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Abstract We present a statistical method to reconstruct
continuous atmospheric fields on various pressure levels,
given a constraint at the surface. The method is based on
analogues of circulation and taking into consideration the
time sequence of the analogues. The method is tested on
the 2001-2011 period, with an emphasis on the year 2010.
We base the atmospheric reconstruction on reanalysis data
from 1948 to 2000, and use a constraint of sea-level
pressure for 2001-2011. The pattern correlation scores
appear to be significant most of the time, although score
flaws are occasionally detected. Those flaws are mainly due
to the time continuity constraint that is imposed on the
reconstruction, which lowers the possibility of finding
matching analogues. This method offers an ensemble of
atmospheric reconstructions, and presents a computation-
ally cheap alternative to data assimilation for a climate
model, although with lower scores.

Keywords Circulation analogues - Climate
reconstructions - North Atlantic variability

1 Introduction and motivation

Reconstructions of sea-level pressure above the North

Atlantic for the past centuries have been available from
historical meteorological observations (Ansell et al. 2006;
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Luterbacher et al. 2000), sometimes on daily time scales.
Such reconstructions are based on pressure observations
from continental meteorological stations. Some recon-
structions have been interpolated on regular grid cells,
which makes them easier to compare with contemporary
re-analyses (Kalnay et al. 1996; Uppala et al. 2005). Ini-
tiatives to build a global atmospheric re-analysis of the
climate of last centuries have emerged in order to
reconstruct variations of the three dimensional atmo-
spheric field. Those initiatives used assimilation methods
to constrain a state-of-the-art climate model with ancient
meteorological observations (Compo et al. 2006; Gong
et al. 2007; Widmann et al. 2010; Compo et al. 2011).
The downside of those re-analysis projects is their spatial
resolution, which has been limited to 2-3°, for obvious
computational reasons and the scarcity of observations on
a global scale.

This work is motivated by the study of meteorological
events of the last millennium that are regional by essence,
like heatwaves (Vautard et al. 2007; Zampieri et al. 2009),
cold spells or investigate the impacts of volcanic eruptions
on air quality (Chenet et al. 2005; Schmidt et al. 2011).
Regional climate models yield the relevant horizontal
resolution to investigate such events (Seneviratne et al.
2006; Fischer et al. 2007; Zampieri et al. 2009). Their use
for a study of historical events is limited by the availability
of three dimensional initial and boundary conditions,
especially for pressure, temperature and humidity fields.
The historical meteorological records are mainly available
on one vertical level, namely at the surface, which is a
priori not sufficient to force a regional climate model.
Thus, there is a need of methodologies to reconstruct the
vertical structure of fields like geopotential heights or
temperature, given surface observations. One path has been
the assimilation of pressure observations in an atmospheric
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general circulation model in order to provide a long-term
climate re-analysis (e.g. Compo et al. 2000).

The goal of this work is to develop an alternative sta-
tistical method allowing the reconstruction of an ensemble
3D field of geopotential heights and surface temperature
that is consistent with surface observations. We propose a
method that is based on analogues of atmospheric patterns
obtained from a modern re-analysis dataset. This method
has been recently used for case studies and trend estimates
for European climate variables (Yiou et al. 2007; Vautard
and Yiou 2009; Cattiaux et al. 2010). Hence, rather than
running a numerical weather prediction model and assim-
ilating observations, we use reanalysis data that are anal-
ogous to surface observations, with a constraint on time
continuity. The region of focus is the North Atlantic. We
base our analysis on NCEP reanalyses (Kalnay et al. 1996).

We tested our methodology on the decade from 2001 to
2011, with an emphasis on year 2010. The main motivation
for this choice was that an Islandic volcanic eruption
occurred in Spring 2010. This volcanic eruption disrupted
aviation activities during a whole month. Therefore the
year 2010 is (for fortuitous reasons) an interesting period to
test a circulation reconstruction. We reconstruct the three
dimensional atmospheric circulation in 2001-2011, from
sea-level pressure data and re-analysed geopotential
heights between 1948 and 2000. The method is also tested
for surface temperature. This paper is a preliminary
methodological step to obtain an ensemble of historical
regional climate simulations.

The methodology is detailed in Sect. 2. The data we use
and the choice of the parameters are given in Sect. 3. The
application to the 2001-2011 decade is illustrated in Sect.
4. Discussion and conclusions are drawn in Sect. 5.

2 Methodology

We want to reconstruct a three-dimensional atmospheric
flow field Z for geopotential heights at various pressure
levels, sea-level pressure and surface air temperature. We
assume that a “target” dataset 7 of predictors X is
available for a given period of time. Mathematically, the
goal is to build an estimate Z of Z given an observation
of its trace X at a boundary. Loosely speaking, if a partial
diffential equation is defined on a given domain, the trace
operator is a restriction of the equation to the boundary of
the domain. Here we will consider that X is a daily field
of sea-level pressure (SLP) anomalies with respect to the
seasonal cycle. Here, we want to estimate geopotential
heights at various pressure levels and surface temperature
that are consistent with the available two-dimensional
SLP field. We hence focus on the reconstruction of
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geopotential height anomalies at 1,000, 850, 500 and 300
mb (respectively 21000, z850, z500 and z300) and surface
temperature.

We assume that a reference database R of three-
dimensional atmospheric flow field Z (including the vari-
able X) is available for a sufficiently long period to sample
the range of X.

The first step of our approach is to find analogues of X
from the dataset 7, in the reference database R. 7 and R
could stem from two different re-analysis or model simu-

lation data sets or distant time periods.

(7)

For a given field X;”’ in the target dataset 7, we find a

day ¢, in the reference database R that optimizes a distance
or a correlation (linear or rank) with Xi(ﬂ. For a (Euclid-
ean) distance, this corresponds to:

t; = arg minjend(Xi(T),X;R)). (1)

The K “best” analogues (e.g., K = 10 here) are the
(7)

i

sorted optima of distance or correlation. The estimates V/
are obtained from Z;@. This method of analogues has been
used in various downscaling studies (Yiou et al. 2007;
Vautard and Yiou 2009; Zorita and von Storch 1999) to
determine the contribution of the atmospheric circulation
on surface temperature. The caveat of this simple approach
is that a sequence of consecutive days might not yield
consecutive dates of best analogues. This potentially
hinders the time continuity and differentiability of
analogues at other pressure levels.

In order to achieve time differentiability (or at least

continuity), we consider moving “windows* Wi(T) of N
consecutive days (e.g. N = 6) in the dataset 7:

) >

We then seek analogues of Wl»(T> in RY. This constrains
the analogues to yield consecutive days, which implies an
ad hoc time differentiability. This is based on the
assumption that continuity is achieved from one day to
the next. The rationale for imposing differentiability and
continuity is to constrain the variability on all pressure
levels. For a given day, SLP might not constrain upper
level atmospheric variability, but a sequence of SLP
patterns is more likely to. We loosely justify this claim by
the “embedding® theorem for dynamical systems (Mané
1981; Takens 1981). If we assume that the atmospheric
motion can be described by a multivariate dynamical
system whose dimension is M, and one of the dimensions
is carried by SLP variations, then, a sequence of “delayed”
SLP vectors can generically reconstruct the M dimensional
dynamics of the full attractor, provided the size of the
delayed vectors is large enough. This theorem was the
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basis for many time series analysis methodological
developments (Vautard et al. 1992; Ghil et al. 2002). We
emphasize that the embedding theorem necessitates the
validation of quite a few hypotheses that we cannot verify
here, but it heuristically sets the rationale for our choice of
computing analogues on time “windows” of a climate
variable.
The methodology proceeds in three steps:

1. Determination of analogue dates in a database R, for
moving windows in the target dataset 7,

2. Computation of time varying weights (proportional to
the distance of the estimated date to the window
center) in the reference database R in order to ensure
continuous transitions between moving windows,

3. Computation of analogues for all variables (at other
pressure levels or temperature), from dates and weights
in the reference database R.

We first search for windows of consecutive days in the
database R that optimize the distance (or the correlation)
with the target moving window in 7. This corresponds to:
1; = argminyd(W,", W) (3)

for a (Euclidean) distance. By construction, each W]-(R>

preserves the piecewise differentiability in time (i.e. for
each window of size N) of the estimates Wim = W,im.

The windows in the dataset 7 can be moved by incre-
ments of & (e.g., & = N/2), so that, if 7 covers a whole
year, 365/6 analogues of N consecutive days are computed.
A trade-off between a smooth reconstruction and its vari-
ability is obtained with the increment parameter & = N/2.
If & is small compared to N, then the averaging procedure
lowers the variance of the reconstruction, while large d can
produce discontinuities.

Once the dates of K best analogues of N-day windows
are computed, the overall field reconstruction for each day ¢
in 7 is made by averaging the moving windows overlap-
ping t. The reconstruction procedure can be applied for
the K best analogues, hence providing K reconstructions.
For example, considering the first analogues, if time ¢ € 7

belongs to two windows, W,-(T) and Wi(/T), the reconstruc-

tion at 7 X, will be an average of the analogues of those two
windows in R, weighed by the proximity of ¢ to the centers

of W”) and W), If 1 is the kth element in [i, i + N — 1]
and the k'th element in [/, i/ + N — 1], then:
% = X" + apx7 (4)

where the weights o, are proportional to k — i and X' — 7/
and sum to 1. If the windows are shifted by increments of
d < N/2, more that two windows can include a given time
t. In such a case, the averaging and weighing is done in
the same fashion. This procedure is illustrated in Fig. 1.

The weights ensure that the overlapping window procedure
yields an overall time continuity and differentiability
(which depends on the weight choice), because the

sequence in each W,-(R) is composed of observed consecu-
tive days. We note that the averaging procedure necessarily
produces a reconstruction with a lower variance that the
estimated field. The reduction of variance is proportional to
the number of overlapping windows covering each time
increment. The weights themselves do not depend on the
analogue order (first or Kth). Thefore the same averaging
procedure is done on all other analogues.

Hence, in principle, this method provides an ensemble
of K atmospheric reconstructions that are optimally
coherent (in the sense of the metric that is used) with a
target dataset 7 with a constraint at one boundary. This
ensemble can be expanded by mixing local windows of
different analogue order: for instance, the reconstruction in
Eq. (4) could combine the first analogue for the kth element
and the second analogue for the k’th.

The quality of the reconstruction can be tested with the
Euclidean distance (or RMS) and spatial rank correlation.
The RMS shows the overall proximity of maps in terms of
means and variances. The rationale for using rank corre-
lation is that it favors structures and is less sensitive to
large deviations. Hence correlation is not sensitive to glo-
bal averages or variances, and mostly accounts for the
similarity of patterns. For example, two maps with very
different baselines (and large RMS value) could yield
similar patterns (and large correlations).

In our study, the RMS and rank correlation scores are
computed for every day of the dataset 7, and for all
reconstructed variables (anomalies of SLP, z1000, z850,
2500, z300 and surface air temperature). In this study, for
each day ¢ in 7, the analogues are sought in all days in R.
Imposing a search within 30 calendar days of ¢ does not

Day k of Wi

Day k' of Wi+1

Time't hd

Fig. 1 Schematic of the analogue choice and weighing. For a given
time ¢ and a given analogue a € {1, ..., K}, the reconstructed field X,

)

is the average of the windows Wi(R
in the windows W™

i

that include ¢. The maps at time ¢

are shown in red
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change significantly the results, because the anomalies also
have a seasonal cycle in the variance.

3 Data and parameters

The target dataset 7 is composed of pressure related
atmospheric variables (SLP, 21000, z850, z500 and z300)
and surface air temperature in 2010. The predictor variable
that we use is SLP anomalies in 2001-2011, and we want
to reconstruct all other fields during that period. The daily
anomalies were computed relative to 1961-1990 daily
means for all the atmospheric fields.

The reference dataset R is based on the period between
1948 and 2000. For simplicity, we chose a single database
for 7 and R, namely the NCEP re-analysis (Kalnay et al.
1996). The method is sufficiently flexible so that 7 can
cover a period of time in a given database, and R be taken
from another database (e.g. another reanalysis dataset or a
long control simulation from a climate model). In any case,
the datasets must have the same resolution (or be interpo-
lated on the same spatial grid). We will not test this pos-
sibility in this paper and focus on the results of a
straightforward application.

We considered the North Atlantic region (80W-35E;
25-70N), for which other analyses of circulation analogues

have been performed. We took daily averages from those
atmospheric fields.

We chose a fixed window size of N = 6 days for the
North Atlantic region. This is motivated by imposing
synoptic situations to last at least 5 days (Kimoto and Ghil
1993; Michelangeli et al. 1995), especially in the winter. In
the summer, this choice could be revised, with a smaller
window size (e.g. N = 2). In such a case, the relation with
an underlying dynamical structure is jeopardized because
the embedding theorem does not apply. We note that other
distances can be applied, or one could maximize a corre-
lation. We use the Euclidean distante (or root mean square,
RMS) to be coherent with previous studies.

We took a shifting increments 6 of 3 days. In this way,
each day in 2001-2011 is covered by two sliding analogue
windows.

4 Results

The evolution of the RMS and correlation values between
the reconstructed and “observed“ fields are shown in
Fig. 2 for the first analogue in year 2010. For compari-
son purposes between variables, the RMS values are
normalized by the standard deviation in all subsequent
figures.
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Fig. 2 Skill of the first analogues with windows of size N = 6 days
and increments of & =3 days in 2010 for NCEP re-analysis.
a Evolution of rank correlation between analogue reconstructions
and re-analysis fields at various heights. b RMS between analogue
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2010 Days

reconstructions and NCEP re-analysis fields. The RMS values are
normalized by the SD at each pressure level. The vertical dashed lines
indicate May 27th and June 2nd 2010
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Fig. 3 Global correlation and
RMS values for a window size
of N = 6 days and shifts of

& = 3 days in 2001-2011 for
NCEP re-analysis for
geopotential height anomalies.
The RMS is normalized by the
standard deviation. The box-
and-whisker plots show the
distribution of scores for the
first five analogues (from fop to
bottom)

2850 2500 2300

21000

window= 6 d

z500 z300
! !

2850

21000
g
8

window= 6 d

T T T
-0.2 0.0

The rank correlation skill for SLP ranges between 0 and
0.89, with 80 % of the values between 0.39 and 0.79. The
values of the correlation scores are not significantly
degraded when geopotential fields far from the surface are
evaluated. The RMS values for geopotential fields are
proportional to pressure height, which is expected because
the variance of the atmospheric fields increase with alti-
tude. Thus, the RMS values were normalized by the spatial
standard deviation for each geopotential height in Fig. 2.
The correlation and RMS values for surface temperature
are lower than for pressure or geopotential heights,
although the correlation is generally significantly positive.

We note that the correlation scores can reach low values
(and even occasionally negative during =10 days) for

T T T T T T T
0.0 0.5

RMS

geopotential heights higher than z500. We interpret this
lack of skill by the fact that no proper analogue of N = 6
day windows (in 2010) could be found for those days in the
dataset between 1948 and 2000. If we change the window
length to N = 2 (and shifts every 6 = 1 day), the skill is
improved (not shown), with correlations all above 0.4 for
SLP. In this case, the correlation between reanalysis data
and reconstruction for z300 reaches a negative value once.
Although the correlation score is generally higher when
N is smaller, the spread of the scores (for all geopotential
levels) increases, suggesting a loss of temporal coherence
along the vertical due to a weaker time constraint.

We verify the reconstruction skill of the other analogues
for geopotential heights in Fig. 3 for the period 2001-2011.

Fig. 4 Global correlation and
RMS values for a window size
of N = 6 days and shifts of

d = 3 days in 2001-2011 for
NCERP re-analysis for surface air
temperature. The RMS is
normalized by the SD. The box-
and-whisker plots show the
distribution of scores for the
first five analogues (from fop to
bottom)

window= 6 d

window= 6 d

T T T
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T T T T T I T
0.6 0.8 0.0 0.5
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The correlation scores are barely altered by higher order
analogues, although, by construction, the RMS values
(slightly) decrease with the order of the analogue. The
reconstruction scores for surface air temperature is shown
in Fig. 4. Although the correlation and RMS values are
lower than for geopotential heights, the order of the ana-
logues does not induce a major degradation of the
reconstruction.

We find a seasonality in the analogue scores for all
variables (Fig. 5). Generally the correlation scores are
higher in the winter and lower in the spring, while the RMS
values are higher in summer and lower in winter and fall
(the RMS score is “better” or “higher” when the distance
value is small). Thus we find an apparent anticorrelation
between the two types of scores.

The explanation of the seasonality in RMS values lies in
the increase of spatial variance of pressure patterns in the
winter, which naturally increases the RMS values. The
spatial variance of atmospheric fields is lower in the
summer, which implies that the RMS has lower values.

The weak seasonality in correlation, with higher values
in winter, is explained by the stronger baroclinicity of the
flow in the winter and hence larger variance. For exam-
ple, the North Atlantic winter atmospheric circulation is
well described by four weather regimes (Michelangeli
et al. 1995), with a high index of classifiability, implying
that the correlation of the pressure patterns within each
regime is high. This means that if the analogues of
pressure are in the same weather regime as the target field
then they necessarily have a good correlation. Low scores
can be due to the difficulty to reproduce an unusual
sequence of weather regimes, or unusual patterns. Even
though weather regimes can last for a few days, their
transitions yield preferred paths, so that some sequences
are less frequent than others (Kondrashov et al. 2004).
Conversely, North Atlantic summer circulation has a low
index of classifiability due to a more barotropic flow
(Michelangeli et al. 1995). This implies that, although
RMS yields low values, the patterns have low correlations
because the classes of circulation are not clearly distin-
guished. In practice, it is useful to reduce the window
length in order to investigate the cause of the poor cor-
relation performance (unusual pattern or unusual sequence
of patterns).

We selected two days in May—June 2010 with high and
low correlation score in SLP reconstruction (Fig. 2) to
illustrate the performance of the method on high and low
scores. The day with the lowest score in SLP is reached on
June 2nd 2010 (r = 0) and the highest score is May 27th
2010 (r = 0.82). The choice of the season was motivated
by the timing of the Islandic volcanic eruptions in 2010. In
order to avoid a tedious redundancy, we only show results

@ Springer

for the evolution of SLP, z500 and z300 over three day
windows.

Around June 2nd, the SLP yields an Atlantic low
pattern, and shows a pressure high over Scandinavia
(Fig. 6). Between June 1st and 3rd, the high pressure zone
shifts westward to the Great Britain, while the Atlantic
low stays stable. The first analogue also yields an Atlantic
low, but the high pressure zone is shifted to the north
west. The z500 and z300 features are qualitatively simi-
lar, albeit with smoothed features in the analogue recon-
struction. In particular, the local low over the Balkans is
missed in the reconstruction. The observed temperature
patterns show warm anomalies over the Labrador,
Southern Greenland, Spain and central Europe (Fig. 7).
Negative anomalies are observed in France. The analogue
reconstruction reproduces the warm anomalies over the
Labrador, Greenland and Spain. The warm central Euro-
pean anomaly has a shifted and weaker amplitude. The
cold anomaly over France seems missed during June 2nd
2010. This is connected to the different pressure struc-
tures captured by the pressure and lower level geopo-
tential height analogues on that day. An analysis with a
smaller window size (N = 2) increases to positive the
analogue scores for SLP during those dates (not shown).
This suggests that the observed sequence of patterns is
rather unusual.

The pressure structure around May 27th yields a more
pronounced Atlantic low structure, with a positive pressure
anomaly over southern Greenland (Figs. 8, 9). The first
analogue reconstructions cannot pick the observed
dynamical feature, with a weakening of the positive
anomaly over southern Greenland, and a strengthening of
the low over the North Atlantic. Instead, it shows an
eastward shift of the Artic positive anomaly, which is not
seen in the observations. Similarly to June 2nd, the
observed temperature yields warm anomalies over the
Labrador and Greenland. A warm anomaly is also observed
in southeastern Europe. The analogue temperature recon-
structions can capture the warm anomalies over south
Greenland and southeastern Europe and the cool anomalies
in the western north Atlantic.

The two examples of high and low correlation scores
show that the skill for local temperature reconstructions is
not necessarily linked with the global scores. In this
geographical choice (80W-35E; 25-70N), a lot of weight
is given to the north western Atlantic structure of pres-
sure, because the variance is higher in this region.
Reducing the zone of analysis, or providing a heavier
weight to Europe in the analogue computation from RMS
would improve the local reconstructions, although this
requires some trial-and-error that is beyond the scope of
the paper.
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Fig. 5 Seasonality of correlation (left column) and RMS (right column) values for the first analogue reconstruction of SLP, 21000, z850, z500,
z300 and surface air temperature in 2001-2011
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<« Fig. 6 SLP, z500 and z300 analogue reconstructions for June 1, 2

and 3 2010. Odd rows represent NCEP reanalysis fields and even rows
are for the reconstructions. Columns are for the three represented
days. The colors represent field anomalies (in hPa for SLP, and m for
geopotential heights). The isolines represent the flow fields (in hPa for
SLP, and m for geopotential heights). We use solid lines for NCEP
reanalysis fields (odd rows) and dashed lines for reconstructions (even
rows). Window length is 6 days, time increments & = 3 days

5 Discussion and conclusion

We have presented a methodology based on analogues to
reconstruct an atmospheric field at various pressures, given
observations at the surface. This methodology was tested
for the 2001-2011 period, for geopotential heights at
decreasing pressure levels, from the surface to 300 hPa. We
show the results for the year 2010. The differentiability
constraint that we imposed results in occasional low cor-
relation scores (which can reach negative values), but the
correlation skill is homogeneous for all levels. The dif-
ferentiability was achieved by considering windows of SLP
analogues, which add a constraint to the local direction of
the analogue reconstruction. This windowing makes a
connection to the embedding theorems that allow a
reconstruction of the phase space of an attractor. This
theoretical consideration is an attempt to justify the use of
windowed analogues to reconstruct the whole atmospheric
field. The dimension of the underlying system gives a
lower bound on the size of the windows (Haken 1985),
which are also limited by the length of the available data.

A more thorough investigation on embedding theory with
partial differential equations will be required to achieve a
proper mathematical framework.

The coincidence of high and low correlation scores
between the reconstruction of sea-level pressure, geopo-
tential heights and surface temperature is not surprising.
In the hydrostatic approximation of an air column, geo-
potential height is linearly related to surface pressure, and
sea-level pressure is deduced from surface pressure, alti-
tude and surface temperature. Thus, those variables are
naturally correlated: when the reconstruction of SLP is
poor, it can be expected that it will be worse for geopo-
tential heights and temperature. And when it is fair, then
the probability of higher scores for geopotential height and
temperature increases.

We optimized the analogues for the RMS scores giving
equal weights to all gridpoints. We found that the first
K = 10 analogues yield comparable correlation scores
(with little loss of RMS scores with respect to the first one).
This provides a natural way of generating an ensemble of
reconstructions that are consistent with surface conditions,
by picking random analogues. For example, if one wants to
make a three dimensional reconstruction of atmospheric
fields, given daily surface observations from past data, it is
possible to propose an ensemble of results that sample the
atmospheric variability, especially on the vertical.

This methodology is a low-cost alternative to building a
reanalysis by running a climate model assimilating surface
observations. The specificity of our approach is that it
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Fig. 7 Surface air temperature analogue reconstructions for June 1, 2
and 3 2010. Odd rows represent NCEP reanalysis fields and even rows
are for the reconstructions. Columns are for the three represented
days. The colors represent temperature anomalies with respect to

seasonal mean (in C). Isolines represent the temperature field (in C).
We use solid lines for NCEP reanalysis fields (odd rows) and dashed
lines for reconstructions (even rows). Window length is 6 days, time
increments 6 = 3 days
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<« Fig. 8 SLP, z500 and z300 analogue reconstructions for May 26, 27

and 28 2010. Odd rows represent NCEP reanalysis fields and even
rows are for the reconstructions. Columns are for the three represented
days. We use solid lines for NCEP reanalysis fields (odd rows) and
dashed lines for reconstructions (even rows). Window length is 6
days, timeshift 6 = 3 days

focuses on a region (here the North Atlantic) rather than the
globe. We emphasize that its use over a much larger region
would probably not give satisfactory results, because the
larger the domain, the more difficult it is to obtain suitable
analogues of circulation (Lorenz 1969). Yiou et al. (2007)
have tested the sensitivity of the results of the analogue
scores by shifting the regions of analysis around the North
Atlantic and found no significant effect. Schenk and Zorita
(2012) have used a similar analogue approach, albeit
without the time continuity constraint to make climate
inferrences in Northern Europe.

From a visual inspection of two cases of high and low
scores of the reconstruction (in terms of spatial correlation)
it appears that regional behavior is not necessarily con-
nected to global correlations. This does not contradict the
findings of Yiou et al. (2007) or Vautard and Yiou (2009)
who investigated analogues of temperature for continental
Europe only. In order to obtain better scores of pressure or
temperature for the North Atlantic basin, it might be
desirable to give more weight to the eastern part of the
North Atlantic (and less weight to high latitudes) in the
distance to be optimized when computing the analogues.
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The refinements in the definition of the distance hence need
to be evaluated from a priori information on the spatio-
temporal variability of the field X on which the analogues
are computed.

The method was tested in a very restricted context with
one general dataset [NCEP reanalysis (Kalnay et al.
1996)]. Our formalism allows one to use a long control
simulation (e.g. 1,000 years) of a coupled climate model,
hence sampling a large part of climate variability as a
reference set R. Such a reference set (a climate model
simulation) ensures a consistence between all atmospheric
fields at any moment. As we mentioned, the target set 7
can stem from observations over a region, in a gridded
format. The only constraint is that the sets R and 7 are
formulated on the same spatial grid so that correlation and
RMS scores can be determined.

We conclude that we have presented a versatile method
for generating atmospheric flows constrained by surface
observations by exploiting simulations of a climate model.
The main caveat is that the reconstructed flow stems from
already observed (or simulated) flow and that it is not
possible to generate situations that have never been
observed. Another caveat is that analogues poorly detect
long term trends (Vautard and Yiou 2009) of variables like
temperature or precipitation. Therefore, an a priori
knowledge of the baseline value of fields like temperature
is needed to make reconstructions for remote times, when
the climatology (i.e. a reference average) is different.
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Fig. 9 Surface air temperature analogue reconstructions for May 26,
27 and 28 2010. Odd rows represent NCEP reanalysis fields and even
rows are for the reconstructions. Columns are for the three represented
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days. We use solid lines for NCEP reanalysis fields (odd rows) and

dashed lines for reconstructions (even rows). Window length is 6
days, timeshift & = 3 days
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