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Overview

 The past 100-150 years
— Global, continental, regional and local

e What does the future hold?
— Model projections

o Water cycle — Western water



Climate: mean and variability of weather—
temperature & precipitation—over a period of
time in a particular geographic region

The difference between weather and climate
is really statistical. Climate is weather with
a long gnau_gh record fo characterize in
statistical Terms, such as mean and
variance.



Direct Observations of Recent
Climate Change

Warming of the climate system is unequivocal,
and Is now evident from observations of
Increases in global average air and ocean
temperatures, widespread melting of snow
and ice, and rising global mean sea level.



Direct Observations of Recent Climate Change
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Global mean temper~*- Warmest 12 years:
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North Atlantic hurricanes have increased with SSTs

North Atlantic Hurricanes and Named Storms (1944-2006)
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Heat waves are increasing: one example
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Frost-Free Days Are Increasing
Changes in frost days 1980-1999 vs. 1900-1919

180 150W 120W  SOW  BOW a0 o 30k BOIE 90E 120E 180E 1M

285 2 45 A4 4N5 o NsE 1 15 7 25
Tebaldi et al. 2006. Climatic Change



Glaciers and frozen ground are receding
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Changes in Precipitation, Increased Drought

Significantly increased precipitation in eastern parts
of North and South America, northern Europe and
northern and central Asia.

+ The frequency of heavy precipitation events has
increased over most land areas - consistent with
warming and increases of atmospheric water vapour

Drying in the Sahel, the Mediterranean, southern
Africa and parts of southern Asia.

* More intense and longer droughts observed since the
1970s, particularly in the tropics and subtropics.



Proportion of heavy rainfalls:
increasing in most land areas

Regions of disproportionate changes
In heavy (95th) and very heavy (99th)
precipitation



Drought is increasing most places

Mainly decrease in rain\
over land in tropics and
subtropics, but enhanced
by increased atmospheric
demand with warming

VUV L.

The time series
(below) accounts
for most of the
trend in PDSI.
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Temperature Anomaly (°C)

On Average, the US Warmed 0.5-

1.0 °C in the Past 100 Years
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Warming Trend Observed in Most
of US

Annual Mean US Temperature Trends 1907-2003

White Interval = -0.1 to 0.1
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Long-term Temperature Trends
at Fraser Experimental Forest
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Precipitation increases or decreases
depending on region
Annual Mean US Precipitation Trends 1901-2003
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Precipitation Patterns Are
Changing

More precipitation from
intense downpours

Trends in proportion of annual
precipitation of extreme intensity
(> 2” per day): 1910 — 1995

Karl & Knight 1998

More precipitation as rain

. Vs. snow (1949 2004)

2.2 std d&via
LESS as snowfall ["MoRE-as Snowfall

Knowles et al. 2006



Earlier Onset of Spring Snowmelt
and Less Snowpack
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Long-term Snowpack Trends at
Fraser Experimental Forest

Fool Creek Snow Course — FEF, Fraser, Colorado
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Long-term Snowpack Trends at
Fraser Experimental Forest

Lapland Snow Course — FEF, Fraser, Colorado
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Regional Climate Trends in Last 100 Years

Pacific Northwest __ Midwest Northeast

Temp. rose 1-3°F *Temp. rose ~4°F (north);
decreased ~1°F (south)

*Temp. increased up to
*Precip. rose ~11%;

most in NE WA & SW MT — *Precip. rose ~20%
mostly due to heavy

rainstorms

West Great Plains

*Temp. increased 2-5°F __ *Temp. rose 2-5.5°F in
north & central regions

*Precip. rose >50% in some
areas; other areas drier, *Precip. decreased by 10%
more droughts Texas — more high

*16 day shorter snow season — intensity rainfall

Source: US National Assessment



Earlier Greenup of Vegetation

* Trends over 1954-
1994 of lilac first-
bloom dates

» Larger circles
indicate
significantly earlier
dates

Cayan et al., 2001



Altered Disturbance Regimes

Larger, more frequent wildfires since 1980s in West

Tmoisture deficit in Wildfires >1,000 ha

forests 1970-2003 1970-2003 Large wildfires are
earlier spring snowmelt

37 o Ce. strongly associated
e Longer wildfire

with increased spring
and summer
ol Q W' durations and seasons
— oy O

temperatures and
Percentage charge in average moisture deficit 200,000 ha 100,000 ha

Running 2006, Westerling et al. 2006



MPB Found at
Unprecedented
Elevations
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Community Shifts

667% of the 36 most
common bottom
feeding fish in the [
North Sea moved to [eRSE
cooler waters, north |

or deeper from 1977 [C%s
to 2001 o

IN HOT WATER: The eelpout has
revealed how temperature change
linked to global warming makes it
harder for some fish species to
thrive in their native seas.



Conclusions from the IPCC
(Intergovernmental Panel on Climate Change)

* An increasing body of
observations gives a collective
picture of a warming world and i
other changes in the climate | | cumaTE cHanGE 2001
system. G

Climate Change 2001

» Emissions of greenhouse gases
and aerosols due to human
activities continue to alter the
atmosphere in ways that are
expected to affect the climate
throughout the 2715t century.




Projections of Future Changes in Climate

 For the next two decades a warming of about
0.2°C per decade Is projected for a range of
emission scenarios.

 Even if the concentrations of all greenhouse
gases and aerosols had been kept constant at
year 2000 levels, a further warming of about
0.1°C per decade would be expected.

e Earlier IPCC projections of 0.15to 0.3 °C per
decade can now be compared with observed
values of 0.2 °C



Projections of Future Changes in Climate

Projected warming
in 21st century
expected to be

greatest over land
and at most high
northern latitudes

and least over the
Southern Ocean
and parts of the
North Atlantic
Ocean
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Projections of Future Changes in Climate

Projected Patterns of Precipitation Changes

multi-model

Precipitation increases very likely in high
latitudes

Decreases likely in most subtropical land regions



Under All Scenarios, Next 100 Years
Will Likely Be Warmer
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Under All Scenarios, Next 100 Years
Will Likely Be Warmer
* The mid-range of 6 S_‘“le')\alfg’sl -
the estimates, a AR
5.4°F increase, is
enough to make:
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North American
temperature projections

» Annual mean warming /ikely to exceed
global warming

+ Warming /ikely to be largest in winter
months in northern regions and in
summer months in southwest

» Cold temperatures /ikely to be less
extreme everywhere

* Maximum temperatures /ikely 1o be
pronounced in southwest



North American
precipitation projections

+ Annual mean precipitation very /likely to
increase in Canada and northeast and
/ikely o decrease in the southwest

* Snow season length and depth very
likely o decrease in most of North
America



Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle

Changes in
Solar Inputs

Atmosphere

Vi Clouds/q

Aerosols
HQO, NQ, 02, 002, 03, etc.

’ /4 / /  Air-Biomass
/7 A Coupling

e ""“W"’“WWHHS?
il i
nmwen;:wam«m T

Ao S
GRS
-

sl e p
ke £ D o
Air-Ice Precipitation- - N

-
- o > e

”’bdﬁ»ﬁfmrwmyo;w 2 x"x e
£ W,m,\‘\‘,(mgz:g,;,,smm\mmw Yo

i i P . .
COLID“IIg Evaporation

4 o
i 2: smmszuw,v.m,m”s e
: AR - =
. - G e s s R 3 i 4
o e miwwahfﬁ?y%;‘ii??i&"“"“w - R §§"*‘“ .
errestria A ~ 4 it o e %
. S G —H e
. 3 R A o o P e S 2»;65& o i A
n = e \_ﬂ oo .,‘ i smsmsaaxzmm;gm m{evsiswsasm,xmx.rs»éw "
G - iy i f@:‘:gﬁocoggggegu;‘;w G e S
i % - e o R <u ST
A T ’Xﬂwwbvmvno‘ S S miﬁmﬁ é«w{ﬁ;ggm L
\,MH,WW,M-,§§§:§?§3<>xw:saw‘zswe&eom»mmmm . e R
i
e = e e
S . o e
e e nsummmxm; e £ kaué\ww;omf i wom;c;eamsaes,
. - s Q,zo‘M”P“"N“MQ?WHNﬂ‘vzsc)oco S o e
ea Wlnd ;y§,<§4§<ng;;s%’gzdg,‘ogg&* e ;:yzacszssqsyeam e 2o G c

i e T R 3
R R e R R R B
xvrxayt?yswuﬁw& i b
xchange Stress ghoan oo - e
o i ] -
~ |Human Influences .
e

e
S =
xvoww e ~

c .
da L .
. e e ;

- k.,xbx,x,;pu‘”,w”,‘“Hki<kwst:<>soau<<k&mww:>o>4z;:nwaegmﬁ;d,a;b;o;ax :

<

. - o o Biomass
H%:Mww;wé;ﬁ;:www i e oo:o:z:é:!fgeuo{coc:cw:: E;emhmageomn
S i : b
L g‘ T i

:
. . N tfvwﬁmzs(s
o rvmmv;mmmwe%"32433’mmm i S s
i

.
F e G Land-Biomass
i L - s n |
i s ey i A :
e wzwsm,s::g; e i
. ;i i
. . Coupling

"

Rivers
Lakes

lce-Ocean Coupling

Land

in the Ocean: Changes in/on the Land Surface:
Ciritf:t?:: I;i;';fao:::;}stry Orography, Land Use, Vegetation, Ecosystems




Western Water

» 70-807% of our precipitation comes as
snow

» Up to 90% of our runoff comes from
snowmelt

» The snowpack is a convenient, as well as
critical storage mechanism

» Altering the timing and volume of this
reservoir has immediate and profound
implications across the West



Changes in seasonal snow regimes

Western North America shows

» Earlier onset of spring

- Warmer winters and springs

» More fall precipitation as rainfall
» Reduced maximum snowpacks

» Earlier snowmelt and runoff

+ Earlier "green-up” in spring



Managing Expectations

+ Assumptions of stationarity are invalid
- Changing means and variance

* We are playing a game of prediction where
our best information comes from reducing
uncertainty

* Physically-based models offer the best
opportunities to forecast the future

» All models are wrong - some are useful



Conclusions

» Climate is changing

- Temperature and atmospheric CO, will continue to
Increase

- Precipitation patterns and amounts will change

Climate change is uncertain and subject to many
interacting factors, but it is real

Feedbacks and interactions make planning challenging
Our knowledge base is shifting

Management must be tailored to local conditions

A "learn as we go” strategy will be necessary

Collaboration, cooperation, and communication
between managers and scientists will result in the
best response to climate change issues



»

- 4 ; '
Y

U'\\ . ‘H '
. B



Thank You!

Kelly Elder
kelder@fs.fed.us
970-498-1233




Attribution

e Oobserved
changes
consistent with

viexpected
responses to
forcings

xlinconsistent
with alternative
explanations

o¥

Temperature anomaly (°C)

o

Temperature anomaly (°C)
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Understanding and Attributing Climate Change

Global and Continental Temperature Change
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Direct CO, Effects on Plants

Carbon dioxide is the substrate of
photosynthesis, and as the substrate
concentration increases, so does the
reaction rate.

This analysis, however, is
highly simplistic.
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Response of Trees to Elevated CO,

* Photosynthetic rates increase, up to
600/0

- But sensitive to nutrient availability

» Little evidence of rate decline over time
» Increased water use efficiency

- But sensitive to water availability

» Possible increased fine root production
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