
Estimating Arctic Holocene precipitation 
seasonality and amount using proxies & 

forward models

with

Megan C. Corcoran1,2, Allison A. Cluett1, Kayla V. Hollister1, John J. Ryan-
Henry3, Amy L. Grogan1, Owen C. Cowling1, Jason P. Briner1, Sylvia Dee4, 

Carrie Morrill5

1University at Buffalo Dept. of Geology, 2University of Cincinnati Dept. of Geology, 3Brown University and Coastal States Organization, 4Rice University Dept. of 
Earth, Environmental, and Planetary Sciences, 5Cooperative Institute for Research in Environmental Sciences (CIRES) University of Colorado at Boulder, and NOAA's 

National Centers for Environmental Information (NCEI)Photo: J. Briner

Elizabeth K. Thomas
Water Isotopes and Climate Workshop

October 1-3, 2019



“There has been a growing consensus 
that a decrease in sea ice would cause 
an increase in Arctic precipitation…”

- Kopec et al., 2016

Photo: NASA/K. Hansen
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HOW DID PRECIPITATION CHANGE DURING 
HOLOCENE WARMTH?







W. Greenland lake water, July 2016
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W. Greenland lake water isotopes

Cluett & Thomas, in review

EVAPORATION



W. Greenland lake water isotopes

Cluett & Thomas, in review

EVAPORATION

IN
FLOW



CONCEPTUAL MODEL:
LAKE WATER ISOTOPE SEASONALITY
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HOW DID PRECIPITATION CHANGE DURING 
HOLOCENE WARMTH?

On western Greenland:
• Greater winter precipitation during 

middle Holocene: 
sea ice @ minimum & 

ocean heat transport @ maximum
• 2H-depletion of summer 

precipitation throughout Holocene: 
stronger latitudinal temp. gradient



CONCEPTUAL MODEL:
LAKE WATER ISOTOPE SEASONALITY
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FORWARD MODEL:
LAKE WATER ISOTOPE SEASONALITY

Thomas et al., in prepRT = residence time
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LAKE WATER ISOTOPE SEASONALITY
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Proximal lakes with contrasting residence 
times: same climate, d2Haq different seasons

CONCLUSIONS

Middle Holocene on western Greenland: wet 
winters

Late Holocene on western Greenland: 2H-
depleted summer moisture

Lake water isotopes in forward model ≠ 
lake water isotopes in conceptual model 



Thanks!

@IsotopeThomas
www.glyfac.buffalo.edu/Faculty/ekthomas ekthomas@buffalo.edu
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Dansgaard, 1964; Faure, 1977; Markle et al., 2018

RAYLEIGH DISTILLATION: KEY @ HIGH LAT.
Pr

ec
ip

ita
tio

n 
d2

H
enriched

depleted

Weak 
temperature 

gradient

Strong 
temperature 

gradient

EquatorPole Latitude

Strong temperature 
gradient à 2H-depleted 

Arctic precipitation



02000400010000 8000 6000
Age (yr BP)

δ2 H
w

ax
 (‰

)

−220

−180

−160

−200

−240

Thomas et al., in prep

HOLOCENE SUMMER PRECIPITATION d2H

Summer precip d2H

02000400010000 8000 6000
Age (yr BP)

δ2 H
w

ax
 (‰

)

−220

−180

−160

−200

−240

-0.48

-0.49

-0.50

-0.51

La
t. 

Te
m

p.
 G

ra
di

en
t

(°C
 p

er
 °l

at
itu

de
)

strong

weakN. Hem. Latitudinal 
temperature gradient


