Clay Tabor, Isabel Montanei Marcus Lofverstrom Je55|ca Oster, Barbara
Wortham Cameron de Wet
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| use Blue Waters to...

..simulate past climates!

llllllllllll

164 L
—@— Model
—Ustedd —rcp45
124 — Lisiecki ———EPICA ——EPICA S EPICA 1cp26 L
g, -
E 4 . -
o
o4 - — - " —_—— =L
T AJ L\ L} L L A T J L)
40 30 20 10 50 40 ! 60 40 20 180150120 90 60 30 1 1 1 2100
Kyr Y
?

Haywood et al., 2019
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Specific, | use Blue Waters to...

..simulate hydroclimate change
in California since 21 thousand

yea 'S agO i Post Glacual 0

Sea Level Rise 20
L 1 e
Santa Catarina—+ --40 o
Rio de Janeiro -+ o
— ®
Meltwater Pulse 1A | J3 Malaccg eé:?ag'?sl _-60 5
upper bound .80 o)
Australia >
Jamaica —l
- Last Glacial -100
- Maximum Tahit - o
Huon Peninsula + )

et Barbados + -120

lower bound 4 -~
A SundaNletnam Shelf -+ --140

24222018161412108 6 4 2 0
Thousands of Years Ago




NCSA Blue Waters Sympos UGUNN

Why California?

* 6t [argest economy in the world

United States ]
Q‘ ﬂ

(excluding California) |
‘ Brazil

China |
Texas

Japan
Germany
United Kingdom

California

France

India

Italy

Canada

@ mercurynews.com 6 8 10 12 14 16 $18
- lao.ca.gov

N.U'“'U'U'U'U'IU'H'H'
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California Drought

* Drought prone region
e Uncertain future climate changes

Justin Sullivan
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LGM Climate

* Multiple lines of evidence
for circulation changes at

the LaSt GIaC|aI MaX|mum A Modern winters
(21 ka)

B Glacial winters

[ ]Seaice . Surface winds

[ ] Ice sheets

» Jet stream

Ruddiman, 2000




NCSA Blue Waters Symposium

LGM Hydrology

45°

e Wetter Southwest US
e Shift in storm tracks?

40°

35°

Ruddiman, 2000
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Oxygen |sotopes

* Lighter isotopes Oxygen-16
preferentially go to -
the higher energy
state

8 protons

&

8 neutrons .

* Fractionation is
temperature 16
dependent O

* Allows tracking of
water through the
hydrological cycle

o

UCONN

UNIVERSITY OF CONNECTICUT|

Oxygen-18

8 protons

&

10 neutrons .

s

Urbano (2011)
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6180 Meaning

6180 ) (180/160)Samplc = (180/160)

(in %o) (2O/°0)

standard % 1000

standard

e Low value = depleted, lighter
* High value = enriched, heavier




UCONN

Oxygen Isotopes Signhals

e At its most basic...

80 is preferentially

160 evaporates removed by precipitation

more easily than '®0 -

Versteegh (2012)
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UCONN

UNIVERSITY OF CONNECTICUT|

Oxygen Isotopes Complications

* Source e

* Circulation

 Amount effect

* Temperature

* Changes
through time

5"

e —\,)& orographic effects)
g‘é-r=<50(:7} / 000 Oa0

s 000 snow)
o% 080

80,41 wster T (80, ecipaions SUTface water
infiltration, evaporation, mixing)

5“°drip 6“°pmc%}hﬂonl "‘lﬁ(iﬂg.
evaporation, flow path)

0 8°0, f(temperature,
¢ rainout amount, rain vs.

"~ aro 8"0,0uq f (Moisture source, continental South
T=10°C effect, air mass history, temperature)
Oiouq f (altitude and \ 8"0,ecip. f (5”0, 4p0r cONdensation

temperature [~+0.69%o °C ],
0°C )Rayleigh distillation [-AT])

0 0
0060 <

7 A
/’J N 0:5:\‘ p—
trg?;;?aot?o(:‘;an‘:io enfrfou L 50, f (5"0,...., temperature,
- moisture recyclmg) (troplcs) Kinetic evaporation [relative
A S £~ 5 % huI’I'IIdlty, wmd speed])
4 sl o) 680
606

5" 0, ikarst water f (€Vaporation, mixing,

infiltration seasonality) 5"0,.,,, f (ice volume,

evaporation, freshwater runoff)
Fracture flow —~—
Diffuse flow o
Conduit flow -
Bedding Planes

5"0¢,co, f (5" 0 of isotopically effective infiltration,
temperature [~-0.19 to -0.23%. °C"'], degassing rate, mineralogy)

Lachniet (2009)
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Speleothems

* Chemical reaction as water flows

segment 8 1772

through the surface

e Calcium carbonate formations via
carbonate dissolution |
« Allows 8180 to be determined '

* Absolute dating (U/Th)

Verheyden et al. (2008)
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Southwest US Climate Since 21 ka
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Oster et al. (2016)
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Community Earth System Model

ICAM
* State-of-the-art Earth System ) Nisboumer
Model icLM POP
e i(CESM1.2 g s
* Brady et al,, in review; JAMES

J. Zhu

* Fully coupled with water rer
Isotope tracers

A. Jahn
J. Zhu

Esther Brady
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Oxygen |sotopes in CAMS5

* Well simulates present day isotopic distribution

90°N

45°N

45°S

180° 90°W 0° 90°E 180°

Nusbaumer et al. (2017)
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NCSA Blue Waters Symposi

Oxygen |sotopes in POP2

90N m 90N
60N—_¢_<,,'$§ q".ﬂ 3 ’ - eon JRESS d’ ‘;;4: = F
30N (‘q -".“,1 3 L o] ﬂw "‘u-k' e ) N
o- » - o ~ t Ocean Surface
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180150W20WO0W 60W 30W 0 30E 60E 90E 120E150E 180 180 150WM20W90W 60W 30W 0 30E 60E SOE 120E150E 180

L L .-

-16 -14 12 -1 08 06 04 02 0 02 04 06 08 1 12 14 186
4180 [por mif]

0 it 0 ~prtemis

GISS [Pop2]
1000 — — 1000
2000 2000 -
§ 3000 - 3000 -
Atlantic Ocean  «w- 4000
5000 5000 -

L) 1) T 4 T 1) T T T s T T
60S 308 0 30N 60N 60S 308 0 30N 60N
Latitude Latitude

e

|

=
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LeGrande and Schmidt (2006)
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Experiment Design

UCONN

UNIVERSITY OF CONNECTICUT,

e 7 experiments spanning the deglaciation (PMIP

protocol; ICE-6G)

Run Obliquity Precession Eccentricity CO, (ppm) Ice Sheets
Preindustrial 23.459 0.01690 0.016767 284.3 0 ka
LGM 22.949 0.01772 0.018994 190 21 ka
HS1 23.756 -0.00544 0.019560 224 16 ka
BO 23.886 -0.01069 0.019635 234 15.0 ka
oD 23.997 -0.01508 0.019679 239 14.0 ka
YD 24.159 0.01989 0.019613 260 12.5 ka
MH 24.105 0.00 0.018682 264.4 6 ka
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Experiment Setup

* Need to equilibrate the ocean
* Run with lower resolution configuration

* Need to resolve key topographic features
* Sierra Nevada requires at least 0.25° resolution

Global climate model representation of California elevations (left) compared to LOCA
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Precip — Evap Response

ANN Precip-Evap: 21 ka

UCONN

UNIVERSITY OF CONNECTICUT,

* The western US gets
wetter at the LGM

* Both increased
precipitation and
dampened evaporation

150W

24 48 72

150E

180 150W 120W
-1.35 -09 -045 0 045 09 135

mm/day



NCSA Blue Waters Symposiu USBEI\!IC\I

6180 of Precipitation Response

ANN d180p: 21 ka

ON

° WeStern US deplet|on Of ON L e
~1.5 per mil

0

120E 150E 180 150W 120W

-32 -28 -24 -20 -16 -12 -8 -4 O
per mil

ANN d180p: 21 ka - 0 ka

60N —

BT T T T 1T T T
T 27 -18 09 0 09 18 27
") per mil
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Water Tags

* Track the amount and isotopic composition of water
originating from different regions

60N — f"'*/l -~E =_ R c
_ NW N.Pacific - 'mﬁc 4 Y
2D J o

30N JE ! CW N.Pacific CE N.Pacificy C

- A
SW N.Pacific SE N.Pacific
0 ,? - .
'~| )

l 1 1 l 1 1 l 1 l 1
@ 120E 150E 180 150W 120W 90W
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Winter Precipitation Amount:
Central West North Pacific

ONDJFM Precip: 21 ka

60N |~ B

* Contributes ~7% more to
the total precipitation at

30N —3

the LGM o
e Likely related to shift in we e o sow i
Storm traCk ONDJFM PreCO/iop: 21 ka-0ka

* Manabe and Broccoli, 1985

120E 150E 180 150W 120W

I O 0
108 6 -4 2 0 2 4 6 8 10
%
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Eddy Kinetic Energy

e Southward shift of the storm tracks at the LGM

* Potentially explains the central Pacific moisture

increase at the LGM
ONDJFM 200 hPa Wind ONDJFM EKE :21 ka-0ka

N N N N & « <« « & ,', -~ ~ <« o« 4 = 5{ =

PP
< < < > N Y \ N S
a 2 7 FESTS o> USSR s
30N B e L h pmn n a oo s oo SRS N
‘ 5 ¥ e e e e ¢ Y ) <
’ /A A S A S T S 4 v ¥ /\2 v v e & v ¥ ¥ & < =
P A 4 « v v v 2 ¢ v
= O e
I e T T
o= |§ T ' U B ' T
120E 150E 180 150W 120W
@ BRI [[Trommm | °,
-30 -24 -18 -12 -6 20 , 6 12 18 24 30
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Winter Precipitation Amount:
Southwest North Pacific

ONDJFM Precip: 21 ka

* Contributes ~“4% more
to the total precipitation

at the LGM |
[ Atmospheric r‘iver‘ 120E 150E 180 150W | | 12(I)W |
Contribution? ONDJFM PreCO/iOp: 21 ka-0ka
e Loraetal. 2017 6N

120E 1 150W 120W

50E 180

(] Y 0

108 6 -4 2 0 2 4 6 8 10
%
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UNIVERSITY OF CONNECTICUT,

Next Step: High Resolution

* Low resolution limited
* Significant local variability

50N —

40N —

30N —

2 degree Topography meters
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120W 110W 100W

0.25 degreee Topography meters
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Next Step: High Frequency

e Data is lost when
averaging over | 5
months or years o F gne L,

° Need |dent|f|cat|0n f ..... “ .......
tools B s P

[© 2016 WeatherTAP.com - 10/14/2016 1:24 PM EDT (17:24 GMT)] = t e d o g N : : ; :
) 2010 W LR LA £ R AR . : : Sl : ; : : y
: o | Y b B 4 . : : E ]

University of Wisconsin



NCSA Blue Waters Sympos UGUNN

Key Challenges

* Understanding hydroclimate change in Western US
since 21 kal

* Requires high resolution with water isotope tracers
and high frequency outputs to perform an “apples
to apples” comparison with speleothem records

woot.com
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Why it Matters?

* Help inform proxies and models

* Improve understanding of Western US
hydroclimate and abrupt climate change

UCONN

UNIVERSITY OF CONNECTICUT|

Those who do not learn history are doomed to repeat-it

incorrectly forecast the future!

Millions of years B.P.

Years A.D.

1500 2000 2500
| | 1

g
o - 2000
s
A-RTC N S e ST T AUSSUEERTUNERRENY NSRS SOTy RSN R oo USRI SRRE 5 1000
E .
S =3
o 500
Q.
%)
5
200 . - 200
= Stomata
ON Liverworts
100 - Palecsols - 100
U T T T T T T T T T T
400 200 100 1000 100 10 1
Millions of years B.P. Thousands of years B.P.

Foster et al. (2014)
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Why Blue Waters?

* Paleoclimate simulations require a long time to
equilibrate

* The addition of water isotopes adds ~50% cost

* To resolve Western US topography, you need 0.25°
resolution
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Questions?




