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What are water isotopes (isotopologues)?

Heavier water has slightly

o higher p, Tycping: Thoilings Vi ++-

o lower chemical reaction rates

Fractionations occur during
physical, chemical, & biological
processes

Other water isotopologues include H,"7O, HD"O, D70, ... 2
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o Standards
 Water: VSMOW (Vienna Standard Mean Ocean Water) https://open.oregonstate.education

« Carbonate: VPDP (Vienna Pee Dee Belemnite)



Why water isotopes? - “lce-core thermometer”
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Why water isotopes? - “Carbonate-water thermometer”

r=-48 (518ocarbonate - 618Owater) + 16.5

T-dependent reaction rates

CaC'%0 + 3H1%0 = CaC'®0 + 3H1°0

o Calibration
26![[[!'[']]!][
The Zachos Curve e
; Antarctic ice sheet 8 2
~12 " 1 S 0 5
S| g
s Northern Hemisphere ice sheets s 20
5o 8f ! =T
8 2 Palacocene—Eocene Q & sl
& £ 4L Thermal Maximum T 42 £ &=L
L o, . o
° g ‘Mid-Eocene o L) o 16 [~ [ High Lient .
2 ofk Climatic Optlmum:r Mid—Miocene"-' 3 W | | 10 “q
. . . 1 J 1 I 1 I 1 l 1 l l 1
O1-1 Climatic Optimum 4 M3 25 2 s 1 05 0 05
glaciation L’ 8%, - 80, (%o
L ] 1 L ] 1 : 5 Hansel’l et al., 20]3; P 2012
2 1 earson,
60 >0 40 30 0 0 0 Zachos et al., 2001

Million years ago 10,000+ citations so far 5



/4

Why water isotopes? - “Paleo-Rain gauge

“The amount effect”
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An isotope-enabled Community Earth System Model (iCESM)

o Physically consistent simulation of water isotopes in the Earth system
* Better interpretation of the isotope records
* Direct synthesis of model-data information

o https://github.com/NCAR/iCESM1.2
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Community Earth System Model B. L. Otto-Bliesner" (), C. Tabor® (), R. Tomas', T. Wong’ (), J. Zhang® (), and J. Zhu’ (&
(iCESM1) is now publicly available


https://github.com/NCAR/iCESM1.2

How does iCESM work?

H,180 water cycle = H,°0 water cycle + fractionations
CESM

iCESM

A complete suite of physical processes
Ocean & atmosphere circulation
Clouds & convection

Turbulence & mixing

Soil & vegetation

Snow & ice

River

Flux exchanges

o O O O O O O O

Brady et al., 2019, JAMES 8



iCESM reproduces the large-scale features in observed isotopes
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Application: transient deglaciation simulation using iCESM
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Available iCESM1 simulations & early career researchers
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- Woater isotopes are paleo-thermometer & rain gauge but imperfect

- We need a dynamical model, iCESM, to
provide a physically consistent simulation of water isotopes in the Earth system
better interpret the isotope record
better understand how the Earth system works

o ICESM?2 not yet available due to limited resources

Thank you!

jiangzhu@ucar.edu Y



