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Introduction: Dansgaard-Oeschger events 

1. Compile Greenland ice core DO event data
2. Compare to isotope-enabled model simulations 
3. Use framework to improve understanding of DO dynamics 



Ice cores and proxies

Catalogue changes in:

• Site temperature (from δ15N-N
2
)

• The δ18O of ice (proxy for site 
temperature proxy)

• Deuterium excess of ice (proxy for 
vapor source conditions)  

• Accumulation rate



The models

HadCM3:

CESM:



Spatial Fingerprint Pt. 1



Spatial Fingerprint Pt. 2



Spatial Fingerprint Pt. 3



The link to sea ice

Models (CESM, HadCM3) have skill in 
simulation DO events.

Large migration of winter sea ice edge 
across DO event.

Focus in Sub Polar Gyre (SPG)

Series of Idealized atmosphere-only DO 
experiments: Apply sea ice anomalies to 
different sectors of N-Atlantic



Idealized sea ice experiments

What is needed to explain Greenland DO fingerprint:

(1) Winter sea ice cover in stadial SPG is sufficient condition

(2) Sea ice variations in the Nordic seas alone insufficient 

(3) SST alone is insufficient

(4) Winter sea ice cover in stadial SPG may be a necessary 
condition



Moisture tagging experiments
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Conclusions

(1) New records of δ15N-N
2
 from Dye-3 and Renland cores

(2) Spatial multi-proxy fingerprints of DO signal across Greenland

(3) Coupled models have skill at simulating DO signals

(4) Idealized model simulations suggest SPG stadial winter sea ice 
cover is sufficient to explain DO, and may be necessary

(5) The δ18O and d isotopic signals reflect changes in source 
region distribution, not Rayleigh distillation or ΔT



Nordic seas?



Moisture tagging experiments
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Moisture tagging experiments
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Changes in isotopic fractionation (source areas stay same)
Changes source areas (fractionation stays same)
Cross product



Idealized sea ice experiments



δ15N-N
2
 as proxy for ΔT

• Each abrupt DO event has a 
transient excursion in δ15N-N

2

• Caused by thermal 
fractionation in firn layer

• DO event magnitude ΔT 
proportional to δ15N-N

2



The water isotope thermometer: Rayleigh 
distillation

Greenland / Antarctica

South Pole: 
δ18O = -50 ‰ 

δ18O = 0 ‰

δ18O = -10 ‰
δ18O = -20 ‰

δ18O = -30 ‰
δ18O = -40 ‰



Atlantic Meridional Overturning Circulation
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Deuterium excess

Traditional definition:
d = δ2H – 8 x δ18O

d reflects kinetic fractionation 
during evaporation; 
- positively correlated with 
source SST
- anti-correlated with rel. 
humidity



New Dye-3 and Renland data



Nordic seas?


