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Did volcanic eruptions at the end of the 13th

Century produce the Little Ice Age?

Figure 5.7: Reconstructed Northern Hemisphere annual temperatures during the last 2000 years. 
Individual reconstructions grouped by colour according to their spatial representation (red: land-
only all latitudes; orange: land-only extra-tropical latitudes; light blue: land and sea extra-tropical 
latitudes; dark blue: land and sea all latitudes), anomalies (ºC) from the 1881–1980 mean 
(horizontal dashed line), smoothed with a filter that reduces variations on timescales less than 
~50 years.  (IPCC  AR5 WG I)



Brian Zambri
Department of Environmental Sciences

Did volcanic eruptions at the end of the 13th

Century produce the Little Ice Age?

Figure 5.8: Comparisons of simulated and reconstructed NH temperature changes. (a) Changes 
over the last millennium.  (IPCC  AR5 WG I)
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Miller, Gifford H., et al., 2012: Abrupt onset of the Little Ice Age 
triggered by volcanism and sustained by sea-ice/ocean feedbacks. 
Geophys. Res. Lett., 39, L02708, doi:10.1029/2011GL050168.
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Was the Little Ice Age just by chance?

Zhong et al. (2011) did four simulations with the NCAR 
CCSM3 climate model, and two of them produced a 
long-term cold Arctic and two did not.  

Was it the model?  Did it depend on initial conditions?
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Many climate models have the Arctic climate wrong, with too 
little sea ice.

Berdahl, Mira, and Alan Robock, 2013: Cryospheric response to volcanic eruptions 
in the Paleoclimate Model Intercomparison Project 3 last millennium simulations. J. 
Geophys. Res. Atmos., 118, 12,359-12,370, doi:10.1002/2013JD019914.
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NCAR CESM Last Millennium Ensemble
(Otto-Bliesner et al. 2016)

Simulations for the period 850-1850 CE with different sets of 
prescribed external forcing:

- one control run (850 yr climatology)

- 5 ensemble members with volcanic forcing only

- 4 ensemble members with solar irradiance forcing only

- 3 ensemble members with orbital perturbation forcing only

- 3 ensemble members with greenhouse gas forcing only

- 3 ensemble members with land cover forcing only

- 10 ensemble members with all the forcings

Slawinska, Joanna, and Alan Robock, 2018:  Impact of volcanic eruptions on decadal to 
centennial fluctuations of Arctic sea ice extent during the last millennium and on initiation 

of the Little Ice Age. J. Climate, 31, 2145-2167, doi:10.1175/JCLI-D-16-0498.1.
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Volcanic and solar top of atmosphere radiative forcing (W m-2) 
applied during the LME runs

Slawinska, Joanna, and Alan Robock, 2018:  Impact of volcanic 
eruptions on decadal to centennial fluctuations of Arctic sea ice 

extent during the last millennium and on initiation of the Little Ice 
Age.  J. Climate, 31, 2145-2167, doi:10.1175/JCLI-D-16-0498.1.
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Little Ice Age

c)-f): NH sea ice area (x 106 km2)

Slawinska and Robock, 2018
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Volcanic forcing runs have warmer climate

NH sea ice area (x 106 km2)

Slawinska and Robock, 2018
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Did volcanic eruptions cause
the Little Ice Age?

1. If large volcanic eruptions cooled the Arctic, why did it 
stay cold long after the volcanic aerosols fell out of the 
atmosphere?

2. Did what happened at the end of the 13th Century 
depend on the state of the climate system at the time?

3. Was one large eruption enough, or did the forcing 
depend on a sequence of eruptions?

4. Did solar variations contribute to the Little Ice Age, or 
were volcanic eruptions enough?
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New simulations to understand the 
NCAR CESM Last Millennium Ensemble

100-year simulations (1255-1355 CE) for the period 
with different sets of prescribed external forcing, 
with cold, normal, and warm initial conditions:

- 1258 Samalas only

- Full volcanic forcing for 1258-1300 (4 Volcanoes)

- 1258 reduction of total solar irradiance by 2 W m-2

(-0.35 W m-2 radiative forcing) (Solar)

- Samalas + Solar

- 4 Volcanoes + Solar
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Sigl, M., et al., 2015: Timing and climate forcing of volcanic 
eruptions for the past 2,500 years. Nature, 523, 543–549, 
doi:10.1038/nature14565.
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Sigl, M., et al., 2015: Timing and climate forcing of volcanic 
eruptions for the past 2,500 years. Nature, 523, 543–549, 
doi:10.1038/nature14565.

Gao et al., 2008

“Within the 1000–1500 CE 
time period, the two 

reconstructions agree 
reasonably well in terms of 
the timing and magnitude of 

the great 1257 Samalas
eruption and the eruptions of 

1276 and 1286.” 

Toohey and Sigl, 2017
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Conclusions

• Large volcanic forcings are necessary to explain the origin and 
duration of Little-Ice-Age-like perturbations.

• Prolonged reductions in solar irradiance enhance the magnitude of 
volcanically-triggered anomalies of Arctic sea ice extent.

• Results and mechanism model-dependent (~20% more ice in Zhong
et al. mean)

• Model with more ice might not require solar forcing/multiple 
volcanic eruptions


