(%

2
<

Assimilation on climatic timescales

An application to the ‘Little Ice Age

Gerard van der Schrier & Jan Barkmeijer
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‘Little Ice Age’ climate in Europe

timescales — p.2
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Dalton Minimum (ca. 1790-1820)

Complex situation? regional and seasonal variations
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A solar connection?
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Impact of volcanic eruptions
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Bjerknes’ hypothesis

Anomalous ocean-atmosphere interaction

starting point:
atmospheric circulation reconstruction (1790-1820)

® anomalous surface ocean circulation
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problem with assimilating paleodata |
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problem with assimilating paleodata Il

no ‘ordinary’ data-assimilation excercise

o 3D/4D-var methods useless:
s |low-temporal resolution
s |low-density network
s low-quality data
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problem with assimilating paleodata Il

no ‘ordinary’ data-assimilation excercise

o 3D/4D-var methods useless:
s |low-temporal resolution
s |low-density network
s low-quality data

# require a method which adjusts mean climate

s Synoptic scale variability adjusts dynamically
consistent
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problem with assimilating paleodata Il

two-step approach

# upscaling:
estimate large-scale patterns
anomalous atmospheric conditions
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problem with assimilating paleodata Il

two-step approach

# upscaling:
estimate large-scale patterns
anomalous atmospheric conditions

o assimilate large scale patterns
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Approach

Test Bjerknes’ hypothesis by:

# reconstruct average January Sea Level
Pressure field for 1790-1820

# assimilate field in GCM

# assess climate response
s SST change?
s SAT change?
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. winter SLP reconstruction 1790-1820

SLP january 1790-1820

Jjanuary SLP 19/1-2000

data from: Luterbacher et al, 2002; van der Schrier & Jones, 2008
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anomalous winter SLP fields

averaged pressure anomaly
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Forcing Singular Vectors |

reconstruction of streamfunction s

2ppast — Z?clim =+ wtarget

streamfunction v at time %,:

@b(to, X) — wclim(X) + Oé(to)wtarget(x)‘F

Z O, (tO ) % (X)

objective: (Y (to + 71, X), Yiarget) = 1
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Forcing Singular Vectors |l
target

non-linear integration

de
— time E:Lg_Ff

T
e(T) = Mf with M = / M(s, T)ds
0

J(£) = |P (Mf — (1 — a)darger)|
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Forcing Singular Vectors Il
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Here: 1" = 3 days
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Does the data-assimilation work?

target pattern
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target pattern

Does the data-assimilation work?
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absent
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target pattern

Does the data-assimilation work?
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....  Change In surface ocean circulation

80N
70N,
6ON{

SON1-

40N

30N

20N
9ow

A
Zi%

Assimilation on climatic timescales — p.17



....  Change In surface ocean circulation
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Change In SST S ssr o
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modelled and reconstructed SAT
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Outlook

The Forcing Singular Vectors approach

# has been applied to other paleoclimatic
problems
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Outlook

The Forcing Singular Vectors approach

# has been applied to other paleoclimatic
problems

» can it be applied to the early 20" century as
well?

s Stefan Bronnimann’s monthly
reconstructions could be used

s KNMI EC-Earth model (based on ECMWF
model)
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.... What changes are dynamically consistent?

change in total # cyclones
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