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Climate Model Evolution

Source: 4% National Climate Assessment Report i.e.AR4 (2017)
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Vegetation Model Evolution
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Olson et al. 2001.
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CLIMATE CHANGE IMPACTS ON THE UNITED STATES
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Increased complexity - Earth System Models
AR5 in 2014 — AR6 in 2022 (AR=assessment report)

CLIMATE MODEL Greenbouse  + = EARTH SYSTEM MODEL

gases absarb

OVERTURNING OVERTURNING

Source: Heavens, N. G,,Ward, D. S. & Natalie, M. M. (201 3) Studying and Projecting
Climate Change with Earth System Models. Nature Education Knowledge 4(5):4
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QUIZ

True or false:

Compared to other
greenhouse gases, carbon
dioxide is the most effective
at trapping heat near the
Earth's surface.




Answer to QUIZ

Answer: Water vapor has more heat-
trapping power than carbon dioxide. It is
also more abundant.

But carbon dioxide and water vapor
interact in crucial ways: more carbon
dioxide means the atmosphere gets
warmer, which then creates more water
vapor, which traps heat and warms the
atmosphere even more.
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What do models project for af‘the century?
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The purpose of models is not to fit the

data but to sharpen the questions.

Samuel Karlin (1924-2007)
Photo credit: U of Oregon



Temperature projections

spatial variability but identical trend of warming

AMaX|mum Tem erature Annual 2040- 2069 vs. 1971 2000 CP85 Umts-°C
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Precipitation projections
spatial variability with little agreement
A PreCIpltatlon Annual 2040 2069 VS. 1971 200
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CMIP5 Projections and Observations for
Oregon — RCP 4.5-8.5
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What have we
observed ...




Observations: Warming has been accelerating

Oregon Average Temperature
‘ - Binomial Filter

fyroe Warming trend

f \ 1895-2019: +0.10°C
L 1950-2019: +0.17°C
L 1980-2019 :+0.23°C

1935

Data Source: National Center for Environmental Information, NOAA (https://www.ncdc.noaa.gov/cag/)



https://www.ncdc.noaa.gov/cag/

Same trend along entire West coast

Washington, Maximum Temperature, June-August Oregon, Maximum Temperature, June-August California, Maximum Temperature, June-August
- Nas ergecitun — 19212000 Medn. M4.¥%  — LOESS - N Sergenatus — 19212000 Medn. 8 8F  — LOESS e L — 112000 Medn A2 FF  — LOESS
we
o 00
X0
™o se
=e
"o no
3 *
— we
Mo
= w0
no o
( > 0
=o Mo
e o e o ;e e we L o e s 0 mu 1950 1930 190 1950 e e ) e o e 0
Washington, Minimum Temperature, January-March Oregon, Minimum Temperature, January-March California, Minimum Temperature, January-March
— A Terrperatee — 11000 Medn 2% ¢ — LOESE o= M Tespasnre == MRIEN M .Y = Loess w— N Tereperanee — 11000 Medn 28 1F — LOESS
28 o an L
7]
«av
»o o 0 o0
ne
20 »no
ne ET)
o e
- ‘ 20
%0 nA i l e L
A | 1 | a
ne Y »o
Mo He ™
200 o0 ne
ue =e ue
0 34 Ne
0 ® N ( S 10
1. "o 160 1930 10 1930 g we "we e e ane N e o "o 1.0 e 1930 we we - e aad e s AL ) mw 160 10 10 1950 ey e . e o are o

https://www.ncdc.noaa.gov/cag/statewide/time-series/35/tmin/3/3/1895-2019?base prd=true&begbaseyear=190| &endbaseyear=2000&filter=true&filter Type=loess



https://www.ncdc.noaa.gov/cag/statewide/time-series/35/tmin/3/3/1895-2019?base_prd=true&begbaseyear=1901&endbaseyear=2000&filter=true&filterType=loess

ROSEBURG, Oregon
Observed daily temperatures (2020)
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__ROSEBURG __ ASQS, OR - 2005 = — _ ROSEBURG _ ASOS,OR-2010 s : S _ROSEBURG _ ASOS, OR - 2015
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Seasonal Temperature change:VWarmer Winters

Change in Coldest Temperature of the Year
1986-2016 Average Minus 1901-1960 Average

'::o 2 bt A
S M o sBe . Difference (°F)
0% tAR T Sy e orat) 0t
L . 5 < °
. e A T ' @6t
- 2 2 —— .
¢ .?. () ..ﬁ.t‘ | ?' -4t0-2
t o e 1 5% 92 -~ N
L h '.ogu > & o b &L 5 Y -2t00
) L% » g Wel Oto2 S
RAPCHNATY 4 5 ‘ 2104 Life cycle
T ®41t06
- _ 4k extended
4!

o

)
<o

Coldest Temperature (°F)
|
FS

1
-
N

Longer fire season

1900 1920 1940 1960 1980 2000 2020

Source: USGCRP, 2017: Climate Science Special Report: Fourth National Climate Assessment, Volume I, VWuebbles, D J. et al. (eds.) U.S. Global Change Research
Program, Washington, DC, USA.



QUIZ

When was the last year
with below average global
temperatures?

1960, 1976, 1997 or 2003




Answer to QUIZ

1976

was the last year the planet
had below-average
temperatures in more than 130
years of recordkeeping. The
global average temperature
that year was 0.1 °F below the
long-term average.




Heat VWaves

Antarctica logs hottest temperature on
record with areading of 18.3C

Ehe New Hork Times
A new record set 5o soon after the previous record of 17.5C in March
2015 is a sign warming in Antarctica is happening much faster than ' . [} '
wobal average It's a Disgrace! Moscow's
Warmest January in 100 Years

January 2020 was Earth's hottest
January on record
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Figure 4: Daily mean temperature anomalies for the 30 day period
between December 30, 2019 and January 28, 2020. (Image Credit: The
Climate Mapper Tool—The Climate Toolbox.)
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What does it mean for
a forest manager?

e Extremely dry air drives stomatal
closure to avoid embolism but it can
cause carbon starvation and eventually
mortality. This drought stress is not due
to competition for soil water so
thinning will not help.

* Moreover, in wet cool forests, thinning
can increase warm air circulation,
which increases evaporative demand,
drying of understory and ladder fuels,
while slash debris dry and act as
kindling.




Response of CA forest-fire area to atmospheric aridity
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Key Points:

« Annual burned area in California
increased fivefold during 1972-2018,
mainly due to summer forest fire

Observed Impacts of Anthropogenic Climate Change
on Wildfire in California
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Vapor Pressure Deficit (air dryness) during summer - June- August and W|Idf|res
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What about
precipitation!?
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Washington, Precipitation, January-December

Oregon, Precipitation, January-December
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ROSEBURG, Oregon

Observed daily precipitation (2020)
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QUIZ

As average temperature rises, what
= happens to average precipitation?
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Answer to the QUIZ

Higher temperatures give rise
to a more active water cycle,
which means faster and greater
evaporation and precipitation
and more extreme weather
events.




Extremes: Floods

Change in Western U.S. Snowpack
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Extremes: Droughts

U.S. Drought Monitor June 2, 2020
Rel Thu L Jun 4, 2020
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California Dry February sends California back to
drought: 'This hasn't happened in 150
years'
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Projected change (2040-69 vs 1971-2000) in OR winter mean temperature
and April | Snow Water Equivalent
by 10 climate models compared to 2015 observations
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Source: Dello et al. 2017, OCAR

Each circle is a climate model (10)
Triangles are 10 models average
Red is business as usual
Projections are for mid century
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What might
the future hold
for the forest?




Modeling Climate Change Impacts
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Simulating Vegetation Shifts by Mid-Century

Pure evergreen forests
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Mixed type forests
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I cCool needicleaf forest

- C3 Grassland (temperate)
- C4 Grassland (subtropical)
B Maritime needieleaf forest
[ ca3 shrubland (temperate)
|:| C4 Shrubland (subtropical)
|| subalpine forest

- Subtropical mixed forest
- Temperate needleleaf forest
- Temperate needleleaf woodland
- Temperate warm mixed forest

Warmer subtropical type forests



Some changes mediated by fire
Simulation results - carbon implications
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Some changes will just happen
Transition to new climatic conditions
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Fire, CO,, and climate effects on modeled
vegetation and carbon dynamics in western
Oregon and Washington
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“Vegetation is projected to change from predominantly conifer to
predominantly mixed conifer and hardwood forests, regardless of
CO, fertilization and fire effects. With climate, not fire, driving
vegetation change, much of the current vegetation can be expected to
experience mortality. It is reasonable to anticipate that climate stress
will make forests more susceptible to disease and pests”
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Reality

Check
Trees do not

pick up their
roots and
move

Parke Harrison
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THE BEETLE AND ITS HOSTS

PEST OUTBREAK B Mountain pine beetle occurrence
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Tree stress and forest disturbance

Trumbore et al. 2015 Science
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stressors
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Fig. 4. Examples of different stresses and disturbances affecting forests and how they are expected
to change in the future, compared with preindustrial background levels, We have adopted the ap-

Trumbore et al. 2015 Science Climate change is only one of the challenges




True of False: Deforestation is the
2nd leading cause of global warming.




Answer to QUIZ

True: Deforestation is
the 2" leading cause of

global warming,
responsible for ~24%
of all greenhouse gas
emissions




IN SUMMARY

* Climate models are complex, earth system models that link atmosphere,
ocean, vegetation dynamics, disturbance and human activities are even more
complex.

* Validation of climate and vegetation models is based on 20t" century
observations but “the future ain’t what it used to be”.

* Model projections have been conservative — rate of warming is increasing;
weather records are broken; physiological thresholds are exceeded.

* Vegetation models simulate transitions before adaptation.VWe are living it.

* Disturbances (pest outbreaks, diseases, wildfire) are hastening shifts in
vegetation cover — step changes, not linear. Monitoring is critical.

* Human actions are hastening transitions (landscape fragmentation,
introduction of invasives/plants & diseases, fuel build-up, fire ignition timing and
location)



Thank you for your
attention

Contact:
bacheled@oregonstate.edu

(360) 870-5782




