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Figure 1 The downscaling process

(i) Comparisons of model output with observed and proxy data sets are made along 4 transects (Figure 2) and k-means cluster analysis is used

to determine a best model.

(i) Statistical comparisons are then made to choose a best transect for each time period that can be used in a downscaling method. I

kyr BP.

Earth System Models of Intermediate Complexity (EMICs) have the advantage of allowing transient experiments over long periods of time. Here
we present a method of reconstructing gradients of climate across the UK during the last glacial interglacial using the output from such models.

A statistical downscaling procedure is used, with four parts (Figure 1):

(i) Statistical methods are used to compare the output from 20 models of the Palaeoclimate Modelling Intercomparison Project (PMIP) and 7
sensitivity studies for the study area shown in Figure 2. The analysis is done for the present day, the mid-Holocene and the Last Glacial
Maximum for the months of January, April, July and October.

1. GCM intercomparison

Correlation matrices:

After interpolating the models onto a common grid, » Correlation coefficients are higher for
correlation matrices (containing Spearman ranked temperature than for precipitation.

correlation coefficients) are produced for each month - Correlation coefficients are large and positive for
of each time slice (Table 1). Hierarchical cluster the absolute time slice matrices, but were
analysis Is applied to each matrix to gain a more variable (positive and negative) when calculated

detailed understanding of the relationships between

the models (Figure 3).

January P=PMIP S=Sensitivity study

ccc(P) ccm1(P) genil(P) gen2(P) gfdI(P) mri(P) ugamp(P) hadam 2(P) mri21k(S)
ccc(P) 1.00 0.86 0.68 0.95 0.86 0.93 0.89 0.97 0.96
ccm 1(P) 0.86 1.00 0.89 0.93 0.94 0.95 0.97 0.85 0.88
genl(P) 0.68 0.89 1.00 0.80 0.93 0.83 0.92 0.66 0.70
gen2(P) 0.95 0.93 0.80 1.00 0.94 0.98 0.96 0.93 0.96
gfdI(P) 0.86 0.94 0.93 0.94 1.00 0.95 0.99 0.84 0.88
mri(P) 0.93 0.95 0.83 0.98 0.95 1.00 0.97 0.93 0.96
ugam p(P) 0.89 0.97 0.92 0.96 0.99 0.97 1.00 0.88 0.91
hadam 2(P) 0.97 0.85 0.66 0.93 0.84 0.93 0.88 1.00 0.96
mri21k(S) 0.96 0.88 0.70 0.96 0.88 0.96 0.91 0.96 1.00

Table 1 Correlation matrix for 21 kyr BP
surface air temperature with fixed SSTs

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

CASE O 5 10 15 20 25

Label Num +-—- + ——t———————— o F————— +
GEN2 4

MRI 6 :l

GFDL 5 —

UGAMP 7

CCM1 2 —

CCC 1 —

HADAM2 8

MRI21K 9 —

GEN1 3

Figure 3 Dendrogram showing the results of the
hierarchical cluster analysis for table 1.

from 6 kyr BP minus present day values.

Results from cluster analysis of matrices

* The post-PMIP Sensitivity studies do not
cluster together.

LMD4, GENESIS1 and CCML1 often resisted
forming clusters with the other models.

*Related models from the same institute would
often cluster together.

*There are no temporally consistent cluster
patterns.

Q1 Do sensitivity studies
cluster together?

Q2 Do any models resist

- forming clusters?

Q3. Do related models
cluster together?

Q4. Are there any consistent
cluster patterns?
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(iv) Finally, model output from the Université Catholique de Louvain (UCL) is downscaled to reconstruct surface air temperature over the last 126

Figure 2 Spatial domain of study
area and transects

2. Model-proxy data comparisons along — T : —— :
transects

For the present day and mid-Holocene slices (Figure 4),
the transects from the model ensemble were compared . .
with the New et al. (1999) 0.5° observed temperature data
set, and the proxy pollen data set of Cheddadi et al. (1997)

respectively. Comparisons were made statistically using
four parameters: correlation coefficients with and without
the linear trend removed, and root mean square error with 7 ] 7
and without the linear trend removed. For the Last Glacial g B ] g I

Maximum, only spot comparisons could be made visually
(Figures 5 and 6).

Figure 4 Model temperature data vs

For the present day, k-means cluster analysis showed Cheddadi et al. (1997) for 6-0 kyr BP.
that the model that best reproduced the New et al. (1999) T e O;
observed data set was different for each transect and L > ' =
month (Table 2). T ﬁ ) l 1

Figure 6 Model-proxy
comparisons for 21-0 kyr
BP January temperature. -
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Figure 5 Model-proxy
comparisons for 21 kyr BP . I
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f O 57N 52N 3.5W 1.0W
N g

. - i g Model GENESIS2 HADAM?2 GISS LMD5
7 . January r2 0.97 0.99 0.82 0.65
detrended r2 0.81 0.47 0.68 0.56

rmse /°C 2.0 1.3 1.7 1.7

detrended rmse /°C 0.8 0.5 1.1 1.1
Model GISS GENESIS2 CCM36k CSIRO

July 12 0.94 0.95 0.97 0.93

_ detrended r2 0.85 0.64 0.78 0.45

" rmse /°C 0.8 0.5 1.1 1.3

B S detrended rmse/°C 0.6 0.4 0.9 1.0
- Table 2 A summary of the ‘best’ models for the present

day (Model vs New et al. (1999)).

3. Transect selection 4. Downscale from an EMIC
A transect is required for each month and time ~ Best model — a best model is identified by k-means LLN2-D Is chosen to be the most suitable model to drive the
slice for downscaling. Four methods to find  analysis for the present day. Produces the best results e e e e - . downscaling procedure. The selection of this model over other
this transect are explored, with an example of  but cannot be applied to the other time slices due to models from UCL was based on ice volume evidence (Figure
the results for January given in Table 3: there not being a model that performs well for all 5 10). Temperature fluctuations are too low in LLN2-D, and
transects and months (Table 2). - B hence the LLN2-D northern hemisphere temperature output
January was linearly stretched to fit the observed present day data at
Statistics for best model method. New vs best model. BeSt mOdel group average - a beSt group Of mOdeIS §§§§§§§%&&%§}§:\\t\\‘§\\‘=\‘ + —{-5 one extreme and the bes’[ GCM data for the Last G|ac|a|
-~ GEZ?EEISZ HAS;\JMZ ;SSE I_1’\/|0D|55 Average |dent|f|ed by k-meanS Cluster anaIyS|S fOf the present day oé i I MaX|mum (LGM) at the Other extreme. A Scallng procedure
- = = I i 2 S i T 1
Correlation coefiients of rghnel deta.__ oo | 0% | 0&2 | 0% oes and the transects of th_lS it elits averaged. This group . | B was then applied to link the transects to these data to produce
eended e S S IV VO I can be used for other time slices. \ a downscaled data set (Figure 8).
istics f I h N f GISS, CCM36k HADAM2 I 1 1 1 1 ":I'”W =0
S (R R S RN - Weighted average of models — weightings defined by The downscaled data have been extensively validated against
B E— — model complexity. proxy data both temporally and spatially. Figure 9 compares
Coreaioncoeffiensof e dended deta css [ oss [ on | ot oer Simple average of all model transects. a downscaled central England temperature against proxy data.
Detrended RMSE 0.7 0.4 1.0 1.1 0.8 tme/kyree 0000 lamwde N
New vs next best average of The best model group average method was chosen. . . Agreement is good, although Glob ice volume
CCC, GENESIS2, GENESIS2c and HADAM2C models. ) ) i ) F|gure 8 Downscaled surface air _ T e
Polynomials were fitted to the resulting transects using LLN2-D is too poorly :
. L temperature for 3.5W based on LLN2-D .
S S — an objective method (minimising the sum of the squared atput resolved in time to reproduce  |=-
Consfion coeficierts f he devended dee or | of | o | 0% oo errors per degree of freedom) (Figure 7). ' ‘ the high frequency
PeEnel e e e B B = - fluctuations that characterise |+ ~~
Statistics for the simple average method. New vs simple average. o e DY T - ror—— ApmeET — o ’ ﬁ }( | the deglaCIation- o solimE/thPm
57N 52N -3.5E 1.0E Average ji \\\f\ ~ :’ I Ogo % ‘\“xj— V[/[/—_ |
i —_  original d %75 \\ g :: gw {H } Ei;;:g,: : B 1 = Lambeck et al.,, 2000
(;c’;r;;lation coefficients of the detrendéd data 0:273 01:2; 0:26;) 0:2211 01:499 Et ° %:i -0 I:I g u re 10 gigféﬁgé@:\;’:gz:ﬁggi
Detrended RMSE 0.8 0.5 11 13 0.9 :2:7 ] :XV—\/J Comp arl son O.I: th e ZE&EEEEX.B
Statistics for the weighted average method. New vs weighted average. I — ?Egi‘n eeeeeee ‘ . ) time [yt B2 20 30 reSUItS from 5
57N 52N -3.5E 1.0E Average 25 ] g\\/\/_\ F|gure 9 sty Gonral England experlments made Deglaciation ice volume
Correlation coefficients of original data. 0.95 0.99 0.75 0.58 0.82 ;)ij/—/‘/// : 2: Va“da‘tlon Of | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Wlth LLNZ'D and 1 ‘ ‘
Correlation coefficients of the detrended data 0.63 0.46 0.74 0.58 0.60 %227 | é : or s : B 7 N . z
T ﬂ I downscaled | 7| . | MoBIdiC. Globalice ;
i - central , volumes and :
Table 3 Results from the 4 exploratory methods England l S o deglaciation ice 8
for choosing a best transect for downscaling. An temperature | | B : volume amounts are -
example for present-day January temperature. Figure 7 Chosen transects for 52N. with proxy 8 S O U OO O OO shown.
data. e
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