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Reconstructions of Past Climate

Climate “Proxy” Data…



Climate Change 2001: The 
Scientific Basis, Houghton, 

J.T., et al. (eds.), Cambridge 
Univ. Press, Cambridge, 2001

Reconstructions of Past Climate
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Reconstructions of Past Climate

Climate “Proxy” Data…



El Nino



Sources of Uncertainty

El Nino

Influences Atlantic 
hurricanes, drought in 
desert southwest, etc,



How did Natural Forcings Influence influence ENSO and 
the Tropical Pacific During the Past Millennium? 

Brad Adams



How did Natural Forcings Influence influence ENSO and 
the Tropical Pacific During the Past Millennium? 

Tropical volcanic radiative forcing (0.1 x W/m2)

Superposed Epoch 
Analysis AD 1649-1868

all (7) tropical events 
exceeding -2 W/m2

Superposed Epoch 
Analysis AD 1000-1999

All (7)  tropical 
events exceeding -4 
W/m2

Mann, M.E., Cane, M.A., Zebiak, S.E., Clement, A., Volcanic and Solar Forcing of The Tropical Pacific Over the 
Past 1000 Years, Journal of Climate, 18, 447-456, 2005.



How did Natural Forcings Influence influence ENSO and 
the Tropical Pacific During the Past Millennium? 

simulation

smoothed simulation 
result

Coral isotope 
reconstruction of past El 
Nino variations

Combined response to Solar +Volcanic 
Forcing

Mann, M.E., Cane, M.A., Zebiak, S.E., Clement, A., Volcanic and Solar Forcing of The Tropical 
Pacific Over the Past 1000 Years, Journal of Climate, 18, 447-456, 2005.



Surface Temperature Reconstructions

Science (Nov 27, 2009)



Model-Data Comparisons

Positive Phase of 
Northern Annual Mode

Science (Nov 27, 2009)



statistical 
model

historical record

Model resolves ~50% annual variance in both calibration and 
split calibration/validation over 1870-2006

Applications: Tropical Cyclones



sediments

historical    
record

95% uncertainties

95% uncertainties

Statistical 
model

Applications: Tropical Cyclones
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Storm Surge combined with SLR 

• Anthropogenic era surges statistically higher than pre-anthropogenic era surges
• Important result for surge risk due to SLR, but also rather intuitive 
• Additional consideration:  How are storm surge heights changing due to the changing characteristics of 

storms?

Applications: Tropical Cyclones
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CMIP5 multimodel mean

Applications: Climate Sensitivity



CMIP5 multimodel mean

What if we mask out the intervals 
corresponding to the few largest eruptions?

Applications: Climate Sensitivity
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CONCLUSIONS

•Reconstructed La Nina-like pattern during Medieval times, and El Nino-
like anomalies during the “Little Ice Age”, suggest a ‘thermostat’-like 
response response to natural radiative forcing

•Recent hemispheric-scale warmth anomalous in at least a millennial 
context; can only be explained by anthropogenic impacts on climate

•Combination of warm tropical Atlantic and La Nina-like conditions in the 
tropical Pacific could explain periods of relatively high past Atlantic 
Hurricane activity 

•Medieval warmth in high-latitude North Atlantic and parts of North 
America rivaled modern warmth

•Response of AO/NAO to natural volcanic and solar radiative forcing 
appears to explain enhanced ‘Little Ice Age’ and ‘Medieval Warm Period’ 
temperature signal in regions such as Europe

•Anthropogenic climate change impacts on TCs combined w/ SLR has led 
to dramatic increase in coastal risk relative to pre-anthropogenic era

•Evidence recent weakening of AMOC unprecedented in past millennium

•Use of true pre-anthropogenic baseline suggests we’re closer to 1.5C/2C





Applications: Dangerous Warming Thresholds
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European Winter Cooling During the Little Ice Age





D’Arrigo et al tree-ring based NH reconstruction (blue) along with the climate model (NCAR CSM 1.4) 
simulated NH mean temperatures (red) and the “simulated tree-ring” NH temperature series based on 
driving the biological growth model with the climate model simulated temperatures (green). The two 
insets focus on the response to the AD 1258 and AD 1809+1815 volcanic eruption sequences.

Simulated 
tree-ring 
composite

D’Arrigo et al 
tree-ring 
composite

CSM1.4 
Simulation

Applications: Refining parameter estimates

instrumental

Climate 
Sensitivity 

underestimated
?



Applications: Refining parameter estimates

PDF of ECS using decadally smoothed data between (a) AD 
1300–1849 and (b) AD 1200–1849 (red = simulated actual 
temperature series; green = synthetic tree ring temperature 
series). Shown by dashed vertical lines are mean of the ESC 
distribution for simulated temperature series (red), mean of 
ECS distribution for synthetic tree ring temperature series 
(green), ECS estimate using MFR12 simulated tree ring 
temperature series where chronological error accumulation 
due to inferred missing rings is taken into account (cyan), 
and sensitivity estimate for D06 tree ring temperature 
reconstruction (blue). True value of ESC is 3.0 in both cases.



NH Mean Temperature over past Millennium: 
Model/Data Comparison 

CMIP5 multimodel mean



CMIP5 multimodel mean

NH Mean Temperature over past Millennium: 
Model/Data Comparison 

What if we mask out the intervals 
corresponding to the few largest eruptions?
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