Reconstructing paleoclimate using a
data assimilation method

challenges and problems

Gerard van der Schrier & Jan Barkmeijer
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proxy data - poor coverage
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paleodata
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paleodata
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Inter pretation of paleodata is hazardous

Ice Storm Damage

N I Minor

; z 0 - B MoFierate
Kilometres - Major

Figure 3 Ice storm damage inferred for the western New River Ranger District. White areas within the
national forest boundaries are pixels excluded because of clouds, logging, coniferous forest or NDVI difference
values <—0.1 or >0.2. The heavy dashed line indicates the division between the western and eastern sections,
which were analysed separately

Stueve et al. (2007)
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problem with asssmilating paleodata

no ‘ordinary’ data-assimilation excercise
» low-temporal resolution
» |ow-density network

» |ow-quality data
s reliable information for
slowly varying
large-scale patterns only
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problem with asssimilating paleodata | |

3D-var/4D-var methods useless

# adjoint methods are applicable to short time
ranges only

# longer assimilation periods give secondary
minima in the cost function
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Forcing Singular Vectors|

two-step approach

# upscaling:
estimate large-scale patterns of
anomalous atmospheric circulation
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Forcing Singular Vectors|

two-step approach

# upscaling:
estimate large-scale patterns of
anomalous atmospheric circulation

o assimilate large scale patterns
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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|i|l|
target

non-linear integration

de
— time E:Lg_Ff
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Forcing Singular Vectors|i|l|
target

non-linear integration
de
— time E

Jacobian

tendency perturbation

Nl
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Forcing Singular Vectors|i|l|
target

non-linear integration

de
— time E:Lg_Ff

=(T) = M(0, T)e / M(s, T)fds
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Forcing Singular Vectors|i|l|
target

non-linear integration

de
— time E:Lg_Ff

e(T) = Mf with M = /T M(s, T)ds
J(£) = [P (MTF = (1 — &) trarget)|
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here
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Forcing Singular Vectors|V

T

"'D.ecemb er 15t February 30th

. 1'=24-96h 1'Is a tuneable parameter
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Forcing Singular VectorsV

What Is actually needed is:

Nyears
/() <¢(t7 X)7 wtarget> di =1

and not that

<¢(tv X), wtarget> =1

at discrete points in time
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Forcing Singular VectorsV

The uncertainty in the amplitude and/or the pattern of
Yrarget IS NOt taken into account
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ECBIIt-Clio modd

ECBILT

*Quasi-geostrophic atmospheric model (T21, 3 levels)
*Simplified representations of diabatic-heating processes
*Explicit hydrological cycle

*Prescribed cloudiness

*Soil-plus-snow model

_ _ _ VECODE
sDynamical terrestrial vegetation model
3 plant functional types: forest, desert, grass

: CLIO D

Sea-ice model
Thermodynamics using a 3-layer snow—ice model + leads
Dynamics including viscous-plastic rheology

Ocean general circulation model

*Primitive equations — free surface

*Mellor and Yamada's level-2.5 turbulence-closure scheme
*Parameterisation of density-driven downslope flows

20 vertical levels

Horizontal resolution: 3° x 3°

_______________________________________________________________________________________________________________________________________________________
VA

KNMI

Reconstructing paleoclimate using a data assimilation method — p.14



example 2. assimilate PNA pattern

responsemap DJFM—PNA index on 500hPa streamfunction

160W 140W 120W 100W 80W

regression of PNA-index on 500hPa streamfunction
(NCEP reanalysis)
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example 2. assimilate PNA pattern
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Periods of interest
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Periods of interest
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Does the data-assimilation work?

~>

delta Psi (500 hPa) yrs 1—7
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Does the data-assimilation work?

~>

delta Psi (500 hPa) yrs 1—7

180
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Does the data-assimilation work?
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.....quirky model variability
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quirky model variability

none of the model’'s EOFs resembles the PNA
pattern

Interaction between the target pattern and the
model’s modes of variability
—
overamplification/suppression of parts of PNA
pattern

A
Zi%

Reconstructing paleoclimate using a data assimilation method — p-19



60N 1

55N 1

50N

45N 1

40N

35N

30N+

25N

20N+

comparison with PDSI reconstruction

average over 1818-1824

X

BON

55N

50N 1

45N 4

40N

35N 1

30N

25N

20N

130W

120w 110w 100w el 80W 70W 60w

[ [ [
-5-45-4-35-3-25-2-15-1-050 05 1 1.5 2 25 3 35 4 45 5

average over 1825-1840

3

Y — e

(%

~
2
=

130W

100W 90W 80W 70W BOW

T T [ T T T 7
-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5

120W 110W

Reconstructing paleoclimate using a data assimilation

65N

60N -

55N 1-

50N 1-

45N -

40N -

35N 1-

30N 1-

25Nq-

20N~

65N

60N -

55N

50N 1

35N -

30N 1-

25N 1-

20N 1-

average over 1818-1824

— NN
-~ 2 .
P
Lo 7

1

~

3
L %‘S
T T T T T T = T = T
130W 120W 110W 100W 90w 80W 70w B60W

[T [ [ [ T
-5-45-4-35-3-25-2-15-1-050 05 1

[T
15 2 25 3 35 4 45 5

average over 1825-1840

= PNy
f .
B\ TR A

- T

<=

-~

]
e,

130W 120w 110w 100W ow 80w 70w 60W

[ T [ [ T T
-5-45-4-35-3-25-2-15-1-050 05 1

[ 1
1.5 2 25 3 35 4 45 5

method

— p-20



Drainage pathways from Lake Aggasiz
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Drainage pathways from Lake Aggasiz
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Broecker (2006): ‘no visual evidence that might
“support the flood scenario [via the Eastern route]
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Younger Dryas
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example 3: senditivity experiments

hypothesis: zonal repositioning of Atlantic
eddy-driven jet = rapid climate change?

(Seager et al. 2002)
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example 3: senditivity experiments

hypothesis: zonal repositioning of Atlantic
eddy-driven jet = rapid climate change?

(Seager et al. 2002)
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Does it work? jetstream
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maximum Eady growth rate 650hPa
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Changein SAT

80N

70N

60N

SON -

40N -

30N

20N F2— - ; ; ;
90W 60W 30W 0 30E

[
-5-45-4-35-3-25-2-15-1-0505 1 1.5 2 25 3 35 4 45 5

A
Zi%

Reconstructing paleoclimate using a data assimilation method — p.27



Conclusions

Forcing Singular Vectors work:

# assimilate paleo-climatic reconstructions
s full interaction between climatic components
s Wwithout suppressing internal variability

® consistent with other reconstructions

(%
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Conclusions

Forcing Singular Vectors work:

o assimilate paleo-climatic reconstructions
s full interaction between climatic components
s Wwithout suppressing internal variability

o consistent with other reconstructions
However:

# Interpretation of proxy data is a problem

# how to use an error covariance matrix?

» less-than-perfect model variability might
overwhelm the assimilated signal
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example 3: ‘Littlelce Age climate

averaged pressure anomaly
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Does the data-assimilation work?

target pattern
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Does the data-assimilation work?
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Does the data-assimilation work?

absent
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modelled and reconstructed SAT
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....  Changein SSTs

delta SST DJF
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....  Changein SSTs

delta SST DJF
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.... What changes are dynamically consistent?

change in total # cyclones
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