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Conclusions

» Climate change is not linear. It ebbs and flows.

> Because of the recent Polar eruptions, there was a cooler, stormier
Midwestern and Eastern winter and spring and a volatile early summer.
Drought should increase in California. Two large equatorial volcano
eruptions will shape the next 3 years.

> The warm phase of the AMO has created hotter summers, and stormier
winters, springs and hurricane seasons. This is increasing the risk of flood
contamination and erosion east of the Rockies.

» There is an 80% chance of summertime El Nifio conditions and a 65%+
chance of it lasting through winter into next spring. Historically, this
means a quieter Atlantic hurricane season, a milder winter in the north
and stormier winter in California and the southern tier of states.

> We have reached a tipping point. The PDO has changed and is creating
more extreme weather and severe Western and Great Plains droughts.

© Evelyn Browning Garriss/BrowningNewsletter.com




Basically the climate .
is determined byz

How much
solar radiation
the Earth receives

(the Sun)

The patterns of

where the solar radiatio
falls or is reflected
(Clouds/Volcanoes)

Where the heat from
the solar radiation is storéd
(Oceans/Urban Heat Islands)
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As an historical climatologist,
I look at what factors are shaping the weather and use:

Historical records, coral and tree rings,

sediment layers, and glacial cores to learn how they
shaped the weather in the past.

© Evelyn Browning Garriss/BrowningNewsletter.com




Historical records show that a change of 1° F
changes the freeze zone 300 miles.

(1°C changes the freeze zone 1000 km)

drought |

Little Ice Age

data sources: top:
http://www.ldeo.columbia.edu/res/div/ocp/
drought/medieval.shtml

bottom: RS Bradley & JA Eddy, based on JT
Houton, et al Climate Change Assessment,
Cambridge University Press, Cambridge,
1990 and IPCC 1990 and Mann 1999 and
Moburg 2005

% Drought Area

Tree rings in North America show that small changes
in temperatures result in major changes in precipitation.
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Stratosphere

INCOMING SUNLIGHT
IS BLOCKED ;

Troposphere
0-15kms

= f":‘- =

Downwind

Sulfur dioxide, ash
and hydrogen chloride
mix with water

ACID RAIN FALLS

Volcano releases
Ash
Hydrogen chloride (HCI)

', Sulfur dioxide (SO

B =
S il

Acrosols block and reflect sunlight,
cooling the surlace below.

Volcamc aerosols are tiny.
. The glassy, silica-rich particles
gk (';,‘ and chemical debris slowly
N o

¥

\ & _ri,ullnn'.'ji noisture as they
g drilt high in the atmosphere,

‘:- z 3 formmethick elouds.

# | When they [inally rain out, they can be
hundreds of miles [rom their source
and create heavier rain and snowfalls.

P d,

Tiny ash particles absorb and
hold water. Aerosols may
drift for weeks or months
before finally precipitating
out, often in heavy downpours
hundreds of miles from the
original eruption.
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Sea lce Extent

August 2012
In 2011, large volcanoes

erupted in both the North
Atlantic and Pacific.

F Y

After 2 years of cooling, the
summer of 2013 was the coldest
ever recorded.

The Arctic sea ice was 60%
bigger than 2012 with 920,000
extra square miles after the end
of the summer melting season.




Stronger
trade winds

Positive AQO

In 2012, the impact of northern Atlantic
and Pacific volcanoes strengthened

the circumpolar winds,

making a strong positive Arctic Oscillation
and trapping cold air north.

F ] *
~ Cold
QQ
/

Weaker
trade winds

Negative AO

This year the circumpolar winds
were weaker and let the unusually
cold air flow south.

Result: a cold winter and spring!

BrowningNewsletter.com
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This February and May,
Indonesia had volcano
eruptions — Mt. Kelud (18.6
miles) and Sangiang Api (12
miles) that were large enough to
enter the stratosphere.

Scientists are still studying
their potential impact.

Sangiang Api

! b W s ¥ . : - wl g
- : 2 GMT -+ 5 2atm b - .
Kelud CIMSS University of Wisconsin Madison
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Oceans store and transport heat
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Oceans store and transport heat

Sea-to-Alr The long-term Atlantic
Heat Transfer Multidecadal Oscillation

(AMO) turned positive
in 1995.

The Gulf stream flows
faster.

The North Atlantic warms.

Monthly values for the AMO index 1856-2009

| warm Atlantic

1

North Atlantic o |
Deep Water

02

AMO Departure

-

| §

.."\..

7 d"' 04 |

) o t cool Atlantic =
RN -

1860 1880 1900 1920 1940 1960 1980 2000

-02

= The Atlantic Multidecadal
Oscillation (AMO) 1856-2009

http://en.wikipedia.org/wiki/File:Amo_timeseries_1856-present.
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. Warm AMO
:f:l,_l

Gulf
Moisture

I
|Cool
\Pacific

[ \l A\ Cool
| h‘ U Atlantic
Warm | Gulf

sge Moisture'

\

This increases the risk of heat waves, droughts
and wildfires in Central, Southern and
Midwestern states.

© Evelyn Browning Garriss/BrowningNewsletter.com



In the 1800s, Oklahoma was a cooler and wetter territory.
The Indian Relocation Act and Trail of Tears
was during the “Little Ice Age”.




The land rushes occurred
when Oklahoma first
showed signs of being
warmet and wettet.

Monthly values for the AMO index, 1856 -2009

' 1889-1898

ekl |
LR, 0L

] 1 1 1 1 1 1
1860 1880 1900 1920 1940 1960 1980
Year

AMO Departure




AR
The AMO was negative OKLAHOMA
and Oklahoma was in a

period of plentiful rain
and fertility when it

became a state.

Monthly values for the AMO index, 1856 -2009

1917~ 2A0S4d e RarRIR-

State Capital, Guthrie 1907

AMO Departure

1860 1880 1900 1920 1940 1960 1980 2000
Year




Both the droughts of the
1930s and the 1950s took

Monthly values for the AMO index, 1856 -2009

(XATYNCA

AMO Departure

Dus BOWI and Drought images: http://en.wikipedia.org/wiki/Dust_Bowl AMO graph
http://upload.wikimedia.org/wikipedia/commons/thumb/1/1b/Amo_timeseries

1860 1880 1900 1920 1940 1960 1980 2000
1856-present.svg/2000px-Amo_timeseries_1856-present.svg.png

Year




Soil problems were largely ignored and managed
by a variety of underfunded ptoj

Then on March 21, 1935, Hugh Bennett,
Director of the Soil Erosion Service, testified
before Congress just as a major dust storm hit
Washington DC.

.. \

HJgh Bennett

= - et danin 9 - VO

The next day, the Senate passed H.R! 7054 forming i,

the Soil Conservation Sérvice, giving it permanent funding. ¥
/ <

vt WS
Bt DUSt storm.oyer thegLincoln Monument: March 21, 1935




was usually negative,

bringing good rains to Oklahoma.

b “_MMMWWW«*"i
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AMO Departure

M

P|enty and rOUght image courtesy of USE
http://upload.wikime
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Positive NAO Negative NAO

- cool, dry

& snowy S A\ ¢
& g+ '
(;\ .

o /et stream /t
:{.,‘_

/ cold @ i dry

When the Atlantic is warm,

winter negative North Atlantic Oscillations
become more frequent.

© Evelyn Browning Garriss/BrowningNewsletter.com



These warmer AMO temperatures Cool Atlantic

o
%

have increased the long-term risk
of Atlantic hurricanes.

Cool Atlantic Warm Atlantic

0w a5%

The warm phase of the AMO doubles arm At atic

the number of tropical storms

BrowningNewsletter.com
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March 11, 2014
(Released Thursday, Mar. 13, 2014)
Valid 7 a.m. EDT

Not all of the US climate

problems are due to the changing

Atlantic. Changes in the Pacific

are creating long-term drought

problems in the West. a0 B = ERWLE >

¢~ Delineates dominant impacts

§= Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

- ; ] L =Long-Term, typically greater than
US Drought Monitor - =
g 1 o 2 £ i intensity:
ol 5 [] DO Abnormally Dry
Richard Tinker E [] D1Moderate Drought

J a n u a ry 3, 20 1 2 CPC/NOAA/NWSINCEP o [ D2 Severe Drought

\ & Il D3 Extreme Drought

I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local condtions may
vary. See accompanying text summary for
forecast statements.

http://droughtmonitor.unl.edu/

Approximately half of the continental US has
been in drought conditions for 2' years.
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California Statewide Precipitation
1895 - 2013

In 2013, California experienced
the driest year on record
and Southwestern precipitation
is also low.

1900 1920 1940 1960

?SnowpaCk‘ . il & ; = § above: courtesy National Climate Data
§ anuary 13, 2088 ' N R Lo e S Center/ NESDIS/NOAA

left: courtesy NASA
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Mid-Apr 2014 Plume of Model ENSO Predictions

3.0 Dynamical Model

IRI /CPC | = ncepcrse

25 -
s B NASA GMAO
I DYN AVG .
B B u JMA
51 STAT AVG ]
& Ll SCRIPPS
L CPC CON -
LDEO
1.5 AUS/POAMA
ECMWF
1.0 - { o UKMO
’ EI NII"IO 5 2 oy ® KMASNU
0.5} 2 > = MetFRANCE
CS-RI-MM
GFDL CM2.1
& CMC CANSIP

Nino3 4 SST Anomaly (°C)

5 Statistical Model:
La Nina CPC MRKOV
I ” ) CDCLIM
CPC CA
CPC CCA
‘ CSU CLIPR
UBC NNET
FSU REGR
25 S UCLA-TCD
JFM  Mar MAM AMJ MJJ JJA JAS ASO SON OND NDJ DJF
2014 2015

Figure provided by the International Research
Institute (IRI) for Climate and Society
(updated 16 April 2014).

On March 6 NOAA issued an official El Nino

watch for this summer.

El Nifo conditions developed in the Central and Eastern Tropical
Pacific in Late May:.

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/enso_evoluti
on-status-fcsts-web.pdf © Evelyn Browning Garriss/BrowningNewsletter.com




What to monitor as El Nifio develops:

— If it lasts into winter and spring,

it creates warmer weather and severe Nor’easters

— If it is too small, it will intensify

California’s drought. A large event will break the drought.

— A hot El Nifno creates a warm wintetr.

Cooler events can have cold winters.

© Evelyn Browning Garriss/ BrowningNewsletter.com
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History suggests that
large tropical
volcanic eruptions
enhance El Nifio
weather patterns.
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EARLY SUMMER LATE SUMMER

—~ ey

2-4°Cor 5'Cormore 2-4'Cor 75%orless 125%or
more higher than morehigher  of normal  more of
lowerthan  normal than normal moisture normal
normal temps. temps. moisture
temps.

. i. g ! & Cool Hot V Dry

)

*Pacific volcanic activity may bring
more moisture to the Northwest.

MID SUMMER
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Precipitation Anomalies

- COMPOSITE4TREND
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If the El Nifio conditio
these are the most like
The El Nino brings a higher risk of flood

tornadoes in the South a

Precipitation Anomalies ture Anomalies
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—1i0—-80 -0 =50 -3k —1d 10 3 40 70 A0 110 -38-3.3-2.7-21-1.5-00-02 023 08 1.5 X1 L7 33 29



Winter and Spring will be shaped
by how big and long lasting the El Nino is.

Weak El Nino:
Cold Winter
Arctic Yot
Stream
Jet
Stream

8 WMerging
=" Jet Stream
can cause
big storms

Strong El Nifno:
- Winter




Like the Atlantic, the Pacific has a long-term cycle,
the Pacific Decadal Oscillation.

than normal

than
normal

Normal or cooler
than normal

Positive @ | s
(warm phase) PDO =

1976-1998

¥ W Y
k. -

Negative
(cool phase) PDO

The Pacific Decadal Oscillation 2006-present

Each phase lasts 20-30 years © Browning Newsletter
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The PDO’s impact on precipitation

Winners L.osers

Midwest US e (California/Southwest US
STRONGER MONSOON: ® WEAKER MONSOON:

Northern & Central China Southern China

STRONGER MONSOON: India * WEAKER MONSOON: Pakistan
STRONGER MONSOON: Japan * WEAKER MONSOON: North Korea

Brazil

Southern Africa

STRONGER MONSOON:
Eastern Australia
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Sea Surface Temperature Anomaly (°C)
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http://en.wikipedia.org/wiki/File:La_Nina_and_Pacific_Decadal_Anomalies_-_April_2008.png © Evelyn Browning Gatriss/BrowningNewsletter.com



The impact on agriculture

1962-2011 | i

Soybeans CBT 1st Month Continuation (C1) 1381 -35.50 18 Feb 2011  www.Fullerdoney.com
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Since 2006, the two oceans have combined
to create dry weather in the West and Great Plains

warm
Pacific

From the mid 1970s to the late 1990s
PYEntid  the USA & Canada enjoyed the most benign
combination of the PDO and AMO.

Pre-1999

cool
Paciﬁc.__\

~ fa

/2

. abundant
During ... moisture
neutral Paci *

and La Nifias warm : B p .
(most years) <+ Atlantic some El Nifios - Atlantic

New Normal New Normal

As the east Pacific changes from cool to warm and back again,

drought hits much of the nation for months, even years at a time.
© Evelyn Browning Garriss




Bitterroot National Forest
1909

Between fire suppression policies
and decades of warm

PDO precipitation,

Western forests have become

too dense for today’s
drier conditions.

http://upload.wikimedia.org/wikipedia/commons/e/ea/Fores
t_Development_in_Bitterroot.jpg
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Drier conditions are
stressing forests,

leaving trees more
susceptible to disease,
insect infestations and
wildfires.

Eﬁmww ,L"Jn

i

'1 l:recn Ressources naturelfes Cana
; =
» F

g
N

fn Photo Credit: Natural Resources Call da'




Human construction, pollution,
and energy use makes the climate

change even more extreme.

co
un

Late Afternoon Temperature

Residential Residential
Suburban Downtown Park Rural
Residential Farmland

http://eetd.Ibl.gov/Heatlsland /HighTemps
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Conclusions

» Climate change is not linear. It ebbs and flows.

> Because of the recent Polar eruptions, there was a cooler, stormier
Midwestern and Eastern winter and spring and a volatile early summer.
Drought should increase in California. Two large equatorial volcano
eruptions will shape the next 3 years.

> The warm phase of the AMO has created hotter summers, and stormier
winters, springs and hurricane seasons. This is increasing the risk of flood
contamination and erosion east of the Rockies.

» There is an 80% chance of summertime El Nifio conditions and a 65%+
chance of it lasting through winter into next spring. Historically, this
means a quieter Atlantic hurricane season, a milder winter in the north
and stormier winter in California and the southern tier of states.

> We have reached a tipping point. The PDO has changed and is creating
more extreme weather and severe Western and Great Plains droughts.
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