protections or exemptions are of 
no value if the species upon which subsistence lifestyles 
are based disappear. 

Climate change will likely force legislators to re-
examine existing statutory law relating to tribal inter-
ests, as well as to consider new legislation.  Congress 
has the power to legislate in the field of Indian affairs 
and, where a reasonable connection between climate 
legislation and protection of Indian resources exists, 
any such legislation protecting Indian rights will almost 
certainly be upheld.  Similarly, if a federal agency de-
cides that it will implement existing or new statutory 
programs in ways that protect Indian resources from 
the impact of climate change, there is little doubt that 
any reasonable decision made by the agency to do so 
will be upheld by the courts. 

 
Common Law Rights.  While treaties and statutes 
create many tribal legal rights, judicial decisions often 
explain, refine, and shape the contours of these rights.  
Water rights are among the most important legal enti-
tlements that accompany a tribal land treaty.  In Win-

ters v. United States, decided in 1908, the U. S. Su-
preme Court held that Indian nations on reservations 
set aside for agricultural use have a right to enough 
water to grow crops.  Significantly, the Court also held 
that this “reserved right to water” exists irrespective of 
whether a tribe has yet taken any steps to divert or use 
the water.  The priority date for Indian nations is the 
date of their land treaty or executive order, which puts 
many tribes at the front of the line when it comes to 
competing with non-Indian water users.  This Winters 
right, as it has become known, makes Indian nations 
powerful players in the allocation of those scarce sup-
plies of water west of the 100th meridian.  If, as ex-
pected, climate change places an added strain on water 
availability, this right will become ever more valuable to 
tribes. 
 
Environmental Justice.  Climate change raises many 
issues of fairness and justice to tribes.  As noted previ-
ously, for example, Alaska Natives following traditional 
subsistence lifestyles contribute virtually nothing to 
climate change yet suffer some of its most serious ef-
fects.  Disappearing sea ice, rising sea levels, changing 
weather patterns, higher temperatures, and other fac-
tors threaten to destroy native villages and many of the 
plant and animal species upon which these people de-
pend. 

An Executive Order signed by President Clinton in 
1994 requires each federal agency to work to achieve 
environmental justice in agency policies and regula-
tions.  While the Order is not enforceable in court, fed-
eral agencies have subsequently incorporated consid-
erations of environmental justice in their operations.  If 
principles of environmental justice mean anything—
and, in light of the federal trust responsibility, they 
should—then the government must use them to help 
shape federal climate change policy. 

CHAPTER 4: RECOMMENDATIONS FOR ACTION 
 

C ongress is currently engaged in a far-ranging de-
bate over legislative proposals relating to climate 

change.  As legislators and agencies begin to craft na-
tional climate change policy, they must fully understand 
and address the impact on native communities.  To that 
end, this report makes the following recommendations: 
 
Tribal Participation.  Informed decisions as to how 
best to protect tribes from the effects of climate change 
must begin with a clear understanding of the likely im-
pact.  As Congress debates federal climate change leg-
islation, they should call for Congressional hearings to 
provide such information.  Clearly, this would include 

A number of factors compel the federal 
government to take action to address the 
severe and disparate impact that climate 
change will have on native communities.  
At the heart of this obligation is the trust 
responsibility. 

Rights to land, water, fish, and wildlife 
guaranteed by treaties and other solemn 
legal commitments with tribes impose a 
clear duty on the federal government.  As 
tribal resources are threatened by changing 
climate the federal government has an obli-
gation to take action. 
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testimony from the scientific, academic, and private 
sector communities.  Most importantly, though, Con-
gress should hear from the tribes themselves.  Such 
first-person accounts will undoubtedly be the most 
compelling evidence of how climate change affects na-
tive communities.  In addition, as Congress expands 
the administrative framework dealing with climate 
change, they must ensure that tribes are able to pro-
vide ongoing input into national climate change policy 
and programs. 

Adequate Revenue-Raising Mechanism.  While de-
bate continues over a wide range of legislative initia-
tives, none of the current proposals will likely generate 
the substantial revenues needed to finance mitigation 
and adaptation efforts in response to climate change.  
Mitigation and adaptation will be costly.  As described 
in the case studies, certain native communities will be 
especially affected.  Any national climate policy to ad-
dress the impact on tribes must provide a substantial 
revenue-raising mechanism if it is going to be ade-
quate.   

Fortunately, climate change offers relatively simple 
opportunities to raise considerable revenues.  For ex-
ample, a carbon tax at a level that provides incentives 
for non-carbon-based activities could raise billions of 
dollars.  Likewise, fees might be set for carbon emis-
sion allowances.  Some of the bills currently being dis-
cussed in Congress do contemplate the need for fee-
based allowances to raise revenues, and some of them 
expressly acknowledge the need to address unequal 
impact of climate change.  The proposals that contem-
plate revenue generation, however, are too modest to 
raise the amounts that will be needed to adequately 
address the likely consequences of climate change.  
These proposals will likely fall short of what will be 
needed to fund mitigation and adaptation efforts, espe-
cially with regard to disproportionate impact on tribes. 

 
 

Alternative Energy Development Funding for 
Tribes.  Because fossil fuel emissions are such a major 
contributor to climate change, development of alterna-
tive energy technologies will be an important compo-
nent of any future strategy.  Tribes have some of the 
greatest resources (e.g. wind and solar power) for 
helping the nation with renewable energy development.  
At the same time, they are among the most vulnerable 
to impact from climate change caused in large part by 
conventional fossil fuel-based energy development.  
Helping tribes develop alternative energy technologies 
both on reservations and as part of a national renew-
able energy program can help overcome this contradic-
tion.  

Alternative energy projects take investment capital, 
infrastructure, and technical capacity that tribes often 
lack.  Development of renewable energy resources by 
tribes on their own will do little to mitigate the impact 
from climate change on their communities.  However, 
tribes can play an important role in any national or in-
ternational solution. 

For this reason, any renewable energy program at 
the federal level must include opportunities and incen-
tives for tribes.  Such a program should include techni-
cal assistance and subsidies for individual projects on 
reservations.  The government should also provide fi-
nancial assistance to establish transmission lines to 
connect tribal projects to the national energy infra-
structure.   

Administration of Federal Programs to Protect 
Tribal Resources.  In order to meet its trust responsi-
bility to tribes, the federal government should operate 
government programs to protect treaty and other tribal 
rights in light of climate change impact.  This may im-
plicate many programs not particularly directed at 
tribes.  But national mitigation efforts that benefit 
tribes will benefit everyone.  Recently, the Supreme 
Court recognized that the Environmental Protection 
Agency has the authority to regulate greenhouse gases 
from automobile emissions.  A subsequent Executive 
Order asks the agency to implement regulatory meas-
ures soon.  In setting the level and extent of green-
house gas regulation, the EPA should take into account 
the trust obligation that the federal government owes 
to tribes, as well as the environmental justice executive 
order and the need to address the disproportionate im-
pact to tribes.  
 

Informed decisions as to how best to protect 
tribes from the effects of climate change 
must begin with a clear understanding of 
the likely impact.  As Congress debates fed-
eral climate change legislation, they should 
call for hearings to provide such informa-
tion.   

Mitigation and adaptation will be costly.  As 
described in the case studies, certain native 
communities will be especially affected.  
Thus, any national climate policy to address 
the impact on tribes must provide a sub-
stantial revenue-raising mechanism if it is 
going to be adequate.   

Tribes have some of the greatest resources 
for helping the nation with renewable en-
ergy development.  At the same time, they 
are among the most vulnerable to impact 
from climate change caused in large part 
by conventional fossil fuel-based energy 
development.  Helping tribes to develop 
alternative energy technologies both on 
reservations and as part of a national re-
newable energy program can help over-
come this dichotomy.    
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CONCLUSION 
 

A s the latest report from the IPCC makes clear, our climate is changing in significant ways.  
While all of us will certainly be affected to some degree, some will bear disproportionate im-

pact from climate change. Among those disparately affected are native communities.  Their tra-
ditional lifestyles typically contribute little to the causes of climate change even as the change 
fundamentally harms tribal culture and the close relationship tribes have with the land, water, 
wildlife, and other natural resources.   

Congress and executive agencies must act to address and resolve climate impact on tribes to 
fulfill the federal trust responsibility, as well as obligations under treaties, statutes, executive 
orders, and common law doctrines.  If they fail to do so, tribal enforcement of these rights in 
the face of increased scarcity and competition could well force the government’s hand. 

As legislators begin to craft national policy on climate change, it is essential that they fully 
understand and address the impact on native communities.  This report makes several recom-
mendations to that end: 

  
• Congress should hold hearings on the impact of climate change to tribes, as well as pro-

vide opportunities for meaningful and continued input from tribes into national climate 
policy and programs. 

• National climate policy must include an adequate revenue-raising mechanism to finance 
the costly adaptation and mitigation efforts necessary to address disparate impact on 
tribes. 

• The federal government must provide alternative energy development funding and tech-
nical assistance for tribes. 

• The federal government must administer federal programs to protect tribal resources.   
 
With these and other measures, the federal government can fulfill its special obligation to tribes 
and ensure solutions that are fair and equitable for all. 
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1. Introduction 
 
a. Purpose  
Tribal Nations will likely be one of the most heavily impacted populations in North America by 
Climate Change due to several factors including an intimate, long-standing relationship with the 
land, limited and relatively non-diverse economies, poor energy security and transportation 
options, and the practice of subsistence activities in many communities. These characteristics of 
Tribal Nations make them more vulnerable or sensitive to the impacts of Climate Change. The 
most likely tribal resources effected by Climate Change are ecosystems, natural resource, human 
health and energy production and use.  The purpose of this White Paper is to summarize 
information in published scientific literature that identify physical changes in the climate due to 
Climate Change, to identify vulnerabilities of tribal resources to Climate Change, and to identify 
adaptation options that tribes in Region 10 could implement to minimize the possible adverse 
effects to their life style and well being.  This White Paper is intended to be a ‘living’ document 
and will be updated and revised, as needed, in response to the needs of the tribes, and to 
incorporate the most recent information on Climate Change adaptation in the scientific literature.     
 
The impacts of Climate Change, as predicted by various models, includes increasing air 
temperatures, changing precipitation patterns, increasing severity of drought in arid climates, 
more frequent extreme weather events, earlier snow melt in the mountains, and rising ocean 
levels. These climatic impacts have the potential to adversely affect the biodiversity and function 
of ecosystems, availability and quality of natural resources, productivity of agriculture and 
forestry, human health, and societal infrastructure. A dynamic interaction exists between people 
and ecosystems and natural resources.  People both directly and indirectly drive change in 
ecosystems and natural resources, and the changes in ecosystems and natural resources cause 
changes in human well-being. The effects of Climate Change are already being experienced in 
various regions of the world by various people, and the effects of Climate Change are predicted 
to increase as concentrations of man-made greenhouse gases (GHGs) in the atmosphere continue 
to increase. Adaptation is widely recognized in the literature as a tool to minimize the effects of 
Climate Change on ecosystems and natural resources.  

 
b. Overview of Climate Change  
“Climate” refers to long-term weather patterns, over periods of 30 years or more, that are typical 
of a region.   When changes occur in the climate that a region experiences over a long period of 
time, it is called “Climate Change”. Scientific research has documented that the earth’s 
atmosphere has been warming since the pre-industrial period of the mid-18th century due to 
increasing concentrations of GHGs in the atmosphere.  Naturally, the earth absorbs a portion of 
the sunlight it receives, which then heats the planet, and reflects some of the sunlight back into 
space. As the earth is heated by the sunlight, it also radiates a portion of this heat back into the 
atmosphere in the form or infrared radiation. Greenhouse gases warm the earth system by 
absorbing a portion of the outgoing radiation from the planet and re-radiating some of the 
absorbed radiation back towards the Earth’s surface. As the overall energy of the system 
increases, the surface and lower atmospheric temperatures increase, too. Many greenhouse gases 
occur naturally, and without them the earth surface would be on average 60 degrees Fahrenheit 
colder (Wallace and Hobbs, 2006).  
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The major greenhouse gases are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
ozone (O3), and various halocarbons. Water vapor also acts as a greenhouse gas, but since human 
activities contribute inconsequentially to its atmospheric concentration, it is neglected as a 
greenhouse gas and instead considered as part of the climate system feedbacks. Aerosols (also 
called particulate matter, PM, or particles) are another anthropogenic influence. In contrast to 
greenhouse gases which warm the planet, most aerosols reflect incoming solar radiation and act 
as a cooling agent. Black carbon (for our purposes, equal to “elemental carbon” and “light 
absorbing carbon”) efficiently absorbs solar radiation and warms the atmosphere (IPCC, 2007a).  
 
Individual greenhouse gases and aerosols differ in their effectiveness. For example, each 
methane molecule is 20 times for effective at warming the atmosphere than each carbon dioxide 
molecule. However, since carbon dioxide is present in higher concentrations and lasts longer in 
the atmosphere, it is a more important greenhouse gas than methane. Current emissions of carbon 
dioxide will be influencing our climate long after current methane emissions (IPCC, 2007a). 
 
The variable lifetimes of greenhouse gases and aerosols in the atmosphere have a couple very 
important implications for mitigation strategies. Emission reductions for short-lived gases like 
methane will slow the rate of warming in a matter of years to decades. Emission reductions for 
carbon dioxide, while more important in the long run, will not be evident for several decades. 
Thus, immediate implementation of technology to reduce warming agents like methane and 
black carbon can give societies some “breathing room” while strategies for reducing all agents 
including carbon dioxide are being put in place. In addition, most greenhouse gases mix 
uniformly across the globe and present a classic tragedy of the commons, while black carbon 
aerosol has a short enough atmospheric life time that emissions from a region warm that area 
more than the rest of the globe (Menon et al., 2002). Even areas with relatively low global 
emissions, such as the four states in Region 10, have some – albeit small – influence on their 
own corner of the world. This is especially the case for black carbon in the Arctic since its effect 
is magnified by deposition on snow and ice (Hansen and Nazarenko, 2004).  
 
Studies that rigorously quantify the effect of different external influences on observed changes 
conclude that most of the recent global warming is very likely due to human generated increases 
in GHG concentrations. The Intergovernmental Panel on Climate Change (IPCC) concluded that 
it is unequivocal that the average temperature of Earth’s surface has warmed recently, and it is 
very likely (greater than 90% probability) that most of this global warming is due to increased 
concentrations of human generated greenhouse gases. A large number of climate model 
simulations show that natural factors alone cannot explain the observed warming in the second 
half of the 20th century of Earth’s land masses and oceans, or that of the North American 
continent. On the other hand, simulations that include human factors are able to reproduce 
important large-scale features of the recent changes. Several lines of evidence, including the 
correlation between GHG emissions, atmospheric CO2 concentrations, and average global 
surface temperature, point to a strong human influence on climate. Although these individual 
lines of evidence vary in their degrees of certainty, when considered together they provide a 
compelling and scientifically sound explanation of the changes to Earth’s climate, including 
changes in surface temperature, ice extent, and sea level rise, observed at global and continental 
scales over the past few decades (IPCC, 2007a). 
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In addition to average temperatures, recent work shows that human activities have also likely 
influenced extremes in temperature. Many indicators of climate extremes, including the annual 
numbers of frost days, warm and cold days, and warm and cold nights, show changes that are 
consistent with warming. For example, there is evidence that human-induced warming may have 
substantially increased the risk of extremely warm summer conditions in some regions. 
Discernible human influences extend to additional aspects of climate, including the recent 
decreases in Arctic sea ice extent, patterns of sea level pressure and winds, and the global-scale 
pattern of land precipitation (IPCC, 2007a).  
 
c. Adaptation  
“Adaptation” is defined as an adjustment in natural or human systems to a new or changing 
environment. Adaptation to Climate Change refers to adjustment in natural or human 
systems in response to actual or expected climatic stimuli or their effects, which 
moderates harm or exploits beneficial opportunities.  Planned adaptation, or proactive adaptation, 
refers to strategies adopted by society to manage systems based on an awareness that conditions 
are about to change or have changed, such that action is required to meet management goals 
(IPCC, 2001b).   

Several concepts related to adaptation are important to fully appreciate the need for successful 
anticipatory adaptation to climate-related stresses, as well as the opportunities and barriers to 
adaptation. The first of these is vulnerability. Vulnerability is typically viewed as the propensity 
of a system or community to experience harm from some stressor as a result of (a) being exposed 
to the stress, (b) its sensitivity to it, and (c) its potential or ability to cope with and/or recover 
from the impact. Key vulnerabilities can be assessed by exploring the magnitude of the potential 
impacts, the timing (now or later) of impacts, the persistence and reversibility (or irreversibility) 
of impacts, the likelihood of impacts and confidence of those estimates, the potential for 
adaptation, the distributional aspect of impacts and vulnerabilities (disadvantaged sectors or 
communities), and the importance of the system at risk. Of particular importance here is a 
system’s adaptive capacity: the ability of a system or region to adapt to the effects of climate 
variability and change. How feasible and/or effective this adaptation will be depends on a range 
of characteristics of the ecological system, such as topography and micro-refugia, soil 
characteristics, biodiversity; pre-existing stresses, such as the presence of invasive species or loss 
of foundation species or fragmentation of the landscape; the status of the local ecosystem, e.g., 
early to late successional and its intrinsic “inertia” or responsiveness; and on characteristics of 
the social system interacting with, or dependent on, the ecosystem (CCSP, 2008b, Chapter 3). 

Ecosystems provide many goods and services that are of vital importance for the functioning of 
the biosphere, and provide the basis for the delivery of tangible benefits to human society. 
According to the Millennium Ecosystem Assessment (2003), these services can be divided into 
four categories: provisioning (e.g., food, fiber, and fuel), regulating (e.g., air and water quality 
maintenance, climate regulation), and cultural (spiritual and aesthetic values), and supporting 
(e.g., carbon sequestration, soil formation and retention, nutrient cycling, water cycling).  Many 
ecosystems are vulnerable to adverse effects due to Climate Change. Such vulnerable ecosystems 
will likely produce poorer quality goods and services than ecosystems that are resilient to 
Climate Change.  
 
The purpose of adaptation strategies is to reduce the risk of adverse outcomes through 
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activities that increase the resilience of ecological systems to Climate Change stressors. A 
stressor is defined as any physical, chemical, or biological entity that can induce an adverse 
response. Resilience refers to the amount of change or disturbance that can be absorbed by a 
system before the system is redefined by a different set of processes and structures. Potential 
adverse outcomes of Climate Change may vary for different ecosystems, depending on their 
sensitivity to climate stressors and their intrinsic resilience to climate change. The 
“effectiveness” of an adaptation option that is designed to boost ecosystem resilience will thus 
be case-dependent, and can be measured only against a desired ecosystem condition or natural 
resource management goal.  
 
  
2.  Impacts of Climate Change 
 
The following sections focus on potential Climate Change impacts to North America and the 
United States. For current and predicted climate change impacts specific to the Pacific 
Northwest, see Appendix A, an excerpt from "State of Climate Modeling: Contribution to 
Region 10's Action Plan for Energy and Climate Change" (Elleman et al., 2007).  
 
a. Rising Global Temperature 
Global climate is warming, as is now evident from direct observations of increases in global 
average air and ocean temperatures, inferences from widespread melting of snow and ice, rising 
global average sea level, and other indicators. As determined by the IPCC (IPCC, 2001a), the 
globally averaged temperature rise over the last 100 years (1906–2005) is 1.33 ± 0.32 °F when 
estimated by a linear trend. The rate of global warming over the last 50 years (0.23 ± 0.05 °F per 
decade) is almost double that for the past 100 years (0.13 ± 0.04 °F per decade). In addition, as 
assessed by the IPCC (IPCC, 2001a), it is very likely that average Northern Hemisphere 
temperatures during the second half of the 20th century were warmer than any other 50-year 
period in the last 500 years, and it is likely that this 50-year period was the warmest Northern 
Hemisphere period in the last 1,300 years. Land regions have warmed faster than the oceans—
about double the ocean rate after 1979 (more than 0.49 °F per decade). The greatest warming is 
at high northern latitudes during spring and winter.  
 
Like global average temperatures, U.S. average temperatures also increased during the 20th and 
into the 21st century, according to federal statistics. The last decade is the warmest in more than 
a century of direct observations in the U.S. Average temperatures for the contiguous U.S. have 
risen at a rate near 0.6 °F per decade in the past few decades. But warming is not distributed 
evenly across space or time. The number of U.S. heat waves has been increasing since 1950, 
though it should be noted that the heat waves associated with the severe drought of the 1930s 
remain the most severe in the U.S. historical record. There have also been fewer unusually cold 
days during the last few decades, and the last 10 years have seen fewer severe cold waves than 
for any other 10-year period in the historical record, which dates back to 1895 (IPCC, 2001a).  
 
The IPCC (IPCC, 2001a) concluded that continued greenhouse gas emissions at or above current 
rates are expected to cause further warming and to induce many changes during the 21st century 
that will very likely be larger than those of the 20th century. For the next 20 years, a globally 
averaged warming of about 0.3 to 0.4 °F per decade is projected for a range of scenarios of 
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greenhouse gas emissions. Through about 2030, there is little difference in the warming rate 
projected using a variety of emissions scenarios. Possible future variations in natural factors, 
such as a large volcanic eruption, could introduce variations to this long-term warming 
projection. Even if atmospheric greenhouse gas levels remained constant, the globally averaged 
warming would continue to be nearly 0.2 °F per decade during the next two decades because of 
the time it takes for the climate system, particularly the oceans, to reach equilibrium.  
 
By the mid-21st century, the effect of the choice of emission scenario becomes more important 
in terms of the magnitude of the projected warming, with model projections of increases in 
globally averaged temperature of approximately 2 to 3 °F for several of the IPCC scenarios. 
According to the IPCC (IPCC, 2007b), all of North America is very likely to warm during this 
century, and to warm more than the global average increase in most areas. Nearly all the models 
assessed by the IPCC project that the average warming in the U.S. will exceed 3.6 °F, with 5 out 
of 21 models projecting that average warming will exceed 7.2 °F by the end of the century. The 
largest warming in the U.S. is projected to occur in winter over northern parts of Alaska. In 
regions near the coasts, the projected warming during the 21st century is expected to be less than 
the national average. According to CCSP (CCSP, 2008a), abnormally hot days and nights and 
heat waves are very likely to become more frequent, and cold days and cold nights are very 
likely to become much less frequent over North America.  
 
b. Precipitation, runoff, drought 
According to historical records, the total annual precipitation over the contiguous U.S. has 
increased at an average rate of 6% per century from 1901 to 2005, with significant variability 
over time and by region. The greatest increases in precipitation were in the northern Midwest and 
the South. The contiguous U.S. has had statistically significant increases in heavy precipitation, 
primarily during the last three decades of the 20th century and over the eastern parts of the 
country.  In keeping with the overall precipitation trends, most of the U.S. has experienced 
decreases in drought severity and duration during the second half of the 20th century. However, 
a severe drought has affected the southwestern U.S. from 1999 through 2007. The southeastern 
U.S. has also recently experienced severe drought. On a longer time scale, reconstructions of 
droughts using tree rings and geological evidence show that much more severe droughts have 
occurred over the last 2,000 years than those that have been observed in the instrumental record, 
notably, the Dust Bowl drought of the 1930s and extensive drought in the 1950s (IPCC, 2007b).  
 
Streamflow in the eastern U.S. has increased 25% in the last 60 years. However, it has decreased 
by about 2% per decade in the central Rocky Mountain region over the past century. The annual 
peak of streamflow in snowmelt-dominated western mountains is now generally occurring at 
least a week earlier than in the middle of the 20th century. Winter stream flow is increasing in 
basins with seasonal snow cover. The fraction of annual precipitation falling as rain (rather than 
snow) increased in the last half century(IPCC, 2007b).  
 
Most climate models project an increase in winter precipitation in the northern tier of states and a 
decrease in portions of the Southwest during the 21st century. Summer precipitation is projected 
to decrease in the Northwest of the contiguous U.S. and increase in Alaska; it is uncertain 
whether summer precipitation will increase or decrease over large portions of the interior U.S. In 
northern regions of North America, the magnitude of precipitation increase is projected to be 
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greatest in autumn, whereas winter precipitation is projected to increase by the largest fraction 
relative to its present amount. A majority of climate models generally show winter increases in 
northern regions and summer decreases in western and southern regions.  In the 21st century, 
precipitation over North America is projected to be less frequent but more intense. This increase 
in storminess is projected to be accompanied by greater extreme wave heights along the coasts 
(IPCC, 2007b).  
 
c. Extreme Weather Events  
Whether they have become drier or wetter, many land areas have likely experienced an 
increase in the number and intensity of heavy precipitation (5 cm of rain or more) events. About 
half of the increase in total precipitation observed nationally has been attributed to the increase in 
intensity of storms. Heavy precipitation events are the principal cause of flooding in most of the 
U.S. The general warming trend observed in most of the U.S. was also accompanied by more 
frequent hot days, hot nights, and heat waves. Furthermore, higher temperatures along with 
decreased precipitation have been associated with observations of more intense and longer 
droughts over wider areas since the 1970s.  Within the U.S., the western region has experienced 
longer and more intense droughts, but these appear also to be related to diminishing snow pack 
and consequent reductions in soil moisture. In addition to the factors above, changes in sea-
surface temperatures and wind patterns have been linked to droughts (IPCC, 2007b). 
 
d. Snowpack and Ice   
The snow-covered area of North America, during the period of November to January, increased 
from 1915 to 2004, due to increases in precipitation. However, spring snow cover in 
mountainous regions of the western U.S. generally decreased during the latter half of the 20th 
century. The IPCC (IPCC, 2007b) determined that this latter trend is very likely due to long-term 
warming, with potential influence from decadal-scale natural variability. In Alaska, where the 
warming has been particularly pronounced, the permafrost base has been thawing at a rate of up 
to 1.6 inches per year since 1992.  
 
The date that rivers and lakes freeze over has become later (average rate of 5.8 ± 1.6 days per 
century) and the ice breakup date has happened earlier (average rate of 6.5 ± 1.2 days per 
century), according to an analysis of 150 years of available data for the Northern Hemisphere. In 
addition to these changes in seasonal ice and snow, glaciers have been losing mass in the 
northwestern U.S. and Alaska, with losses especially rapid in Alaska after the mid-1990s (IPCC, 
2007b).  
 
Snow cover is projected to continue to decrease as the climate warms. According to the IPCC 
(IPCC, 2007b), results from multiple model simulations indicate that an Arctic Ocean free of 
summer ice is likely by the end of the century, with some models suggesting that this could occur 
as soon as 2040. Glaciers and terrestrial ice sheets are projected to continue to lose mass as 
increases in summertime melting outweigh increases in wintertime precipitation. This will 
contribute to sea level rise. Widespread increases in thaw depth are projected over most 
permafrost regions. 
 
e. Ocean levels and pH 
There is strong evidence that global average sea level gradually rose during the 20th century, 
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after a period of little change between A.D. 0 and A.D. 1900, and is currently rising at an 
increased rate. The global average rate of sea level rise from 1993 to 2003 was 0.12 ± 0.03 
inches per year, significantly higher than the 20th century average rate of 0.067 ± 0.02 inches per 
year. Two major processes lead to changes in global mean sea level on decadal and longer time 
scales, and each currently account for about half of the observed sea level rise: expansion of the 
ocean volume due to warming, and the exchange of water between the oceans and land reservoirs 
of water, including glaciers and land ice sheets (IPCC, 2007b).  
 
U.S. sea level data from at least as far back as the early 20th century show that along most of the 
U.S. Atlantic and Gulf Coasts, sea level has been rising 0.8 to 1.2 inches per decade. The rate of 
relative sea level rise varies from a few inches per decade along the Louisiana Coast (due to 
sinking land) to a drop of a few inches per decade in parts of Alaska (due to rising land).  The 
IPCC (IPCC, 2007b) projects that global sea level will rise between 7 and 23 inches by the end 
of the century (2090–2099) relative to the base period (1980–1999). According to the IPCC, the 
average rate of sea level rise during the 21st century is very likely to exceed the 1961–2003 
average rate. Storm surge levels are expected to increase due to projected sea level rise. 
Combined with non-tropical storms, rising sea level extends the zone of impact from storm surge 
and waves farther inland, and will likely result in increasingly greater coastal erosion and 
damage. Potential accelerations in ice flow of the kind recently observed in some Greenland 
outlet glaciers and West Antarctic ice streams could substantially increase the contribution from 
the ice sheets to sea level, a possibility not reflected in the aforementioned projections. 
Understanding of these processes is limited and there is no consensus on their magnitude and 
thus on the upper bound of sea level rise rates.  
 
Between 1750 and 1994, the oceans absorbed about 42% of all emitted carbon dioxide (CO2). As 
a result, the total inorganic carbon content of the oceans increased by 118 ±19 Gigatons of 
carbon over this period and is continuing to increase.  This increase in oceanic carbon content 
caused calcium carbonate (CaCO3) to dissolve at greater depths and led to a 0.1 unit decrease in 
surface ocean pH from 1750–1994. The rate of decrease in pH over the past 20 years accelerated 
to 0.02 units per decade. A decline in pH, along with the concomitant decreased depth at which 
calcium carbonate dissolves, will likely impair the ability of marine organisms to use carbonate 
ions to build their shells or other hard parts (IPCC, 2007b).  

  
3. Criteria to Determine Vulnerabilities to Climate Change  
 
There are seven criteria identified in the IPCC fourth assessment report on Climate Change 
(IPCC, 2007b) that may be used to identify key vulnerabilities in ecosystems and other natural 
systems to Climate Change. These criteria are: magnitude, timing, persistence and reversibility, 
likelihood and confidence, potential for adaptation, distribution, and the importance of a 
vulnerable system.   
 
Magnitude 
Impacts of large magnitude are more likely to be evaluated as ‘key’ than impacts with more 
limited effects. The magnitude of an impact is determined by its scale (e.g., the area or number 
of people affected) and its intensity (e.g., the degree of damage caused). Therefore, many studies 
have associated key vulnerabilities or dangerous anthropogenic interference primarily 
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with large-scale geophysical changes in the climate system. Various aggregate metrics are used 
to describe the magnitude of climate impacts. The most widely used quantitative measures 
for climate impacts are monetary units such as welfare, income or revenue losses, costs of 
anticipating and adapting to certain biophysical impacts such as a large sea-level rise, and 
estimates of people’s willingness to pay to avoid (or accept as compensation for) certain climate 
impacts. 
 
Another aggregate, non-monetary indicator of magnitude is the number of people affected by 
certain impacts such as food and water shortages, morbidity and mortality from diseases, and 
forced migration. Climate impacts are also quantified in terms of the biophysical end-points, 
such as agricultural yield changes and species extinction numbers or rates. For some impacts, 
qualitative rankings of magnitude are more appropriate than quantitative ones. Qualitative 
methods have been applied to reflect social preferences related to the potential loss of cultural or 
national identity, loss of cultural heritage sites, and loss of biodiversity. 
 
Timing 
A harmful impact is more likely to be considered ‘key’ if it is expected to happen soon rather 
than in the distant future. Climate Change in the 20th century has already led to numerous 
impacts on natural and social systems, some of which may be considered ‘key’. Impacts 
occurring in the distant future which are caused by nearer-term events or forcings (i.e., 
‘commitment’), may also be considered ‘key’. An often-cited example of such ‘delayed 
irreversibility’ is the disintegration of the West Antarctic ice sheet: it has been proposed that 
melting of ice shelves in the next 100 to 200 years may lead to gradual but irreversible 
deglaciation and a large sea-level rise over a much longer time-scale. Debates over an 
‘appropriate’ rate of time preference for such events (i.e., discounting) are widespread in the 
integrated assessment literature, and can influence the extent to which a decision-maker might 
label such possibilities as ‘key’. 
 
Another important aspect of timing is the rate at which impacts occur. In general, adverse 
impacts occurring suddenly (and surprisingly) would be perceived as more significant than 
the same impacts occurring gradually, as the potential for adaptation for both human and natural 
systems would be much more limited in the former case. Finally, very rapid change in a 
non-linear system can exacerbate other vulnerabilities (e.g., impacts on agriculture and nutrition 
can aggravate human vulnerability to disease), particularly where such rapid change 
curtails the ability of systems to prevent and prepare for particular kinds of impacts. 
 
Persistence and reversibility 
A harmful impact is more likely to be considered ‘key’ if it is persistent or irreversible. 
Examples of impacts that could become key due to persistence include the emergence of near-
permanent drought conditions and intensified cycles of extreme flooding. Examples of climate 
impacts that are irreversible, at least on time-scales of many generations, include changes in 
regional or global biogeochemical cycles and land cover, the loss of major ice sheets; the 
shutdown of the meridional overturning circulation, the extinction of species, and the loss of 
unique cultures. The latter is illustrated by small Island Nations at risk of submergence through 
sea-level rise and the necessity for the Inuit of the North American Arctic to cope with recession 
of the sea ice that is central to their socio-cultural environment. 
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Likelihood and confidence 
Likelihood of impacts and our confidence in their assessment are two properties often used to 
characterize uncertainty of Climate Change and its impacts. Likelihood is the probability of an 
outcome having occurred or occurring in the future; confidence is the subjective assessment that 
any statement about an outcome will prove correct. Uncertainty may be characterized by these 
properties individually or in combination. An impact characterized by high likelihood is more apt 
to be seen as ‘key’ than the same impact with a lower likelihood of occurrence. Since risk is 
defined as consequence (impact) multiplied by its likelihood (probability), the higher the 
probability of occurrence of an impact the higher its risk, and the more likely it would be 
considered ‘key’. 
 
Potential for adaptation 
To assess the potential harm caused by climate change, the ability of individuals, groups, 
societies and nature to adapt to or ameliorate adverse impacts must be considered. The lower the 
availability and feasibility of effective adaptations, the more likely such impacts would be 
characterized as ‘key vulnerabilities’. The potential for adaptation to ameliorate the impacts of 
Climate Change differs between and within regions and sectors. There is often considerable 
scope for adaptation in agriculture and in some other highly managed sectors. There is much less 
scope for adaptation to some impacts of sea-level rise such as land loss in low-lying river deltas, 
and there are no realistic options for preserving many endemic species in areas that become 
climatically unsuitable. Adaptation assessments need to consider not only the technical 
feasibility of certain adaptations but also the availability of required resources (which is often 
reduced in circumstances of poverty), the costs and side-effects of adaptation, the knowledge 
about those adaptations, their timeliness, the incentives for people to actually implement them, 
and their compatibility with individual or cultural preferences.  
 
Distribution 
The distribution of climate impacts across regions and population groups raises important equity 
issues. The literature concerning distributional impacts of Climate Change covers an increasingly 
broad range of categories, and includes, among others, income, gender and age, in addition to 
regional, national and sectoral groupings. Impacts and vulnerabilities that are highly 
heterogeneous or which have significant distributional consequences are likely to have higher 
salience, and therefore a greater chance of being considered as ‘key’. 
 
Importance of the vulnerable system 
A salient, though subjective, criterion for the identification of ‘key vulnerabilities’ is the 
importance of the vulnerable system or system property. Various societies and peoples may 
value the significance of impacts and vulnerabilities on human and natural systems differently. 
For example, the transformation of an existing natural ecosystem may be regarded as important 
if that ecosystem is the unique habitat of many endemic species or contains endangered 
charismatic species. On the other hand, if the livelihoods of many people depend crucially on the 
functioning of a system, this system may be regarded as more important than a similar system in 
an isolated area (e.g., a mountain snowpack system with large downstream use of the melt water 
versus an equally large snowpack system with only a small population downstream using the 
melt water).  
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4. Climate Change Vulnerabilities 
 
a. Ecosystems and Biodiversity (IPCC, 2007, chapter 19) 
There is high confidence that Climate Change will result in extinction of many species and 
reduction in the diversity of ecosystems. Climate Change vulnerability of ecosystems and species 
is partly a function of the expected rapid rate of Climate Change relative to the resilience of 
many such systems. However, multiple stressors are significant in ecosystems, as vulnerability is 
also a function of human development, which has already substantially reduced the resilience of 
ecosystems and makes many ecosystems and species more vulnerable to Climate Change 
through blocked migration routes, fragmented habitats, reduced populations, introduction of 
alien species and stresses related to pollution. 

There is very high confidence that regional temperature trends are already affecting species and 
ecosystems around the world, and it is likely that at least part of the shifts in species observed to 
be exhibiting changes in the past several decades can be attributed to human-induced warming. 
Thus, additional climate changes are likely to adversely affect many more species and 
ecosystems as global mean temperatures continue to increase. For example, there is high 
confidence that the extent and diversity of polar and tundra ecosystems is in decline and that 
pests and diseases have spread to higher latitudes and altitudes. 

Each additional degree of warming increases disruption of ecosystems and loss of species. 
Individual ecosystems and species often have different specific thresholds of change in 
temperature, precipitation or other variables, beyond which they are at risk of disruption or 
extinction. Looking across the many ecosystems and thousands of species at risk of climate 
change, a continuum of increasing risk of loss of ecosystems and species emerges in the 
literature as the magnitude of Climate Change increases, although individual confidence levels 
will vary and are difficult to assess. Nevertheless, further warming is likely to cause additional 
adverse impacts to many ecosystems and contribute to biodiversity losses.  
 
Several simulations indicate that, over the 21st century, warming will lengthen growing seasons, 
sustaining forest carbon sinks in North America, despite some decreased sink strength resulting 
from greater water limitations in western forests and higher respiration in the tropics. Impacts on 
ecosystem structure and function may be amplified by changes in extreme meteorological events 
and increased disturbance frequencies. Ecosystem disturbances, caused either by humans or by 
natural events, accelerate both loss of native species and invasion of exotics. It is projected that 
the areal extent of drought-limited ecosystems will increase by 11%/ºC warming in the 
continental U.S. By the end of the 21st century, ecosystems in the north-east and south-east U.S. 
will likely become carbon sources, while the western U.S. remains a carbon sink. 
 
b. Forests  
Overall forest growth in North America will likely increase modestly (10-20%) as a result of 
extended growing seasons and elevated CO2 over the next century, but with important spatial 
and temporal variations.  A 2ºC temperature increase in the Olympic Mountains in Washington 
would cause dominant tree species to shift upward in elevation by 300 to 600m, causing 
temperate species to replace sub-alpine species over 300 to 500 years. For widespread species 
such as lodgepole pine, a 3ºC temperature increase would increase growth in the northern part of 
its range, decrease growth in the middle, and decimate southern forests (IPCC, 2007, chapter 14). 
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Across North America, impacts of Climate Change on commercial forestry potential are likely to 
be sensitive to changes in disturbances from insects, diseases and wildfires. Warmer summer 
temperatures are projected to extend the annual window of high fire ignition risk by 10-30%, and 
could result in increased area burned of 74-118% in Canada by 2100. The tendency for North 
American producers to suffer losses increases if Climate Change is accompanied by increased 
disturbance, with simulated losses averaging $1 billion to $2 billion/yr over the 21st century. 
Increased tropospheric ozone could cause further decreases in tree growth.  Risks of losses from 
Southern pine beetle likely depend on the seasonality of warming, with winter and spring 
warming leading to the greatest damage. Warmer winters with more sporadic freezing and 
thawing are likely to increase erosion and landslides on forest roads, and reduce access for winter 
harvesting (IPCC, 2007, chapter 14). 
 
Due to changes in summer precipitation and temperature, the area burned by fire regionally (in 
the U.S. Columbia Basin) is projected to double or triple (medium scenario, (A1B)), from about 
425,000 acres annually (1916-2006) to 0.8 million acres in the 2020s, 1.1 million acres in the 
2040s, and 2.0 million acres in the 2080s. The probability that more than two million acres will 
burn in a given year is projected to increase from 5% (1916-2006) to 33% by the 2080s. Fire 
regimes in different ecosystems in the Pacific Northwest have different sensitivities to climate, 
but most ecosystems will likely experience an increase in area burned by the 2040s. Year-to-year 
variation will increase in some ecosystems (Littell, et al., 2009).  

Due to climatic stress on host trees, mountain pine beetle outbreaks in the Pacific Northwest are 
projected to increase in frequency and cause increased tree mortality.  Mountain pine beetles will 
reach higher elevations due to a shift to favorable temperature conditions in these locations as the 
region warms. Conversely, the mountain pine beetle will possibly become less of a threat at 
middle and lower elevations because temperatures will be unfavorable for epidemics.  Other 
species of insects (such as spruce beetle, Douglas-fir bark beetle, fir engraver beetle, and western 
spruce budworm) will possibly also emerge in areas that are no longer suitable for the mountain 
pine beetle. The amount of habitat with climate ranges required for pine species susceptible to 
mountain pine beetle will likely decline substantially by mid 21st century. Much of the currently 
climatically suitable habitat is in places unlikely to have future climatic conditions suitable for 
pine species establishment and regeneration, and established trees will be under substantial 
climatic stress. The regeneration of pine species after disturbance will likely be slowed, if the 
species can establish at all (Littell, et al., 2009). 

The area of severely water-limited forests will increase a minimum of 32% in the 2020s, and an 
additional 12% in both the 2040s and 2080s (Figure 11, medium scenario, (A1B)). Douglas-fir 
productivity varies with climate across the region and will potentially increase in wetter parts of 
the state during the first half of the 21st century but decrease in the driest parts of its range. 
Geographic patterns of productivity will likely change; statewide productivity will possibly 
initially increase due to warmer temperatures but will then decrease due to increased drought 
stress. It is important to note that changes in species mortality or regeneration failures will 
possibly occur before the point of severe water limitation is reached (Littell, et al., 2009). 
 
 
 

 14



c. Freshwater and Water Resources  
Freshwater resources will be affected by Climate Change across Canada and the U.S., but the 
nature of the vulnerabilities varies from region to region. In certain regions, including the 
Columbia River, surface and/or groundwater resources are intensively used for often competing 
agricultural, municipal, industrial and ecological needs, increasing potential vulnerability to 
future changes in timing and availability of water. 

Surface water 
Higher evaporation related to warming tends to offset the effects of more precipitation, while 
magnifying the effects of less precipitation. Warming, and changes in the form, timing and 
amount of precipitation, will very likely lead to earlier melting and significant reductions in 
snowpack in the western mountains by the middle of the 21st century. In projections for mountain 
snowmelt-dominated watersheds, snowmelt runoff advances, winter and early spring flows 
increase (raising flooding potential), and summer flows decrease substantially. Over-allocated 
water systems of the western U.S. and Canada, such as the Columbia River, which rely on 
capturing snowmelt runoff, will be especially vulnerable (IPCC, 2007, chapter 14).  

April 1 snow water equivalent (snow water content) is projected to decrease by an average of 
28% to 29% across the state of Washington by the 2020s, 37% to 44% by the 2040s and 53% to 
65% by the 2080s compared with the 1916 – 2006 historical mean. By the 2080s, seasonal 
streamflow timing in snowmelt-dominated and transient rain-snow watersheds in the Pacific 
Northwest would shift significantly due to the decrease in snowpack and earlier melt. Snowmelt-
dominated watersheds will likely become transient, resulting in reduced peak spring streamflow, 
increased winter streamflow and reduced late summer flow. Transient basins will likely 
experience significant shifts, becoming rain-dominant as winter precipitation falls more as rain 
and less as snow. Watersheds that are rain dominated will likely experience higher winter 
streamflow because of increases in average winter precipitation, but overall will experience 
relatively little change with respect to streamflow timing. These changes are important because 
they determine when water is available and how it must be stored (Littell, et al., 2009).   
 
The Yakima Valley is an example of an area in Washington that relies heavily on irrigation to 
raise crops. Crops in the Yakima Valley, most of which are irrigated, represent about a quarter of 
the value of all crops grown in Washington. The watershed’s reservoirs hold 30% of streamflow 
annually and rely heavily on additional water storage in winter snowpack to meet water demand 
for agriculture. As in other watersheds across Washington, climate change is projected to cause 
decreases in snowpack and changes in streamflow patterns, making active management of water 
supply critical for minimizing negative impacts. Agricultural production increases caused by 
warming temperatures will likely be undermined by lack of water for irrigation.  Due to increases 
in temperature and changes in the timing and quantity of snowmelt and runoff, the irrigation 
season in the Yakima Valley will likely be shorter, the growing season will likely be earlier by 
about two weeks, and crop maturity will likely be earlier by two to four weeks by the 2080s 
(Littell, et al., 2009). 
 
Groundwater 
With climate change, availability of groundwater is likely to be influenced by withdrawals 
(reflecting development, demand and availability of other sources) and recharge (determined by 
temperature, timing and amount of precipitation, and surface water interactions).  Simulated 
annual groundwater base flows and aquifer levels respond to temperature, precipitation and 
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pumping – decreasing in scenarios that are drier or have higher pumping and increasing in a 
wetter scenario. In some cases there are base flow shifts - increasing in winter and decreasing in 
spring and early summer. For aquifers in alluvial valleys of south-central British Columbia, 
temperature and precipitation scenarios have less impact on groundwater recharge and levels 
than do projected changes in river stage (IPCC, 2007, chapter 14). 

Water quality 
Simulated future surface and bottom water temperatures of lakes, reservoirs, rivers, and estuaries 
throughout North America consistently increase from 2 to 7°C (based on a doubling of CO2 
concentrations), with summer surface temperatures exceeding 30°C in Midwestern and southern 
lakes and reservoirs. Warming is likely to extend and intensify summer thermal stratification, 
contributing to oxygen depletion. A shorter ice-cover period in shallow northern lakes could 
reduce winter fish kills caused by low oxygen. Higher stream temperatures affect fish access, 
survival and spawning (e.g., west coast salmon) (IPCC, 2007, chapter 14). 

Climate Change is likely to make it more difficult to achieve existing water quality goals. For the 
Midwest, simulated low flows used to develop pollutant discharge limits (Total Maximum Daily 
Loads) decrease over 60% with a 25% decrease in mean precipitation, reaching up to 100% with 
the incorporation of irrigation demands.  Restoration of beneficial uses (e.g., to address habitat 
loss, eutrophication, beach closures) under the Great Lakes Water Quality agreement will likely 
be vulnerable to declines in water levels, warmer water temperatures, and more intense 
precipitation. Decreases in snow cover and more winter rain on bare soil are likely to lengthen 
the erosion season and enhance erosion, increasing the potential for water quality impacts in 
agricultural areas (IPCC, 2007, chapter 14).  
 
Freshwater fisheries 
Cold-water fisheries will likely be negatively affected by climate change; warm-water fisheries 
will generally gain; and the results for cool-water fisheries will be mixed, with gains in the 
northern and losses in the southern portions of ranges. Salmon, which prefer cold, clear water, 
are likely to experience the most negative impacts. Arctic freshwaters will likely be most 
affected, as they will experience the greatest warming. Many warm-water and cool-water species 
will shift their ranges northward or to higher altitudes. In the continental U.S., cold-water species 
will likely disappear from all but the deeper lakes, cool-water species will be lost mainly from 
shallow lakes, and warm-water species will thrive except in the far south, where temperatures in 
shallow lakes will exceed survival thresholds. Species already listed as threatened will face 
increased risk of extinction, with pressures from climate exacerbated by the expansion of 
predatory species like smallmouth bass. While temperature increases may favor warm-water 
fishes like smallmouth bass, changes in water supply and flow regimes seem likely to have 
negative effects (IPCC, 2007, chapter 14).  
  
Climate plays a crucial role in salmon ecology at every stage of their life cycle. Key limiting 
factors for freshwater salmon reproductive success depend on species, their life history, 
watershed characteristics, and stock-specific adaptations to local environmental factors.  The 
critical Climate Change impacts on salmon in the Pacific Northwest include the following 
(Littell, et al., 2009):  

• Rising stream temperature will reduce the quality and quantity of freshwater salmon habitat 
substantially. Since the 1980s the majority of waters with stream temperature monitoring 
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stations in the interior Columbia Basin have been classified as stressful for salmon (where 
annual maximum weekly water temperatures exceed 60°F). Water temperatures at these 
stations are projected to become increasingly hostile for salmon under both medium (A1B) 
and low (B1) emissions scenarios. The duration of temperatures15 causing migration barriers 
and thermal stress in the interior Columbia Basin are projected to quadruple by the 2080s. 
Water temperatures for western Washington stations are generally cooler, and projected 
increases in thermal stress are significant but less severe - the duration of temperatures 
greater than 70°F will increase but such temperatures are still projected to be relatively rare 
for all but the warmest water bodies in Washington. 

• In the major river systems of Puget Sound and lower elevation basins in the interior 
Columbia Basin, flood risk will likely increase, which in turn increases the risk of streambed 
scouring of spawning habitat. In snowmelt-dominated watersheds that prevail in the higher 
altitude catchments and in much of the interior Columbia Basin, flood risk will likely 
decrease. Summer low flows will decrease in most rivers under most scenarios, leading to 
reduced habitat capacities for rearing juveniles that must spend at least one summer in 
freshwater. 

• Consequences of these changes will vary with different populations and with where they 
spend the different parts of their life cycles. Salmon populations that typically inhabit 
freshwater during summer and early fall for either spawning migrations, spawning, or rearing 
will experience significant thermal stress. For spawning migrations, effects of warming are 
projected to be most severe for adult summer steelhead, sockeye, and summer Chinook 
populations in the Columbia Basin, sockeye and Chinook in the Lake Washington system, 
and summer chum in Hood Canal. For rearing habitat, impacts of warming will likely be 
greatest for Coho and steelhead (summer and winter runs) throughout western Washington. 
Reductions in summer and fall flows will likely negatively impact the rearing capacities and 
for Coho, steelhead, and stream type Chinook because they all have a life history pattern that 
requires at least one year of juvenile rearing in freshwater.  

 
d. Coastal Systems (IPCC, 2007, chapter 6) 
Coastal landforms, affected by short-term perturbations such as storms, generally return to their 
pre-disturbance morphology, implying a simple, morphodynamic equilibrium. Many coasts 
undergo continual adjustment towards a dynamic equilibrium, often adopting different ‘states’ in 
response to varying wave energy and sediment supply. Coasts respond to altered conditions 
external to the system, such as storm events, or changes triggered by internal thresholds that 
cannot be predicted on the basis of external stimuli. This natural variability of coasts can make it 
difficult to identify the impacts of Climate Change. 

Climate-related ocean-atmosphere oscillations can lead to coastal changes. One of the most 
prominent is the El Niño-Southern Oscillation (ENSO) phenomenon, an interaction between 
pronounced temperature anomalies and sea-level pressure gradients in the equatorial Pacific 
Ocean, with an average periodicity of 2 to 7 years.  Recent research has shown that dominant 
wind patterns and storminess associated with ENSO may perturb coastal dynamics, influencing 
(1) beach morphodynamics in eastern Australia, mid-Pacific and Oregon; (2) cliff retreat in 
California; and (3) groundwater levels in mangrove ecosystems in Micronesia and Australia. 

Sea-level rise has accelerated in eastern North America since the late 19th century and further 
acceleration is expected. For The IPCC Special Report on Emissions Scenarios scenarioA1B, 
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global mean sea level is projected to rise by 0.35 ± 0.12 m from the 1980 to 1999 period to the 
2090 to 2099 period. Spatial variability of sea-level rise has become better defined since the 
IPCC Third Assessment Report (TAR) (IPCC, 2001a) and the ensemble mean for A1B shows 
values close to the global mean along most North American coasts, with slightly higher rates in 
eastern Canada and western Alaska, and stronger positive anomalies in the Arctic. Vertical land 
motion will decrease (uplift) or increase (subsidence) the relative sea level rise at any site. 

Superimposed on accelerated sea-level rise, the present storm and wave climatology and storm-
surge frequency distributions lead to forecasts of more severe coastal flooding and erosion 
hazards. The water-level probability distribution is shifted upward, giving higher potential flood 
levels and more frequent flooding at levels rarely experienced today. If coastal systems, 
including sediment supply, remain otherwise unchanged, higher sea levels are likely to be 
correlated with accelerated coastal erosion. Potentially more intense storms and possible changes 
in El Niño are likely to result in more coastal instability. Damage costs from coastal storm events 
(storm surge, waves, wind, ice encroachment) and other factors (such as freeze-thaw) have 
increased substantially in recent decades and are expected to continue rising.  

Global mean sea-level rise will generally lead to higher relative coastal water levels and 
increasing salinity in estuarine systems, thereby tending to displace existing coastal plant and 
animal communities inland. Estuarine plant and animal communities may persist as sea level 
rises if migration is not blocked and if the rate of change does not exceed the capacity of natural 
communities to adapt or migrate. Climate Change impacts on one or more ‘leverage species’, 
however, can result in sweeping community level changes.  Some of the greatest potential 
impacts of Climate Change on estuaries may result from changes in physical mixing 
characteristics caused by changes in freshwater runoff. Freshwater inflows into estuaries 
influence water residence time, nutrient delivery, vertical stratification, salinity and control of 
phytoplankton growth rates. Increased freshwater inflows decrease water residence time and 
increase vertical stratification, and vice versa. The effects of altered residence times can have 
significant effects on phytoplankton populations, which have the potential to increase fourfold 
per day. Consequently, in estuaries with very short water residence times, phytoplankton are 
generally flushed from the system as fast as they can grow, reducing the estuary’s susceptibility 
to eutrophication and harmful algal blooms. Changes in the timing of freshwater delivery to 
estuaries could lead to a decoupling of the juvenile phases of many estuarine and marine fishery 
species from the available nursery habitat. 

The distribution, production, and many other aspects of species and biodiversity in coastal 
ecosystems are highly sensitive to variations in weather and climate, affecting the distribution 
and abundance of the plant and animal species that depend on each coastal system type.  Several 
recent studies have revealed that Climate Change is already impacting biodiversity in some 
coastal systems. It is clear that responses of intertidal and shallow marine organisms to Climate 
Change are more complex than simply latitudinal shifts related to temperature increase, with 
complex biotic interactions superimposed on the abiotic. Examples include the northward range 
extension of a marine snail in California and the reappearance of the blue mussel in Svalbard. 
 
e. Mountain Ecosystems (IPCC, 2007, chapter 4) 
Mountain regions (about 20-24% of all land, scattered throughout the globe) exhibit many 
climate types corresponding to widely-separated latitudinal belts within short horizontal 
distances. Consequently, although species richness decreases with elevation, mountain regions 
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support many different ecosystems and have among the highest species richness globally. 
Mountain ecosystems have a significant role in biospheric carbon storage and carbon 
sequestration, particularly in semi-arid and arid areas (e.g., the western U.S.). Mountain 
ecosystem services such as water purification and climate regulation extend beyond their 
geographical boundaries and affect all continental mainlands. Local key services allow 
habitability of mountain areas, e.g. through slope stabilization and protection from natural 
disasters such as avalanches and rockfall. Mountains increasingly serve as refuges from direct 
human impacts for many endemic species.  They provide many goods for subsistence 
livelihoods, are home to many indigenous peoples, and are attractive for recreational activities 
and tourism. Critically, mountains harbor a significant fraction of biospheric carbon. 
 
Key vulnerabilities 
The TAR (IPCC, 2001b) identified mountain regions as having experienced above-average 
warming in the 20th century, a trend likely to continue. Related impacts included an earlier and 
shortened snow-melt period, with rapid water release and downstream floods which, in 
combination with reduced glacier extent, could cause water shortage during the growing season. 
The TAR suggested that these impacts may be exacerbated by ecosystem degradation pressures 
such as land-use changes, over-grazing, trampling, pollution, vegetation destabilization and soil 
losses, in particular in highly diverse regions such as the Caucasus and Himalayas. While 
adaptive capacities were generally considered limited, high vulnerability was attributed to the 
many highly endemic alpine biota. Since the TAR, the literature has confirmed a 
disproportionately high risk of extinction for many endemic species in various mountain 
ecosystems, such as tropical mountain cloud forests or forests in other tropical regions on several 
continents, and globally where habitat loss due to warming threatens endemic species. 

Impacts 
Because temperature decreases with altitude by 5-10°C/km, relatively short-distanced upward 
migration is required for persistence. However, this is only possible for the warmer climatic and 
ecological zones below mountain peaks. Mountain ridges, by contrast, represent considerable 
obstacles to dispersal for many species which tends to constrain movements to slope upward 
migration.  This is expected to reduce genetic diversity within species and to increase the risk of 
stochastic extinction due to ancillary stresses, a hypothesis confirmed by recent genetic analysis 
showing gene drift effects from past climate changes. A reshuffling of species on altitude 
gradients is to be expected as a consequence of individualistic species responses that are 
mediated by varying longevities and survival rates. These in turn are the result of a high degree 
of evolutionary specialization to harsh mountain climates, and in some cases they include effects 
induced by invading alien species.   

Where warmer and drier conditions are projected, mountain vegetation is expected to be subject 
to increased evapotranspiration.  This leads to increased drought, which has been projected to 
induce forest dieback in continental climates, particularly in the interior of mountain ranges, and 
Mediterranean areas. Even in humid tropical regions, plants and animals have been shown to be 
sensitive to water stress on mountains. There is very high confidence that warming is a driver of 
amphibian mass extinctions at many highland localities, by creating increasingly favorable 
conditions for the pathogenic Batrachochytrium fungus. 

The duration and depth of snow cover, often correlated with mean temperature and precipitation, 
is a key factor in many alpine ecosystems. A lack of snow cover exposes plants and animals to 
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frost and influences water supply in spring. If animal movements are disrupted by changing 
snow patterns, as has been found in Colorado, increased wildlife mortality may result. At higher 
altitudes, the increased winter precipitation, likely to accompany warming, leads to greater 
snowfall, so that earlier arriving altitudinal migrants are confronted with delayed snowmelt. 
Disturbances such as avalanches, rockfall, fire, and wind and herbivore damage interact and are 
strongly dependent on climate.  These effects may prevent recruitment and thus limit adaptive 
migration responses of species, and are exacerbated by human land use and other anthropogenic 
pressures. 
 
Ecotonal sensitivity to climate change, such as upper tree lines in mountains, has shown that 
populations of several mountain-restricted species are likely to decline. The most vulnerable 
ecotone species are those that are genetically poorly adapted to rapid environmental change, 
reproduce slowly, disperse poorly, and are isolated or highly specialized, because of their high 
sensitivity to environmental stresses. Recent findings for Europe, despite a spatially coarse 
analysis, indicate that mountain species are disproportionately sensitive to Climate Change 
(about 60% species loss). Substantial biodiversity losses are likely if human pressures on 
mountain biota occur in addition to Climate Change impacts. 
 
f. Agriculture and Food Production (IPCC, 2007, chapter 5) 
The inter-annual, monthly and daily distribution of climate variables (e.g., temperature, 
radiation, precipitation, water vapor pressure in the air and wind speed) affect a number of 
physical, chemical and biological processes that drive the productivity of agricultural, forestry 
and fisheries systems. The latitudinal distribution of crop, pasture and forest species is a function 
of the current climatic and atmospheric conditions, as well as of photoperiod. Total seasonal 
precipitation and its variability, are both of major importance for agricultural, pastoral and 
forestry systems. In general, changes in precipitation and evaporation-precipitation ratios, 
modify ecosystem function, particularly in marginal areas. 

Crops exhibit threshold responses to their climatic environment, which affect their growth, 
development and yield. Yield-damaging climate thresholds that span periods of just a few days 
for cereals and fruit trees include absolute temperature levels linked to particular developmental 
stages that condition the formation of reproductive organs, such as seeds and fruits. Short-term 
natural extremes, such as storms and floods, interannual and decadal climate variations, as well 
as large-scale circulation changes, such as the El Niño Southern Oscillation (ENSO), all have 
important effects on crop, pasture and forest production.  Many of the world’s rangelands are 
affected by ENSO events. The TAR identified that these natural events are likely to intensify 
with climate change, with subsequent changes in vegetation and water availability. More 
frequent extreme events may lower long-term yields by directly damaging crops at specific 
developmental stages, such as temperature thresholds during flowering, or by making the timing 
of field applications more difficult, thus reducing the efficiency of farm inputs.  In dry regions, 
there are risks that severe vegetation degeneration leads to positive feedbacks between soil 
degradation and reduced vegetation and rainfall, with corresponding loss of pastoral areas and 
farmlands. 
  
Multiple stresses, such as limited availability of water resources, loss of biodiversity, 
and air pollution, are increasing sensitivity to Climate Change and reducing resilience in the 
agricultural sector through soil erosion. Stalinization of irrigated areas, dryland degradation from 
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overgrazing, over-extraction of ground water, growing susceptibility to disease and build-up of 
pest resistance favored by the spread of monocultures and the use of pesticides, and loss of 
biodiversity and erosion of the genetic resource base when modern varieties displace traditional 
ones. Small-holder agriculturalists are especially vulnerable to a range of social and 
environmental stressors. Additionally, multiple stresses, such as forest fires and insect outbreaks, 
increase overall sensitivity. 
 
Plant response to elevated CO2 alone, without climate change, is positive and was reviewed 
extensively by the TAR (IPCC, 2001b). Recent studies confirm that the effects of elevated CO2 
on plant growth and yield will depend on photosynthetic pathway, species, growth stage and 
management regime, such as water and nitrogen (N) applications. On average across several 
species and under unstressed conditions, recent data analyses find that, compared to current 
atmospheric CO2 concentrations, crop yields increase at 550 ppm CO2 in the range of 10-20% for 
C3 crops and 0-10% for C4 crops. Many recent studies confirm and extend the TAR findings 
that temperature and precipitation changes in future decades will modify, and often limit, direct 
CO2 effects on plants. For instance, high temperature during flowering may lower CO2 effects by 
reducing grain number, size and quality. Increased temperatures may also reduce CO2 effects 
indirectly, by increasing water demand. Rain-fed wheat grown at 450 ppm CO2 demonstrated 
yield increases with temperature increases of up to 0.8°C, but declines with temperature 
increases beyond 1.5°C; additional irrigation was needed to counterbalance these negative 
effects. In pastures, elevated CO2 together with increases in temperature, precipitation and N 
deposition resulted in increased primary production, with changes in species distribution and 
litter composition. Future CO2 levels may favor C3 plants over C4, yet the opposite is expected 
under associated temperature increases; the net effects remain uncertain. 
 
g. Human Health (IPCC, 2007, chapters 8) 
Overview 
Evidence has grown that Climate Change already contributed to the global burden of disease and 
premature deaths. Climate change plays an important role in the spatial and temporal distribution 
of malaria, dengue, tick-borne diseases, cholera and other diarrheal diseases; is affecting the 
seasonal distribution and concentrations of some allergenic pollen species; and has increased 
heat-related mortality. The projected health impacts of Climate Change are predominately 
negative, with the most severe impacts being seen in low-income countries, where the capacity to 
adapt is weakest.  Vulnerable groups in developed countries will also be affected. Projected 
increases in temperature and changes in rainfall patterns can increase malnutrition; disease and 
injury due to heat waves, floods, storms, fires and droughts; diarrheal illness; and the frequency 
of cardio-respiratory diseases due to higher concentrations of ground-level ozone. 

The main findings of the IPCC TAR (IPCC, 2001b) in regards to the effects of Climate Change 
on human health were the following: 

• An increase in the frequency or intensity of heat waves will increase the risk of mortality and 
morbidity, principally in older age groups and among the urban poor. 

• Any regional increases in climate extremes (e.g., storms, floods, cyclones, droughts) 
associated with Climate Change would cause deaths and injuries, population displacement, 
and adverse effects on food production, freshwater availability and quality, and would 
increase the risks of infectious disease, particularly in low-income countries. 
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• In some settings, the impacts of Climate Change may cause social disruption, economic 
decline, and displacement of populations. The health impacts associated with such 
socioeconomic dislocation and population displacement are substantial. 

• Changes in climate, including changes in climate variability, would affect many vector-borne 
infections. Populations at the margins of the current distribution of diseases might be 
particularly affected. 

• Climate Change represents an additional pressure on the world’s food supply system and is 
expected to increase yields at higher latitudes and decrease yields at lower latitudes. This 
would increase the number of undernourished people in the low-income world, unless there 
was a major redistribution of food around the world. 

• Assuming that current emission levels continue, air quality in many large urban areas will 
deteriorate. Increases in exposure to ozone and other air pollutants (e.g., particulates) could 
increase morbidity and mortality. 

 
Climate Change and Diseases 
Many human diseases are sensitive to weather, from cardiovascular and respiratory illnesses due 
to heat waves or air pollution, to altered transmission of infectious diseases.  Synergistic effects 
of other activities can exacerbate weather exposures (e.g., via the urban heat island effect), 
requiring cross sector risk assessment to determine site-specific vulnerability. The incidence of 
infectious diseases transmitted by air varies seasonally and annually, due partly to climate 
variations. Water-borne disease outbreaks from all causes in the U.S. are distinctly seasonal, 
clustered in key watersheds, and associated with heavy precipitation, or extreme precipitation 
and warmer temperatures in Canada. Heavy runoff after severe rainfall can also contaminate 
recreational waters and increase the risk of human illness through higher bacterial counts.  This 
association is strongest at beaches closest to rivers. 

Vector-borne diseases (VBD) are infections transmitted by the bite of infected arthropod species, 
such as mosquitoes, ticks, triatomine bugs, sandflies and blackflies. VBDs are among the most 
well-studied of the diseases associated with climate change, due to their widespread occurrence 
and sensitivity to climatic factors. There is some evidence of climate-change related shifts in the 
distribution of tick vectors of disease, of some (non-malarial) mosquito vectors in Europe and 
North America, and in the phenology of bird reservoirs of pathogens. In north-eastern North 
America, there is evidence of recent micro-evolutionary (genetic) responses of the mosquito 
species Wyeomyia smithii to increased average land surface temperatures and earlier arrival of 
spring in the past two decades. Although not a vector of human disease, this species is closely 
related to important arbovirus vector species that may be undergoing similar evolutionary 
changes.  

The strain of West Nile virus (WNV) that emerged for the first time in North America during the 
record hot July 1999 requires warmer temperatures than other strains.  The greatest WNV 
transmissions during the epidemic summers of 2002 to 2004 in the U.S. were linked to above-
average temperatures. Laboratory studies of virus replication in WNV’s main Culex mosquito 
vector show high levels of virus at warmer temperatures. Bird migratory pathways and WNV’s 
recent advance westward across the U.S. and Canada are key factors in WNV and must be 
considered in future assessments of the role of temperature in WNV dynamics. A virus closely 
related to WNV, Saint Louis encephalitis, tends to appear during hot, dry La Niña years, when 
conditions facilitate transmission by reducing the extrinsic incubation period. 
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Lyme disease is a prevalent tick-borne disease in North America for which there is new evidence 
of an association with temperature and precipitation. In the field, temperature and vapor pressure 
contribute to maintaining populations of the tick Ixodes scapularis which, in the U.S., is the 
micro-organism’s secondary host. A monthly average minimum temperature above -7ºC is 
required for tick survival. The northern range limit for this tick could shift north by 200 km by 
the 2020s, and 1000 km by the 2080s (IPCC, 2007b). Harmful algal blooms produce toxins that 
can cause human diseases, mainly via consumption of contaminated shellfish. Warmer seas may 
thus contribute to increased cases of human shellfish and reef fish poisoning (ciguatera) and 
poleward expansions of these disease distributions. 
 
Heat waves and Health 
Heat-related morbidity and mortality is projected to increase. Severe heat waves, characterized 
by stagnant, warm air masses and consecutive nights with high minimum temperatures, will 
intensify in magnitude and duration over the portions of the U.S. and Canada where they already 
occur. Across North America, the population over the age of 65 will increase slowly to 2010, and 
then grow dramatically as the Baby Boomers join the ranks of the elderly – the segment of the 
population most at risk of dying in heat waves. Late in the century, Chicago is projected to 
experience 25% more frequent heat waves annually, and the projected number of heat wave days 
in Los Angeles increases from 12 to 44-95 days.   

Climate Change and Air pollution 
Since ozone formation is temperature dependent, surface ozone concentration are projected to 
increase with a warmer climate. Ozone damages lung tissue, causing particular problems for 
people with asthma and other lung diseases. Even modest exposure to ozone may encourage the 
development of asthma in children. Ozone and non-volatile secondary particulate matter 
generally increase at higher temperatures, due to increased gas-phase reaction rates. Many 
species of trees emit volatile organic compounds (VOCs) such as isoprene, which is a precursor 
of ozone formation, at rates that increase rapidly with temperature. 

For the 2050s, daily average ozone levels are projected to increase by 3.7 ppb across the eastern 
U.S., with the cities most polluted today experiencing the greatest increase in ozone pollution. 
One-hour maximum ozone follows a similar pattern, with the number of summer days exceeding 
the 8-hour regulatory U.S. standard projected to increase by 68%. Assuming constant population 
and dose-response characteristics, ozone related deaths from climate change increase by 
approximately 4.5% from the 1990s to the 2050s. The large potential population exposed to 
outdoor air pollution translates this small relative risk into a substantial attributable health risk. 

In some regions, changes in temperature and precipitation are projected to increase the frequency 
and severity of fire events. Large wildfires release large amounts of fine particulates (PM2.5), 
causing PM2.5 concentrations to reach levels as high as 10-20 times the national ambient air 
quality standard (NAAQS) in adjacent populated areas. Wildfires also release large amounts of 
VOCs and semi-volatile organic compounds, which contribute to the formation of secondary 
organic aerosols (SOAs). Elevated concentrations of PM2.5 and SOAs cause by wildfires are 
usually accompanied by an increase in the number of people with respiratory problems, such as 
asthma and chronic obstructive pulmonary diseases, to seek treatment at a hospital.   
 
Pollen, another air contaminant, is likely to increase with elevated temperature and atmospheric 
CO2 concentrations. A doubling of the atmospheric CO2 concentration stimulated ragweed-
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pollen production by over 50%.  Ragweed grew faster, flowered earlier and produced 
significantly greater above-ground biomass and pollen at urban than at rural locations. Climate 
Change has caused an earlier onset of the spring pollen season in the Northern Hemisphere. It is 
reasonable to conclude that allergenic diseases caused by pollen, such as allergic rhinitis, have 
experienced some concomitant change in seasonality.   
 
h. Energy Production and Use  
Energy production and use are sensitive to changes in the climate. For example, increasing 
temperatures will reduce consumption of energy for heating but increase energy used for cooling 
buildings. The implications of climate change for energy supply are less clear than for energy 
demand. Climate change effects on energy supply and demand will depend not only on climatic 
factors, but also on patterns of economic growth, land use, population growth and distribution, 
technological change and social and cultural trends that shape individual and institutional 
actions. 
 
Energy Production 
To date, less research has been undertaken on how climate change may affect energy production. 
Some of the possible effects are discussed below (IPCC, 2007, chapter 7). 

• Hydropower generation is the energy source that is likely to be most directly affected by 
climate change because it is sensitive to the amount, timing and geographical pattern of 
precipitation and temperature. Furthermore, hydropower needs may increasingly conflict 
with other priorities, such as salmon restoration goals in the Pacific Northwest. However, 
changes in precipitation are difficult to project at the regional scale, which means that climate 
change will affect hydropower either positively and negatively, depending on the region.  
• Infrastructure for energy production, transmission and distribution could be affected by 
climate change. For example, if a warmer climate is characterized by more extreme weather 
events such as windstorms, ice storms, floods, tornadoes and hail, the transmission systems 
of electric utilities may experience a higher rate of failure, with attendant costs.  
• Power plant operations can be affected by extreme heat waves. For example, intake water 
that is normally used to cool power plants become warm enough during extreme heat events 
that it compromises power plant operations.  
• Finally, some renewable sources of energy could be affected by climate change, although 
these changes are very difficult to predict. If climate change leads to increased cloudiness, 
solar energy production could be reduced. Wind energy production would be reduced if wind 
speeds increase above or fall below the acceptable operating range of the technology. 
Changes in growing conditions could affect biomass production, a transportation and power 
plant fuel source that is starting to receive more attention.  

 
Hydropower accounts for roughly 70% of the electrical energy production in the Pacific 
Northwest and is strongly affected by climate-related changes in annual streamflow amounts and 
seasonal streamflow timing.  Heating and cooling energy demand in Washington will be affected 
by both population growth and warming temperatures. Annual hydropower production 
(assuming constant installed capacity) is projected to decline by a few percent due to small 
changes in annual stream flow, but seasonal changes will be substantial.  Winter hydropower 
production is projected to increase by about 0.5% to 4.0% by the 2020s, 4.0% to 4.2% by 
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the 2040s, and 7% to 10% by the 2080s (compared to water year 1917-2006) under the medium 
(A1B) emissions scenario. The largest and most likely changes in hydropower production are 
projected to occur from June to September, during the peak air conditioning season. Summer 
(JJA) energy production is projected to decline by 9% to11% by the 2020s, 13% to 16% by 
the 2040s, and 18% to 21% by the 2080s (Littell, et al., 2009).  
 
Energy Use 
Changes in temperature due to climate change could affect our demand for energy. For example, 
rising air temperatures will likely lead to substantial increases in energy demand for air 
conditioning in most North American cities. On the other hand, energy needed for space-heating 
may decrease. The net effects of these changes on energy production, use and utility bills, will 
vary by region and by season. There may also be changes in energy consumed for other climate-
sensitive processes, such as pumping water for irrigation in agriculture. Rising temperatures and 
associated increases in evaporation may increase energy needs for irrigation, particularly in dry 
regions across the Western U.S. Depending on the magnitude of these possible energy 
consumption changes, it may be necessary to consider changes in energy supply or conservation 
practices to balance demand. Many other factors (e.g., population growth, economic growth, 
energy efficiency changes and technological change) will also affect the timing and size of future 
changes in the capacity of energy systems (IPCC, 2007, chapter 7). 
 
Despite decreasing heating degree days with projected warming, annual heating energy demand 
is projected to increase due to population growth.  In the absence of warming, population growth 
would increase heating energy demand in WA by 38% by the 2020s, 68% by the 2040s, and 
129% by the 2080s. For fixed 2000 population, projected warming would reduce heating energy 
demand by 11% to 12% for the 2020s, 15-19% for the 2040s, and 24% to 32% for the 2080s due 
to decreased heating degree days. Combining the effects of warming with population growth, 
heating energy demand for WA is projected to increase by 22% to 23% for the 2020s, 35% to 
42% for the 2040s, and 56% to 74% for the 2080s. Increases in annual heating energy demand 
will affect both fossil fuel use for heating and demand for electrical power (Littell, et al., 2009). 
 
Residential cooling energy demand is projected to increase rapidly due to increasing population, 
increasing cooling degree days, and increasing use of air conditioning. In the absence of 
warming, population growth would increase cooling energy demand in WA by 38% by the 
2020s, 69% by the 2040s, and 131% by the 2080s. For fixed 2000 population, warming would 
increase cooling energy demand by 92% to 118% for the 2020s, 174-289% for the 2040s, and 
371% to 749% by the 2080s due to the combined effects of increased cooling degree days, and 
increased use of air conditioning. Combining the effects of warming with population growth, 
cooling energy demand would increase by 165% to 201% (a factor of 2.6-3.0) for the 2020s, 
363-555% (a factor of 4.6-6.5) for the 2040s, and 981-1845% (a factor of 10.8-19.5) by the 
2080s. Increases in cooling energy demand are expected to translate directly to higher average 
and peak electrical demands in summer (Littell, et al., 2009). 
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5. Adaptation Options 
 

a. Ecosystems (CCSP, 2008b, chapter 9)  
Managers’ past experiences with unpredictable and extreme events such as hurricanes, floods, 
pest and disease outbreaks, invasions, and forest fires have already led to some existing 
approaches that can be used to adapt to climate change. Ecological studies combined with 
managers’ expertise reveal several common themes for managing natural systems for resilience 
in the face of disturbance. A clear exposition of these themes is the starting point for developing 
best practices aimed at climate adaptation. 
 
There are seven adaptation approaches to manage natural systems for resilience: (1) protection of 
key ecosystem features, (2) reduction of anthropogenic stresses, (3) representation, (4) 
replication, (5) restoration, (6) refugia, and (7) relocation. These techniques manipulate or take 
advantage of ecosystem properties to enhance their resilience to climatic changes. Each of these 
adaptation approaches ultimately contributes to resilience, whether at the scale of individual 
protected area units, or at the scale of regional/national systems. The approaches above are not 
mutually exclusive and may be implemented jointly. The specific management activities that are 
selected under one or more approaches above should then be based on considerations such as: 
the ecosystem management goals, type and degree of climate effects, type and magnitude of 
ecosystem responses, spatial and temporal scales of ecological and management responses, and 
social and economic factors.  
 
Protect Key Ecosystem Features 
Within ecosystems, there may be particular structural characteristics (e.g., three-dimensional 
complexity, growth patterns), organisms (e.g., functional groups, native species), or areas (e.g., 
buffer zones, migration corridors) that are particularly important for promoting the resilience of 
the overall system. Such key ecosystem features could be important focal points for special 
management protections or actions. For example, managers of national forests may proactively 
promote stand resilience to diseases and fires by using silviculture techniques such as widely 
spaced thinnings or shelterwood cuttings. Another example would be to aggressively prevent or 
reverse the establishment of invasive non-native species that threaten native species or impede 
current ecosystem function.  Preserving the structural complexity of vegetation in tidal marshes, 
seagrass meadows, and mangroves may render estuaries more resilient. Finally, establishing and 
protecting corridors of connectivity that enable migrations can enhance resilience across 
landscapes in national wildlife refuges. 

Reduce Anthropogenic Stresses 
Reducing anthropogenic stresses is one approach for which there is considerable scientific 
confidence in its ability to promote resilience for virtually any situation. Managing for resilience 
often implies minimizing anthropogenic stressors (e.g., pollution, overfishing, development) that 
hinder the ability of species or ecosystems to withstand a stressful climatic event. For example, 
one way of enhancing resilience in wildlife refuges is to reduce other stresses on native 
vegetation such as erosion or altered hydrology caused by human activities. Marine protected 
area managers may focus on human stressors such as fishing and inputs of nutrients, sediments, 
and pollutants both inside the protected area and outside the protected area on adjacent land and 
waters. The resilience of rivers could be enhanced by strategically shifting access points or 
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moving existing trails for wildlife or river enthusiasts, in order to protect important riparian 
zones.  
 
Representation 
Representation is based on the idea that biological systems come in a variety of forms. Species 
include locally adapted populations as opposed to one monotypic taxon, and major habitat types 
or community types include variations on a theme with different species compositions, as 
opposed to one invariant community. The idea behind representation as a strategy for resilience 
is simply that a portfolio of several slightly different forms of a species or ecosystem increases 
the likelihood that, among those variants, there will be one or more that are suited to the new 
climate. A management plan for a large ecosystem that includes representation of all possible 
combinations of physical environments and biological communities increases the chances that, 
regardless of the climatic change that occurs, somewhere in the system there will be areas that 
survive and provide a source for recovery. Employing this approach with wildlife refuges may be 
particularly important for migrating birds because they use a diverse array of habitats at different 
stages of their life cycles and along their migration routes, and all of these habitats will be 
affected by climate change. At the level of species, it may be possible to increase genetic 
diversity in river systems through plantings or via stocking fish, or maintain complexity of salt 
marsh landscapes by preserving marsh edge environments.  
 
Replication 
Replication is simply managing for the continued survival of more than one example of each 
ecosystem or species, even if the replicated examples are identical. When one recognizes that 
Climate Change stress includes unpredictable extreme events and storms, then replication 
represents a strategy of having multiple bets in a game of chance. With marine protected areas, 
replication is explicitly used as a way to spread risk: if one area is negatively affected by a 
disturbance, then species, genotypes, and habitats in another area provide both insurance against 
extinction and a larval supply that may facilitate recovery of affected areas. The analogy for 
forests would be spreading risks by increasing ecosystem redundancy and buffers in both natural 
environments and plantations. It is prudent to use replication in all systems. In practice, most 
replication strategies also serve as representation strategies (since no two populations or 
ecosystems can ever be truly identical), and conversely most representation strategies provide 
some form of replication.  
 
Restoration 
In many cases natural intact ecosystems confer resilience to extreme events such as floods and 
storms. One strategy for adapting to Climate Change thus entails restoring intact ecosystems. For 
example the restoration of wetlands and natural floodplains will often confer resilience to floods.  
Restoration of particular species complexes may also be key to managing for resilience—a good 
example of this would be fire-adapted vegetation in forests that are expected to see more fires as 
a result of hotter and drier summers. At Blackwater National Wildlife Refuge, the USFWS is 
planning to restore wetlands that may otherwise be inundated by 2100. In the case of estuaries, 
restoring the vegetational layering and structure of tidal marshes, seagrass meadows, and 
mangroves can stabilize estuary function.  
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Refugia and Relocation 
The term refugia refers to physical environments that are less affected by Climate Change than 
other areas (e.g., due to local currents, geographic location, etc.) and are thus a “refuge” from 
Climate Change for organisms. Relocation refers to human-facilitated transplantation of 
organisms from one location to another in order to bypass a barrier (e.g., an urban area). Refugia 
and relocation, while major concepts, are actually subsets of one or more of the approaches listed 
above. For example, if refugia can be identified locally, they can be considered sites for long-
term retention of species (e.g., for representation and to maintain resilience) in forests. Or, in 
national wildlife refuges, it may be possible to use restoration techniques to reforest riparian 
boundaries with native species to create shaded thermal refugia for fish species. In the case of 
relocation, an example would be transport of fish populations in the Southwest that become 
stranded as water levels drop to river reaches with appropriate flows (e.g., to preserve system-
wide resilience and species representation).  
 
b. Forest Ecosystems (CCSP, 2008b, chapter 3) 
Depending on the environmental context, management goals, and availability and adequacy of 
modeling information (climate and otherwise), different approaches may be taken to adapt forest 
ecosystems to Climate Change. The following suite of adaptation options intentionally plans for 
change rather than resisting it, with a goal of enabling forest ecosystems to naturally adapt as 
environmental changes accrue. Given that many ecological conditions will be moving naturally 
toward significant change in an attempt to adapt (e.g., species migration, stand mortality and 
colonization events, changes in community composition, insect and disease outbreaks, and fire 
events), these options seek to work with the natural adaptive processes. In so doing, options 
encourage gradual adaptation over time, thus hoping to avoid sudden thresholds, extreme loss, or 
conversion that may occur if natural change is cumulatively resisted.  
 
1. Assist transitions, population adjustments, range shifts, and other natural adaptations 
Use coupled and downscaled climate and vegetation models to anticipate future regional 
conditions, and project future ecosystems into new habitat and climate space. With such 
information, managers might plan for transitions to new conditions and habitats, and assist the 
transition. For example, managers could move species uphill, plan for higher-elevation insect 
and disease outbreaks, reduce existing anthropogenic stresses such as air quality or land cover 
changes, anticipate species mortality events and altered fire regimes, or consider loss of species’ 
populations on warm range margins and do not attempt restoration there. Further examples might 
be to modify rotation lengths and harvest schedules, alter thinning prescriptions and other 
silvicultural treatments, consider replanting with different species, shift desired species to new 
plantation or forest locations, or take precautions to mitigate likely increases in stress on 
plantation and forest trees. 
 
2. Increase Redundancy and Buffers 
This set of practices intentionally manages for an uncertain but changing future, rather than a 
specific climate future. Practices that involve spreading risks in diverse opportunities rather than 
concentrating them in a few are favored; using redundancy and creating diversity are key. Forest 
managers can facilitate natural selection and evolution by managing the natural regeneration 
process to enhance disturbances that initiate increased seedling development and genetic mixing, 
as has been suggested for white pines and white pine blister rust. Managers might also consider 
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shortening generation times by increasing the frequency of regeneration, and increasing the 
effectiveness of natural selection by managing for high levels of intra-specific competition; in 
other words, by ensuring that lots of seedlings get established when stands are regenerated. This 
diversification of risk with respect to plantations can be achieved, for instance, by spreading 
plantations over a range of environments rather than within the historic distribution or within a 
modeled future location. Options that include using diverse environments and even species 
margins will provide additional flexibility. 
 
A benefit of redundant plantings across a range of environments is that they can provide 
monitoring information if survival and performance are measured and analyzed. Further, 
plantations originating as genetic provenance tests, and established over the past several decades, 
could be re-examined for current adaptations. This diversification of risk could also be achieved 
using natural regeneration and successional processes. A range of sites representing the diversity 
of conditions in a forest could be set aside after disturbance events to allow natural regeneration 
and successional processes to identify the most resistant species and populations. Other examples 
include planting with mixed species and age classes, as in agroforestry; increasing locations, 
sizes, and range of habitats for landscape-scale vegetation treatments; assuring that fuels are 
appropriately abated where vegetation is treated; and increasing the number of rare plant 
populations targeted for restoration, as well as increasing population levels within them. 
 
3. Expand Genetic Diversity Guidelines 
Existing guidelines for genetic management of forest plantations and restoration projects dictate 
maintenance of and planting with local germplasm. In the past, small seed zones, used for 
collecting seed for reforestation or restoration, have been delineated to ensure that local gene 
pools are used and to avoid contamination of populations with genotypes not adapted to the local 
site. These guidelines were developed assuming that neither environments nor climate were 
changing—i.e., a static background. Relaxing these guidelines may be appropriate under 
assumptions of changing climate. In this case, options could be chosen based on the degree of 
certainty known about likely future climate changes and likely environmental changes (e.g., air 
quality). If sufficient information is available, germplasm could be moved in the anticipated 
adaptive direction; for instance, rather than using local seed, seed from a warmer (often, 
downhill) current population would be used. By contrast, if an uncertain future is accepted, 
expanding seed zone sizes in all directions and requiring that seed collections be well distributed 
within these zones would be appropriate, as would relaxing seed transfer guidelines to 
accommodate multiple habitat moves, or introducing long-distance germplasm into seed mixes. 
Adaptive management of this nature is experimental by design, and will require careful 
documentation of treatments, seed sources, and outplanting locations in a corporate data structure 
to learn from both failures and successes of such mixes. 
 
4. Manage for Asynchrony  
Changing climates over paleoecologic timescales have repeatedly reset ecological 
community structure (species diversity) and composition (relative abundances) as plants and 
animals have adapted to natural changes in their environments. To the extent that climate acts as 
a region- and hemispheric-wide driver of change, the resulting shifts in biota often occur as 
synchronous changes across the landscape. Asynchrony can be achieved through a mix of 
activities that promotes diverse age classes, species mixes, stand diversities, genetic diversity, 
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etc., at landscape scales. Early successional stages are likely the most successful (and practical) 
opportunities for resetting ecological trajectories that are adaptive to present rather than past 
climates, because this is the best chance for widespread replacement of plants. Such ecological 
resetting is evidenced in patterns of natural adaptation to historic climate shifts. 
 
5. Establish “Neo-Native” Plantations and Restoration Sites 
Information from historic species ranges and responses to Climate Change can provide unique 
insight about species behaviors, ecological tolerances, and potential new habitats. For instance, 
areas that supported species in the past under similar conditions to those projected for the future 
might be considered sites for new plantations or “neo-native” stands of the species. These may 
be well outside the current species range, in locations where the species would otherwise be 
considered exotic. For instance, Monterey pine (Pinus radiata), endangered throughout its small 
native range, has naturalized along the north coast of California far disjoined from its present 
native distribution. Much of this area was paleohistoric range for the pine, extant during climate 
conditions that have been interpreted to be similar to expected futures in California. Using these 
locations specifically for “neo-native” conservation stands, rather than planning for the 
elimination of the trees as undesired exotics (which is the current management goal), is an 
example of how management thinking could accommodate a climate-change context. This option 
is relevant to both forest plantation and ecological restoration contexts. 
 
6. Promote Connected Landscapes 
Capacity to move (migrate) in response to changing climates is key to adaptation and long-term 
survival of plants and animals in natural ecosystems. Plants migrate, or “shift ranges” by dying 
in unfavorable sites and colonizing favorable edges, including internal species’ margins. 
Capacity to do this is aided by managing for porous landscapes; that is, landscapes that contain 
continuous habitat with few physical or biotic restrictions, and through which species can move 
readily (recruit, establish, forage). Promoting large forested landscape units, with flexible 
management goals that can be modified as conditions change, will encourage species to respond 
naturally to changing climates. This enables managers to work with, rather than against, the flow 
of change. Evaluating and reducing fragmentation, and planning cumulative landscape 
treatments to encourage defined corridors as well as widespread habitat availability, is a 
proactive approach. 
 
7. Realign Significantly Disrupted Conditions. Restoration treatments are often prescribed for 
forest species or ecosystems that have been significantly or cumulatively disturbed and are far 
outside natural ranges of current variation. Because historical targets, traditionally used as 
references for restoration, are often inappropriate in the face of changing climates, re-alignment 
with current process rather than restoration to historic pre-disturbance condition may be a 
preferred choice. In this case, management goals seek to bring processes of the disturbed 
landscape into the range of current or anticipated future environments. 
 
c. Freshwater Resources (IPCC, 2007, chapter 3) 
Climate Change poses a major conceptual challenge to water managers, in addition to the 
challenges caused by population and land-use change. It is no longer appropriate to assume that 
past hydrological conditions will continue into the future (the traditional assumption) and, due to 
Climate Change uncertainty, managers can no longer have confidence in single projections of the 
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future. It will also be difficult to detect a clear Climate Change effect within the next couple of 
decades, even with an underlying trend.  
 
Changing to meet altered conditions and new ways of managing water are autonomous 
adaptations which are not deliberately designed to adjust with climate change. Drought-related 
stresses, flood events, water quality problems, and growing water demands are creating the 
impetus for both infrastructure investment and institutional changes in many parts of the world. 
On the other hand, planned adaptations take Climate Change specifically into account. In doing 
so, water planners need to recognize that it is not possible to resolve all uncertainties, so it would 
not be wise to base decisions on only one, or a few, climate model scenarios. Rather, making use 
of probabilistic assessments of future hydrological changes may allow planners to better evaluate 
risks and response options. 
 
Integrated Water Resources Management (IWRM) should be an instrument to explore adaptation 
measures to climate change, but so far is in its infancy. Successful integrated water management 
strategies include, among others: capturing society’s views, reshaping planning processes, 
coordinating land and water resources management, recognizing water quantity and quality 
linkages, conjunctive use of surface water and groundwater, protecting and restoring natural 
systems, and including consideration of climate change. In addition, integrated strategies 
explicitly address impediments to the flow of information. A fully integrated approach is not 
always needed but, rather, the appropriate scale for integration will depend on the extent to 
which it facilitates effective action in response to specific needs. In particular, an integrated 
approach to water management could help to resolve conflicts among competing water users. In 
several places in the western U.S., water managers and various interest groups have been 
experimenting with methods to promote consensus-based decision making. These efforts include 
local watershed initiatives and state-led or federally-sponsored efforts to incorporate stakeholder 
involvement in planning processes.  Such initiatives can facilitate negotiations among competing 
interests to achieve mutually satisfactory problem-solving that considers a wide range of factors.  
 
The TAR (IPCC, 2001b) drew a distinction between ‘supply-side’ and ‘demand-side’ adaptation 
options, which are applicable to a range of systems. In general terms, supply-side options, 
involving increases in storage capacity or abstraction from water courses, tend to have adverse 
environmental consequences (which can in many cases be alleviated). Conversely, the practical 
effectiveness of some demand-side measures is uncertain, because they often depend on the 
cumulative actions of individuals. There is also a link between measures to adapt water resources 
and policies to reduce energy use. Some adaptation options, such as desalination or measures that 
involve pumping large volumes of water, use large amounts of energy and may be inconsistent 
with mitigation policy. 

Information, including basic geophysical, hydro-meteorological, and environmental data as well 
as information about social, cultural and economic values and ecosystem needs, is also critically 
important for effective adaptation. Programs to collect these data, and use them for effective 
monitoring and early warning systems, would constitute an important first step for adaptation.  In 
the western U.S., water-market transactions and other negotiated transfers of water from 
agricultural to urban or environmental uses are increasingly being used to accommodate long-
term changes in demand (e.g., due to population growth) as well as short-term needs arising from 
drought emergencies. 
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Adaptation in the water sector involves measures to alter hydrological characteristics to suit 
human demands, and measures to alter demands to fit conditions of water availability.  It is 
possible to identify four different types of limits on adaptation to changes in water quantity and 
quality: 
• The first is a physical limit: it may not be possible to prevent adverse effects through 

technical or institutional procedures.  For example, it may be impossible to reduce demands 
for water further without seriously threatening health or livelihoods, it may physically be 
very difficult to react to the water quality problems associated with higher water 
temperatures, and in the extreme case it will be impossible to adapt where rivers dry up 
completely. 

• Second, while it may be physically feasible to adapt, there may be economic constraints to 
what is affordable. 

• Third, there may be political or social limits to the implementation of adaptation measures. In 
many countries, for example, it is difficult for water supply agencies to construct new 
reservoirs, and it may be politically very difficult to adapt to reduced reliability of supplies 
by reducing standards of service. 

• Finally, the capacity of water management agencies and the water management system as a 
whole may act as a limit on which adaptation measures (if any) can be implemented. The low 
priority given to water management, lack of coordination between agencies, tensions 
between national, regional and local scales, ineffective water governance and uncertainty 
over future Climate Change impacts constrain the ability of organizations to adapt to changes 
in water supply and flood risk. 

 
A rather different way of coping with the uncertainty associated with estimates of future Climate 
Change is to adopt management measures that are robust to uncertainty. Integrated Water 
Resources Management, for example, is based around the concepts of flexibility and 
adaptability, using measures which can be easily altered or are robust to changing conditions. 
These tools, including water conservation, reclamation, conjunctive use of surface and 
groundwater, and desalination of brackish water, have been advocated as a means of reacting to 
Climate Change threats to water supply in California. Similarly, resilient strategies for flood 
management, such as allowing rivers to temporarily flood and reducing exposure to flood 
damage, are preferable to traditional ‘resistance’ (protection) strategies in the face of uncertainty.  
 
d. Coastal systems (IPCC, 2007, chapter 6) 
Overview 
The capacity of coastal systems to regenerate after disasters, and to continue to produce 
resources and services for human livelihoods and well-being, is being tested with increasing 
frequency. This highlights the need to consider the resilience of coastal systems at broader scales 
and for their adaptive capacity to be actively managed and nurtured. 
 
One constraint on successful management of climate-related risks to coastal systems is the 
limited ability to characterize in appropriate detail how these systems, and their constituent parts, 
will respond to Climate Change drivers and to adaptation initiatives.  Of particular importance is 
understanding the extent to which natural coastal systems can adapt and therefore continue to 
provide essential life-supporting services to society. The lack of understanding of the coastal 
system, including the highly interactive nature and non-linear behavior, means that failure to take 
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an integrated approach to characterizing climate-related risks increases the likelihood that the 
effectiveness of adaptation will be reduced, and perhaps even negated. Despite the growing 
emphasis on beach nourishment, the long-term effectiveness and feasibility of such adaptive 
measures remains uncertain, especially with the multiple goals explicit within Integrated Coastal 
Zone Management (ICZM). The question of who pays and who benefits from adaptation is 
another issue of concern. Public acceptance of the need for adaptation, and of specific measures, 
also needs to be increased.  
 
Adaptation options 
Adaptive capacity is the ability of a system to evolve in order to accommodate climate changes 
or to expand the range of variability with which it can cope. The adaptive capacity of coastal 
communities to cope with the effects of severe climate impacts declines if there is a lack of 
physical, economic and institutional capacities to reduce climate-related risks. But even a high 
adaptive capacity may not translate into effective adaptation if there is no commitment to 
sustained action. 
 
ICZM provides a major opportunity to address the many issues and challenges identified above. 
Since it offers advantages over purely sectoral approaches, ICZM is widely recognized and 
promoted as the most appropriate process to deal with climate change, sea-level rise and other 
current and long-term coastal challenges. Enhancing adaptive capacity is an important part of 
ICZM. The extent to which Climate Change and sea-level rise are considered in coastal 
management plans is one useful measure of commitment to integration and sustainability.  
Responses to sea-level rise and Climate Change need to be implemented in the broader context 
and the wider objectives of coastal planning and management. ICZM focuses on integrating and 
balancing multiple objectives in the planning process.  Generation of equitably distributed social 
and environmental benefits is a key factor in ICZM process sustainability, but is difficult to 
achieve. Attention is also paid to legal and institutional frameworks that support integrative 
planning on local and national scales. Different social groups have contrasting, and often 
conflicting views on the relative priorities considerations, as well as short and long-term 
perspectives.  
 
Those involved in managing coastal systems have many practical options for simultaneously 
reducing risks related to current climate extremes and variability as well as adapting to Climate 
Change. This reflects the fact that many disaster and Climate Change response strategies are the 
same as those which contribute positively to present-day efforts to implement sustainable 
development, including enhancement of social equity, sound environmental management and 
wise resource use.  This will help harmonize coastal planning and Climate Change adaptation 
and, in turn, strengthen the anticipatory response capacity of institutions. The timeframes for 
development are typically shorter than those for natural changes in the coastal region, though 
management is starting to address this issue. Examples include restoration and management of 
the Mississippi River and delta plain, and management of coastal erosion in Europe. Identifying 
and selecting adaptation options can be guided by experience and best practice for reducing the 
adverse impacts of analogous, though causally unrelated, phenomena such as subsidence (natural 
and/or human-induced) and tsunami. Based on this experience, it is highly advantageous to 
integrate and mainstream disaster management and adaptation to climate variability and change 
into wider coastal management, especially given relevant lessons from recent disasters.   
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There are also important trade-offs in adaptation. For instance, while hard protection can greatly 
reduce the impacts of sea level and Climate Change on socio-economic systems, this is to the 
detriment of associated natural ecosystems due to coastal squeeze.  Managed retreat is an 
alternative response, but at what cost to socio-economic systems? General principles that can 
guide decision making in this regard are only beginning to be developed. Stakeholders will be 
faced with difficult choices, including questions as to whether traditional uses should be retained, 
whether invasive alien species or native species increasing in abundance should be controlled, 
whether planned retreat is an appropriate response to rising relative sea level or whether 
measures can be taken to reduce erosion. Decisions will need to take into account social and 
economic as well as ecological concerns. Considering these factors, the U.S. Environmental 
Protection Agency is preparing sea-level rise planning maps that assign all shores along its 
Atlantic Coast to categories indicating whether shore protection is certain, likely, unlikely, or 
precluded by existing conservation policies. In the Humber estuary (UK) sea-level rise is 
reducing the standard of protection, and increasing erosion. Adaptation initiatives include 
creation of new intertidal habitat, which may promote more cost effective defenses and also 
helps to offset the loss of protected sites, including losses due to coastal squeeze. 
 
Current pressures are likely to adversely affect the integrity of coastal ecosystems and thereby 
their ability to cope with additional pressures, including Climate Change and sea-level rise.  This 
is a particularly significant factor in areas where there is a high level of development, large 
coastal populations and high levels of interference with coastal systems. Natural coastal habitats, 
such as dunes and wetlands, have a buffering capacity which can help reduce the adverse impacts 
of climate change.  Equally, improving shoreline management for non-Climate Change reasons 
will also have benefits in terms of responding to sea-level rise and Climate Change.  Adopting a 
static policy approach towards sea-level rise, conflicts with sustaining a dynamic coastal system 
that responds to perturbations via sediment movement and long-term evolution.  
 
e. Agriculture and Food Production (IPCC, 2007, chapter 5) 
Many of the autonomous adaptation options identified before and since the TAR (IPCC, 2001b) 
are largely extensions or intensifications of existing risk-management or production-
enhancement activities.  For cropping systems there are many potential ways to alter 
management to deal with projected climatic and atmospheric changes. These adaptations include: 

• altering inputs such as varieties and/or species to those with more appropriate thermal time 
and vernalization requirements and/or with increased resistance to heat shock and drought, 
altering fertilizer rates to maintain grain or fruit quality consistent with the climate and 
altering amounts and timing of irrigation and other water management practices; 

• wider use of technologies to ‘harvest’ water, conserve soil moisture (e.g., crop residue 
retention) and to use water more effectively in areas with rainfall decreases; 

• water management to prevent water logging, erosion and nutrient leaching in areas with 
rainfall increases; 

• altering the timing or location of cropping activities; 
• diversifying income by integrating other farming activities such as livestock raising; 
• improving the effectiveness of pest, disease and weed management practices through wider 

use of integrated pest and pathogen management, development and use of varieties and 
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species resistant to pests and diseases, maintaining or improving quarantine capabilities, and 
sentinel monitoring programs; 

• using seasonal climate forecasting to reduce production risk. 
 
If widely adopted, these autonomous adaptations, singly or in combination, have substantial 
potential to offset negative Climate Change impacts and take advantage of positive ones. For 
example, practicable adaptations of varieties and planting times to avoid drought and heat stress 
during the hotter and drier summer months predicted under Climate Change altered significant 
negative impacts on sorghum (–48 to –58%) to neutral to marginally positive ones (0 to +12%). 
The benefits of adaptation vary with crops and across regions and temperature changes; however, 
on average, they provide approximately a 10% yield benefit when compared with yields when no 
adaptation is used. Another way to view this is that these adaptations translate to damage 
avoidance in grain yields of rice, wheat and maize crops caused by a temperature increase of up 
to 1.5 to 3°C in tropical regions and 4.5 to 5°C in temperate regions. Further warming than these 
ranges in either region exceeds adaptive capacity. The benefits of autonomous adaptations tend 
to level off with increasing temperature changes while potential negative impacts increase. 

A large number of autonomous adaptation strategies have been suggested for planted forests 
including changes in management intensity, hardwood/softwood species mix, timber growth and 
harvesting patterns within and between regions, rotation periods, salvaging dead timber, shifting 
to species or areas more productive under the new climatic conditions, landscape planning to 
minimize fire and insect damage, adjusting to altered wood size and quality, and adjusting fire-
management systems. Adaptation strategies to control insect damage can include prescribed 
burning to reduce forest vulnerability to increased insect outbreaks, non-chemical insect control 
(e.g., baculoviruses) and adjusting harvesting schedules, so that those stands most vulnerable to 
insect defoliation can be harvested preferentially.  Under moderate climate changes, these 
proactive measures may potentially reduce the negative economic consequences of Climate 
Change.  
 
f. Human Health (IPCC, 2007, chapter 8) 
Overview 
Adaptation is needed now in order to reduce current vulnerability to the Climate Change that has 
already occurred, and additional adaptation is needed in order to address the health risks 
projected to occur over the coming decades. Current levels of vulnerability are partly a function 
of the programs and measures in place to reduce burdens of climate-sensitive health determinants 
and outcomes, and partly a result of the success of traditional public-health activities, including 
providing access to safe water and improved sanitation to reduce diarrheal diseases, and 
implementing surveillance programs to identify and respond to outbreaks of malaria and other 
infectious diseases. Weak public-health systems and limited access to primary health care 
contribute to high levels of vulnerability and low adaptive capacity for hundreds of millions of 
people.  Current national and international programs and measures that aim to reduce the burdens 
of climate-sensitive health determinants and outcomes may need to be revised, reoriented and, in 
some regions, expanded to address the additional pressures of Climate Change. The degree to 
which programs will need to be augmented will depend on factors such as the current burden of 
climate-sensitive health outcomes, the effectiveness of current interventions, projections of 
where, when and how the burden could change with changes in climate and climate variability, 
access to the human and financial resources needed to implement activities, stressors that could 
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increase or decrease resilience to impacts, and the social, economic and political context within 
which interventions are implemented.  

The planning horizon of public-health decision-makers is short relative to the projected impacts 
of Climate Change, which will require modification of current risk-management approaches that 
focus only on short-term risks. A two-tiered approach may be needed, with modifications to 
incorporate current Climate Change concerns into ongoing programs and measures, along with 
regular evaluations to determine a program’s likely effectiveness to cope with projected climate 
risks.  

Adaptation Approaches 
Climate-based early warning systems for heat waves and malaria outbreaks have been 
implemented at national and local levels to alert the population and relevant authorities that a 
disease outbreak can be expected based on climatic and environmental forecasts. To be effective 
in reducing health impacts, such systems must be coupled with a specific intervention plan and 
have an ongoing evaluation of the system and its components. The effectiveness of warning 
systems for extreme events depends on individuals taking appropriate actions, such as 
responding to heat alerts and flood warnings. Individuals can reduce their personal exposure by 
adjusting clothing and activity levels in response to high ambient temperatures and by modifying 
built environments, such as by the use of fans, to reduce the heat load. Weather can partially 
determine cultural practices that may affect exposure. 

Seasonal forecasts can be used to increase resilience to climate variability, including to weather 
disasters. For example, the Pacific ENSO Application Center (PEAC) alerted governments, when 
a strong El Nino was developing in 1997/1998, that severe droughts could occur, and that some 
islands were at unusually high risk of tropical cyclones. The interventions launched, such as 
public education and awareness campaigns, were effective in reducing the risk of diarrheal and 
vector-borne diseases.   

Health systems need to plan for and respond to Climate Change. There are effective 
interventions for many of the most common causes of ill-health, but frequently these 
interventions do not reach those who could benefit most. One way of promoting adaptation and 
reducing vulnerability to Climate Change is to promote the uptake of effective clinical and 
public-health interventions in high-need cities and regions of the world. Funding health programs 
is a necessary step towards reducing vulnerability but will not be enough on its own. Progress 
depends also on strengthening public institutions; building health systems that work well, 
treating people fairly and providing universal primary health care; providing adequate education, 
generating demand for better and more accessible services; and ensuring that there are enough 
staff to do the required work.  Health-service infrastructure needs to be resilient to extreme 
events. Efforts are needed to train health professionals to understand the threats posed by 
Climate Change. 
 
g. Energy Production and Use  
Overview 
Adaptations to effects of Climate Change on energy use may focus on increased demands for 
space cooling in areas affected by warming and associated increases in total energy consumption 
costs. Alternatives could include reducing costs of cooling for users through energy efficiency 
improvement in cooling equipment and building envelopes; responding to likely increases in 
demands for electricity for cooling through expanded generation capacities, expanded interties, 
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and possibly increased capacities for storage; and responding to concerns about increased peak 
demand in electricity loads, especially seasonally, through contingency planning for load-
leveling. Over a period of several decades, for instance, technologies are likely to respond to 
consumer concerns about higher energy bills where they occur (Wilbanks et al., 2007). 

Many technologies that can enable adaptations to effects on energy production and supply are 
available for deployment. The most likely adaptation in the near term is an increase in 
perceptions of uncertainty and risk in longer-term strategic planning and investment, which 
could seek to reduce risks through such approaches as diversifying supply sources and 
technologies and risk-sharing arrangements (Wilbanks et al., 2007).  Renewable energy 
technologies are expected to play a major role in supplementing or replacing convention fossil 
fuel energy sources over the next several decades. For a description of the status and potential 
applications of wind, solar, and biomass renewable energy technologies, see Appendix B. 
 
It seems possible that adaptation challenges would be greatest in connection with possible 
increases in the intensity of extreme weather events and possible significant changes in regional 
water supply regimes. More generally, adaptation prospects appear to be related to the magnitude 
and rate of climate change (e.g., how much the average temperature rises before stabilization is 
achieved, how rapidly it moves to that level, and how variable the climate is at that level), with 
adaptation more likely to be able to cope with effects of lesser amounts, slower rates of change, 
and less variable climate (Wilbanks et al., 2007). 
 
Energy Production and Use in Indian Country (Suagee and MacCourt, 2007) 
A tribal government could create an electric utility to perform one or more of the functions 
performed by traditional electric utilities: generation, transmission and distribution. The mission 
of a tribal utility might be conceived broadly, such as to make energy-related services and 
benefits available to reservation residents, with an emphasis on promoting energy efficiency and 
locally available renewable resources. With such a broad mission, the distribution of electric 
power might just be a part of the overall package of services. The utility might put an 
emphasis on programs to help customers install distributed generation facilities, such as roof-top 
photovoltaic arrays, which could be owned by either the utility or the customers. Or they might 
be owned by third-party investors who would take advantage of the tax credits. Ownership might 
be transferred from the utility to the customer over time though a lease-purchase agreement. 
Similar ownership and financing arrangements could be used for other kinds of investments, 
such as the battery packs of plug-in hybrid electric vehicles, which could be used to provide 
“ballast” for intermittent renewable energy sources.   
 
A tribal utility might put an emphasis on providing service to areas that do not presently 
have access to the power grid, building and operating mini-grids for such areas, which could be 
stand-alone systems or could be interconnected with the grid. If the tribal utility were to promote 
the development of such mini-grids, it might want to look at experience in less-developed 
countries for ideas about how to set prices for power from the mini-grid and policies on 
interconnection of distributed generation facilities to the mini-grid. 
 
The tribal utility might include a building design assistance program to help customers 
incorporate energy efficiency and solar design techniques into new construction. New buildings 
could be not just “zero-net energy” but, rather, net energy producers, pumping more power into 

 37



the grid than they consume. The utility might recruit joint venture partners from private industry 
to help provide assistance and to help make investment capital available. The utility could put an 
emphasis on schools and other educational institutions, and help to design and carry out energy 
education programs with hands-on aspects . 
 
In deciding among the various functions that a tribe might want to take on, there are 
many factors to consider, such as the adequacy of the existing utility service, relationship with 
the current service provider, costs associated with taking over the system, the locally available 
resource base, and the broader political framework. The broader context includes federal and 
state legislation, such as: existing state laws that establish renewable portfolio standards for 
regulated utilities; the federal incentive in section 203 of the 2005 Energy Policy Act for 
federal agencies to purchase power from tribal renewable energy projects; possible future 
legislation to create a “cap and trade” program to reduce CO2 emissions, and various other kinds 
of incentives for renewables, including tax incentives unavailable to tribes but potentially useful 
for business partners of tribal utilities . 
 
A tribe might want to do some parts sooner and other parts later. For example, a tribe 
with a substantial wind power resource might be able to bring that resource into operation and 
use the revenue stream to subsidize energy efficiency services or the purchase of the existing 
power grid within the reservation. A tribe might create a utility with a broad mandate but with 
the expectation that it will start small and expand its range of activities over time. In such phased 
development, there could be decision points at which tribal council approval is necessary. 
 
Another approach would be to create more than one entity, perhaps one with a conservative 
mission of providing reliable retail electric power service at reasonable rates and 
another with a more entrepreneurial mission of bringing renewable energy projects into operation 
using investment strategies that entail more risk than is consistent with the conservative mission 
of a distribution utility. In that scenario, the mission of the entrepreneurial entity might be 
described as including the marketing of risk to investors willing to accept it. In light of the range 
of benefits that could be realized in tribal communities through renewable energy development 
and the associated offsets for CO2 emissions, renewable energy in Indian country should be able 
to make the grade among investments that are screened for social and environmental 
responsibility.   
 
 
6. Planning and Managing Adaptation of Natural Resources  
 
a. Adaptation Management Concepts  
In a broad sense, there are three general types of approaches that resource managers can take to 
managing natural resources for Climate Change. These approaches are: 1) reactive adaptation, 2) 
planned management responses, and 3) proactive management.  The following description of 
these three approaches, which has been proposed for managing National Forests, is from CCSP, 
2008b, chapter 3.  
 
Approach 1: Reactive Adaptation  
The extent and severity of an extreme weather or climate event vis-à-vis the ecosystem’s ability 
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to naturally adjust to or recover from it, as well as the management agency’s ability to quickly 
marshal the necessary response resources (money, staff, equipment, etc.) when the event occurs, 
will determine the ultimate impacts on the ecosystem and the cost to the managing agency. 
Depending on the extent of the impacts on the ecosystem and on the managing agency, future 
attainment of management goals may also be affected. While unforeseen opportunities may 
emerge, the cost of such unplanned reactive management is typically larger than if management 
tools can be put in place in a timely and efficient manner (a common experience with reactive vs. 
proactive resource or hazard management). 
 
This reactive approach, which does not take into account changing climate conditions, is 
sometimes used when scientific uncertainty is considered too great to plan well for the future. 
There is a strong temptation to not plan ahead, because it avoids the costs and staff time needed 
to prepare for an event that is uncertain to occur. The risk to an agency of initiating expensive 
and politically challenging management strategies is large in the absence of a strong scientific 
consensus on vulnerabilities and Climate Change effects. However, not planning ahead also can 
mean incurring greater cost, and may bring with it great risk later on—risk that results from 
inefficiencies in the response when it is needed, wasted investments made in ignorance of future 
conditions, or potentially even greater damages because precautionary actions were not taken. 
 
Approach 2: Planned Management Responses to Changing Climate  
This approach to adaptation assumes that adjustments to historical management approaches are 
needed eventually, and are best made during or after a major climatic event. In this case, the 
managing agency would identify climate-change-cognizant management approaches that are to 
be implemented at the time of a disturbance, as it occurs, such as a historically unprecedented 
fire, insect infestation, or extreme windfall event, hurricanes, droughts and other extreme 
climatic events. A choice is made to not act now to prepare for climate change, but rather to react 
once the problem is evident. The rationale, again, could be that the Climate Change impacts are 
too uncertain to enact or even identify appropriate anticipatory management activities, or even 
that the best time for action from a scientific as well as organizational efficiency standpoint may 
be post-disturbance (e.g., from the standpoint of managing successional processes within 
ecosystems and across the landscape). 
 
Significant cost efficiencies, relative to the reactive approach, may be achieved in this 
approach, as management responses are anticipated—at least generically—well in advance of an 
event, yet are implemented only when “windows of opportunity” open. Future constraints to 
implementing such changes will need to be anticipated and planned for, and, if possible removed 
in advance for timely adaptation to be able to occur when the opportunity arises. For example, 
managers could ensure that the genetic nursery stock is available for wider areas, or they could 
re-examine regulations restricting practices so that, immediately after a disturbance, management 
can act rapidly to re-vegetate and manage the site. Such an approach may be difficult to 
implement, however, as crises often engender political and social conditions that favor “returning 
to the status quo” that existed prior to the crisis rather than doing something new. 
 
Approach 3: Proactive Management  
This management approach that is most forward-looking is one that uses current information 
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about future climate, future environmental conditions, and the future societal context of National 
Forest management to begin making changes to policy and on-the-ground management now and 
when future windows of opportunity open. Opportunities for such policy and management 
changes would include any planning or project analysis process in which a description of the 
changing ecosystem/disturbance regime as climate changes would be used to identify a proactive 
management strategy. 
 
Relevant information for forest managers may include projections of regional or even local 
climates, including changes in average temperature, precipitation, changes in patterns of climatic 
extremes and disturbance patterns (e.g., fire, drought, flooding), shifts in seasonally important 
dates (e.g., growing degree-days, length of fire season), expected future distribution of key plant 
species, and changes in hydrological patterns. The ability of climate science to provide such 
information at higher spatial and temporal resolution has been improving steadily over recent 
years, and is likely to improve further in coming years. Current model predictions 
have large uncertainties, which must be considered in making management adaptation decisions. 
Other relevant information may be species-specific, such as the climatic conditions favored by 
certain plant or animal species over others, or the ways in which changed climatic conditions and 
the resultant habitats may become more or less favorable to particular species (e.g., for 
threatened or endangered species). The overall goals of planned anticipatory management would 
be to facilitate adaptation in the face of the changing climate. 
 
Again, significant cost efficiencies and maybe even financial gains may be achieved in this 
approach, as management responses are anticipated well in advance and implemented at the 
appropriate time. If climatic changes unfold largely consistent with the scientific projections, this 
approach to adaptation may turn out to be the most cost-effective and ecologically effective 
(referred to as the "perfect foresight" situation by economists. For example, analyses using forest 
sector economic models that assume “perfect foresight” have shown that when a diverse set of 
management options are available to managers under conditions of extensive mortality events 
from climate change, the economic impacts on the wood product sector, even with large-scale 
mortality events, are less costly than otherwise. 
 
This approach may not be able to maintain ecosystems that currently exist (as those are better 
adapted to current climate regimes), but it may be best suited to support natural adaptive 
processes—such as planning corridor development to facilitate species migration to more 
appropriate climates, or managing for protection of viable habitats for threatened and endangered 
species to enhance or extend opportunities for adaptation. Under such a management approach, 
the specific management targets—such as outputs of particular rangeland and forest products, or 
maintenance of a particular species habitat—may themselves be adjusted over time, as the 
opportunities for those ecosystem services diminish under a changing climate and new 
opportunities for other services may have a greater chance of being met. The inability to 
maintain ecosystems that currently exist may suggest activities such as long-term seed bank 
storage with future options for re-establishing populations in new and more appropriate 
locations. Assessing the potential for this type of change will draw on ecological, economic, and 
social information. Importantly, such an approach would need to involve managers at various 
levels to monitor changes in the ecosystem (i.e., observed on the ground); coordinate and make 
appropriate changes in policies, regulations, plans, and programs at all relevant scales; and 
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modify the on-the-ground practices needed to implement these higher-level policies. This degree 
of cross-scale integration is not typically achieved at present, and would need to occur in the 
future to effectively support such an approach to adaptation.  
 
b. Developing an Impact Assessment (CCSP, 2008b, chapter 9) 
Today’s natural resource planning and management practices were developed under relatively 
stable climatic conditions in the last century, and under a theoretical notion that ecological 
systems tend toward a natural equilibrium state for which one could manage. Most natural 
resource planning, management, and monitoring methodologies that are in place today are still 
based on the assumption that climate, species distributions, and ecological processes will remain 
stable, save for the direct impacts of management actions and historical interannual variability. 
Indeed, many government entities identify a “reference condition” based on historical ranges of 
variability as a guide to future desired conditions. 
 
Although mainstream management practices typically follow these traditional assumptions, in 
recent years resource managers have recognized that climatic influences on ecosystems in the 
future will be increasingly complex and often outside the range of historical variability and, 
accordingly, more sophisticated management plans are needed to ensure that goals can continue 
to be met. By transforming management and goal-setting approaches from a static, equilibrium 
view of the natural world to a highly dynamic, uncertain, and variable framework, major 
advances in managing for change can be made, and thus adaptation is possible. 
 
Within the context of natural resource management, an impact assessment is a means of 
evaluating the sensitivity of a natural system to climate change. Sensitivity is defined by the 
IPCC (2001b) as “the degree to which a system is affected, either adversely or beneficially, by 
climate-related stimuli.” An impact assessment is part of a larger process to understand the risks 
posed by Climate Change, including those social and economic factors that may contribute to or 
ameliorate potential impacts, in order to decide where and when to adapt. In the Climate Change 
community, this process is well established. It begins with an assessment of impacts, followed by 
an evaluation of an entity’s capacity to respond (adaptive capacity). The information on impacts 
is then combined with information on adaptive capacity to determine a system’s overall 
vulnerability. This information becomes the basis for selecting adaptation options to implement. 
The resource managers’ mental model for this larger decision making process contains similar 
elements to the climate community’s model, but addresses them in a different sequence of 
evaluation to planning. The managers’ process begins with estimating potential impacts, 
reviewing all possible management options, evaluating the human capacity to respond, and 
finally deciding on specific management responses. The resource management community 
implicitly combines the information on potential impacts with knowledge of their capacity to 
respond during their planning processes. 
 
Impact assessments combine (1) understanding of the current state of the system and its 
processes and functions, with (2) drivers of environmental change in order to, (3) project 
potential responses to future changes in those drivers. Knowledge of the current state of the 
system, including its critical thresholds and coping ranges, provides the fundamental basis for 
understanding the implications of changes in future conditions. A coping range is the breadth of 
conditions under which a system continues to persist without significant, observable 
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consequences, taking into account the system’s natural resilience. Change 
is not necessarily “bad,” and the fact that a system responds by shifting to a new equilibrium or 
state may not necessarily be a negative outcome. Regardless of the change, it will behoove 
managers to adjust to or take advantage of the anticipated change. Several examples of 
approaches to conducting impact assessments are provided below along with a discussion of the 
types of tools needed and key issues related to conducting impact assessments. 
 
A Guiding Framework for Impact Assessments 
The aim of a framework to assess impacts is to provide a logical and consistent approach for 
eliciting the information needs of a decision maker, for conducting an assessment as efficiently 
as possible, and for producing credible and useful results. While impact assessments are 
routinely done to examine the ecological effects of various environmental stressors, the need to 
incorporate changes in climate variables adds significantly to the spatial and temporal scales of 
the assessment, and hence its complexity.  
 
A number of frameworks for impact assessments have been developed. For example, within the 
international conservation arena, a successful framework for managers has been developed by 
The Nature Conservancy (2007). The steps in this framework include (1) identifying the 
management goal and climate threat to that goal; (2) selecting measurable indicators; (3) 
determining the limits of acceptable variation in the indicators; (4) assessing the current status of 
the system with respect to meeting management goals, as well as with respect to the indicators; 
and (5) analyzing data on indicators to decide whether a change in management is required. 
 
Tools to Assess Impacts 
The example framework described in the previous section references two key types of tools: 
models that represent the climate system as a driver of ecological change, and models that 
embody the physical world to trace the effect of climate drivers through relevant pathways to 
impacts on management endpoints of concern. There are numerous tools that begin to help 
managers anticipate and manage for climate change, although characterization 
of uncertainty could be improved, along with “user friendliness” and the ability to frame 
management endpoints in a manner that more closely meshes with the needs of decision makers. 
Fortunately, tool development for impact analysis is one of the most active areas of climate 
research, and greatly improved tools can be expected within the next few years. 
 
Climate Models 
The most widely recognized need for information is the need for climate projections at useable 
scales—scales much finer than those associated with most general circulation model (GCM) 
projections. In particular, the resolution of current climate-change projections from GCMs is on 
the order of degrees of latitude and longitude (200–500 km2). Projections from regional climate 
models are finer in resolution (e.g., 10 km2), but are not available for most regions. All climate 
projections can be downscaled using methods that take local topography and local climate 
patterns into account. Although relatively coarse climate projections may be useful for 
anticipating general trends, the effects of local topography, large water bodies, and specific 
ecological systems can make coarse predictions highly inaccurate. To be more useful to 
managers, projections will need to be downscaled using methods that account for local climate 
patterns. In addition, climate-change projections will need to be summarized in a way that takes 
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their inherent uncertainty into account. That uncertainty arises from the basic model structure, 
the model parameters, and the path of global emissions into the future. Useful future projections 
will provide summaries that take this uncertainty into account and inform managers where the 
projections are more and less certain and, specifically, how confident we can be in a given level 
of change. Several different approaches exist for capturing the range of projected future climates. 
It also will be important to work with climate modelers to ensure that they provide the 
biologically relevant output variables from the model results.  For further information on the 
state of climate models, and their application to predict climate scenarios in the Pacific 
Northwest, see Appendix C, an except from "State of Climate Modeling: Contribution to Region 
10's Action Plan for Energy and Climate Change" (Elleman et al.,  2007).  
 
Impact Models to Assess Endpoints of Concern 
Climate Change impacts may be defined by two factors, (1) the types and magnitude of climate 
changes that are likely to affect the target in a given location, and (2) the sensitivity of a given 
conservation target to climate change. Assessing the types and magnitude of climate changes that 
a population or system is likely to experience will require climate-change projections as well as 
projected changes in climate-driven processes such as fire, hydrology, vegetation, and sea level 
rise. For example, managing forests in a changing climate will require data on projected potential 
changes to vegetation, as well as detailed data on the current condition of vegetation. 
 
Sensitivity of target organisms to Climate Change depends on several aspects of the biology of a 
species or the ecological composition and functioning of a system. For example, species that are 
physiologically sensitive to changes in temperature or moisture; species that occupy climate- 
sensitive habitats such as shallow wetlands, perennial streams, and alpine areas; and species with 
limited dispersal abilities will all be more sensitive to Climate Change. Populations with slow 
growth rates and populations at a species range boundary are also likely to be more sensitive to 
Climate Change. Species, communities, or ecosystems that are highly dependant on specific 
climate-driven processes—such as fire regimes, sea level rise, and hydrology—will also be 
highly sensitive to climate change. 
 
There are many new ecological models that would help managers address climate change, but 
the most important modeling tools will be those that integrate diverse information for decision 
making and prioritize areas for different management activities. Planners and managers need the 
capability to evaluate the vulnerability of each site to Climate Change and the social and 
economic costs of addressing those vulnerabilities. One could provide this help with models that 
allow the exploration of alternative future climate-change scenarios and different funding 
limitations that could be used for priority-setting and triage decisions. Comprehensive, dynamic, 
priority-setting tools have been developed for other management activities, such as watershed 
restoration. Developing a dynamic tool for priority-setting will be critical for effectively 
allocating limited resources. 
 
Establishing Baseline Conditions 
To estimate current and potential future impacts, a literature review of expected climate impacts 
may be conducted to provide a screening process that identifies “what trends to worry about.” 
The next step beyond a literature review is a more focused elicitation of the ecological properties 
or components needed to reach management goals for lands and waters. For each of these 
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properties or components, it will be important to determine the key to maintaining them. If the 
literature review reveals that any of the general climate trends may influence the ecological 
attributes or processes critical to meeting management goals, then the next steps are to identify 
baselines, establish monitoring programs, and consider specific management tools and models. 
 
Once the important ecological attributes or processes are identified, a manager needs to have a 
clear idea of the baseline set of conditions for the system. Ecologists, especially marine 
ecologists, have drawn attention to the fact that the world has changed so much that it can be 
hard to determine an accurate historical baseline for any system. The reason that 
an understanding of a system’s long history can be so valuable is that the historical record may 
include information about how systems respond to extreme stresses and perturbations. When 
dealing with sensitive, endangered, or stressed systems, experimental perturbation is not feasible. 
Where available, paleoecological records should be used to examine past ranges of natural 
environmental variability and past organismal responses to Climate Change. 
 
Historic baselines have the potential to offer insights into how to manage for climate change. 
Examples of baseline data important for making management decisions and understanding 
potential effects of Climate Change  include species composition and distribution of trees in 
forests; rates of freshwater discharge into estuaries; river flooding regimes; forest fire regimes; 
magnitude and timing of anadromous fish runs; and home ranges, migration patterns, and 
reproductive dynamics of sensitive organisms. However, baselines also have the potential to be 
misleading. For example, historic baselines are useful only if climate is incorporated into those 
past baselines and the relationship of vegetation to climate is explored. If a baseline is held up as 
a goal, and the baseline depends on historic climates that will never again be seen in a region, 
then the baseline could be misleading. Adjusting baselines to accommodate changing conditions 
is an approach that would require caution to avoid unnecessarily compromising ecosystem 
integrity for the future and losing valuable historical knowledge. 
 
Monitoring to Inform Management Decisions 
Monitoring is needed to support a manager’s ability to detect changes in baseline conditions as 
well as to facilitate timely adaptation actions. Monitoring also provides a means to gauge 
whether management actions are effective. Some monitoring may be designed to detect general 
ecological trends in poorly understood systems. However, most monitoring programs should be 
designed with specific hypotheses in mind and trigger points that will initiate a policy or 
management re-evaluation. For instance, using a combination of baseline and historical data, a 
monitoring program could be set up with predefined thresholds for a species’ abundance or 
growth rate, or a river’s flow rate, which, once exceeded, would cause a re-examination of 
management approaches and management objectives. 
 
A second important feature of any monitoring program is the decision of what to monitor. Ideally 
several attributes should be monitored, and those that are selected should be chosen to represent 
the system in a tractable way and to give clear information about possible management options. 
Otherwise there is a risk of collecting volumes of data but not really using it to alter 
management. Sometimes managers seek one aggregate indicator—the risk in this 
is that the indicator is harder to interpret because so many different processes could alter it. 
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Some systems will require site-specific monitoring programs, whereas others will be able to take 
advantage of more general monitoring programs. For example, the severity and frequency of 
forest fires are clearly linked to climate. Thus, managing for changing fire regimes will require 
assessing fire risk by detecting changes in fuel loads and weather patterns. Detecting climate-
driven changes in insect outbreaks and disease prevalence will require monitoring the occurrence 
and prevalence of key insects, pathogens, and disease vectors. Detecting early changes in forests 
will also require monitoring changes in hydrology and phenology, and in tree establishment, 
growth, and mortality.  
 
Using Scenarios as a Means of Managing Under Uncertainty 
The high degree of uncertainty inherent in assessments of Climate Change impacts can make it 
difficult for a manager to translate results from those assessments into practical management 
action. However, uncertainty is not the same thing as ignorance or lack of information—it simply 
means that there is more than one outcome possible as a result of climate change. One approach 
for dealing with uncertainty is to develop a range of responses based on a range of possible 
climate changes that a region may experience.  
 
It is not possible to predict the changes that will occur, but managers can get an indication of the 
range of changes possible. By working with a range of possible changes rather than a single 
projection, managers can focus on developing the most appropriate responses based on that range 
rather than on a “most likely” outcome. To develop a set of scenarios—e.g., internally consistent 
views of reasonably plausible futures in which decisions may be explored—quantitative or 
qualitative visions of the future are developed or described. These scenarios explore current 
assumptions and serve to expand viewpoints of the future. In the Climate Change impacts area, 
approaches for developing scenarios may range from using a number of different realizations 
from climate models representing a range of emissions growths, to analog scenarios, to informal 
synthetic scenario exercises that, for example, perturbate temperature and precipitation changes 
by percentage increments (e.g., -5% change from baseline conditions, 0, +5%, +10%). 
 
Model-based scenarios explore plausible future conditions through direct representations of 
complex patterns of change. These scenarios have the advantage of helping to further our 
understanding of potential system responses to a range of changes in drivers. When using 
spatially downscaled climate models and a large number of emissions scenarios and climate 
model combinations (as many as 30 or more), a subset of “highly likely” climate expectations 
may be identifiable for a subset of regions and ecosystems. More typically, results among models 
will disagree for many places, precluding any unambiguous conclusions. Where there is a high 
level of agreement, statements may be made such as, “for 80% of the different model runs, peak 
daily summer temperatures are expected to rise by at least x degrees.” When downscaled and 
multiple runs are available, managers can use them to explore the consequences of different 
management options. For instance, Battin et al. (2007) were able to identify specific places 
where habitat restoration was likely to be effective in the face of Climate Change if the goal was 
recovery of salmon populations, and in specific places where restoration efforts would be 
fruitless given anticipated Climate Change. 
 
Analog scenarios use historical data and previously observed sensitivity to weather and climate 
variability. When developing analog scenarios, if historical data are incomplete or non-existent 
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for one location, observations from a different region may used. Synthetic scenarios specify 
changes in particular variables and apply those changes to an observed time series. For example, 
an historic time series of annual mean precipitation for the northeastern U.S. would be 
increased by 2% to create a synthetic scenario, but no other characteristics of precipitation would 
change. Developing a synthetic scenario might start by simply stating that in the future, it is 
possible that summers will be hotter and drier. That scenario would be used to alter the sets of 
historic time series, and decision makers would explore how management might respond. 
 
Along with developing multiple scenarios using the methods described above, it may be helpful 
to do sensitivity analyses to discover a system’s response to a range of possible changes in 
drivers. In such analyses, the key attributes of the system are examined to see how they respond 
to systematic changes in the climate drivers. This approach may allow managers to identify 
thresholds beyond which key management goals become unattainable.  
 
All of these scenario-building approaches and sensitivity analyses provide the foundation for 
“if/then” planning, or “scenario planning”. One of the most practical ways of dealing with 
uncertainty is scenario planning—that is, making plans for more than one potential future. 
Scenario planning is appropriate and prudent when there are large uncertainties that 
cannot be reduced in the near future, as is the case with climate change. The key to scenario 
planning is limiting the scenarios to a set of possibilities, typically anywhere from two to five. If 
sensitivity analyses are performed, those results can be used to select the most relevant scenarios 
that both address managers’ needs and represent the widest possible, but still plausible, futures. 
The strategy is to then design a variety of management strategies that are robust across the whole 
range of scenarios and associated impacts. Ideally scenarios represent clusters of future 
projections that fit together as one bundled storyline that is easy to communicate to managers 
(e.g., warmer and wetter, warmer and drier, or negligible change). When used deftly, scenario 
planning can alleviate decision-makers’ and managers’ frustration at facing so much uncertainty 
and allow them to proactively manage risks. For detailed guidance on using scenario data for 
climate impact assessments. 
 
c. Adaptive Management (CCSP, 2008b, chapter 9) 
Once adaptation approaches have been selected, after taking into account confidence levels, 
adaptive management is likely to be an effective method for implementing those approaches. It 
emphasizes managing based on observation and continuous learning and provides a means for 
effectively addressing varying degrees of uncertainty in our knowledge of current and future 
Climate Change impacts. Adaptive management is typically divided into two types: “passive” 
and “active”. “Passive” adaptive management refers to using historical data to develop 
hypotheses about the best management action, followed by action and monitoring. Often models 
are used to guide the decisions and the monitoring can improve the models. “Active” adaptive 
management refers to actually conducting a management experiment, ideally with several 
different management actions implemented at once as a means of testing competing hypotheses. 

Adaptive management to address Climate Change is an iterative process that involves the 
consideration of potential climate impacts, the design of management actions and experiments 
that take those impacts into account, monitoring of climate-sensitive species and processes to 
measure management effectiveness, and the redesign and implementation of improved (or new) 
management actions. To maximize the implementation of climate-sensitive adaptive 
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management within federal systems, managers can focus on (1) previously established strategies 
that were designed for other management issues but have strong potential for application toward 
Climate Change impacts, and (2) new strategies that are not yet in place but appear to be feasible 
and within reasonable reach of current management structures. In other words, at a minimum, 
managers need to vigorously pursue changes that are relatively easily accomplished under 
existing programs and management cultures. 

Recent examinations of the difficulty of actually using adaptive management have emphasized 
that the temporal and spatial scale, dimension of uncertainty, risks, and institutional support can 
create major difficulties with applying adaptive management. When one considers adaptive 
management (whether active or passive) in response to climate change, every one of these 
potential difficulties is at play. The critical challenge will be stating explicit scientific 
hypotheses, establishing monitoring programs with predefined triggers that initiate a re-
examination of management approaches, and a flexible policy or institutional framework. These 
challenges do not mean adaptive management is impossible—only that attention to hypotheses, 
monitoring, periodic re-evaluations, and flexibility are necessary. 

Another key element of adaptive management is monitoring of sensitive species and processes in 
order to measure the effectiveness of experimental management actions. In the case of adaptive 
management for climate change, this step is critical, not only for measuring the degree to which 
management actions result in positive outcomes on the ground, but also for supporting a better 
scientific understanding of how to characterize and measure ecological resilience. Most resource 
agencies already have monitoring programs and sets of indicators. As long as management goals 
are not changed, then these existing monitoring programs should reflect the outcomes of 
management actions on the ground. If management goals are altered because Climate Change is 
perceived to be so severe that historical goals are untenable, then entirely new indicators and 
monitoring programs may need to be designed. Whatever the case, monitoring is fundamental to 
supporting the reevaluation and refinement of management strategies as part of the adaptive 
process. 
 
Re-Evaluate Priorities and Consider Triage 
Climate Change not only requires consideration of how to adapt management approaches, it also 
requires reconsideration of management objectives. In a world with unlimited resources and staff 
time, climate adaptation would simply be a matter of management innovation, monitoring, and 
more accessible and useable science. In reality, priorities may need to be re-examined and 
reestablished to focus adaptation efforts appropriately and make the best use of limited resources. 
At the regional scale, one example of the type of change that may be needed is in selected 
estuaries where freshwater runoff is expected to increase and salt water is expected to penetrate 
further upstream. Given this scenario, combined with the goal of protecting anadromous fishes, 
models could be used to project shifts in critical propagation habitats and management efforts 
could be refocused to those sites. In Rocky Mountain National Park, because warmer winters are 
expected to result in greatly increased elk populations, a plan to reduce elk populations to 
appropriate numbers is being prepared with the goal of population control. 

Prioritization requires information about the distribution of natural resources and conservation 
targets, the vulnerability of those targets to climate change, and costs of different management 
actions in different systems. Prioritization schemes may weight these three factors in different 
ways, depending on goals and needs. Knowing where resources and conservation targets are is 
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relatively straightforward, although even baseline information on species distributions is often 
lacking. Prioritization schemes that weight rare species or systems heavily would likely target 
lands with more threatened and endangered species and unique ecosystems. 

Because climate-driven changes in some ecological systems are likely to be extreme, priority 
setting may, in some instances, involve triage. Some goals may have to be abandoned and new 
goals established if Climate Change effects are severe enough. Even with substantially focused 
and creative management efforts, some systems may not be able to maintain the ecological 
properties and services that they provide in today’s climate. In other systems, the cost of 
adaptation may far outweigh the ecological, social, or economic returns it would provide. In such 
cases, resources may be better invested in other systems. One simple example of triage would be 
the decision to abandon habitat management efforts for a population of an endangered species on 
land at the “trailing” edge of its shifting range. If the refuge that currently provides habitat for the 
species will be unsuitable for the species in the next 50 years, it might be best to actively manage 
for habitat elsewhere and, depending on the species and the circumstances, investigate the 
potential for relocation. Such decisions will have to be made with extreme care. In addition to 
evaluating projected trends in climate and habitat suitability, it will be necessary to monitor the 
species or habitats in question to determine whether the projected trends are being realized.  

Manage at Appropriate Scales 
Experience gained from natural resource management programs and other activities may offer 
insights into the application of integrated ecosystem management under changing climatic 
conditions. Integrated ecosystems management seeks to optimize the positive ecological and 
socioeconomic benefits of activities aimed at maintaining ecosystem services under a multitude 
of existing stressors. One lesson learned from this approach is that it may be necessary to define 
the management scale beyond the boundaries of a single habitat type, conservation area, or 
political or administrative unit to encompass an entire ecosystem or region. Currently, 
management plans for forests, rivers, marine protected areas, estuaries, national parks, and 
wildlife refuges are often developed for discrete geographies with specific attributes (species, 
ecosystems, commodities), without recognition that they may be nested within other systems.  
For example, marine protected areas are often within national estuaries; wild and scenic rivers 
are often within national parks. With few exceptions, plans are not developed with the ability to 
fully consider the matrix in which they are embedded and the extent to which those attributes 
may vary over time in response to drivers external to the management system.  Climate Change 
adaptation opportunities may be missed if land and water resources are thought of as distinct, 
static, or out of context of a regional and even continental arena. A better approach would be to 
systematically broaden and integrate management plans, where possible. When spatial scales of 
consideration are larger, resource management agencies often have mutually reinforcing goals 
that may result in the enhancement of their ability to manage cooperatively across landscapes.   

Manage for Change 
Agencies have established best practices based on many years of past experience. Unfortunately, 
dramatic Climate Change may change the rules of the game, rendering yesterday’s best practices 
tomorrow’s bad practices. Experienced managers have begun to realize that they can anticipate 
changes in conditions, especially conditions that might alter the impacts of grazing, fire, logging, 
harvesting, park visitation, and so forth. Such anticipatory thinking will be critical, as Climate 
Change will likely exceed ecosystem thresholds over time such that strategies to increase 
ecosystem resilience will no longer be effective. At this point, major shifts in ecosystem 
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processes, structures, and components will be unavoidable, and adaptation will require planning 
for management of major ecosystem shifts. 

For example, some existing management plans identify a desired state (based on structural, 
ecosystem service, or ecosystem process attributes of the past) and then prescribe practices to 
achieve that state. While there is clarity and accountability in such fixed management objectives, 
these objectives may be unrealistic in light of dramatic environmental change. A desirable 
alternative management approach may be to “manage for change.” For example, when 
revegetation and silviculture are used for post-disturbance rehabilitation, species properly suited 
to the expected future climate could be used. In Tahoe National Forest, white fir could be 
favored over red fir, pines could be preferentially harvested at high elevations over fir, and 
species could be shifted upslope within expanded seed transfer guides. It is also possible that, 
after accounting for change, restoration may cease to be an appropriate undertaking. 

Scenario-based planning can be a useful approach in efforts to manage for change. This is a 
qualitative process that involves exploration of a broad set of scenarios, which are plausible—yet 
very uncertain—stories or narratives about what might happen in the future. Protected-area 
managers, along with subject matter experts, can engage in scenario planning related to Climate 
Change and resources of interest and put into place plans for both high-probability and low-
probability, high-risk events. Development of realistic plans may require a philosophical shift 
concerning when restoration is an appropriate post-disturbance response. It is impractical to 
attempt to keep ecosystem boundaries static. Estuaries display this poignantly. After a flood, 
there is often intense pressure to restore to the pre-flooding state. To ensure sound management 
responses, guidelines for the scenarios under which restoration and rebuilding should occur 
could be established in advance of disturbances. In this sense, disturbances could become 
opportunities for managing toward a distribution of human population and infrastructure that is 
more realistic given changing climate. 
 
 
7. Planning Process, Tools and Resources 

 
a. Example of a Tribal Climate Change Adaptation Process 
The previous chapters identified the impacts, vulnerabilities, and adaptation options related to 
Climate Change. The next step for a tribal nation is to develop and implement a process to 
determine the specific Climate Change vulnerabilities that will affect the tribe and it resources, 
and to identify and select the most promising adaptation options that will allow sustainable use 
of resources, and minimize adverse effects to tribal health and well-being. There are few 
examples in the literature or on the Internet of a Climate Change adaptation planning process 
conducted by a tribal nation. However, one of the most comprehensive tribal planning processes 
found on the Internet was conducted by the Center for Indigenous Environmental Resources 
(CIER) for the First Nations of Canada. 
 
CIER used a variety of information sources to determine five priority climate change impacts for 
First Nations of Canada south of 60 degrees north latitude (CIER, 2008). This included literary 
research gathered throughout the project, the creation of an Advisory Committee, and a newly 
developed Adaptation Network. The feedback from these groups helped guide CIER’s research 
on climate change impacts and also informed the selection of priority impacts. The Advisory 
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Committee was composed of Aboriginal people who were experienced with climate change 
impacts or adaptation in their respective region. CIER obtained feedback from this group through 
face-to-face meetings. CIER developed the adaptation network using two methods: a telephone 
survey and an on-line survey. The group contacted for a telephone survey was comprised of First 
Nations and non-First Nations people, some of whom are developing and actively implementing 
climate change work. The on-line survey was directed towards individuals from across Canada, 
the majority of who were members of First Nations. CIER identified additional climate change 
impacts from literary research and input provided by the Advisory Committee and Adaptation 
Network. 
 
From the feedback received, CIER developed matrixes that containing existing or predicted 
climate change impacts in Canada as described in the literature, including the likely magnitude 
and duration of each impact. CIER then evaluated the affect of each impact on First Nations, and 
then selected five priority impacts. The final five priority impacts were selected because they are 
applicable in multiple eco-regions in Canada, affect all four pillars of sustainability (social, 
environment, culture, and economy) in First Nation communities, have a large magnitude, long 
duration, and will be difficult for First Nations to adjust to without active adaptation measures 
(CIER, 2008).  
 
CIER recognized that all First Nations in Canada have unique social, economic and cultural 
characteristics. Given the diversity of ecosystems, vulnerabilities and characteristics of First 
Nations across Canada, the report emphasizes that it is important that each First Nation 
determine how they will be uniquely affected by Climate Change. The report also recommends 
that if First Nations are not aware of how their community may be affected, they can begin a 
dialogue using the selected five priority impacts (CIER, 2008). 
 
CIER focused the adaptation strategies research on the five priority impacts. This resulted in a 
list containing almost 100 adaptation strategy options. Additionally, CIER included Adaptation 
Network responses provided in both the online and the telephone survey, given in a section on 
preferred or existing adaptation options. CIER shared this list of adaptation strategies with the 
advisory committee members in order to identify adaptation option priorities and to understand 
the reasoning behind these decisions. 
 
CIER identified a number of potential initiatives for First Nations to adapt within each of the five 
priority impact areas. CIER developed these initiatives from literary research and feedback from 
the advisory network and adaptation committee, and the initiatives were based on adaptation 
strategies that individuals and communities were already implementing, or suggested ideas. 
CIER identified tools to assist the First Nations in evaluation Climate Change adaptation 
alternatives. These tools consisted of a database with relevant, accessible, and national 
information and two comprehensive lists of sustainable water use tools and resources available 
from various levels of government, communities, and businesses. The CIER report concluded 
that although some of these tools they identified are applicable to First Nations, there are some 
aspects of First Nations, especially in relation to culture, governance, decision-making, and 
Aboriginal and Treaty rights, which require additional considerations. Non-First Nation specific 
tools and resources can be transferable as long as users make appropriate and needed adjustments 
to suit their specific needs, Traditional Knowledge, and existing processes (CIER, 2008).  
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b.  Tools and Resources 
The following websites provide Climate Change planning tools and resources that may be useful 
for tribes developing adaptation strategies: 
 
Institute for Tribal Environmental Professionals (ITEP) 
On this website, ITEP offers information and resources tailored to tribes who seek a better 
understanding of climate change and its impacts to tribal communities. Through links from this 
website, tribes can find basic climate-change information, resources, contacts, and an open forum 
for expressing and discussing views on the matter. Also on this website, there are a series of 
tribal Climate Change profiles that help illuminate the impacts Native people face as well as 
solutions being developed to mitigate and adapt to ecosystem changes.  
http://www4.nau.edu/tribalclimatechange/index.asp
 
Environmental Protection Agency (EPA) Climate Change Program 
EPA's Climate Change Site offers comprehensive information on the issue of Climate Change in 
a way that is accessible and meaningful to all parts of society – communities, individuals, 
business, states and localities, and tribes. On this website you will find links to Climate Change 
Science, GHG emission inventories, health and environmental effects of Climate Change, EPA 
Climate Change initiatives, and U.S. Climate Change policy.  
http://www.epa.gov/climatechange/ 
 
EPA Watershed Management Tools 
One of the most useful tools for understanding Climate Change impacts on water resources, 
especially impaired waters, is the Climate Assessment Tool element of the BASINS water 
modeling program. BASINS is a multi-purpose environmental analysis system that integrates a 
geographical information system (GIS), national watershed data, and state-of-the-art 
environmental assessment and modeling tools into one convenient package. EPA intends to 
promote the use of this model and provide training to EPA, State and Tribal program staffs on 
how to use the model to support assessment of climate-related water resources impacts and 
program decisions. 
http://www.epa.gov/waterscience/BASINS/  
 
National Water Program Strategy: Response to Climate Change 
This strategy, developed by the EPA Office of Water, provides an overview of the likely effects 
of climate change on water resources and the nation’s clean water and safe drinking water 
programs. This strategy also describes over 40 specific actions the National Water Program 
intends to take to adapt program implementation in light of climate change. 
http://www.epa.gov/water/climatechange/strategy.html
 
Intergovernmental Panel on Climate Change (IPCC) 
The IPCC was established to provide the decision-makers and others interested in climate change 
with an objective source of information about climate change. The IPCC does not conduct any 
research nor does it monitor climate related data or parameters. Its role is to assess on a 
comprehensive, objective, open and transparent basis the latest scientific, technical and socio-
economic literature produced worldwide relevant to the understanding of the risk of human-

 51

http://www4.nau.edu/tribalclimatechange/index.asp
http://www.epa.gov/climatechange/
http://www.epa.gov/waterscience/BASINS/
http://www.epa.gov/water/climatechange/strategy.html


induced climate change, its observed and projected impacts and options for adaptation and 
mitigation. The IPCC is a scientific body, the information it provides with its reports is based on 
scientific evidence and reflects existing viewpoints within the scientific community. The 
comprehensiveness of the scientific content is achieved through contributions from experts in all 
regions of the world and all relevant disciplines including, where appropriately documented, 
industry literature and traditional practices, and a two stage review process by experts and 
governments. On this website you will find links to IPCC meetings, documents, reports and 
presentations. 
http://www.ipcc.ch/ 
 
US Climate Change Science Program (CCSP) 
The CCSP integrates federal research on climate and global change, as sponsored by thirteen 
federal agencies and overseen by the Office of Science and Technology Policy, the Council on 
Environmental Quality, the National Economic Council and the Office of Management and 
Budget. On this website you will find links to CCSP research activities and reports published by 
CCSP. 
http://www.climatescience.gov/ 
 
Western Climate Initiative (WCI)  
The WCI, launched in February 2007, is a collaboration of seven U.S. governors and four 
Canadian Premiers. WCI was created to identify, evaluate, and implement collective and 
cooperative ways to reduce greenhouse gases in the region, focusing on a market-based cap-and-
trade system.  On this website you will find links to WCI reports, documents, economic analyses, 
and upcoming events.  
http://www.westernclimateinitiative.org/ 
 
U.S. Forest Service Climate Change Resource Center (CCRC)  
The CCRC is a reference website for resource managers and decision makers who need 
information and tools to address climate change in planning and project implementation on lands 
in the West. The CCRC addresses the manager’s question “What can I do about climate 
change?” by providing information about basic climate sciences and compiling knowledge 
resources and support for adaptation and mitigation strategies. The site offers educational 
information, including basic science modules that explain climate and climate impacts, decision-
support models, maps, simulations, case studies, and toolkits.  
http://www.fs.fed.us/ccrc/
 
National Oceanic and Atmospheric Administration (NOAA)  
NOAA is charged with helping society understand, plan for, and respond to climate variability 
and change. This is achieved through the development and delivery of climate information 
services, the implementation of a global observing system, and focused research and modeling to 
understand key climate processes.  The NOAA climate mission is an end-to-end endeavor 
focused on providing a predictive understanding of the global climate system so the public can 
incorporate the information and products into their decisions. On this website you will find links 
to NOAA’s research, monitoring, modeling and information services programs. 
http://www.noaa.gov/climate.html/  
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Climate Impacts Group (GIG) 
The CIG is an interdisciplinary research group studying the impacts of natural climate variability 
and global Climate Change on the U.S. Pacific Northwest. Through research and interaction with 
regional stakeholders, the CIG works to increase the resilience of the Pacific Northwest to 
fluctuations in climate. The CIG's research focuses on four key sectors of the PACIFIC 
NORTHWEST environment: water resources, aquatic ecosystems, forests, and coasts. The CIG 
is unique in its focus on the intersection of climate science and public policy. The Climate 
Impacts Group, based at the University of Washington, is one of eight regional climate impacts 
assessment groups in the nation funded by the National Oceanic and Atmospheric 
Administration (NOAA), and is part of the Center for Science in the Earth System at the Joint 
Institute for the Study of the Atmosphere and Ocean.  
http://cses.washington.edu/cig/ 
 
National Tribal Environmental Council (NTEC)  
The NTEC was formed in 1991 with seven tribes and input from several intertribal 
organizations, including the Council of Energy Resource Tribes and the Native American Rights 
Fund, as a membership organization dedicated to working with and assisting tribes in the 
protection and preservation of tribal environments. NTEC's mission is to ensure that Indian tribes 
and Alaska Native villages have the ability to protect, preserve and promote the wise 
management of air, land and water for the benefit of present and future generations. NTEC 
works to advance an understanding of the environment based on traditional tribal cultural and 
spiritual values, cultivate support for tribal control and management of tribal lands in accordance 
with each tribe's political and economic priorities, and encourage federal government agencies to 
adopt and implement policies that fulfill the trust responsibility to tribes.  
http://www.ntec.org/ 
 
Tribes, Climate Change and Solutions  
This website was designed and is maintained by National Wildlife Federation, Northern Rockies 
Office, in Missoula, MT. This website contains links to websites that provide Climate Change 
information at the international, national, regional and local levels. It also includes links to tribal 
Climate Change workshops, reports and presentations.   
http://www.tribalclimate.org/solutions.htm 
 
Affiliated Tribes of Northwest Indians (ANTI) 
ATNI is a nonprofit organization representing 54 northwest tribal governments from Oregon, 
Idaho, Washington, southeast Alaska, Northern California and Western Montana. ATNI is an 
organization whose foundation is composed of Indian peoples. Representatives from the member 
tribes set the policy and direction through committees by way of resolutions during the three 
yearly meetings. ANTI periodically hosts conferences on climate change, with a specific focus 
on the Northwest and its potential implications for Tribal concerns. 
http://www.atnitribes.org/#fallconf08  
  
Center for Indigenous Environmental Resources (CIER) 
CIER is a national, First Nation-directed environmental non-profit organization with charitable 
status and is based in Winnipeg, Manitoba, Canada. CIER was founded in 1994 by a small group 
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of First Nation leaders from across Canada who recognized the need for Aboriginal peoples to 
have the capacity to solve environmental problems affecting their lands and resources. We 
develop and implement sustainable solutions to proactively address environmental issues 
affecting First Nations lands and resources. We approach all of our efforts using an integrated 
approach that combines multiple perspectives and fosters collaborative relationships. The CIER 
website offers a variety of free publications and products for download and upon request. These 
publications are organized into the following categories: Taking Action on Climate Change, 
Building Sustainable Communities, Protecting Lands and Water, and Conserving Biodiversity.  
http://www.cier.ca/information-and-resources/publications-and-products.aspx?id=190
 
Preparing for Climate Change: A Guidebook for Local, Regional, and State Governments 
This guidebook provides local government leaders with a new tool to help them plan for the 
impacts of climate change, such as an increased risk of drought and flooding, new diseases, and 
invasive species that are harmful to humans and the environment. The guidebook draws heavily 
on the Climate Impacts Group's experience in researching and communicating information on 
climate change impacts and planning to Pacific Northwest decision makers, and on King 
County's experience in developing and implementing its climate plan. 
http://www.metrokc.gov/exec/news/2007/0912globalwarming.aspx
 
 
8. Conclusions  
 
The IPCC has concluded unequivocally that the average temperature of the earth’s surface has 
significantly warmed since the mid-19th century, and that it is very likely that most of this global 
warming is due to increased concentrations of human generated greenhouse gases. Modeling 
based on various scenarios of increased GHG emissions shows that average surface temperatures 
will continue to increase until the atmospheric concentrations of GHGs are stabilized. By the 
mid-21st century, the choice of emission scenario becomes more important in terms of the 
magnitude of the projected warming, with model projections of increases in globally averaged 
temperature of approximately 2 to 3 °F for several of the IPCC scenarios. According to the 
IPCC, all of North America is very likely to warm during this century, and to warm more than 
the global average increase in most areas. The effects of global warming include changes in 
precipitation patterns, increased air temperatures, greater frequency of extreme weather events, 
earlier melting of snowpack, and rising sea levels.  
 
Strategies for protecting climate-sensitive ecosystems, natural resources, and human health will 
be increasingly important for all people, but especially important to tribal nations because of 
their close association with the land, their relatively non-diverse economies, and their subsistence 
lifestyle. The scientific literature strongly supports the use of active (or proactive) adaptation 
methods to reduce risk of adverse effects of Climate Change on ecosystems through actions that 
increase the resilience of ecological systems to Climate Change stressors. Adaptive management 
is an iterative process that takes into consideration potential climate impacts, the design of 
management actions and experiments that take those impacts into account, monitoring of 
climate-sensitive species and processes to measure management effectiveness, and the redesign 
and implementation of improved management actions as needed.  
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Proactive adaptation requires the anticipation of stresses before they occur so that the response 
to these stresses is planned and strategic. Proactive adaptation measures can therefore 
decrease the magnitude of future stresses. Proactive adaptation measures can be less cost 
intensive over the long-term when compared to reactive measures. Incorporating proactive 
adaptation measures can reduce the amount or intensity of stress felt by the community when 
there are systems available to meet the challenges presented by climate change. Therefore, 
there are many social as well as economic benefits of planning for Climate Change and 
implementing proactive adaptation measures. Incorporating proactive adaptation measures is 
also a good option because they can help prevent or lessen the impacts of Climate Change on 
tribal nations by increasing resiliency and promoting sustainability. 
 
In order to effectively respond to Climate Change, a tribal nation must develop a Climate Change 
adaption plan. The first step in developing a Climate Change adaptation plan is to establish a 
process to determine the specific Climate Change vulnerabilities that will affect the tribal nation, 
and then appropriate adaptation options in response to these vulnerabilities. This process, once 
implemented, will allow the tribal nation to select the adaptation options that are most beneficial 
to the tribe nation.  According to the literature cited in the previous chapters, an effective Climate 
Change adaptation process consists of the following activities: (1) identify the types and 
magnitude of Climate Change impacts that are likely to occur in the region of concern; (2) 
determine the sensitivity and potential vulnerabilities of ecosystems, natural resources, human 
health and well-being to these impacts; (3) identify sustainable goals that into consideration the 
impacts of Climate Change; (4) assess the current status (baseline conditions) of ecosystems, 
natural resources, human health and communities with respect to these goals; (5) identify all 
feasible adaptation options that would meet the sustainable goals; (6) select the most effective 
approach (set of options) based on available resources and the projected effectiveness of the 
approach in meeting the sustainable goals; and (7) select measurable indicators of Climate 
Change and periodically monitor these indicators to decide if the selected adaptation approach is 
effective, or whether an alternative approach would be more beneficial.  
 
The collaboration between the First Nations of Canada and the CIER cited in the previous 
chapter, to develop a comprehensive Climate Change adaptation strategy for the First Nations, 
and to identify five priority adaptation actions, is an example of how tribal nations can work 
together to meet their common goals of effectively responding to Climate Change.  Such a 
collaborative process may also be appropriate for the tribal nations in the Pacific Northwest in 
developing a comprehensive Climate Change adaptation strategy.  
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Appendix A 
 
Current and Future Climate Change in the Pacific Northwest 
This appendix is an excerpt from "State of Climate Modeling: Contribution to Region 10's 
Action Plan for Energy and Climate Change" by Robert Elleman, Gina Bonifacino, and Joanna 
Ekrem. 

1.0    Current Climate Change  

1.1  Current observations of climate warming 
Surface observations show that the atmosphere has warmed in the past 50-150 years, especially 
since 1950. The global average surface temperature trend over the past 100 years (1906-2005) is 
0.74 °C ± 0.18 °C (1.8 °F is 1 °C). The trend over the past 50 years, 0.13 °C per decade, is twice 
as much as the 100 year trend. Mid-latitude frost days have decreased, and heat waves have 
increased in duration. Average northern hemisphere temperatures are very likely (>90% 
confidence) the warmest 50 year period in the last 500 years and likely (>66% confidence) the 
warmest in the last 1300 years. 
 
Changes in weather events are consistent with the atmospheric warming. The mid-latitude storm 
belts have strengthened and moved poleward in the past 30-40 years, as have westerly winds at 
the surface and throughout the lower atmosphere. Precipitation patterns at mid- and high-
latitudes have shifted accordingly. Water vapor concentrations through the whole lower 
atmosphere around the globe are increasing with the higher global temperatures. Heavy 
precipitation events have increased in number, tropical Atlantic cyclones have increased in 
intensity, and droughts have increased in length and intensity.  
 
Earth systems such as the cryosphere (ice and snow), oceans, and biosphere are responding to the 
warmer climate. For snow and ice, this includes less springtime snow cover, less mountain 
snowpack at lower elevations, fewer number of days lakes and rivers are frozen, less arctic 
summertime sea ice extent, smaller extent of permafrost and seasonally frozen ground, and lower 
glacier and ice cap mass. Warming is seen in large areas of the upper ocean, although decadal 
variability is responsible for cooling in the North Pacific and some other regions. Surface water 
is becoming less salty in high-latitude regions mostly from higher precipitation. Surface ocean 
pH has decreased on average by 0.1 units since 1750. Sea level rose between 1993 and 2003 at a 
rate of 3 mm/yr, roughly half of which was due to thermal expansion of a warming ocean and 
half due to melting glaciers, ice sheets, and ice caps. Northern Hemisphere ecological systems 
are experiencing earlier greening of vegetation in the spring, earlier spring migrations, longer 
growing seasons, and a poleward shift of algal, plankton, and fish concentrations in high-latitude 
seas. These changes are consistent with the atmospheric warming observed over the past 100 
years.  
 
It is likely that global warming would have been more pronounced over the past 50 years if not 
for the countering, cooling effect of atmospheric aerosols. The shorter atmospheric lifetime of 
aerosols than greenhouse gases is a challenge for addressing short-term climate change. If all 
emissions of greenhouse gases and aerosols were stopped today, the global mean temperature 
would initially increase more than if no emissions reductions were made. This is because the 
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cooling aerosols will be removed from the atmosphere first, leaving only the warming effect 
from the longer-lived greenhouse gases. Already, environmental regulations in the past 20 years 
to reduce PM2.5 will partially unveil the full warming potential of greenhouse gases over the next 
few decades. One scientific study estimated that if sulfate aerosols were instantaneously removed 
from the atmosphere, the global mean temperature would increase by about 0.8 ºC within 10-20 
years, which is about the same as the total 20th Century warming. Since sulfate and other 
aerosols are emitted usually from the same sources as the greenhouse gases, any mitigation 
strategies to reduce emissions of greenhouse gas must also account for the reduction in the 
cooling aerosols.  
 
Climate modelers have very high confidence (>90% probability) that human influences are 
responsible for the majority of global-scale climate change in the past 50 years. No sophisticated 
climate model can reproduce the observed mean and continental-scale warming trends without 
anthropogenic emissions (Figure 5; WG1TSp62). It is also likely (>66% probability) that 
anthropogenic forcing has contributed to a more extreme climate (e.g., both more frost days and 
more heat waves), more widespread warm ocean temperatures, and reduced arctic sea ice extent.  
Models have been unable to determine how much of the regional scale temperature is due to 
human influence.  
 

 
Figure 5. Climate models of the 20th Century in the 2007 IPCC AR4 (a) with and (b) without human 

influence on climate show that 20th Century warming is not due to natural forces alone. 
 
The anthropogenic influence on sea level rise has been difficult to separate from the natural 
influence. Although it is very likely anthropogenic forcing has played a role in sea level rise since 
1950, the observed sea level rise between 1961 and 2003 is 40% greater than what models can 
reproduce. In addition, there is considerable decadal variability in sea level – so much so that it is 
larger than the trend over the past 40 years.  The decadal trend of sea level and the human role in 
sea level rise are major uncertainties in climate science.  

1.2  Current Observations of Environmental Impacts in Region 10 
The Region 10 states are already experiencing the regional effects of global warming. Effects are 
present in all four states but are more concentrated and pronounced in Alaska since Arctic 
temperatures over the past 100 years have increased at twice the rate of the global average. 
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1.2.1  Idaho, Oregon, and Washington 
Scientific evidence for climate change in the Pacific Northwest is usually defined in terms of 
physical boundaries (e.g., Columbia River basin, western US, North America) rather than state 
boundaries. The Puget Sound region has warmed 1.5 ºC in the 20th Century, compared to 0.8 ºC 
in the Pacific Northwest and 0.6 ºC globally. Interannual climate variability from El Niño and the 
Pacific Decadal Oscillation accounts for perhaps one-third of the Pacific Northwest warming.  
The warming has been greatest in winter and at night, both of which likely decrease ecosystem 
exposure to extreme cold. The length of the growing season has increased by 2 days per decade 
on average since 1950, mostly due to earlier onset of springs. Forest growth is increasing in 
places where growth is limited by low temperatures, although this relationship in the Pacific 
Northwest is complicated by summertime water limitations. 
 
Local sea level rise has differed substantially from the global average. Local differences arise 
from land subsidence and uplift, changes in ocean circulation, and local changes in water 
density. While global sea level rise has been 1.8 mm/yr over the past 40 years and 3.1 mm/yr 
between 1993 and 2003, land subsidence and uplift in the Puget Sound region has resulted in 
nearly no change in sea level at the entrance of the Strait of Juan de Fuca, an average sea level 
rise in the northern part of the Puget Sound, and a roughly double rise in the southern part of the 
Puget Sound.  
 
Much of the evidence for climate change in the Pacific Northwest relates to water resources. 
April 1 snow water equivalent in the Cascades and Rockies (see Figure 6), especially at low 
elevations, decreased 15 and 30%, respectively, since 1950. Consistent with this, melt-season 
streamflow peaks 1 to 3 weeks earlier, and there are suggestions that spring soil moisture has 
increased. Total stream discharge in the Columbia River basin has decreased in the past 50 years. 
These changes in snowpack are attributed to a larger fraction of precipitation falling as rain than 
snow, rather than a reduction in overall frozen and liquid precipitation. North American 
precipitation has generally increased, but evapotranspiration (return of water from the earth 
surface to atmospheric water vapor) has also increased. The fraction of annual streamflow 
entering Puget Sound in the summer season has decreased from 25% to 21%. Salmon have 
declined due to warmer and drier summertime conditions.  
 
Evidence of existing climate change impacts on ecosystems in the Pacific Northwest is not well-
documented. One major reason is that it is hard to separate climate impacts from those related to 
land-use change, ecosystem destruction, and pollution. Pacific salmon are shifting northward and 
are now found in rivers feeding the Arctic Ocean. Warming in Oregon has led to reduced lake 
depth and susceptibility of toad eggs to a fungal parasite. An earlier spring stratification in Lake 
Washington has offset the peaks in phytoplankton and zooplankton. 
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Figure 6. Evidence of climate change impact on Pacific Northwest hydrology.  

From Phil Mote’s Climate Change 101 presentation, 17 Sept, 2007. 
 

1.2.2 Alaska 
The Arctic as a whole has warmed by 1-2 ºC since the 1970’s. This is nearly 10 times the 
decadal average in the past 50 years for the entire globe. The warming has been even greater in 
northwestern North America (including Alaska), which has been one of the most rapidly 
warming regions of the world. Decadal trends are complex in the Arctic because of prominent 
climate variations on the same time scale. Regardless, the IPCC concludes “that the Arctic is in 
the early states of a manifestation of a human-induced greenhouse signature”. With the warmer 
temperatures come reduced sea ice and glacier extent, shorter periods of river and lake ice in the 
sub-Arctic, a longer growing season, northward movement of shrubs into grasslands, an increase 
in photosynthetically active biomass, a substitution of Arctic birds and mammals with a more 
southern ecosystem dominated by pelagic birds, and evidence for permafrost degradation. 
 

 61



2.0  Future Climate Change 

2.1 Predictions of Global Climate 
Even if all anthropogenic emissions stopped today, inertia in the climate system would keep 
global mean temperatures rising for decades to come. Thus, we have already committed 
ourselves to a certain amount of climate change. In the IPCC AR4, the amount of committed 
climate change is defined by the warming if greenhouse gases are held constant at current values. 
This is less stringent than assuming all emissions stop immediately, but it nevertheless implies a 
drastic and unrealistic reduction in emissions. Even this unrealistically optimistic (and by now in 
2007, impossible) scenario commits us to warming over the 21st Century equal what we 
experienced in the 20th Century. 
 
Using this definition and greenhouse gas concentrations for the year 2000, we are committed to 
0.1 ºC per decade warming for the next couple decades. Even if emissions increase as suggested 
by the SRES scenarios (e.g., A1B, A2, B1), about one quarter of the warming in 2050 relative to 
1980-1990 comes from committed climate change. At least one quarter of the sea level rise is 
due to committed climate change.  
 
Climate models predict that by the end of the 21st Century the mean surface temperature will 
increase by 1.8-4.0 ºC relative to 1980-1999. Emissions scenarios predict the same global 
warming through 2050 and then diverge afterwards. The spread represents the uncertainty in 
emissions patterns due to societal, technological, economic, and political changes. It is important 
to stress that none of the scenarios accounts for Kyoto or other greenhouse reduction agreements, 
though a couple of the scenarios include technological changes that could meet or exceed the 
reductions from current agreements. The scenario most climate researcher present as the most 
plausible, A1B, estimates a temperature increase of 2.8 ºC, or roughly 0.3 ºC per decade. This is 
about twice the warming rate of the past 50 years and four times the warming rate of the past 100 
years. Each scenario in Table 1 has a likely range (> 66% confidence the result lies in this range) 
that reflects the variability of the different climate model results. Combining the SRES scenarios 
and the climate model spread, 21st Century warming is projected as 1.1-6.4 ºC. The low end of 
this range is still a warming rate similar to what we have experienced in the past 50 years, and 
that is an extraordinarily optimistic combination of scenarios and climate model configuration.  
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Table 1. Projected global temperature increase and sea level rise in 2095. From IPCC Working 
Group 1 Technical Summary, page 70. 

 
The temperature change is projected to be positive everywhere on the planet, but it will be 
greatest over land, in drier areas, in winter and at high latitudes in the Northern Hemisphere. 
Heat waves are expected to be longer, more intense, and more frequent, while wintertime cold 
snaps are projected to decrease by 50 to 100% for most Northern Hemisphere locations. Snow 
cover will decrease and permafrost will thaw deeper each summer. The intensity of hurricanes 
and typhoons may increase, although the total number may decrease. The position of the mid-
latitude jet stream and storm tracks are projected to move towards the poles. Correspondingly, 
precipitation will increase north of about 50º latitude and decrease in the subtropics (20-40º 
latitude). The effect on the Pacific Northwest is unclear since it lies in the fuzzy middle-ground 
between precipitation increases and decreases. There is high uncertainty about how climate 
patterns such as El Niño and the Pacific Decadal Oscillation will change due to global warming. 
 
On a global average, precipitation will increase because a warmer atmosphere cycles more water 
and water vapor. However, the increase in precipitation varies regionally, and precipitation may 
even decrease in precipitation in some areas. The mid-latitude storm belt will intensify and move 
northward, leading to a northward expansion of the subtropics (e.g., Sahara and Southwest 
USA). World-wide, increased evaporation with higher temperatures will partially offset increases 
in precipitation and magnify decreases in precipitation. 
 
Sea level will rise faster in the 21st Century than it did in the 20th Century, and oceans will have 
less ice and be more acidic. Scenario A1B projects a sea level rise roughly twice the rate of the 
1961-2003 period. Only the most optimistic scenario, B1, has a range that does not exceed the 
observed rate in the past 40 years. Thermal expansion, as opposed to melting glaciers and ice 
sheets, represents 70 to 75% of the projected sea level rise. Actual sea level rise may be even 
higher since the results ignore the possibility of a catastrophic ice flow. In addition, local sea 
level rise depends on changes in ocean circulation and tectonic subsidence or lifting.  
 
Ocean circulation, sea ice, and pH will be affected by climate change. The Gulf Stream, more 
accurately referred to as the Atlantic Meridional Overturning Circulation, will very likely (> 90% 
probability) slow down in the 21st Century, but it is very unlikely (< 10% probability) that it will 
abruptly slow like in the Hollywood movie “Day After Tomorrow”. The late summertime Arctic 
Ocean is projected is projected to be largely ice-free by 2100. The surface ocean pH will 
decrease by 0.14 to 0.35 units, compared to a decrease of 0.1 units from pre-industrial times to 
today. The acidification could affect marine organisms that use calcium carbonate to make 
exoskeletons. 
 
Freshwater systems will also be affected. Glacier and snowmelt fed river basins such as in the 
lower Region 10 states will experience less storage capacity in snow and ice, a higher ratio of 
winter to summer flow, and possibly less flow during the low-flow season. Alaska is very likely 
(> 90% probability) to have higher runoff and water availability. Sea level rise will reduce the 
available freshwater through salinization of groundwater and estuaries. “Higher water 
temperatures, increased precipitation intensity and longer periods of low flows are likely to 
exacerbate many forms of water pollution”.  
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All these climate projections stop at 2100. To assess climate beyond 2100, models are reduced in 
complexity and ability to resolve finer scale details. If we continue on a likely emissions scenario 
and then stabilize at 2100, the global mean temperature would rise and the sea level would both 
continue, over time, to rise another 25% beyond the 21st Century warming and sea level rise. 
Additional sea level rise of up to 7 meters over the following thousands of years would come 
from the potentially irreversible melting of the Greenland Ice Sheet. These models suggest that 
we are committed to long-term climate change but also that current and future emissions still 
play a large role in our long-term climate change commitment. 
 

2.2  Region 10 Specific Predictions and Impacts 

2.2.1 Idaho, Oregon, and Washington 
Temperature and Precipitation 
The Pacific Northwest will experience warming consistent with the global average. The west 
coast of the United States is expected to warm by 2 to 3 ºC by 2100. As the warming will be 
higher in the middle of continents than over the oceans, continental climates in Idaho could 
warm 1 ºC more than the Pacific coasts of Washington and Oregon. The Climate Impacts Group 
at the University of Washington predicts that the Northwest, defined by the lower three states 
plus western Montana, will warm relative 1.1 ºC relative to 1970-2000 by the 2020s, 1.6 ºC by 
the 2040s, and by 3.1 ºC by the 2080s. The rate of warming, 0.3 ºC per decade is similar to the 
predicted global average warming rate and is three times the rate experienced in the 20th Century. 
By the 2040s, the change in mean temperature across the Northwest will exceed the year-to-year 
variability, which means that systems will be experiencing a climate beyond their natural range 
to cope.  
 
Warming will occur in all seasons but will be greater in the summer. This result from climate 
modeling for the 2007 IPCC report is in contrast to traditionally held belief that wintertime 
temperatures will increase more in mid-latitude regions. Wintertime warming may be double the 
annual Northwest average of 3 ºC per century on the slopes of mountain ranges at elevations that 
are snow-covered at present but will be snow-free in the future. A similar pattern of exacerbated 
warming is likely to occur at the Cascade crest in springtime. Likely increased springtime 
cloudiness, the “Monterey-ization of the Northwest”, will decrease the diurnal temperature 
range. West of the Cascades, the lower daytime high temperature will be more significant than 
the higher nighttime low temperature and result in a cooler overall springtime. East of the 
Cascades, the effect is the opposite and this area will have warmer average springtime 
temperatures.  
 
Precipitation is projected to increase slightly on an annual and Northwest average, but seasonal 
and smaller scale features are more important. As the mid-latitude storm belt strengthens and 
moves northward, wintertime precipitation in the Northwest increases, but the amount is likely 
less than 10% even by 2100 and is less than the current interannual variability. Summertime 
precipitation will decrease as dry summers like in the Southwest move northward, but this has a 
small effect since rainfall is already relatively low in summer. Wintertime flooding may become 
more frequent as more precipitation falls as rain rather than snow and heavy precipitation events 
become more common.  
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Precipitation changes in the Cascades depend on where the storms come from. If future storms 
come from the west, as suggested would become more frequent by Salathé et al., 2007, then the 
Cascades would experience a larger precipitation increase than the Northwest average and the lee 
of the Cascades as well as the British Columbia Coast Range would experience a smaller than 
average precipitation increase. If El Niño conditions become more frequent as is sometimes 
suggested, then the precipitation enhancements and moderations would be the opposite.  
 
Circulation patterns such as El Niño and the Pacific Decadal Oscillation are important controls 
on future climate, especially along the west coast of North America. As the example of 
precipitation patterns west and east of the Cascades shows, interactions with local terrain can 
create complex interactions with climate change that exacerbate the sensitivity to interannual and 
decadal circulation patterns. Because climate models are not consistent about how these patterns 
will change in the future, there is still considerable uncertainty about certain aspects of regional 
climate change in the Northwest.  
 
Sea Level 
The sea level will rise at different rates along the coasts of the Pacific Northwest. The global sea 
level rise from a mid-range emission scenario (A1B) will be 2-5 mm/yr. Superimposed on this is 
land subsidence of 2 mm/yr in the southern part of the Puget Sound and uplift of a similar 
amount along the Olympic Peninsula coast with no land subsidence or uplift in the northern 
Puget Sound. Changes in ocean circulation, ocean density, and atmospheric pressure will add 
another 2 mm/yr. In total, by 2100 the sea level will be 1 to 3 feet higher in the Pacific Northwest 
and Puget Sound. As much as that sounds, we will feel the impact of this sea level rise through 
extreme events. With a 2 foot rise in sea level, a 100 year flood event becomes an annual event. 
The impact will be saltwater inundation of low-lying estuaries, saltwater intrusion into aquifers, 
and drainage of stormwater systems.  
 
Hydrology and Water Quality 
Much of the specific effects of climate change in the western United States, and the Pacific 
Northwest in particular, have focused on water resources. Most watersheds in the Pacific 
Northwest will see earlier snowmelt runoff peaks, increased winter and early spring flow, and 
substantially lower summertime flows. Hydrological modeling suggests that winter runoff in the 
Puget Sound basin will increase by 25% by 2040 and that summer runoff would decrease by 
12% by 2040 and by 21% by 2075.  Both the risk of wintertime flooding, and summertime 
extremely low flow rates, increase with climate change. The AR4 report highlights the Columbia 
River basin as particularly vulnerable to climate change because of its sensitivity to climate 
change and its interconnected demands for water resources (reproduced as Box 1). Higher 
summertime temperatures and higher evaporation rates from climate change would conflict with 
climate-induced weaker summertime flows. As an example, Portland, Oregon in the 2040’s will 
likely demand 5.7 million m3/yr more water because of a warmer climate while supply will 
decrease by 4.9 million m3/yr. This is compared to an increased demand of 20.8 million m3/yr 
from projected population increases. Seattle’s 50-year low water year will occur every 10 years 
by the 2040s. Shifting streamflow towards the winter months will likely increase hydroelectric 
power supply in the winter, but it will decrease supply in the summer while at the same time 
rising temperatures will increase power and water demand, and warmer stream temperatures 
pressure salmon restoration efforts to increase flow.  
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Future water quality depends on many climate-sensitive parameters, such as annual and seasonal 
input from streams and rivers, ocean stratification, water temperature, salinity, dissolved oxygen, 
nutrients, and fecal coliform. There are not enough records of water quality long enough to 
discern a clear historical trend in most of these properties, and there have been no comprehensive 
studies of how water quality in the northwest might respond to climate change. There is some 
evidence for higher Puget Sound and Lake Washington temperatures in the past 40-50 years, 
decreased Puget Sound salinity, and greater summer stratification in Lake Washington. Higher 
air temperatures will lead to higher water temperatures, less dissolved oxygen at the surface, and 
increased water stratification, all of which promote worse water quality, although lower summer 
streamflow will decrease lake and Puget Sound stratification.  Increased winter runoff will 
increase stratification, decrease salinity, and increase water exchange in lakes and the Puget 
Sound, but it may also overwhelm stormwater systems during heavy rains and deliver higher 
loadings of nutrients and pollution from septic systems, fields, and roads. Changes in wind speed 
and in ocean circulation would also affect water stratification and water exchange and thus 
nutrient loads, pollution loads, and dissolved oxygen levels.  
 
 

 
 

Box 1. Summary of Columbia River climate change issues (WG2ch14p628). 
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Air Quality 
Climate change can have important effects on air quality. Ozone events generally occur during 
episodes of stagnant, clear, warm summer conditions. Warm temperatures promote higher 
emissions and higher availability of ozone precursors, clear skies maximize UV light for 
photochemical reactions, and stagnant conditions allow pollution to concentrate near the surface 
over multiple days. Climate change can alter ozone concentrations through higher mean 
temperatures and through changes in weather patterns. Changes in weather patterns can be 
reflected in the duration of stagnant events, the amount of water vapor and cloud cover, 
ventilation and advection of pollution into or out of a region, and diluting or concentrating 
pollutants near the surface. By the 2050s, climate change alone – and neglecting changes in 
anthropogenic emissions – is projected to be responsible for an increase of 4.2 ppb in eastern US 
maximum 8-hour ozone concentrations and 7.6 ppb in the 4th highest 8-hour ozone 
concentrations using the relatively pessimistic A2 climate scenario. Another study using the A1B 
(balanced, middle of the road) scenario predicts a 0.9% increase in maximum 8-hour ozone in 
the western United States. The increase is due to a combination of factors including higher 
temperatures, fewer weather systems to increase ventilation, less intercontinental transport, more 
thunderstorms and production of NOx from lightning, and fewer clouds on average. Over the 
western US, an increase in ozone from local production is offset by a decrease in intercontinental 
transport. The net effect in the Northwest remains unclear. It is important to stress that 
temperature-independent emissions (including land use) are held constant, and the change in 
intercontinental transport relates to the lifetime of ozone in a wetter climate rather than a change 
in wind speed or direction from Asia to North America.  
 
For particulate matter, climate change interacts similarly as to ozone through impacts on 
emission rates, air chemistry, and dispersion away from a particular surface location. PM, like 
ozone, also accumulates under stagnant conditions but is more complicated. Under warmer 
conditions, individual chemicals in PM tend to be emitted at higher rates into the atmosphere and 
convert into chemicals that form PM, but also other chemical species tend to volatilize with 
higher temperature and are found in smaller concentrations in PM. Interactions with clouds and 
rain and the effect of changing precipitation and temperature on forest fires further complicate 
the situation. There is little research on how PM will change with a warmer climate. One study 
projects a 2% decrease in western US summertime PM from climate change alone in 2050 and 
projects a 3% increase on an annual basis. This study also states that climate change alone will 
increase the number of days major US cities violate the new 35 μg/m3 24-hour PM standard. 
There is little explanation for the PM changes under a warmer climate, although Leung and 
Gustafson (2005) suggest a warmer, drier, and more stagnant autumn by the 2050s is at least 
partly responsible.  

2.2.2. Alaska 
Temperature, Precipitation, and Oceans 
High latitude environments, including much of Alaska, will experience changes in climate 
similar in scope but larger in magnitude as to what has been experience to date. By 2100, Arctic 
temperature will increase from 2000 by 2 to 9 ºC. The projected warming is double the global 
average, consistent with the doubly large warming seen in the Arctic relative to the globe in the 
past century. The warming will be more over the oceans than over the land in general, and more 
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in autumn and winter than other seasons.  A warmer atmosphere, especially in the winter, favors 
higher precipitation in the Arctic, as does the prediction of the mid-latitude storm belt 
strengthening and shifting northward and less frequent strong Arctic high pressure systems. 
Annual precipitation is modeled to increase by 10 to 28% under the modest A1B scenario. The 
winter time precipitation will increase in percentage more than the summertime (~30% versus 
~20%). More precipitation will fall as rain rather than snow in areas that are closer to freezing, 
and there is a higher likelihood of rain on snow events and freeze-thaw events.  
 
A wide range of emission scenarios predict that Arctic sea ice will decrease by 22-33% by the 
end of the 21st Century. The loss will be greater in the summer than the winter, and some areas 
may have more wintertime extent. Reduction or total loss in summertime ice will increase lead to 
increased human presence in the area through increased shipping, potential natural resource 
extraction, and tourism and travel. Less ice increases vulnerability to wave erosion and the 
associated increase in sediment and organic inputs to the marine environment. Sea level rise, 
thawing permafrost, and later ice freeze in the late winter when storms are stronger contribute to 
the greater wave erosion and water quality degradation.  Marine ecosystems dependent on sea-
ice edges (polar cod, ringed seals, etc.) will diminish, but ecosystems adapted to the open water, 
such as those comprising valuable Pollock fisheries, will take their place. 
 
Hydrology and Water Quality 
Higher temperatures will affect freshwater systems in Alaska. Models consistently predict higher 
river flows in the Arctic, especially in the cold season. Summertime flow may increase or 
decrease depending on the balance of higher precipitation and higher evaporation. Flooding may 
increase or decrease depending on the extent of warming and dynamics of each river basin 
towards ice flows and ice damming. Permafrost extents will likely decrease by 20-35% by 2050, 
mostly due to thawing along the southern edge of the sporadic and discontinuous permafrost 
zone. Initial permafrost melting will form new wetland ponds but extensive melting will drain 
wetlands. In some areas this will result in desertification. Snow cover extent will decrease 10-
20% during the same period. Snow melt will occur earlier in the spring, and river and lake ice 
will form later in the autumn and break up earlier in the spring. Pulses of increased runoff, 
especially in the winter months, will very likely increase the loading of mercury and persistent 
organic pollutants to the land surface, increase sediment and carbon loadings of lakes and 
streams, microbial and trophic level productivity in nutrient-limited water systems, and sediment 
and organic transport to marine areas. Higher sediment loads will stress ecosystems by 
increasing biological oxygen demand and by falling to the bottom of the river or lake and 
covering habitat. Higher organic loading decreases UV light penetration and photochemical 
processing of organic material Permafrost, snow, and ice thawing will mobilize contaminants 
previously trapped in the soil and cryosphere.   
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Appendix B 
 

Renewable Energy Technologies 
Reference: U.S. Climate Change Technology Program – Strategic Plan, U.S. Department of 
Energy, DOE/PI-0005 (2006). 
 
1.  Overview of Renewable Technologies 
Renewable sources of energy include the energy of the sun, the kinetic energy of wind, the thermal 
energy inside the Earth itself, the kinetic energy of flowing water, and the chemical energy of 
biomass and waste. These sources of energy, available in one or more forms across the globe, can 
be converted and/or delivered to end users as electricity, heat, fuels, hydrogen, and useful 
chemicals and materials. In the United States in 2003, of the 71.42 quads of net energy supply and 
disposition (98.22 quads total energy consumption), renewable resources contributed 5.89 quads (8 
percent of supply, or 6 percent of the total). Of the renewable energy, 2.78 quads came from 
hydropower, 2.72 quads from burning biomass (wood and waste), 0.28 quads from geothermal 
energy, and 0.12 quads from solar and wind energy combined. An additional 0.24 quads of ethanol 
were produced from corn for transportation. 

Hydropower is well established, but improvements in the technology could increase its 
efficiency and widen its applicability. Geothermal technologies are established in some areas and 
applications, but significant improvements are needed to tap broader resources. The installation 
of wind energy has been rapidly and steadily expanding during the past several years. In the past 
decade, the global wind energy capacity has increased tenfold—from 3.5 GW in 1994 to almost 
59 GW by the end of 2006. Technology improvements will continue to lower the cost of land-
based wind energy and will enable access to the immense wind resources in shallow and deep 
waters of U.S. coastal areas and the Great Lakes near large energy markets. The next generations 
of solar—with improved performance and lower cost—are in various stages of concept 
identification, laboratory research, engineering development, and process scale-up. Also, the 
development of integrated and advanced systems involving solar photovoltaics, concentrating 
solar power, and solar buildings are in early stages of development; but advances in these 
technologies are expected to make them competitive with conventional sources in the future. 

The energy-production potential and siting of the various types of renewable energy facilities is 
dependent on availability of the applicable natural resources. Figures 1 shows U.S. solar 
resources, and Figure 2 shows wind capacity in the U.S. as estimated by the National Renewable 
Energy Laboratory (NREL) at the Renewable Resource Data Center (see http://nrel.gov/rredc). 
 
2. Potential Role of Renewable Technologies 
Renewable energy technologies are generally modular and can be used to help meet the energy 
needs of a stand-alone application or building, an industrial plant or community, or the larger 
needs of a national electrical grid or fuel network. Renewable energy technologies can also be 
used in various combinations—including hybrids with fossil-fuel-based energy sources and with 
advanced storage systems—to improve renewable resource availability.  Because of this 
flexibility, technologies and standards to safely and reliably interconnect individual renewable 
electric technologies, individual loads or buildings, and the electric grid are very important.  In 
addition, the diversity of renewable energy sources offers a broad array of technology choices 
that can reduce CO2 emissions. The generation of electricity from solar, wind, geothermal, or 
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hydropower sources contributes no CO2 or other GHGs directly to the atmosphere. Increasing 
the contribution of renewables to the Nation’s energy portfolio will directly lower GHG intensity 
(GHGs emitted per unit of economic activity) in proportion to the amount of carbon-emitting 
energy sources displaced. 

Analogous to crude oil, biomass can be converted to heat, electrical power, fuels, hydrogen, 
chemicals, and intermediates. Biomass refers to both biomass residues (agricultural wastes such 
as corn stover and rice hulls, forest residues, pulp and paper wastes, animal wastes, etc.) and to 
fast-growing “energy crops,” chosen specifically for their efficiency in being converted to 
electricity, fuels, etc. The CO2 consumed when the biomass is grown essentially offsets the CO2 
released during combustion or processing. Biomass systems actually represent a net sink for 
GHG emissions when biomass residues are used, because this avoids methane emissions that 
result from landfilling unused biomass. Bio-refineries of the future could produce value-added 
chemicals and materials together with fuels and/or power from nonconventional, lower-cost 
feedstocks (such as agricultural and forest residues and specially grown crops) with no net CO2 
emissions. 

3. Renewable Technology Strategy 
Transitioning from today’s reliance on fossil fuels to a global energy portfolio that includes 
significant renewable energy sources will require continued improvements in cost and 
performance of renewable technologies. This transition would also require shifts in the energy 
infrastructure to allow a more diverse mix of technologies to be delivered efficiently to 
consumers in forms they can readily use. For example, changes to the electricity infrastructure 
are needed to accommodate greatly increased use of renewable electric generation. These 
changes include additional transmission lines to access those renewable resources that are 
located far from load centers; grid operating practices and storage to accommodate renewables 
that are intermittent, such as wind and solar; greater use of renewables in a distributed generation 
mode; and adapting current fossil generation for biomass co-firing. Fortunately, there already is 
substantial progress in adapting the electricity infrastructure to enable greater use of renewables 
generation, and additional changes that would be needed are relatively easy to make in a decade 
or so. In general, as performance continues to improve and costs continue to decline, improved 
new generations of technologies will replace today’s renewable technologies. Combinations of 
renewable and conventional technologies and systems—and, therefore, integration and 
interconnection issues—will grow in importance. 

The transition from today’s energy mix to a state of GHG stabilization can be projected as an 
interweaving of individual renewable energy technologies with other energy technologies, as 
well as market developments through the upcoming decades. Today, grid-connected wind 
energy, geothermal, solar energy, and biopower systems are well established. Demand for these 
systems is growing in some parts of the world. Solar hot-water technologies are reasonably 
established, although improvements continue. Markets are growing for small, high-value or 
remote applications of solar photovoltaics; wind energy; biomass-based CHP; certain types of 
hydropower; and integrated systems that usually include natural gas or diesel generators.  Other 
technologies and applications today are in various stages of research, development, and 
demonstration.  

In the near term, as system costs continue to decrease, the penetration of off-grid systems could 
continue to increase rapidly, including integration of renewable systems such as photovoltaics 
into buildings. As interconnection issues are resolved, the number of grid-connected renewable 
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systems could increase quite rapidly, meeting local energy needs such as uninterruptible power, 
community power, or peak shaving. Wind energy may expand most rapidly among grid-
connected applications, with solar expanding as system costs are reduced. Environment friendly 
hydropower systems could be further developed. The use of utility-scale wind technology is 
likely to continue to expand onshore and is targeted to become competitive in select offshore 
locations between 5 and 50 nautical miles from shore and at water depths of 30 meters or less. 
Small wind turbines are on the verge of operating cost-effectively in most of the rural areas of 
the United States, and more than 15 million homes have the potential to generate electricity with 
small wind turbines. With a further maturing of the market, costs will be lowered to compete 
directly with retail rates for homeowners, farmers, small businesses, and community-based 
projects. 

The biomass near-term outlook includes industry investment to make the production of corn-
based ethanol (already produced at nearly 4 billion gallons) more efficient by increasing the 
quantity of ethanol through residual starch conversion, and conversion of fiber already collected 
and present at the operating facilities. The inclusion of biochemicals as byproducts will further 
help to improve the industry’s profitability. The Biofuels Initiative launched in FY 2007 will 
accelerate demonstrations of biorefinery concepts, producing one or more products (bioethanol, 
bioproducts, electricity, CHP, etc.) from one plant using local waste and residues as the 
feedstock. Biodiesel use may continue to grow, replacing fossil-fuel-derived diesel fuel. The 
technology being developed to convert agricultural residues to ethanol is also partially applicable 
to the conversion of municipal solid waste to ethanol. 

In the mid term, offshore wind energy could begin to expand significantly. Technology 
development may focus on turbine-support structures suitable for deeper water depths, and 
reducing turbine system and balance-of-plant costs to offset increased distance from shore, 
decreased accessibility, and more stringent environmental conditions. Land-based use of wind 
turbines is also likely to expand for large and small turbines as the costs for these systems 
continue to decrease. Small turbines may be used to harness wind to provide pumping for farm 
irrigation, help alleviate water-availability problems, and provide a viable source of clean and 
renewable hydrogen production. 

Reductions in cost could encourage penetration by solar technologies into large-scale markets, 
first in distributed markets such as commercial buildings and communities, and later in utility-
scale systems. Solar systems could also become cost-effective in new construction for 
commercial buildings and homes.  The first geothermal plants using engineered geothermal 
systems technology could come online, greatly extending access to geothermal resources.  
Hydropower may benefit from full acceptance of new turbines and operational improvements 
that enhance environmental performance, lowering barriers to new development. 

As a result of the Biofuels Initiative, biorefineries could begin using agricultural and forest 
residues, and eventually energy crops as primary feedstocks.  Assuming success in reducing 
production costs and expanding the fuels distribution infrastructure, bioethanol and, to a lesser 
extent, biodiesel could achieve substantial market penetration in the 2030-2040 timeframe. This 
would be an important step in lowering U.S. dependence on imported petroleum.  

In the long term, hydrogen from solar, wind, and possibly geothermal energy could be the 
backbone of the economy, powering vehicles and stationary fuel cells. Solar technologies could 
also be providing electricity and heat for residential and commercial buildings, industrial plants, 
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and entire communities in major sections of the country. A major value for solar is that most 
residential and commercial buildings could generate their own energy on-site. Wind energy 
could be the lowest-cost option for electricity generation in favorable wind areas for grid power, 
and offshore systems could become prevalent in many countries by achieving a commercially 
viable cost by using floating platform technologies. Geothermal systems could be a major source 
of baseload electricity for large regions. Bio-refineries could be providing a wide range of cost-
effective products as rural areas embrace the economic advantages of widespread demand for 
energy crops.  
 
4. Status of Renewable Energy Technologies  
Reference: U.S. Climate Change Technology Program – Technology Options for the Near and Long Term 
(August 2005) 
   

Wind Turbines 
 
Wind turbine technology converts the kinetic energy in wind to electricity. Grid-connected wind power 
reduces greenhouse gas emissions by displacing the need for natural gas and coal-fired generation. Village 
and off-grid applications are important for displacing diesel generation and for improving quality of life, 
especially in developing countries.  
 
System Concepts  
• Most modern wind turbines operate using aerodynamic lift generated by airfoil-type blades, yielding much 
higher efficiency than traditional windmills that relied on wind “pushing” the blades. Lifting forces spin the 
blades, driving a generator that produces electric power in proportion to wind speed. Turbines either rotate at 
constant speed and directly link to the grid, or at variable speed for better performance, using a power 
electronics system for grid connection. Utility-scale turbines for wind plants range in size up to several 
megawatts, and smaller turbines (under 100 kilowatts) serve a range of distributed, remote, and stand-alone 
power applications.  
 
Representative Technologies  
• The most common machine configuration is a three-bladed wind turbine, which operates “upwind” of the 
tower, with the blades facing into the wind. To improve the cost-effectiveness of wind turbines, technology 
advances are being made for rotors and controls, drive trains, towers, manufacturing methods, site-tailored 
designs, and offshore and onshore foundations.  
 
Technology Status/Applications  
• In the United States, the wind energy capacity tripled from 1,600 MW in 1994 to more than 6,700 MW by 
the end of 2004 – enough to serve more than 1.6 million households.  
 
• Current performance is characterized by levelized costs of 4-6¢/kWh (depending on resource quality and 
financing terms), capacity factors of 30%-50%, availability of 95-98%, total installed costs of approximately 
$800-$1,100/kW, and efficiencies of 65%-75% of theoretical (Betz limit) maximum.  
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Solar Photovoltaic Systems  
 
Solar photovoltaic (PV) arrays use semiconductor devices called solar cells to convert sunlight to electricity 
without moving parts and without producing fuel wastes, air pollution, or greenhouse gases. Using solar PV 
for electricity – and eventually using solar PV to produce hydrogen for fuel cells for electric vehicles or by 
producing hydrogen from water – will help reduce carbon dioxide emissions worldwide.  
 
System Concepts  
• Flat-plate PV arrays use global sunlight; concentrators use direct sunlight. Modules are mounted on a 
stationary array or on single- or dual-axis sun trackers. Arrays can be ground-mounted or on all types of 
buildings and structures (e.g., see semi-transparent solar canopy, right). The DC output from PV can be 
conditioned into grid-quality AC electricity, or DC can be used to charge batteries or to split water to 
produce hydrogen (electrolysis of water).  
 
• PV systems are expected to be used in the United States for residential and commercial buildings, peak 
power shaving, and intermediate daytime load following. With energy storage, PV can provide dispatchable 
electricity and/or produce hydrogen.  
 
• Almost all locations in the United States and worldwide have enough sunlight for cost-effective PV. For 
example, U.S. sunlight in the contiguous states varies by only about 25% from an average in Kansas. Land 
area is not a problem for PV. Not only can PV be more easily sited in a distributed fashion than almost all 
alternatives (for example, on roofs or above parking lots), a PV-generating station 140 km by 140 km sited at 
a high solar insolation location in the United States (such as the desert Southwest) could generate all of the 
electricity needed in the country (2.5 × 10

6 
GWh/year, assuming a system efficiency of 10% and an area 

packing factor of 50% to avoid self-shading).  
 
Representative Technologies and Status  
• Wafers of single-crystal or polycrystalline silicon – best cells: 25% efficiency; commercial modules: 13%-
17%. Silicon modules dominate the PV market and currently cost about $2/W

p 
to manufacture.  

 
• Thin-film semiconductors (e.g., amorphous silicon, copper indium diselenide, cadmium telluride, and dye-
sensitized cells) – best cells: 12%-19%; commercial modules: 6%-11%. A new generation of thin-film PV 
modules is going through the high-risk transition to first-time and large-scale manufacturing. If successful, 
market share could increase rapidly.  
 
• High-efficiency, single-crystal silicon and multi-junction gallium-arsenide-alloy cells for concentrators – 
best cells: 25%-37% efficient; commercial modules: 15%-24%; prototype systems are being tested in high 
solar areas in the southwest United States.  
 
• Grid-connected PV systems currently sell for about $6-$7/W

p 
(17¢-22¢/kWh), including support structures, 

power conditioning, and land.  
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Solar Heating and Lighting  
 
Solar heating and lighting technologies being developed for buildings applications include solar water 
heating and hybrid solar lighting.  
 
System Concepts  
• In solar heating systems, solar-thermal collectors convert solar energy into heat, usually for domestic hot 
water, pools, and space heating.  
 
• In solar lighting systems, sunlight is transmitted into the interior of buildings using glazed apertures, light 
pipes, and/or optical fibers.  
 
Representative Technologies  
• Active solar heating systems use pumps and controls to circulate a heat-transfer fluid between the solar 
collector(s) and storage. System sizes can range from 1 to 100 kW.  
 
• Passive solar heating systems do not use pumps and controls but rather rely on natural circulation to 
transfer heat into storage. System sizes can range from 1 to 10 kW.  
 
• Transpired solar collectors heat ventilation air for industrial and commercial building applications. A 
transpired collector is a thin sheet of perforated metal that absorbs solar radiation and heats fresh air drawn 
through its perforations.  
 
• Hybrid solar lighting systems focus concentrated sunlight on optical fibers and, with a controller, combine 
natural daylight with conventional illumination, depending on sunlight availability.  
 
Technology Status/Applications  
• Typical residential solar systems use glazed flat-plate collectors combined with storage tanks to provide 
40%-70% of residential water heating requirements. Typical systems generate hot water equivalent to 
supplying 2,500 kWh/year at a cost of about 8¢/kWh.  
 
• Typical solar pool heating systems use unglazed polymer collectors to provide 50%-100% of residential 
pool heating requirements. Typical systems generate 1,600 therms or 46,000 kWh/year and have 25% of the 
market.  
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Concentrating Solar Power Systems 
 
Concentrating Solar Power (CSP) systems concentrate solar energy 50 to 5,000 times to produce high-
temperature thermal energy, which is used to produce electricity for distributed or bulk generation process 
applications.  
 
System Concepts  
• In CSP systems, highly reflective sun-tracking mirrors produce temperatures of 400°C to 800°C in the 
working fluid of a receiver; this heat is used in conventional heat engines (steam or gas turbines or Stirling 
engines) to produce electricity at solar-to-electric efficiencies for the system of up to 30%.  
 
• CSP technologies provide firm, nonintermittent electricity generation (peaking or intermediate load 
capacity) when coupled with storage.  
 
• Because solar-thermal technologies can yield extremely high temperatures, the technologies could some 
day be used for direct conversion (rather than indirect conversion through electrochemical reactions) of 
natural gas or water into hydrogen for future hydrogen-based economies.  
 
Representative Technologies  
• A parabolic trough system focuses solar energy on a linear oil-filled receiver to collect heat to generate 
steam to power a steam turbine. When the sun is not shining, steam can be generated with a fossil fuel to 
meet utility needs. Plant sizes can range from 1.0 to 100 MW

e
.  

 
• A power tower system uses many large heliostats to focus the solar energy onto a tower-mounted central 
receiver filled with a molten-salt working fluid that produces steam. The hot salt can be stored extremely 
efficiently to allow power production to match utility demand, even when the sun is not shining. Plant size 
can range from 30 to 200 MW

e
.  

 
• A dish/engine system uses a dish-shaped reflector to power a small Stirling or Brayton engine/generator or 
a high-concentrator PV module mounted at the focus of the dish. Dishes are 2-25 kW in size and can be used 
individually or in small groups for distributed, remote, or village power; or in clusters (1-10 MW

e
) for 

utility-scale applications, including end-of-line support. They are easily hybridized with fossil fuel.  
 
Technology Status/Applications  
• Nine parabolic trough plants, with a rated capacity of 354 MW

e
, have been operating in California since 

the 1980s. Trough system electricity costs of about 12¢-14¢/kWh have been demonstrated commercially.  
 
• Solar Two, a 10-MW

e 
pilot power tower with three hours of storage, provided all the information needed to 

scale up to a 30-100 MW commercial plant, the first of which is now being planned in Spain.  
 
• A number of prototype dish/Stirling systems are currently operating in Nevada, Arizona, Colorado, and 
Spain. High levels of performance have been established; durability remains to be proven, although some 
systems have operated for more than 10,000 hours.  
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Biochemical Conversion of Biomass 
 
Biomass resources are agricultural crops and residues, wood residues, grasses, and trees. Biomass absorbs 
CO

2 
as it grows, offsetting the CO

2 
emissions from harvesting and processing, and can be a substitute for 

fossil resources in the production of power, fuels, and chemicals. Biomass feedstocks currently supply about 
3 quadrillion Btus (Quads) to the nation’s energy supply, based primarily on the use of wood. The potential 
exists for increasing the total biomass contribution up to 10 Quads nationwide, which would have a positive 
impact on the farm economy. Cost, sustainable supply availability, biomass variability, and transportation 
systems are key challenges for biomass utilization. The use of biomass as an alternative to fossil resources 
reduces most emissions, including emissions of greenhouse gases (GHGs). Through the use of biomass 
materials that would otherwise go to waste, biomass systems can represent a net sink for GHG emissions 
because methane emissions that would result from landfilling the unused biomass would be avoided.  
Sugars are important platform intermediates for producing fuels, products, and power from biomass. 
Technologies in manufacturing platforms – such as the sugars platform – can provide the basis for a 
biorefinery or be combined with those from other platforms. The sugars platform is used to break down 
biomass, cellulose, and hemicellulose polymers into their building blocks. The building blocks are sugars that 
can be converted to many products including liquid fuels (e.g., ethanol), monomeric components for the 
polymer market (e.g., lactic acid), and hydrogen. In addition to using sugar as a feedstock for fuel and 
chemical production, biomass rich in oils (such as soybean) can be converted to esters that are combusted like 
petroleum-based diesel. These oils have potential for the production of chemicals and other products, such as 
lubricants or polymers.  
The biorefinery is analogous to an oil refinery. Multiple feedstocks are converted to a slate of products via 
multiple technology routes. Fuel production provides a large-volume product to achieve economies of scale, 
while lower-volume biobased coproducts and power can improve the economic competitiveness of biomass 
as a sustainable source of energy. Integrated biorefinery systems are being evaluated for their feasibility in 
producing fuels and products for potentially large commercial markets. A major challenge is to develop the 
ability to convert the fractionated biomass components into value-added products as efficiently as the current 
petrochemical business.  
 
System Concepts  
• The most common sugar-platform process consists of pretreating a biomass feedstock to release sugars from 
the fibrous cellulose and hemicellulose fractions. These sugars can be converted biologically into products 
such as ethanol or lactic acid, and can also be converted catalytically into products such as sorbitol. The 
products are then purified and sold as liquid fuels, sold into commodity chemical markets, or further 
converted and sold into other markets. The residue remaining from the sugar process can be burned to 
produce steam and electricity or further processed into other products such as animal feed.  
 
• Oil technologies under development include conversion of glycerol to higher-value chemicals, including 1,3 
propanediol.  
 
Representative Technologies  
• Sugar platform: hydrolysis of fibrous biomass that utilizes enzymes or acid catalysts, followed by microbial 
or catalytic conversion of the sugars to products.  
 
• Glyceride platform: thermochemical transesterification of triglycerides.  
 
• Fractionating biomass materials from grain and oil seeds, agricultural and forestry residues, or dedicated  
biomass feedstocks (such as grasses and woody crops) into component parts allows further development of 
value-added products such as chemical intermediates, wood products, biodiesel fuel, and composite materials. 
Technology Status/Applications 
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• Enzymatic hydrolysis: A major barrier of this sugar-platform technology has been development of low-cost 
cellulase enzyme cocktails. DOE has recently completed cost-shared subcontracts with Genencor 
International and Novozyme Biotech to reduce the cost of enzymes to improve the economics of the process. 
Process options using those enzymes will lead to the first large-scale, sugar-platform biorefineries. 
• R&D advances have been identified to lower the cost of sugars for products including biofuels. As 
production costs for biofuels are reduced commensurately, larger fuel markets will become accessible. The 
technical challenge is to advance biomass processing to a level of maturity comparable to that of the existing 
petroleum industry. 
• Biobased products will be key elements in the development of integrated processes for producing fuels, 
chemicals, and power. 

 
Thermochemical Conversion of Biomass 
 
Biomass resources are agricultural crops and residues, wood residues, grasses, and trees. Biomass absorbs 
CO

2 
as it grows, offsetting the CO

2 
emissions from harvesting and processing, and can be a substitute for 

fossil resources in production of power, fuels, and chemicals. Biomass feedstocks currently supply about 3 
quadrillion Btus (Quads) to the nation’s energy supply based primarily on wood resources. The potential 
exists for increasing total biomass contribution to 10 Quads nationwide, which would create positive impacts 
on farming and forest products industries. Cost, sustainable supply availability, biomass variability, and 
delivery systems are key challenges for biomass utilization. Use of biomass resources as an alternative to 
fossil resources reduces most emissions, including emissions of greenhouse gases (GHGs). Through use of 
materials that would normally be waste, biomass systems bring about a net sink for GHG emissions, because 
methane emissions that would result from landfilling are avoided.  
Thermal conversion of biomass is a manufacturing platform comprised of many technology routes and 
involves use of heat to break down biomass feed into an oil-rich vapor in pyrolysis and/or synthesis gas in 
gasification, which is used for generation of heat, power, liquid fuels, and chemicals. Technologies in this 
platform can provide the basis for a biorefinery, or be combined with other platform technologies. One 
advantage of thermal conversion processes is that they can convert nearly all biomass feedstocks into 
synthesis gas, including some feedstock components that are difficult to process by chemical or biological 
means.  
The biorefinery is analogous to an oil refinery. Multiple feedstocks are thermally converted to a slate of 
products via multiple technology routes. Fuel production provides a large-volume product to achieve 
economies of scale, while lower volume biobased coproducts and power can improve the economic 
competitiveness of biomass as a sustainable source of energy. Integrated biorefinery systems are being 
evaluated for their feasibility in producing fuels and products for potentially large commercial markets. A 
major challenge is to develop the ability to convert the fractionated biomass components into value-added 
products as efficiently as the current petrochemical business of today.  
Biomass combustion is a thermal process that converts biomass entirely to carbon dioxide and water vapor; 
and, thus, precludes conversion to intermediate fuels or chemicals. The existing biomass power industry 
primarily uses combustion to produce steam for heat and electricity generation. Co-combustion of biomass 
with coal, or “cofiring” has received recent interest as a way to reduce fossil carbon emissions from coal 
power plants. There are few significant technical barriers to increase use of these technologies.  
System Concepts and Representative Technologies  
Thermal conversion technology is important and has several key roles in an emerging bioeconomy:  

• Most current biomass conversion is for heat and power generation and is based on direct combustion 
in small, biomass-only plants with relatively low electric efficiency of about 20%. Technology exists so 
that total system efficiencies can approach 90% if combined heat and power systems are applied. Most 
biomass direct combustion generation facilities use the basic Rankine steam cycle for electric power 
generation, which is made up of a steam boiler, an electric turbine, a condenser, and a pump. Evolution 
of combined cycles that integrate the use of gas and steam turbines can increase generation efficiency 
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by up to two times.  
  Co-firing of biomass with coal also can increase overall biomass-to-electricity conversion efficiency.  
• A source of syngas for catalytic production of fuels, chemicals, and hydrogen is important. Once a 
clean synthesis gas is obtained, it is possible to access and leverage mature process technologies 
developed in the petroleum and chemicals industry for the production of a wide range of liquid fuels and 
chemicals.  

• A source of heat and power for biorefinery operation. Virtually all other conversion processes – 
whether physical or biological – produce residue that cannot be directly converted to the primary 
product(s). In order to mitigate waste streams and to maximize the efficiency of the biorefinery, these 
residues can and should be used for heat and power production. In existing biorefineries, residues are 
combusted in a steam boiler. There is a technological opportunity however, to use a gasifier coupled to a 
gas turbine combined cycle that can double conversion efficiency to electricity, while still producing 
steam from the gas turbine waste heat. Use of a biomass gasifier in a gasifier combined-cycle system can 
leverage on public and private investments in development of advanced- and next-generation gas turbine 
systems (more than $1 billion). 

• Thermal conversion is a way to derive additional value from process residues. Within a biorefinery, 
thermal conversion and gasification can push many residues "up the value chain" through production of 
hydrogen or other higher-value products via thermal conversion to syngas followed by separation or 
synthesis steps. 

• Gasification converts biomass to a syngas that can be substituted for natural gas in combustion 
turbines, shifted into hydrogen for fuel cell or other applications, or used in existing commercial 
catalytic processes for production of liquid fuels and chemicals. Several technologies exist in various 
stages of development for production of a suitable syngas, including indirect gasification, steam 
reforming of biomass, and gasification with oxygen or enriched air. 

• Pyrolysis of biomass produces an oil-rich vapor that can be condensed for direct use as a fuel or as a 
hydrogen carrier, or refined for producing a variety of higher-value chemical products. 

Technology Status/Applications 

• The existing biopower sector, nearly 1,000 plants, is mainly comprised of direct combustion plants, 
with an additional small amount of cofiring (approximately 400 MWe). Plant size averages 20 MWe, 
and the biomass-to-electricity conversion efficiency is about 20%. Grid-connected electrical capacity 
was 9,700 MWe in 2001; more than 75% of this power is generated in the forest products industry’s 
combined heat and power applications for process heat. Combined utility and industrial generation in 
2001 was more than 60 billion kilowatt-hours (about 75% of nonhydro renewable generation). Recent 
studies estimate that on a life-cycle basis, existing biopower plants represent a net carbon sink of 4 
MMTC/yr. Biopower electricity prices generally range from 8¢−12¢/kWh. 

• U.S. investment in equipment is $300-$500 M/year. At least six major engineering procurement and 
construction companies and several multinational boiler manufacturers are active. 

• Biomass cofiring with coal ($50−$250/kW of biomass capacity) is the most near-term option for large-
scale use of biomass for power-only electricity generation. Cofiring also reduces sulfur dioxide and 
nitrogen oxide emissions. In addition, when cofiring crop and forest product residues, GHG emissions 
are reduced by a greater percentage (e.g. 23% GHG emissions reduction with 15% cofiring). 

• Small biopower and biodiesel systems have been used for many years in the developing world for 
electricity generation. OE is developing systems for village power applications for distributed generation 
that are more efficient, reliable, and clean for the developed world. These systems range in size from 3 
kW to 5 MW, with field verification completed by the end of 2003. 
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Appendix C 
 
State of Climate Modeling 
This appendix is an excerpt from "State of Climate Modeling: Contribution to Region 10's 
Action Plan for Energy and Climate Change" by Robert Elleman, Gina Bonifacino, and Joanna 
Ekrem. 
 
1. Overview 
Scientists use earth system or climate models to assess the human (“anthropogenic”) influence 
on climate. Because the earth’s climate undergoes natural variability, it is impossible to 
determine with observations alone what role humans have played in the 20th Century climate. 
Climate model results with and without anthropogenic perturbations are the primary tool to 
apportion natural and anthropogenic influence on the past and current climate. They are also the 
only tool for predicting future climate change.  
 
Climate models are a computer representation of how scientists believe the earth system 
functions. They solve physical equations for the energy and motion of the atmosphere in three 
dimensions as a function of time. They include atmospheric processes such as winds, clouds, and 
storms; ocean dynamics related to currents and tides; ice and snow formation, movement, and 
melting; and land surface responses such as uptake/release of greenhouse gases and shifting 
vegetation zones. Up until recently, these models only treated the atmosphere, hence the term 
“climate model”. Even though the atmospheric portion is still the most intricate part, these 
models now include other parts of the earth system. The term “climate model” remains common 
and is used in this report, but these models are also more appropriately called “earth system 
models” to emphasize their full scope. 
 
Since there is no analogue in the past for the current human-induced changes, scientists rely on 
the global models to project future climate conditions. IPCC estimates of future emissions, called 
SRES scenarios, generally represent the “top-down” approach. They are global and macroscopic 
technological, societal, and economic forecasts developed by policy experts, economists, 
demographers, energy analysts, and environmental engineers. They represent the opposite 
approach to “bottom-up” emission inventories developed by U.S. states for the EPA National 
Emissions Inventory (NEI), which determine the current emissions from individual sources and 
aggregate to a coarser scale. The SRES scenarios represent uncertain estimates of various future 
worlds (Figures 1 and 2): a world of high economic growth, global trade, and innovation (A1), a 
heterogeneous and insolated world (A2), a world like A1 that focuses on global economic, 
social, and environmental sustainability (B1), and a world like A2 that focuses on environmental 
and societal sustainability (B2). A1 is further divided into a fossil fuel intensive (A1FI), non-
fossil fuel intensive (A1T), and balanced (A1B) scenarios. None of the scenarios include Kyoto 
commitments or commitments from other, specific emissions reduction agreements. The A1FI 
and B1 scenarios are the most pessimistic and optimistic, respectively, while the A1B scenario is 
the one generally considered as the most likely path, although emissions growth since 2000 has 
exceeded the A1FI scenario. 
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Figure 1. Summary of SRES scenarios. From AR4 Working Group I Summary for Policymakers. 
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Figure 2. CO2 Emissions from IPCC SRES scenarios (From Nakicenovic et al., 2000). 
 
Although extraordinarily complex and detailed, even the fastest computers place a limit on the 
resolution of climate models and the models’ ability to incorporate the most detailed knowledge. 
For example, the horizontal resolution of climate models is on the order of hundreds of 
kilometers. In most models at least the entire state of Washington is considered to have a 
uniform temperature, elevation, etc. Features such as the Cascades are barely represented.  
 
Therefore, regional impacts on human systems and ecosystems are determined by statistical or 
dynamical downscaling of climate models. Statistical downscaling develops relationships 
between the climate at a particular location or region and a climate model’s representation of the 
current climate. These relationships are then used in future climate scenarios to downscale the 
large-scale model results. The key assumption is that current relationships between the large and 
regional scale are appropriate for a future climate. Dynamical downscaling uses a nested regional 
model with much higher resolution than the parent global model. Its physics, dynamics, and 
scale are consistent with regional processes and it should provide a superior result to statistical 
downscaling. The drawback, however, is that the computational demand of regional models 
usually limits the ability to simulate long time periods and multiple scenarios.  
 
Once downscaled to the regional level, earth system model output can be used as input to 
hydrological, air quality, water quality, sea level, ice flow, glacial, and ecosystem models to 
assess climate change impacts on the environment. For example, the Variable Infiltration 
Capacity (VIC) hydrological model can project streamflow in the Columbia River basin in the 
2020s and 2040s using downscaled output from climate model scenarios. Another example is a 
currently-funded EPA STAR grant to John Rybczyk at Western Washington University to link 
sea-level rise estimates to regional hydrological, sediment, and wetland models to estimate the 
effect of climate change on juvenile salmon.  
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The process of using models to assess climate change and regional environmental issues is 
depicted as a cartoon in Figure 3. This is a sophisticated technique used by the Climate Impacts 
Group at the University of Washington and other institutions. Global climate models are scaled 
to the regional level to provide temperature, precipitation, cloudiness, and energy projections as 
input to a regional scale environmental model. The regional scale model then estimates the 
climate impact on some aspect of the local environment such as streamflow or air quality. The 
result of the regional scale model may provide the information necessary for decision making, or 
the output of the regional scale model is fed into a resource management model or an empirical 
relationship to determine how the environmental variable will impact the resource of interest. For 
the most part, however, regional impacts are determined in a more basic way. An association 
between current climate change and current resource changes is developed. Then, the association 
is used to estimate future resource impacts using model projections for future climate change. 
These simple associations are commonly used but are usually a poor substitute for a model that 
incorporates all known aspects of the system. 
 

 
Figure 3. How to assess regional climate change impacts (Adapted from Kay et al., 2005). 

 
 
Global climate models and regional climate impact models rely on observations of the earth 
system – atmosphere, ocean, vegetation, land surface, planetary energy balance, etc. – in the 
process of model development and model validation. Scientists come up with scientific theories 
by making measurements, developing explanations for phenomena, and formulating 
mathematical equations for a model. Targeted observations are used in the model development 
process to test individual parts of the model. Then when the whole model is in place, it is further 
tested on a suite of observations. One key test of a climate model is whether it can reproduce the 
spatial and temporal temperature and precipitation patterns in the 20th Century climate. Once the 
model has been “verified” against observations, it is set forward to make a prediction about the 
future based on assumptions scientists feed into it. The specific observations that are used in this 
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process are too numerous to mention. Just about every sort of atmospheric, oceanic, or land 
surface measurement has been used along the way to develop and test models for predicting 
future climate impacts. However, probably the most used observation dataset is the global 
surface air temperature record since the mid 1800s. 

2. Climate Impacts Models for the Pacific Northwest 
Most hypothesized climate impacts come from examining analogous climate change in the past, 
or how current spatial variability in ecosystems can help diagnose potential climate impacts. In 
one example, Nakawatase and Peterson (2006) developed statistical relationships between 
climate variables and forest growth as a function of altitude in the Olympic Mountains. They 
then make conclusions of how forests there will be affected by climate change. More 
sophisticated techniques use hydrological, water quality, air quality, and ecosystem models with 
input from climate simulations of the future. In most cases, the future climate information is 
comprised of simple quantities such as change in mean temperature or stream flow. In limited 
cases such as for the EPA STAR air quality / climate projects, the full climate model output is 
downscaled to a regional weather model, whose full output is used to drive the air quality model. 
The following table identifies models that have been used to predict the impacts of Climate 
Change on temperature, precipitation, sea level, hydrology, water quality, air quality, and 
ecosystems in the Pacific Northwest.   
 

 83



Temperature and Precipitation
Model Application Contact

Statistical Downscaling PNW temperature, precipitation, and 
snowpack Mote, CIG

Statistical Downscaling Fraser River precipitation and 
snowpack Morrison, Vynx Design Inc.

MT_CLIM physical model to downscale for 
mountain topography

MM5 mesoscale climate change in PNW Leung, DoE Richland

MM5 mesoscale climate change in PNW Salathe, CIG

Sea Level
Model Application Contact

GCM plus subsidence Puget Sound Canning, CIG

Hydrology
Model Application Contact

DHSVM Snohomish River flow Battin, NOAA-Northwest Fisheries

DHSVM Western US river flooding Hamlet, CIG

VIC Western US snow water equivalent Mote, CIG

VIC Columbia River basin waterflow Snover, CIG

VIC Columbia River basin waterflow Mote, CIG

UBC watershed model Fraser River Valley Morrison, Vynx Design Inc.

GLACPRED Glacier extent in Glacier NP Hall, SUNY-Syracuse

Storage and Transmission Model (STM) Portland City Water Supply Palmer, CIG

ColSim salmon in Columbia River Mote, CIG

Water Quality
Model Application Contact

QUAL2Kw Wenatchee River temperature Cristea, UW

Chapra methodology Snohomish River temperature Battin, NOAA-Northwest Fisheries

Air Quality
Model Application Contact

CMAQ ozone nation-wide with PNW focus Lamb, WSU

CMAQ Ozone and PM nation-wide, examined 
by region Manomaiphiboon, Georgia Tech

CMAQ Ozone and PM nation-wide, examined 
by region Tagaris, Georgia Tech

CMAQ ozone nation-wide Nolte, EPA ORD

Fire Scenario Builder + CALPUFF northwestern national parks McKenzie, USFS Wildland Fire Sciences

SAQM ozone nation-wide Tao, Illinois State Water Survey

Ecosystems
Model Application Contact

Shiraz population model Snohomish River salmon Battin, NOAA-Northwest Fisheries

generalized linear models wildfires in western United States McKenzie, USFS Wildland Fire Sciences

wetland and salmon model Padilla Bay and Skagit Bay Rybczyk, WWU  
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	undefined: Nina Hapner
	Tribal Affiliation 1: Tribal Coalition
	Tribal Affiliation 2: nhapner@naepc.com
	Telephone: 951.296.5595
	Fax: 951.296.5109
	Mailing Address: 42143 Avenida Alvarado, 2A, Temecula, CA 92590
	Very urgent, actions should be taken immediately: On
	Somewhat urgent, but we still have time to think about it: Off
	Not urgent at all  Let the next generations worry about it: Off
	Less than 3 degrees F increase: Off
	Lower warming range: 3 – 55 degrees F increase: Off
	Medium warming range: 55 – 8 degrees F increase: On
	Higher warming range: 8 – 105 degrees F increase: Off
	rain and snow on your reservation 1: Yes, rain not as consistent or it comes very early in the year.  Fire season
	rain and snow on your reservation 2: seems to start at least 3 weeks earlier than in earlier years.
	rain and snow on your reservation 3: 
	example, are there extreme drought conditions on your reservation 1: Much drier conditions.  Ground water is being over-pumped and seeing
	example, are there extreme drought conditions on your reservation 2: more subsidence.
	example, are there extreme drought conditions on your reservation 3: 
	5  Will rising sea levels affect your reservation 3: 
	5  Will rising sea levels affect your reservation 2: 
	5  Will rising sea levels affect your reservation 1: No, not near the ocean.
	affects 3: 
	affects 2: insects hatching before birds are born.  Not as many birds around.
	affects 1: It affects the collection of plants, the pollination by insects and birds.  Seeing  
	in the future?  If yes, what would be the impacts 3: 
	in the future?  If yes, what would be the impacts 2: 
	in the future?  If yes, what would be the impacts 1: Yes.  It will have large cultural affects.
	poorer air quality on your reservation 3: 
	poorer air quality on your reservation 2: now it is seen in winter.
	poorer air quality on your reservation 1: Yes, it used to be that only in the summer could see the haze of pollution, but 
	be willing to share the information with us 3: 
	be willing to share the information with us 2: 
	be willing to share the information with us 1: No, but many of the tribes in our area do.
	10 Have you seen any change in gathering periods for native plants 3: 
	10 Have you seen any change in gathering periods for native plants 2: 
	10 Have you seen any change in gathering periods for native plants 1: Not personally, but I hear of changes by others.
	11 Have you seen any changes in migration or hunting periods for your tribe 3: 
	11 Have you seen any changes in migration or hunting periods for your tribe 2: 
	11 Have you seen any changes in migration or hunting periods for your tribe 1: No.
	12 Have you seen any changes in the number of fires in your area 3: 
	12 Have you seen any changes in the number of fires in your area 2: 
	12 Have you seen any changes in the number of fires in your area 1: Yes, the intensity of fires is greater and the season is longer.
	13 Have you seen any changes in wetlands on your reservation 3: 
	13 Have you seen any changes in wetlands on your reservation 2: 
	13 Have you seen any changes in wetlands on your reservation 1: Not yet.
	14 Have you seen any changes in forests on your reservation 3: 
	14 Have you seen any changes in forests on your reservation 2: 
	14 Have you seen any changes in forests on your reservation 1: Not yet.
	you have invasive species problems on your reservation 3: 
	you have invasive species problems on your reservation 2: 
	you have invasive species problems on your reservation 1: Yes!
	biodiversity  Are there losses of habitats on your reservation 3: 
	biodiversity  Are there losses of habitats on your reservation 2: 
	biodiversity  Are there losses of habitats on your reservation 1: Yes, due to invasive species.
	17 How will your tribe manage global warming 3: 
	17 How will your tribe manage global warming 2: 
	17 How will your tribe manage global warming 1: Not sure.
	address climate change issues?  If yes, what does your tribe need 3: 
	address climate change issues?  If yes, what does your tribe need 2: information.
	address climate change issues?  If yes, what does your tribe need 1: Yes.  Part of it is education in the community and gathering historic and oral 
	assistance 3: 
	assistance 2: 
	assistance 1: Not sure, maybe.
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