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Abstract. An adaptation technique based on the synoptic at-would suggest, in accordance with previous studi@siéd
mospheric circulation to forecast local precipitation, namely et al, 2002 Bontron and Obled2005, that time extrapola-
the analogue method, has been implemented for the westion should be done by the Global Circulation Model, which
ern Swiss Alps. During the calibration procedure, rele-can process atmospheric variables that can be used by the
vance maps were established for the geopotential height datadaptation method.
These maps highlight the locations were the synoptic circu-
lation was found of interest for the precipitation forecasting
at two rain gauge stations (Binn and Les Beottes) thatare 1 |ntroduction
located both in the alpine Rine catchment, at a distance of
about 100 km from each other. These two stations are SenSSOme major precipitation events recenﬂy occurred in the
tive to different atmospheric circulations. Swiss alpine Rbne catchment (1987, 1993 and 2000). Octo-
We have observed that the most relevant data for the anaser 2000 is the last to date with precipitation amounts above
logue method can be found where specific atmospheric cir500 mm in 7 days in the south-eastern part of the catchment
culation patterns appear concomitantly with heavy precipi-(Petrascheck and Hegg002. According to present statis-
tation events. Those skilled regions are coherent with theics, this event has a return period of more than 1000 years
atmospheric flows illustrated, for example, by means of thefor different rain gauges. This created a 100 to 300-yr flood
back trajectories of air masses. Indeed, the circulation recuren the Rldne, depending on the locatioRdtrascheck and
rently diverges from the climatology during days with strong Hegg 2002.
precipitation on the southern part of the alpinedRé catch- This work is part of the MINERVE (Modlisation des In-
ment. We have found that for over 152 days with precipita-temgeries de Nature Ex@me sur les Rivires Valaisannes
tion amount above 50 mm at the Binn station, only 3 did notet de leurs Effets) project that aims at providing a real-
show a trajectory of a southerly flow, meaning that such atime flood management on the upper &Rk catchment
circulation was present for 98 % of the events. (Garda Herrandez et a).2009. The main idea is to use
Time evolution of the relevance maps confirms that thedams to store water during an extreme event. This means
atmospheric circulation variables have significantly betterthat a certain storage volume must be made available be-
forecasting skills close to the precipitation period, and thatfore the precipitation begins. This requires the precipitation
it seems pointless for the analogue method to consider cirand the discharge to be predicted several days in advance.
culation information days before a precipitation event as aAt present, MeteoSwiss provides the COSMO (Consortium
primary predictor. Even though the occurrence of some crit-for Small-scale Modeling, seSteppeler et al.2003 and
ical circulation patterns leading to heavy precipitation eventsCOSMO-LEPS (Limited Area Ensemble Prediction System,
can be detected by precursors at remote locations and 1 weedeeMontani et al, 2003 Marsigli et al, 2005 forecasts. Our
ahead Grazzinj 2007 Martius et al, 2008, time extrapola-  work aims at providing a parallel forecast based on a sta-
tion by the analogue method seems to be rather poor. Thisistical approach, namely the analogue method, in order to
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extremely sensitive to the southerly circulation. This last one
was actually the circulation pattern of October 2000 and it is
the most critical situation for the catchment. It can generate
large amounts of precipitation on the eastern or southern part
of the catchment by strong orographic effects.

2.1 Datasets and tools

The chosen dataset is the NCEP/NCAR reanalysis (6-hourly,
17 atmospheric levels at a resolution of 2.5eeKalnay
etal, 1996, as predictor variables and the daily precipitation
measured at the MeteoSwiss stations network as predictand
(which is to be predicted), for the period 1962—2007. Other
authors usually consider a precipitation averaged over a basin
or a region as the predictand in order to smooth local effects

(Obled et al.2002 Marty et al, 2012, which is not the case
Fig. 1. Location of the alpine Rbne catchment in Switzerland and i, the present study.

the two rain gauge stations of interest (source: Swisstopo).

We developed the model used for this study, which is
called ATMOSWING (Analogue Technique MOdel for Sta-

better assess the meteorological uncertainties. It will alsotIStlcal Weather forecastiNG), and is written in C++ with an

give an overview of the synoptic atmospheric circulation andobject—onented architecture. It allows us to process calibra-

its identified determining elements, and offer the possibilityEI'_?p anddrelalr;tlmi foregatstmg alndtto twjuallzg t??houtpu;s.l
to refer to historical events. is model has been intensively tested against the mode

The analogue method is an adaptation technique that algleveloped at the Grenoble Institute of TechnoloBr(tron

lows forecasting daily (and possible subdaily) precipitation and le(_—:-d 2003 Marty et al, 2013 to ensure that the pro-
by means of identification of analogue past situations inCessIng 1S correct,
terms of synoptic circulation. The chosen method is sim-
ilar to the one developed b@bled et al.(2002, Bontron
and Obled2005, Ben Daoud et al(2009 andMarty et al.
(2012. This study covers part of the method calibration
for the Swiss Alps. The parameters’ space is highly multi-
dimensional, which means that the calibration process cannﬁ. A iables d ibing th tic at heric circul
be easily automatised. The purpose of this study is to per-.IC or variables describing the Synoplic atmospheric circuia-
form diagnostic analyses that could help the calibration anonon' Its main hy_pothesls 1S ‘h‘?‘t similar S|tuat|0_ns_ In terms
provide guidelines for the selection of predictor variables. of atmospheric circulation are likely FO lead to similar local
Strong southerly flows, which are critical for precipitation weather Bontron and Obled2003. This has been observed

on the eastern part of the Bhe catchment, have been the flogrgtg er‘lFZ)'Zr:ﬁ rzeog(ljgn,vlln r\t/;arlouts ISt;g&M 261035; cFanhdIr:t r?r:
subject of many studies. These show the presence of upper:” 208 ' » vartius et al ehima
level precursors in potential vorticity fields and in geopoten- ’ 9. . .

tial heights (e.gMassacand et al1998 Martius et al, 2006 The approach consists of_ th_e following steps. The method
2008 Grazzinj 2007, etc.). We will show similar analyses by summarized hereafter is similar to the approactOaled

means of backward trajectories of air masses, and set thesd al. (2009, Bontronland Obleq2003, Ben papud e:c "ﬂ'
in perspective with the regions of the geopotential levels hav—(2009 andMarty et al.(201. Numerous variations of the

ing the highest skill for precipitation forecasting at gauging method are possible, and some aspe_cts and parameters will
stations of interest. not be detailed hereafter. In the following procedure, we are

interested in forecasting the cumulated daily rainfall (6 a.m.
to 6 a.m. the next day) for the 7 coming days, to D+.

2.2 The analogue adaptation technique

The analogue method is a downscaling technique based on
the idea expressed hyrenz(1969. It aims at forecasting a
redictand, often the daily precipitation, on the basis of pre-

2 Data and methodology
1. We collect some predictors (geopotential heights and

The study area is the alpine upper @Rle catchment in humidity variables) for our 7 lead time®{ to D7) from

Switzerland (Fig.1). The altitude ranges from 372 to the Global Circulation Model (GCM) outputs in the case

4634 m a.s.l. and the area is 5524%m of real-time forecasting or from the reanalysis dataset
Our calibration is illustrated in 2 locations (Fid) that (Kalnay et al, 1996 in the case of the calibration pro-

are sensitive to different atmospheric circulations. Les cedure. The predictor data are thus already extrapolated
Marécottes is sensitive to strong westerlies, while Binn is over time.
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2. Then, we process the first level of analogy on the syn-2.3 Calibration
optic circulation. Bontron and Obled2005 showed
that the geopotential heights at 500 hPa and 1000 hP&or every level of analogy, a parameter one has to calibrate
are the best first predictors of the NCEP/NCAR reanal-is the analogues number. In each of these levels, for every
ysis dataset. Thus, these fields are extracted over atmospheric variable, we also need to calibrate:
certain spatial window for every target dafg to be
compared to the reanalysis archive. To cope with sea-
sonal effects, candidate data are extracted for every year
from the archive within a period of 4 months centred
around the target dat®;. The similarity criterion is — The temporal windows (hour of the day)
the S1 score given in Eql), which is a comparison of
gradients Teweles and Woby4954 Drosdowsky and  To calibrate the method, we need to reforecast the past and

— The best atmospheric levels to select

— The spatial windows (their location and size)

Zhang 2003. to assess the performance of our model by comparing the re-
sults to observed precipitation. As the GCM outputs are not
Z|A2i — Az available in a forecasting mode for the past, the calibration
S1=100 i (1) is performed in a perfect prognosis framework with the re-
Zmax{m%i 1Az} analysis dataset. This means that the predictors are analysed
1

fields and not output forecasts from a meteorological model,
and thus have a smaller and constant uncertainty when model
whereAZ; is the forecast geopotential height difference forecasts show an increasing uncertainty with the lead time.
between the-th pair of adjacent points in the target sit-  The calibration is done by means of a trial and error
uation, andAz; is the corresponding observed geopo- gpproach: we choose an initial parameters set, run the
tential height difference in the candidate situation. The y,odel over a long calibration period (1962—2007) and as-
differences are processed separately in both directionsgess the result. The model accuracy is rated by means of
and then averaged. The smaller the S1 values are, thg,e crRPS (Continuous Ranked Probability ScoBspn,
more similar the pressure fields. 1974 Matheson and Winklerl976 Hersbach2000. Let
The S1 score has been compared against other critethe precipitation variable be denotedvith xY the observed
ria by Bontron and Obled2005. The RMSE is bet- value, andF (x) the predicted cumulative distribution func-
ter to compare most variables, except the geopotentiations (cdf). The mean CRPS of a forecast series of length
heights. In this case, S1 shows improved forecastingcan be written as:
skills. The reason for such better results is that the n oo )
S1 criteria allows comparing the circulation pattern, by cRps= _Z (/ [Fi (x)— H; (x _xlo)] dx) 2)
means of the gradients, rather than the absolute value of ni= \J-

the geopotential heights.
_  whereH (x —x?) is the Heaviside function that is null when
3. The N; dates with the lowest values of S1 are con3|d-x _xio <0, and is equal to 1 otherwise.

ered as analogues to the target day. The number The mean CRPS is processed on the calibration period.

of analogues)j, IS a parameter to calibrate that varies rhg pest parameters are selected according to the optimal
with the lead timej in the forecast usage. It has an op- (i.e. lowest) score.

timum clearly identifiable that is often around 30 dates
for the first lead time (= 1) if we consider only one 2 4 Relevance mapping
level of analogy, and that is increasing for subsequent

lead times. The relevance map is a spatial representation of the forecast-

4. We may next add new subsampling levels based oring skill of every grid cell of the predictor dataset. This map

other variables, such as the humidity fluxes, to pick out”> prqcessgd by fixin_g every parameter except the location of
a lower number of analogued, amongst the previous a unitary sized spatial window thqt moves across .t.he whole
selection. If we consider a second level of analogy, theaP (Bontro.n and Obled2009. By iterating the position .Of
first number of analoguea/;, needs to be higher thanin this small yvmdoyv, we get the CRPS score correspondlmg.to
the case of a single level approach. Naturdﬂy< N;. cvery spgtlal un|t_. I "?‘”OWS us to see Wh_ere the syn_opnc_cw-
o culation information is relevant to explain the precipitation
5. Finally, the daily observed precipitation amount of the time series at our rain gauge station. The relevance mapping
N', resulting dates provides the empirical conditional was processed on the whole time series (including days with-
distribution, considered as the probabilistic forecast forout precipitation).
the target dayD; . The predictors’ best locations are not expected to be the
same for different stations or sub-catchments, but to match
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Fig. 2. Time evolution of the relevance map on the 500 hPa atmo-Fig. 3. Time evolution of the relevance map on the 500 hPa atmo-
spheric pressure level for the Binn station. The values are the CRPSpheric pressure level for the Memottes station. The values are the
scores. CRPS scores.

the meteorological characteristics of the region. The predicin between—36 h and+24 h. Precipitation timé is 6 p.m.,
tors’ best locations should indeed be consistent with the mebeing the center of the measuring period (6 a.m. to 6 a.m. the
teorological phenomena that influence the region’s weather.next day).

) ) ) The evolution on the 500 hPa level for the Binn (F&).
2.5 Isobaric back trajectories and Magécottes stations (Fi@) illustrates the formation of

We processed isobaric back trajectoribafiielsen1961) of _the patterns wherg t_he_atm_ospheri_c circulation is determin-
air masses on the wind field of the NCEP/NCAR reanalysisiNd the whole precipitation time series. One can see the pat-
datasetKalnay et al, 1996 for days above a certain amount t€MS being formed at some remote distance some hours be-
of precipitation at the station of interest. The starting locationOre the precipitation period. These patterns evolve and move
is the central point of the Rime catchment. As the resolution ©Ver the catchment, where they reach their strongest rele-
of the dataset is rather coarse compared to the catchment si2é1C€, before continuing to travel eastward and losing their
the hypothesis is made that there is no significant variatiorPredictability skill. These patterns characterize the relevant
of the synoptic circulation information for distances of about '€910NS in terms of atmospheric circulation, by means of the
50 km, which are subgrid scales. geopotential field gradients.

3.2 Relevance maps optimums

3 Results for the Ribne catchment )
The relevance maps were processed for both the Binn and

3.1 Relevance maps evolution Marécottes stations at 500 hPa and 1000 hPa, each with its

As the NCEP/NCAR reanalysis has higher time resolutionOpt'rT]al temporal WmeV\{ (Figd). The hour 1S gxp_ressed
rfelatlvely to the center (6:00 p.m.) of the precipitation mea-

than the rainfall series, we had to choose the best tempora

} . . ; suring period (6:00 a.m.—6:00 a.m. the next day), resulting in
window to compare the predictor variables. To illustrate thea time differenceAs. One can see that if the time matches

;f;ﬁgnog ;r}irhtohuer rsneelfrfggn,sgfn\gerlélae f’g;i:%zeztr(%atlonthe precipitation period for both stations on the 500 hPa, it
’ P _.._varies from—6h at Binn to+6 h at Les Magcottes on the

were established for various hours around the precipitatiorHOOOhPa
period. This was made by considering the predictor at a time '
h+ At to predict the precipitation at timewith Az varying
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extent. Adaptation of the spatial window size, which is the
o018 next step following the relevance map in the calibration pro-
cess, greatly increases the forecasting skills of the method.

As one can see on the two relevance maps for Binn égig.

00165 and4b), the 500 hPa level explains the precipitation in that
region better than the 1000 hPa. The difference is significant
and may be explained by the heterogeneity on the 1000 hPa
o015 level. Indeed, this level shows a first optimal location in the
Adriatic Sea and over Italy and a second minor over Spain.
Another potential reason for the importance of the 500 hPa
level is the need of a strong upper-level current for the pre-
cipitation to reach the other side of the orographic barrier
o0 with a remarkable intensityMassacand et al1998.

00176 On the opposite, the relevance maps for the édattes
station (Fig.4c and d) show a better score for the 1000 hPa
level than for the 500 hPa.

For both stations, the most relevant areas include the catch-
{00164 ment on the 500 hPa level, but not on the 1000 hPa on which
Looss they are located further south. By the way, it makes us more
confident to consider the 1000 hPa level above the sea rather
than in the Alps, where its significance it debatable.

0.0173

0.0158

0.0143

0.0184

0.0172

10.0168

10.0156

0.0152

0.0296

4 Meteorological analyses

0.0288

0028 We will first discuss the meteorological situations leading
00272 to heavy precipitation events at the Binn station. It is well
known that southerly circulations are critical for this loca-
tion, particularly in autumn. Such a flow may trigger high
precipitation events on the Alpine southern slopes by oro-
graphic lifting (Massacand et al1998. Sometimes, but

002 not always, high precipitation amounts may reach thérieh

00232 catchment. When this happens, the Binn region is concerned
most of the time.

Analyses of some events of extreme precipitation on the
Alpine south side indicate the presence of an upper-level
precursor on the potential vorticity distributiomMéssacand
et al, 1998. These events could be characterized by sim-
ilar potential vorticity patterns taking the form of a merid-
ionally elongated deep intrusion of stratosphericldiartius
et al. (2009 found a strong correlation between this poten-
oo tial vorticity streamer and extreme precipitation on the south-
00232 ern slopes of the Alps (streamers are present for 73 % of ex-
treme precipitation days). The upper-level circulation was
accordingly characterized by a deep trough at 500 hPa ex-
tending from the British Isles towards the Iberian Peninsula
at the time of the precipitatio-€himann et al200Q Plaut
et al, 200)). This trough was accompanied by an upper-level
ridge to the west ensuring air advection, and another one
to the east, which contributed to blocking the perturbation

The CRPS score cannot be compared between the stationg:ehlm"’Inn etal200Q Plaut _et al.2001). The consequences
Of such a system are a moisture-laden strong southerly flow

it can mpar n atmospheric levels for on .
but.tca be compared between atmospheric le €IS 10T ONG low levels that extends from the Mediterranean to the Alps,
station. The reduced range of values for any map is due tg : . .

. . . L . ;areduction of the static stability, and an enhancement of the
the fact that we consider spatial windows with size of a grid

cell to search for analogues, which is clearly not the optimalconveCtIon WMassacand et al1998.

0.0264

0.0256

0.0248

0.0296

0.0288

0.028

0.0272
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Fig. 4. Relevance mafa) on the 500 hPa akr = 0 h and(b) on the

1000 hPa aAr = —6 h for the Binn station, an¢t) on the 500 hPa
at Ar =0h and(d) on the 1000 hPa at+ = +6 h for the Maécottes
station. The values are the CRPS scores.
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Fig. 5. Isobaric back trajectories at 500 hPa of the days with pre- ° 10%
cipitation above 50 mm (left) at the Binn and (right) the Keottes
station (source: GoogleEarth).

Marécottes
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20% 10% Al
Grazzini (2007) states that “since the incident airflow is
mostly controlled by the large-scale pressure gradient we as-
sume that strong southerly flow conditions can be broadly
described in terms of the 500 hPa height field”. He calcu-
lated a reference pattern and its associated anomaly for the
most intense events on Alpine southern slopes and tba&h
catchment by averaging the 500 hPa height fields. It revealed
the elongated meridional trough and a sharp pressure gradFig. 6. Wind roses made with the NCEP/NCAR reanalysis dataset
ent on its east side. at the central point of the catchment on the 500 hPa level; wind roses
These troughs may result from amplification of Rossby of the cI.imatology i’;\nd of the d_ays with precipitation above 50 mm
waves Grazzini 2007 Martius et al, 2008, and thus are 2t the Binn and Macottes stations.
generated by an evolving system that finds its origin at re-
mote locations. The wave-packet at high levels is propagat-
ing from the Pacific region for autumn and winter cases, and A 'st_ron.g southerly flow Seems to be necessary for extreme
can be traced back to approximately 1 week ah@xdzini precipitation events on Alpme southern slopes, but other fac-
2007 Martius et al, 2008. The onset of strong southerly to_rs also _need to be taken into account, as th_e_OC(_:urrence of
flow is more predictable than its decayrazzinj 2007). This th|s flow is greater thap that of extreme precipitatifa(-
may be due to satisfactory modelling of the strong dynamicalfiUS &t ., 2006 Grazzinj 2007). Streamers are frequent over
forcing associated with Rossby-wave propagati@regzini Western Eu_rope and heavy precipitation is not always ob-
2007, while the dissipation stage characterized by Wave_served Wartius et al, 2006.
breaking phenomena and local processes does imply the less The back trajectories of air masses (S@cH) at 500 hPa
robust physical part of the model. for the days with more than 50 mm of precipitation at the
Plaut et al. (2001) worked on clustering large-scale Binn station (Fig5 left) show a clear tendency that diverges
circulation patterns of many heavy precipitation days from the climatology characterized by the zonal fldwo(-
(=50 mmd-1) for different sub-regions. Two of the three ton etal, 2009. Their atmospheric circulation has a strong
clusters he obtained for Ticino and the eastern part of thesoutherly component close to the station, which is consistent
Rhone catchment are coherent with the circulation we ob-With the presence of the trough previously described. While
served. These are composed of anomalies on the 700 hFich circulations were observed only for a part of large sam-
level that reveal the location of the troughs, around whichPle of events in previous studies, it appears here to be almost
air masses flow. However, we won't go into detailsMer- @ constant rule for daily precipitation amourt$0 mm at
tius et al(zooa Showed that Ticino and the easternfmb the Binn Station. We found indeed that Of over 152 dayS W|th
catchment present some differences in the location and thBrecipitation above 50 mm at the Binn station, only 3 (in late
orientation of their associated streamers. High precipitationNovember and December) did not show a trajectory with a
days coincide only in about 50 % of the cases for the eastergoutherly flow, meaning that such a circulation was present
Rhone catchment, Ticino and Grisons, and are exclusively infor 98 % of the events.
one of the three regions otherwise. Another illustration of this same information is the wind
rose for Binn (Fig.6 left). The wind roses were also estab-
lished on the NCEP/NCAR reanalysis dataset at the central
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point of the catchment. We can see that the days with strongharacteristics. More specifically, the most relevant data for
precipitation at the Binn station have an important southerlythe analogue method are located where the atmospheric cir-
flow at 500 hPa that diverges from the average climatology.culation is dominant during heavy precipitation evehtsrt
It is information that exists in the reanalysis dataset and thaton et al, 201Q 2011). As one can see in Figl, the most
can be useful in a downscaling approach. skilled areas do not include the troughs or lows, but the re-
Doing the same for the Macottes station, we can see on sulting flow. This is a consequence of the S1 criteria we use,
the back trajectories (Fidp right) and the wind rose (Fid) which is a comparison of the gradient. As far as the authors
that the west component is dominating. This corresponds td&now, this is the first analysis that sets in perspective the rel-
the westerlies, and thus makes the direction information relaevance maps and climatology.
tively useless to discriminate the critical situations. However, The time evolution of the relevance maps confirms that
the wind intensity is much more important than the averagethe atmospheric variables have significantly better forecast-
climatology, and thus represents a discrimination potential ining skills close to the precipitation period, and that it seems
a downscaling model. pointless for the analogue method to consider circulation in-
When we compare the back trajectories for severe rainfalformation days before the predictand as a primary predictor.
events and the relevance maps at 500 hPa, processed on thgen though the occurrence of a southerly flow can be de-
whole series, the similarities are obvious. For Binn, the rel-tected by precursors at remote locations and one week ahead
evance map shows the curvy circulation patterns characterGrazzinj 2007, Martius et al, 2008, time extrapolation by
izing the southerly flow that produces heavy precipitation atthe analogue method seems to be rather poor. This may be
the station. The same analysis can be made onthéddties  easily explained by the fact that two similar synoptic sit-
station, with a prevailing west circulation during heavy pre- uations at a given time are unlikely to evolve analogously
cipitation events. over several days, and that other analogous situations will
These analyses confirm that the most relevant data for théecome more relevant. This would suggest that time extrap-
analogue method can be found where specific atmospheriglation should be done by the GCM and not by the adapta-
circulation patterns appear concomitantly with heavy precip-tion method. This is consistent with previous studi@sled

itation events. et al, 2002 Bontron and Obled?005 Marty et al, 2012, as
they consider circulation predictors at the day of the precipi-
tation.

5 Conclusions Plaut et al.(2001) states that “the presently available op-

erational models provide more accurate forecasts of air mass

The analysis of the back trajectories and the wind roses regirculation than of precipitation, especially over mountain-
veals first that the reanalysis dataset contains valuable inforeus areas”. This is also true for specific conditions leading
mation for a statistical downscaling method despite of its res+to heavy precipitation event&razzini(2007) demonstrated
olution (2.5). It also reveals that the atmospheric circulation that the GCM of the European Centre for Medium-Range
diverges from the average climatology during heavy precipi-Weather Forecast (ECMWF) performs even better under the
tation events and that a strong recurrence of the conditions igpecific conditions linked with high precipitation events in
visible for those days. We have found that of over 152 daysthe Alpine region than the average conditions. The assertion
with heavy precipitation at the Binn station, only 3 do not that synoptic circulations conducive to major events have a
show a trajectory of a southerly flow. This reveals a strongsuperior predictive skill does not imply that precipitation is
precursor that can be used in an adaptation method such agso more predictable by numerical weather prediction mod-
the analogue method. els (Fehimann and Quadr200Q Grazzini 2007). This is

Events in the Binn region require a special configurationwhere a statistical approach becomes very interesting: trying
of the circulation at the global scale to produce heavy pre-to link the well-forecasted atmospheric circulation with lo-
cipitation for several daysBuzzi et al, 1999. Complex lo-  cal precipitation without the use of complex and error-prone
cal phenomena such as topographic enhancement, convephysical processes modelling and parametrizations.
tion or moisture fluxes have an influence over the precipi-
tation amount, but large-scale flow is equally important in AcknowledgementsThe MINERVE project is developed in
producing the necessary conditio8rézzinj 2007). The partnership, by the Swiss Federal Office for Environment (FOEV),
analogue method aims at bypassing these local phenomer%f’ads and Water courses Service, Energy and Water Power Service

by using the global circulation information to forecast local ©f the Wallis Canton and Water, Land and Sanitation Service of
the Vaud Canton. The Swiss Weather Services (MeteoSwiss)

precipitation. The basis for such an approach is the presump- ~ . S :

. rovides precipitation data and weather forecasts and hydroelectric
tion that mqst of the ef.fe'cts.of the !ocal processes are alread@ompanies communicate information regarding their hydropower
embedded in the precipitation series. plants. HydroCosmos and Epicard engineering firms contribute to

The relevance maps established for the analogue methoghe computer aspects. Scientific developments are entrusted to two
calibration at two locations in the alpine Bfre catchment entities of the Ecole Polytechnique Federal Lausanne (EPFL), the
show a good coherence with known atmospheric circulationHydraulic Constructions Laboratory (LCH) and the Ecohydrology
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