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Editorial

We are in the midst of the last phase, the Evaluation Phase,
of MAP. This new focus of MAP affects the committee
structure of MAP. The “work-horse” committee of the Co-
ordination and Implementation Group will be merged with
the Scientific Steering Committee to form the MAP Steer-
ing Committee (MSC). A big thanks to all members for
their input!

Also, MAP's “treasure chest”, the MAP Data Centre
(MDC) is getting fuller with data from the field phase
every day. You can inform yourself about the status of
MDC in thisissue.

The MAP newsletter is coming of age! While teenagers at
that stage proudly show their brand-new driver’s license
around, the newsletter shows off the ISSN number on its
inside cover. Some librarians' headaches on how to file the
MAP newsdletter should now be over and done with.

Six years have gone by since the official launch of MAPin
Bad Tolz. We provide space in this issue of the newsletter
to take stock and see where we will be headed. What are
the “new frontiers’, the new developments brought about
by MAP? Where have previous limitations been pushed
back; which new roads have opened up (or will open up
soon)? Into which direction(s) should mountain meteorol-
ogy go? Philippe Bougeault, Bob Houze, and Christoph
Schér give their point of view in three very diverse articles.

MAP has brought together people from many scientific
disciplines and nations. Two groups have gained so much
momentum within MAP that they are ready to start projects
that extend the scope of MAP. These groups are the fore-
casters and the climatologists together with data providers.
They present a short summary of the current status of the
proposed MAC (Mesoscale Alpine Climate) and FACT
(Forecasting in Alpine and Complex Terrain) projects.

The focus of our next issue will be the results of your work
with the MAP data set as you present them at the MAP
meeting in Bad Schliersee, May 14-16, 2001. Deviating
from our procedure of the previous years, we will publish
your extended abstracts immediately after the meeting.
This way you will still have the chance to incorporate your
very latest results, while the MAP community won't have
to wait for several months to get them in written form. We
urge you to use your chance to reach the whole MAP com-
munity by submitting your extended abstract (up to 4
pages) no later than May 8.
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| am looking forward to an exciting MAP meeting in
Schliersee,

Georg Mayr
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Some directions for MAP

Philippe Bougeault M étéo-France, CNRM, Toulouse, France

As quality-checked data are now continuously flowing into
the MDC, sorted and presented in an orderly fashion, and
adequately commented, we are just starting to realize the
value of the MAP dataset. Now is a time for return-on-in-
vestment.

It would be tedious to enumerate again all possible scien-
tific benefits that we expect from the MAP dataset. | want
to focus on three subjects were | believe we should decide
actions in the coming months:

m Re-anaysisand quality-checking

Early research in our institute — and elsewhere — points
to the large differences between simulations using the
products of various operational assimilation systems. One
key factor isthe moisturefield. There is aneed to prepare a
reference re-analysis of the MAP SOP, insuring an optimal
and complete use of al extra data acquired by research
groups, and with maximum quality control of the moisture
observations. The moisture measurements by radio-sound-
ings should be checked in the light of recent results from
the TOGA-COARE project, that evidenced dry biases in
many soundings, and proposed correction procedures. The
available information from various satellites and radars
should also be used to help produce the most reliable mois-
ture analysis.

®m  Numerical modeling

Preliminary results from modeling groups show some ex-
citing indication of high predictability of convective rain-
fall during MAP I0Ps. Thisis due to the control by topog-
raphy and by soil moisture. Research in numerica
modeling of MAP cases should intensify, make use of the
best available analyses, include realistic specification of
the soil moisture, and calibration of the parametrizations of
cloud physics against the in-situ and remotely sensed data
from the MDC. No single group has the capacity to explore
all issues simultaneously. Thisiswhy one or several inter-
comparison projects should be started, possibly under the
auspices of WGNE/COMPARE or GEWEX/GCSS, in or-
der to cross-fertilize the progress on numerical modeling
within MAP. Also, projects of coupling atmospheric and
hydrological models, well started within the RAPHAEL
project, should continue.

m Societal impacts

One standing recommendation from the WWRP is to de-
velop afocused program on societal impacts within MARP. |
believe we should do it. To start with, the new MAP Steer-
ing Committee will include one recognized expert in this
field. | believe the MAP community can develop research
in at least three directions:

e (i) establish better knowledge of the cost of Alpine
floods to society, of the part of this cost that could be
suppressed by better forecasts, and demonstrate the
economic benefit of improving observing and fore-
casting systems;

e (i) define better tools to measure the economic value
of forecasts of extreme events at one/three days lead
time. The present scoring systems are not appropriate
to tackle with the economic value of forecasts, as they
give too much weight to moderate events and do not
include the lead time as a factor. Developing better
scoring systems in an economic sense should become
a subject of research of our community;

e (iii) use MAP-proofed numerical models as “regiona
weather generators’ to establish better maps of natural
risks in the Alpine region, such as return periods for
big floods and landdlides, extreme Foehn, clear air tur-
bulence climatology, etc ...

| hope the new MAP Steering Committee will have the op-
portunity to impulse these and other actions for the benefit
of our community and the maximum valorization of MAP
data.
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Orographic Control of Precipitation:
What are We Learning from MAP?

Robert A. Houze, University of Washington, Seattle, USA

Thefirst four words of thetitle of this article match thetitle
of Section 4 of Ron Smith’s (1979) review, “The Influence
of Mountains on the Atmosphere’. Via a comprehensive
survey of the literature available 25 years ago, Smith iden-
tified the key ways in which mountains potentially can af-
fect precipitation. Little has changed regarding his conclu-
sions. However, little factual information was then
available to confirm, refute, or assess quantitatively the rel-
ative importance of different potential orographic influ-
ences on precipitation.

MAP was designed to answer some of the most basic ques-
tions posed by Smith's (1979) review. These answers will
come slowly, asiit takes years to reach a point of diminish-
ing returns in analyzing data collected in a field project as
large and comprehensive as MAP. LeMone (1983) found
that this peak of productivity comes about six years after a
large field project, at least in descriptive studies. More fun-
damental results inspired by field work tend to come even
later. So, we are till at an early stage in the analysis of
MAP data. Nonetheless, some of the more exciting ave-
nues to results are becoming apparent. In this short article,
| hope to point out some of the areas in which we are be-
ginning to see progress.

MAP does not address all the orographic precipitation
processes reviewed by Smith (1979). Most notably, MAP
does not address deep intense cumulonimbus convection
triggered by flow over terrain. One MAP case of this type
occurred (IOP 2a), but it was not intensively observed
other than by ground-based radar’. Though interesting in
its own right, this single case cannot be a basis for general-
ization. MAP also cannot deal extensively with terrain-
frontal interaction as an influence on precipitation en-
hancement. This restriction arises because the Wet MAP
intensive observations, by ground-based and airborne ra
dars, were almost exclusively made on the Mediterranean
side of the Alps in regions shielded from advancing fronts
by the broadly curved Alpine range, while precipitation en-
hancement by fronts encountering the mountain barrier oc-
curred primarily on the continental side of the Alps. Sev-
eral fronts eventually passed over the Alps during Wet

Lhttp://www.atmos.washi ngton.edu/geg/M G/M A P/summ/02/
10P_2A.991104.POC_sci_sumUWS6A .html
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MAP (most spectacularly in IOP 152). However, on the
Mediterranean side of the range, these events were prima-
rily the switches that turned off the heavy precipitation.

A particularly instructive group of events for answering
Smith’'s (1979) open questions about orographic precipita-
tion are IOP 2b, 3, 5, and 8-with the first three, which are
rather similar, taken as a group and compared with IOP 8
(quick-look summaries of these cases are on the world
Wideweb3). These four IOPsfall into the category of major
rain events owing to broad-scale ascent of moist flow over
a high mountain barrier. Within this category lie some of
the most fundamental questions raised by Smith’'s (1979)
review.

The broad-scale flow in all four cases occurred ahead of a
major baroclinic trough with its low-level frontal structure
remaining on the continental side of the Alps. In each case,
strong persistent low-level moist flow from the Mediterra-
nean Sea impinged on the Alpine barrier in the mountain-
ous backdrop of the Lago Maggiore region-the location of
the Wet MAP ground-based radar array. |OP 8 was colder
and more stable than 10P 2b, 3, and 5 (e.g., Houze et al.
2000). In 1OP 8 the boundary layer flow had an easterly to
northeasterly component, i. e. paralel and away from the
mountains. Thiswas different from |OP 2b, 3, and 5, which
had boundary-layer flow toward the barrier.

In IOP 8, the precipitation over the Lago Maggiore region
was amost entirely stratiform (for an example of the radar
echo, see Figs. 17-24 on the IOP summary on the Web4).
Rainfall accumulations in the foothills and mountains sur-
rounding the Lago Maggiore region were ~0-90 mm®. The
radar echoes seen by al the ground-based and airborne ra-
dars in the Lago Maggiore region exhibited a distinct
bright band and no embedded cellular structure. In individ-
ual river valleys the wind flow was strongly down-slope,
feeding cold air into the broad valley of the Lago Maggiore
and out over the Po Valley. The down-valley flow was evi-

2http://www. atmos.washi ngton.edu/geg/M G/M A P/summy/15/
10P_15.991106.POC_sci_sum.html

3http://www.atmos;.washi ngton.edu/gcg/M G/MAP/iop_summ.html

http://www.atmos.washington.edu/geg/M G/M A P/summ/08/
10P_08.991021.POC_sci_sum.html

Shttp://www.atmos.washington.edu/~socorro/research/pcpsn.gif
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dent in data from both the Doppler on Wheels (DOW) and
the P3 airborne Doppler radar (Steiner et al. 2000, Smull et
al. 2000). This outpouring of air from the river valleys was
evidently at least in part a manifestation of blocking of the
broad-scale flow. The stable air was dammed up against the
greater Alpine barrier and sought a return path down the
deep valley gorges. Inside the individua river valleys, the
down-valley flow may have been accelerated by the cool-
ing effects of melting and evaporation of precipitation. The
cold air running out of the valleys and out over the upwind
plain effectively moved the forced lifting effect of the
mountains upstream, as has been seen in other mountain
ranges (e. g. the Western Ghats, Grossman and Durran
1984). The P3 aircraft datain |OP 8 also suggested a maxi-
mum of rainfall over the central Po Valley upstream of the
mountains, evidently where the moist current at low levels
met the cold blocked flow coming out of the mountains (B.
Smull, personal communication). Evidently boundary-
layer moisture was condensed upstream of the main Alpine
barrier as it was lifted over this cold blocked air in the
boundary layer. Farther upstream, over the Ligurian Sea,
the P3 aircraft radar detected precipitation of a convective
nature. Buoyant instability was evidently spent there and
near the boundary of the outflowing blocked air so that by
the time the Mediterranean air arrived in the Lago Mag-
giore region it had already risen over the blocked flow in
the boundary layer and had lost all its instability, with the
result of highly stratiform precipitation occurring in the
Lago Maggiore region. Blocking by the Alpine barrier evi-
dently did not just occur in this particular rainstorm. Sea-
sonal composite reflectivity data for 1998 and 1999 strati-
fied by Froude number show that blocking conditions on
average move the maximum of precipitation upstream of
the mountain range (James et a. 2001).

IOP 2b, 3, and 5 exhibited cellularity embedded in the
widespread precipitation associated with the upslope flow.
Cellularity refersto small to moderate convective cells em-
bedded in the broad-scale precipitation layer over the
windward slopes. As pointed out by Smith (1979) the con-
vective dynamics producing cellularity can make the pre-
cipitation process quicker and more efficient in broad-scale
upslope flow. A deeper layer of moisture can be tapped if
the cells are deep enough. Probably more importantly the
cells produce pockets of increased cloud liquid water con-
tent, which the growing precipitation particles can collect.
Thus, more water is in the form of rapidly falling graupel
and rain that quickly reaches the surface of the terrain.

In IOP2Db, the rain amounts reached ~90-270 millimeters
(~10+ inches!) at various stations in the foothills and
mountains surrounding the Lago Maggiore regionG. The
storm bore some similarity to the Piedmont flood of 1994

(Buzzi et al. 1998, Ferretti et a. 2000), and it affected the
whole Alpine barrier. Most of the upstream water vapor ev-
idently condensed and fell out over the slopes. IOP 3 and 5
had upslope flow of asimilar character to that in IOP 2b al-
though it was more localized to the Lago Maggiore region.
Local heavy rain was so severe in mountains on the north-
east side of the Lago Maggiore region during IOP 5 that it
caused one fatality.

Radar echoesin IOP 2b, 3, and 5 exhibited distinctly cellu-
lar structure, with maximum reflectivity at low altitudes,
especialy over peaks and ridges of the terrain in the lower
windward regions of the Alpine barrier. The air impinging
on the Alps from the southeast from the surface up through
~800 mb was warmer, more moist, and less stable than in
IOP 8. With the lower stability in IOP 2b the moisture-
laden air approaching the Alpine barrier was not substan-
tially blocked but rather rose easily over the terrain. The
moisture in the boundary layer was all condensed over the
windward slopes (as opposed to being blocked and turned
away from the barrier, asin IOP 8), and instability was re-
leased.

The MAP radar data further indicate microphysical aspects
of the cellularity in the heavy rainfall cases. The dual-po-
larization S-Pol radar in the Lago Maggiore region showed
that in the heavy precipitation cells rimed particles (graupel
and small hail) occurred near and just above the melting
layer in IOP 2b, 3, and 5. These microphysical observa-
tions suggest that the small embedded convective cells re-
leased as the dightly unstable broad-scale upstream flow
rises over the lower peaks and ridges of the Alpine barrier
produce substantial amounts of supercooled water, which
rimes onto ice particles, thus forming graupel and/or small
hail. Since graupel and hail have higher fall velocity than
snow, the moisture condensed in the small cells quickly
reaches the mountain sides. Smith’s (1979) review of stud-
ies done in the 1970's and earlier suggests that ice micro-
physics might increase the efficiency of orographic precip-
itation; however, that idea probably arose more from
Bergeron’s (1950, 1968) seeder-feeder concept than from
consideration of the efficacy of riming in orographically
triggered convective cells.

So, what are we learning from MAP to answer the out-
standing questions identified by Smith (1979)? | think we
are confirming that:

e Thedegreeto which blocking occurs can have amajor
impact on the amount of rain on windward sopes. It

Bhittp://www.atmos.washington.edu/~socorro/research/pcp2n. gif
"http://www.atmos.washington.edu/gcg/M G/M A Pliop_summ.html
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can greatly reduce the potential of flooding on the
windward slopes, as much of the rain is moved up-
wind over the plains.

«  Slight instability of the flow impinging on the moun-
tain barrier can dramatically increases the precipita-
tion on the windward slopes by producing pockets of
concentrated cloud liquid water, extending above the
0deg level. The collection of this cloud water by pre-
cipitation particles, such asice particles just above the
melting level and coalescence of drops at below the
melting level, produces heavier particles that fallout
out more quickly. These processes may greatly in-
crease the potential of flooding on the windward
slopes.

Analysis of the MAP data over the next few years will al-
low us to quantify these effects. The goa should be to
quantify them in such a way that they can serve as con-
straints for testing of fine-scale numerical models, which
ultimately will be the basis of forecasting heavy rain over
the Alps and other mountain ranges. The models now seem
capable of producing aspects of the flow conditions in
heavy rain situations. For example, Rotunno and Ferretti
(2001) have simulated |OP 2b and 8 with the MM 58 These
simulations have not yet addressed detailed understanding
of the interaction of the broad-scale flow, the convective
cellularity, and the microphysics of the convective cells.
Theoretical modeling studies are underway to understand
better the convective cell formation in relation to the pre-
vailing large-scale flow (Durran, persona communica-
tion). Several groups will undoubtedly be examining the
microphysical parameterizations.

Smith (1979) presented an ultra-simple orographic precipi-
tation model in which the amount of moisture condensed is
controlled by the surface absolute humidity and the water
condensed in upslope flow (for the sake of simplicity) falls
out immediately. The modeling work of Ferretti et al.
(2001) and Rotunno and Ferretti (2001) suggest that the
control by surface humidity is strong. The dynamic cellu-
larity and the microphysics of riming and graupel produc-
tion in MAP heavy rain cases over the Lago Maggiore re-
gion suggests that a quick and highly efficient precipitation
release occurs there. Perhaps Smith's simple model may
work fairly well in this environment. The MAP data will

8http://www.mmm.ucar.eduli ndividual/rotunno/rotunno.html

B MAP newsletter M no. 14, march 2001

tell us, one way or the other. But the analysis of the data
will further indicate the factors leading to this simple result
and provide a basis for understanding how these results
may or may not extend to other mountain precipitation re-
gimes.
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Alpine Numerical Weather Prediction
2000-2020: A Look Back to the Future

Christoph Schér, Swiss Federal Institute of Technology, ETH, 8057 Zurich, Switzerland

(schaer @geo.umnw.ethz.ch)

Prologue

Many of you have probably seen the 1985 movie “Back to
the Future” directed by Robert Zemeckis. In this movie,
Marty McFly and his eccentric friend Doc Brown invent
and exploit a time machine. This machine enables time
travel and thereby allows the time traveler to “look back to
the future”. What you probably don’'t know: The two main
characters of this movie have subsequently developed a
keen and intimate interest in Alpine weather, due to events
that happened in “Back to the Future Part V11" (to be re-
leased by Universal Pictures soon). Recently | had the
pleasure to have a conversation with Marty McFly and Doc
Brown, and to brief them about the state and development
of future Alpine weather forecasting. Below | summarize
the key information provided, with afocus on limited-area
mesoscale models. Since the respective time travel wastar-
geted at autumn 2020 (yes, right within another MAP sea-
son!), the time period covered by the subsequent analysisis
restricted to the years 2000-2020.

A Look Back to the Future

® Model resolution and model formulation
Around the turn of the millennium, it had become apparent
that the rapid progress in high-performance computing
would lead to another substantial increase in the computa-
tional resolution of numerical weather prediction systems.
One of the diagrams used in these arguments is reproduced
in Fig.1. It was particularly popular to base such considera-
tions on the development of the ECMWF deterministic
forecast model’s resolution (see bold line in Fig.1). In the
period 1979-2001, the equivalent grid spacing had been re-
duced from ~200km to 26km, a refinement by amost a
factor 10. Quite interestingly, this development took place
at adightly faster pace than anticipated from the respective
increase in peak computing power: According to simple
numerical scaling considerations, the number of gridpoints
of a three-dimensional model should increase with P34,
where P denotes the computing power (measured in float-
ing point operations per second), while the grid spacing
should decrease with P4, The growth in horizontal reso-
Iution had been noticeably faster (see Fig.1), dueto theim-
plementation of semi-implicit and semi-Lagrangian numer-

ical schemes, and due to the emphasis being put on
refinements in the horizontal rather than vertical direction.

s | e SUbSeqUent devel op-
ment of numerical mod-
The development of els in the first two dec-

numerical models inthe ades of the new
first two decades of the Millennium hed dramatic
new millennium had ~ MPlications on weather

d ic implicati forecasting. On the one
ramatic Implications g e traditional scale

on weather forecasting. window considered by

] ||m|t3:|-area mOdeIS was
continuoudly taken over

by the work of global
models. By the year 2020, global models had reached ares-
olution that matched that of limited-area models in 2000.
On the other hand, the gain in resolution allowed limited-
areamodels to explicitly represent processes that had tradi-
tionally been parametrized or even neglected. This was
particularly relevant in relation to convective precipitation,
orographically modified flows and small-scale diurnal cir-
culations. Such considerations had aready played an im-
portant role in the formulation of the Mesoscale Alpine
Programme (MAP), but they remained active discussion
itemsin the years that followed.

| am sure that many readers would now like to know more
about the typical model resolutions as operational by 2020,
and | can assure you that | did press Marty McFly and Doc
Brown on this issue. However, as is not untypical with
movie stars, they were poor at remembering numbers. Nev-
ertheless, they revealed that the resolution of limited-area
models had dropped substantially below one kilometer by
2020. In afirst phase from 2000-2010, the increase in reso-
lution had continued to progress at a rate substantially
faster than the nominal increase in computing power, until
arealistic representation of convection was achieved. This
quick development was supported by increased funding
levels to both research and operations, which were driven
by the continued demonstration of progress and benefit to
our society. Both operational forecasting and demonstra-
tion experimentsin research mode had demonstrated prom-
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ising prospects concerning the prediction of extreme
events. In a second phase from 2010-2020, operational nu-
merical resolution grew at a dightly slower pace, partly
due to the recognition that probability forecasts were es-
sential and required a concentration of resources towards
the parallel execution of many ensemble members.

The increase in computational resolution implied a dra-
matic reconfiguration and reconsideration of the whole
model set-up. It affected all the components of the numeri-
cal model chains, but below | restrict attention to some of
the key features affecting limited-area high-resolution non-
hydrostatic models: First of al, the dynamical cores of
these models experienced a complete reformulation. Con-
sideration was given to various approximations of the gov-
erning equations, different numerical techniques (including
finite element formulations), new vertical coordinate sys-
tems, variable horizontal resolution, various two-way nest-
ing methodologies, unstructured computational meshes
(with increased horizontal and vertical resolution over to-
pography and at low levels), and new computational solv-
ersto the resulting algebraic equations. All of these aspects
were affected by the emerging architecture of supercom-
puters, which ultimately determined the speed a which

Hydrological forecasting became an integral part of these
forecasting models. These additional components were
also exploited in terms of model validation and data assim-
ilation (see later). There were also attempts to include ex-
plicit model components relating to air quality and atmos-
pheric (gaseous and aerosol) constituents. However, due to
the complexity of the underlying chemical and physical re-
action chains, operational wesather forecasting models re-
stricted attention to those processes which had a relevant
impact upon the wesather, such as certain aspects of aerosol/
cloud and aerosol/radiation interactions. Explicit forecast-
ing of aerosol constituents was not common, at least not
until 2020. However, statistical schemes were used to pro-
vide an estimate of aerosol concentrations as a function of
(predicted) weather, day of the week, and time of the day.

m Data assimilation and model validation

A highly important development took place in the area of
data assimilation, which appears still to be the main thrust
of research in 2020. While there had been rapid progressin
the 90ties of the last century in global data assimilation, in
particular a the ECMWEF, limited-area modellers still
found themselves in the truly embarrassing situation of us-
ing only a smal fraction of the available observational
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these codes could be run and thus their suitability in terms
of real-time operations.

There was also major progress in the development of new
parametrization schemes. The schemesthat played a partic-
ularly important role were cloud microphysics and land-
surface schemes. With regard to the former, it was crucia
to figure out whether the representation of microphysical
particles by afew bulk species, in combination with the ap-
propriate dynamical coupling, was sufficient to accurately
simulate convective cloud formation and precipitation.
With regard to land-surface schemes, the proper assimila-
tion of soil and surface properties and their interaction with
the vegetation cover was in the focus of the research. Be-
side these two areas, improvements in many other para-
metrizations were needed. For instance, in order to prop-
erly represent micrometeorological conditions and
associated impacts upon the exchange of heat, momentum
and moisture between the surface, the boundary layer and
the free atmosphere — the short-wave and long-wave radi-
ation budgets needed to account for three-dimensiona
shadowing effects of neighbouring mountains and clouds.
Also, towards the end of the reporting period, most limited-
area atmospheric models included improved run-off and
river-routing schemes.

data. In fact, most of the observations were disregarded! In
the two decades that followed, there were dramatic im-
provementsin this area.

s The first solid improve-

ments concerned the use
In the 90ties of the last of radar and wind profiler
century, limited-area  data Radar data became
modelers still found highly relevant for the in-
themselves in the truly itialization of convection-

embarrassing situation <!Ving models, in par-
9 ticular in the nowcasting

of using Only a small mode. Initial conditions
fraction of the available of moisture were also im-
observational data. proved by using GPS-

based retrieves. Later

during the reporting pe-

riod, dramatic improve-
ments in the use of satellite data became operational. Re-
search that started around the beginning of the new
millennium had demonstrated how the use of passive satel-
lite radiances over sea (in the visible, infrared and micro-
wave bands) could profitably be expanded for application
over land. These developments required a generalized ap-
proach to land-surface emissivity, accounting for variations
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in topography, vegetation, land-surface type and soil mois-
ture, as well as a proper representation of the overlying at-
mospheric structure and composition. The implementation
of such data assimilation schemes was the major driving
factor behind including a sophisticated representation of
land surfaces into atmospheric models. As a side effect, the
detailed consideration of hydrological processes allowed to
include traditional hydrological data, such as stream gauge
levels, into the data assimilation cycle. Such data contrib-
ute valuable indirect information on integrated precipita-
tion amounts and soil moisture content. In addition to pas-
sive satellite sensors, active systems are increasingly being
used to estimate cloud water amounts and precipitation
rates. However, the main advantage of these systems ap-
pears to be over sea, where suitable land-based radar sys-
tems are not available. The assimilation of this vast amount
of data required the development of new assimilation tech-
niques, which combined the successful experience on the
meso-a-scale at global forecasting centres with new proce-
dures on the kilometer-scale.
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Quite generally, as a result of increased horizontal resolu-
tion, more and more traditional surface data could appro-
priately be exploited. Despite the threat to down-size the
traditional surface and upper-air networks for saving pur-
poses, these systems were expanding — much of it in re-
sponse to growing regional and local needs. The increase
in spatial and temporal resolution of available surface data
was particularly essential. For instance, surface precipita-
tion data was directly included into the assimilation proce-
dure. The combination with other data types (such as radar,
wind, humidity, temperature, cloud, satellite, run-off data)
allowed the derivation of internally consistent precipitation
estimates which were more realistic than the fields gener-
ated by traditional analysis procedures. Improvements of
this type ultimately allowed to base the validation of high-
resolution models directly on anaysis fields (rather than
station data), a procedure that had been adopted with large-
scale dynamical fields many decades ago.

Horizontal Resolution [km]

2005 2015

igure 1. Approximate equivalent horizontal resolution of the ECMWF deterministic forecasting model 1979-2001 (bold line). The thin lines
re trend estimates of the expected development, appropriate for global coupled climate models, global weather prediction models, and lim-
ted-area weather prediction models, respectively. The dashed line provides an estimate of the development based on simple numerical scaling
rguments and the observed increase in computational power P (an increase by afactor 104 in 30 years). Note how the ECMWF model devel-

ped at afaster pace than anticipated from such considerations.
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Within the reporting pe-
riod there was also a new,
The NWSs had pro- highly ~important ap-
posed a fundamental proach to data exchange.
change in policy, as it ~ Following long discus-
had become apparent ~ Sons & many levels of

the European Union, it
that the free exchange i that any bit

of data was one of the ¢ yata collected with tax
key factors in develop- money was to be made
ing high-resolution available at a nomina
weather forecasting fee, essentidlly free of
systems. charge. The national

weather services had pro-
F——posd. - this fundamental

changein policy, asit had
become apparent that the free exchange of data was one of
the key factors in developing high-resolution weather fore-
casting systems. It is worth mentioning that by 2020 the
rapid progress in data assimilation does not only provide
improved initial conditions to the forecasting procedures
and a data-base for validation purposes, but it also yields a
unique four-dimensional real-time data set of our environ-
ment, with a horizontal resolution of afew hundred meters.
This analysis data is by 2020 increasingly used by a wide
spectrum of disciplines, ranging from agriculture, ecosys-
tem dynamics, environmental management to a wide range
of regional planning purposes.

m Probability forecasting

By the year 2010, probability forecasting was not only an
accepted tool in research and forecasting, but its meaning
had finally been successfully communicated, not only to al
users of quantitative forecast information, but even to the
public. Asthe predictability of an atmospheric feature gen-
erally decreases with its horizontal scale, the benefits of
high-resolution numerical modelling can only be exploited
by a thorough consideration of predictability. Due to the
nonlinearity of the system this implies the use of ensemble
or Monte Carlo techniques. At the heart of ensemble fore-
casting is the generation of suitable initial conditions. An
appropriate choice should take into consideration the un-
certainty of the analysis fields, the distribution and quality
of in-situ and remotely sensed observations, and the pre-
dictability of the atmospheric processes. The systems in
use in 2020 take into account aspects of predictability on a
wide range of scales, from the synoptic scales (where the
singular vector initia perturbations utilized in global mod-
els dtill are appropriate tools) to the mesoscale (where new
perturbations were needed), and they employ perturbations
both of theinitial and the lateral boundary conditions.
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s AN iNteresting aspect of
the operational Alpine

Improved forecasting of forecasting system  of
extreme events, suchas 2020 isthedistributed ex-
wind storms and (flash) ecution of the ensemble
floods, had major impli- 'edraions By 2020,

- different forecasting cent-
cationsontherole of &g were using essen-

the weather services in tially the same numerical
our society. model, and each center
contributed several en-
semble members. In addi-
tion, the forecasting pro-
cedure included the out-sourcing of ensemble members to
external clusters of workstations at universities, research
institutions and even in the private sector. These externa
ensemble runs were mostly restricted to night-time execu-
tion and did rely on the availability of idle-time on various
computational platforms. Using this kind of procedure, a
large number of ensemble integrations were performed at
convection-resolving resolution by 2020.

m The westher services

As aresult of the enhanced forecasting potential, and in re-
sponse to the devel oping information society, the duties of
the weather services did rapidly expand. First, improved
forecasting of extreme events, such as wind storms and
(flash) floods, had major implications on the role of the
weather services in our society. These changes became
fully effective after the introduction of sophisticated en-
sembl e techniques that allowed for areliable estimation of
the false alarm rate. Second, an increasing number of gov-
ernmental organizations and private companies relied on
direct model output in digital form. Such output was
needed to drive custom-designed products and was aso
used for emergency planning such as in cases of accidents
that involved the release of chemical constituents. Third,
there were increasing needs in response to the popul arity of
outdoor activities. Fourth, the range of time-scales covered
with probability forecasts was dramatically increased, and
it covered the whole range from now-casting to seasonal
forecasting. Fifth, the multimedia increased and improved
their coverage of weather and climate, often using satellite
and cloud cover animations in predictive mode.

The range of typical horizontal scales treated by the na-
tional weather services and the global weather forecasting
centers was continuoudly shifting as a result of numerical
model developments. This shift in resolution had important
repercussions. Soon after the beginning of the new millen-
nium, it became apparent that reconsiderations were
needed about how the different centers worked and inter-
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acted with one another, in order to make optimal use of the
new technologies and resources. Firgt, there was an appar-
ent need to redefine the role of the global weather forecast-
ing centers, as these now increasingly provided informa-
tion on scales of direct relevance to regional forecasting.
Second, the relationship between the European weather
services had to be reassessed, as there was an apparent gain
in net performance with increasing collaboration, in partic-
ular regarding the conduction of ajoint operational assimi-
lation cycle and the execution of ensemble integrations.

s ON the modeling side, the

key step was the recogni-
By 2020, different fore-  tion that the available
casting centers were ~ manpower and computer
using essentially the ~ resources could best be

same numerical mode|, U if everybody collab-
orated on the same joint

———— hjgh-resolution  forecast-
ing model. The starting
point to this collaboration

was the definition of common software and modeling
standards. These standards included three areas, namely
the definition of (i) a general horizontal grid structure with
alarge degree of flexibility, (ii) along series of pre-defined
internal interfaces, and (iii) detailed coding standards ap-
plicable to awide range of hardware platforms. As soon as
implemented, these steps allowed to exchange modules,
parametrization packages, dynamical solvers, and other
code elements. In this way, the work of one center was ben-
eficia to everybody almost without time delay. Individua
centers still worked on their own schemes and models, but
the common standards led to arapid increase in collabora-
tion and speedup in implementation. By definition, any
piece of code that was used in an operational environment
was treated as “public”. The code was made available not
only within the weather services themselves, but also to
universities and research institutions. In this way, the codes
of the weather services quickly spread to universities, and
innovative ideas from a large pool of young PhD students
and researchers could quickly find their way back into the
operational environment, without much need for tedious
recoding and retesting.

It is obvious that the
maintenance of such a
complex software system
required substantia re-
sources. Initially it was
organized in a decentral-
ized manner, using dis-
tributed information tech-
nologies. Dedicated data
and model officers at the
individual westher serv-
ices were responsible for
these tasks. Soon, how-
ever, it was realized that
there was a need to concentrate this personnel in a joint
center for high-resolution numerical modeling. The duties
of this “Mesoscale Forecasting Center” included to main-
tain the code, to review and test new model components, to
set-up a standard model suite, and to coordinate some of
the centralized forecasting tasks such as running a joint
data assimilation and now-casting system. The work of this
center was overseen by a steering body which coordinated
operations and research activities with the national weather
services, the ECMWEF (which provided the lateral bound-
ary conditions and an independent analysis at alower reso-
lution), and related projects in North America and else-
where.

The range of time-
scales covered with
probability forecasts
was dramatically
increased, and it cov-
ered the whole range
from now-casting to
seasonal forecasting.

The decentralized structure of the European weather (and
hydrological) services was maintained. The main motiva-
tion behind this was that such a decentralized structure was
anyway needed for a humber of reasons. It was needed to
guarantee the proper communication of forecasting infor-
mation to the media and the public, atask that requires due
reference to the geography, language, dialect and attitudes
of aregion. A decentralized structure was also needed to
guarantee proper operations and warning procedures in
case of emergencies and extreme events. In these cases, di-
rect links to and detailed knowledge about the administra-
tions and governments under consideration were essential.
Furthermore, the operation of observing systems in com-
plex terrain requires detailed knowledge of regional and lo-
cal characteristics. As a result of the decentralized struc-
ture, much of the research and operational work remained
affiliated at the national centers, while a comparatively
small centralized center provided smooth cooperation, ex-
change of code and data, and basic operational services.

| am sure many readers would now like to know more
about the location of the aforementioned Mesoscale Fore-
casting Center. In my conversation with Marty McFly and
Doc Brown, | soon realized that the two do fully under-
stand the sensitive nature of thisissue. Indeed, there was no
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way to press them towards releasing the location of the
new center. Nevertheless, they did tell me that a respective
prediction of Lewis Fry Richardson had become true. After
my conversation with the two movie stars, | immediately
went back to reread Richardson’s famous 1922 book enti-
tled “Weather Prediction by Numerica Process’. | now
suspect that the reference must be with regard to one par-
ticular sentence of Richardson, which describes the sur-
rounding of his “central forecasting factory” as follows:
“Outside are playing fields, houses, mountains and lakes,
for it was thought that those who compute the weather
should breathe it freely”. The reference to “mountains and
lakes’ might possibly indicate a location somewherein the
Alpine region. However, there is no way to know ...

m Therole of the Mesoscale Alpine
Programme (MAP)

Of course, | did not miss the opportunity and inquired
about the role played by the Mesoscale Alpine Programme
(MAP) in these exciting developments. | was amazed how
well Marty McFly and Doc Brown were informed about
this programme. MAP was not the only relevant field ex-
periment, but it was one of the first that generated the
thrust towards high-resolution numerical weather predic-
tion. Apparently, the MAP period had undergone several
reanalysis procedures, and some of the MAP cases till
formed a part of the pre-operationa test suite that was run
whenever a new piece of code was up for inclusion in any
operational schedule at the Mesoscale Forecasting Center.
Apparently, several MAP scientific findings are till famil-
iar to the scientific community in 2020 (but it is not appro-
priate to pre-release citations to future publications in this
article). On the more experimental side, the data exchange
through the MAP Data Center served as a reference in
many subsequent field experiments, centra MAP ideas
such as the coordinated operation of surface-based and air-
borne radar systems, the real-time identification of micro-
physical species, the close cooperation between weather
services and universities, as well as the use of rea-time
forecasts to guide aircraft missions, were picked up and
further devel oped in subsequent field experiments.
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e | Mportant were also the
numerous new collabora-

MAP was not the only  tions, the new profes-
relevant field experi- siond networks, and the
ment, but it was one of many friendships - that
the first that generated "€ been triggered by
. the MAP experiment.

the thrgst toward; high- 11 ece links had spanned
resolution numerical

weather prediction.

between different coun-
tries and continents; be-
tween observational, ex-
perimental, numerical
and theoretical scientists;
and between different disciplines. Of particular importance
to what followed was the close collaboration between re-
searchers and forecasters from weather services on the one
side, with scientists from university and research institu-
tions on the other side. Such a collaboration was recog-
nised as providing an ideal synthesis between scientific and
applied objectives. In addition, the excitement that MAP
had brought about in many young scientists, who often ex-
perienced their first intensive contacts with the larger sci-
entific community during MAP, was an ideal environment
for educational purposes. By now, some of the former PhD
students, that were occupied with field work and modeling
tasks during fall 1999 have grown to leading scientists in
thefield.

And, actually, one still sees occasiondly the famous MAP
sweaters with the wording “Don’t worry be mappy”. In
fact, these sweaters have become hotly sought-after col-
lectible items, and are still worn on specia occasions, even
though the sweaters were shrinking in the other direction
than the respective individual s were growing.

Epilogue

It is well established that our mid-latitude weeather is a
highly chaotic dynamical system. Minor uncertainties in
initial conditions can decide about the development of ma-
jor storms within a time span of a few days. Weather pre-
diction — even more so — is an even more chaotic under-
taking. For instance, any assimilation system involves
numerous yes/no-decisions about the rejection of suspi-
cious observations, each of them making the overall fore-
casting process even less predictable than the weather is it-
self. Finally, considering the development of the science
and technology of weather forecasting, this brings us to-
wards yet another mode of chaotic system, as such adevel-
opment intrinsically depends upon discovering new prop-
erties of our atmosphere, upon the timely implementation
of new forecasting procedures, and upon wide-ranging de-
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cisions about the fate of our weather services and research
institutions in a commercial and political environment. All
of these aspects provide alot of room for bifurcations!

e Clearly, these considera
tions may put in doubt the
value of Marty McFly's
and Doc Brown's time
travel. A system that has
not yet decided about its
own future — and thisis
the case not only for the
essseeeeesssssssssn . Weather, but also for the

development of Alpine

A system that has not
yet decided about its

own future cannot be
deterministically fore-
casted into the future.

SOP 2000 — A better choice?

weather forecasting — cannot be deterministically fore-
casted into the future. Any time travel into the future of
such asystem will thus merely look at one possible realiza-
tion, without any specification of its probability (except for
stating that its probability is larger than zero). May be
Marty McFly and Doc Brown were just lucky, and ex-
plored one particularly optimistic part of atrajectory in our
future phase space! Nevertheless, knowing about the mere
possibility of such optimistic trgjectories alone should
make us confident and courageous in facing the future!

Reinhold Steinacker, Dept. of Meteorology and Geophysics, University of Vienna, Austria

MAP related events were evaluated for the MAP season
2000 (September 7 through November 15) in the same
manner as with the strawman scenario and the evaluation
of the actual MAP-SOP in 1999 (cf. MAP Newsletter 10,
1999; MAP Newsletter 12, 2000; US MAP Field Phase Re-
port, 2000). The question arises whether an SOP in 2000
would have resulted in a better series of weather events
suited for our research or whether 1999 was a stroke of
luck?

Table 1 gives an overview of the eventsin asimilar fashion
asin the MAP Newdletter 12.

After afirst glimpse an ”SOP 2000” would seem to look
even better than the actua one. A new " 10-year record” of
days with PV-streamers occurred and a new "record” for
foehn and gap flow events was barely missed. Also the
number of days with heavy precipitation on the south side
of the Alps was larger than in 1999. However, gravity
waves and PV-banners occurred less often; especially
northerly flows (with PV-banners in the South) were still
less frequent than the already small number of the 1999
SOP. It is interesting to note that the number of possible
|OPs would have been smaller than in 1999 due to alonger
mean duration of episodes with MAP related events. The
counted 45 (!) days (out of 70) with at least one event — as
compared to 34 in 1999 — have to be interpreted that our

personnel and material resources would not have been suf-
ficient to cover the whole SOP.

The most dramatic weather episode occurred between Oc-
tober 9 and 16, 2000, when excessive precipitation
amounts were so large that severe flooding and landslides
with several fatalities happened in the Ticino, the Vallais,
the Aosta valley and in large parts of the Po valley. Should
we regret that we missed a comparable event in 19997 In
my opinion, we should count ourselves fortunate that we
did not have this event. Probably part of our infrastructure
in that area would have been destroyed, ground-based in-
situ measurements would not have been possible due to the
break-down of power supply and traffic lines. Flying under
such conditions would certainly have led to questions from
the public, why we did not predict the exact location of
flooding and landslides to save life. Hence we should see
the SOP 1999 as a real stroke of luck. We had exactly the
right number of events according to our resources, the time
sequence of events was nearly perfect, still alowing for
some breaks to recover. The MAP data set is unique and
will be the key base for investigations in the field of moun-
tain meteorology and hydrology for years. It will certainly
help to further improve the forecasts of severe weather
events over the Alps and other mountains of the world in
the future.
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Dayswith 1050 1008 196-1658 19R5-1608 Y000 " SOP” 2000
PV-streamers 33 1.0 9.0 7.5 10.0
Foehn in Rhine valley 16.4 9.5 28.0 23.0 275
Gap flow in Wipp valley 17.4 8.0 285 20.0 26.0
Heavy precipitation in S-Alps 7.2 2.0 20.5 115 135
Gravity waves 5.6 1.0 105 125 10.0
PV-banners 5.4 10 10.5 125 10.0
PV-banners South of Alps 2.6 0.0 6.5 25 15
Possible |OPs (periods) 10.9 7 17 17 13
Without MAP event 40.1 25 52 36 25
With 1 or more events 29.9 18 45 34 45
With 2 or more events 19.0 8 30 24 31
With 3 or more events 5.9 2 13 11 18
With 4 or more events 35 1 9 10 10

Tablel  Number of dayswith MAP related weather events, calculated from a” half day” based evaluation.

Mesoscale Alpine Climate (MAC)

Christoph Frei, Climate Research ETH, Zurich, Switzerland
Christian Haberli, MeteoSwiss, Zurich, Switzerland

Inga Groehn, Dept. of Meteorology and Geophysics, University of Vienna, Austria Carlo Cacciamani,

ARPA-SMR, Bologna, Italy

What are the mesoscale features of the climate in the Al-
pine region? Have these features changed over the last cen-
tury, and can we understand the variations in terms of the
in-situ physical processes and variations of the atmospheric
circulation? These questions have become of increasing in-
terest for the understanding of regional climate variations
and the assessment of future regiona climate change. A
new scientific program on Mesoscale Alpine Climate
(MAC) is currently planned as a spin-off activity of MAP.
MAC aims at the quantitative description, the basic under-
standing, and the improvement of prediction capabilities of
the Alpine climate by means of a coordinated use of obser-
vations from the entire region.
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® |ntroduction and Motivation

Theideafor acoordinated research initiative on Alpine cli-
mate emerged at a two-day workshop held in Interlaken in
Spring 2000. The workshop brought together climate sci-
entists and representatives from weather services and other
monitoring institutions in the Alpine region. Apart from
the scientific exchange between the participants several
workshop discussions were held to develop scientific vi-
sions of and practical options for an improved exploitation
of non-GTS data for climate research. It was recognised
that the competence in regiona climate research, the
awareness of data quality issues at the monitoring centres,
and the availability of dense and long-range observations
are outstanding, and that the community could improve its
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Figure 1. Precipitation fields (mm per day) for a selection of particularly wet October months in the Lago-Maggiore region, as derived from a
consistent centennial reconstruction. (Courtesy Jirg Schmidli, ETH Zurich.)

world-wide significance for mountain climate research by
the coordination of competence, the joint development of
tools, and the improved use of data.

The MAC initiative builds upon activities within the Mes-
oscale Alpine Program. Actually the initiative is mainly
put forth by members of the MAP working groups on
‘Routine Network Data and ‘ Alpine Climatology’. Its sci-
entific aims are related to and extend the supporting objec-
tive of MAP for a ‘Mesoscale Alpine Climatology’. The
idea of Alpine-wide exchange of non-GTS data is moti-
vated by achievements within MAP. However the new ac-
tivities require the involvement of scientific communities
which have not directly participated in MAP and the exten-
sion of data exchange to the sector of climate data demands
new approaches. MAC is therefore conceived as a spin-off
project of MAP.

Following the workshop, acore group of scientistsand rep-
resentatives from weather services has prepared a draft
MAC Design Proposal. The document outlines the scien-
tific objectives of the programme and describes a new tech-
nical solution for data exchange, which takes into account
the desirability for both, easy access and protection of

» the development of techniques (data quality control,
homogenisation, objective analysis);

property rights. The document is subject to final revisions
and will soon be distributed for a broader review.

m  Scientific Objectives
Three scientific objectives constitute the overall guideline
of the program. These are to:

» establish aclimatology of surface weather and mesos-
cale circulation phenomena in the Alpine region, in-
cluding measures of temporal variability and the oc-
currence of extreme events;

e quantify the climate variations observed during the in-
strumental period in the Alpine region and advance
the understanding of these variations in relation to
mesoscale and synoptic-scale circulation, global tele-
connections, and anthropogenic forcings;

e vdlidate and improve numerical and statistical meth-
ods for the seasonal prediction and the estimation of
future changes of regional Alpine climate and climate
impacts.

Progress along these lines will be sought by following a set
of major scientific tasks, embracing:

» thederivation of consistent Alpine-wide data products
(climatologies, mesoscale centennial objective analy-
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ses of upper-air and surface parameters, see example
in Figure 1);

» the application of these products (statistical analyses
and model evaluation).

Particular emphasisin all three objectives will be given to
extreme events.

m Data Exchange

The transfer of climate data from the monitoring institu-
tions to the research projects shall be organised by means
of a Data Exchange Platform (DEP). In contrast to the
MAP Data Centre, the DEP will not be set-up as a central-
ised database, but as an information platform facilitating
the application procedure and data delivery. The DEP shall
carry detailed information on climate data archives at indi-
vidual monitoring services (station inventories, parameters
and observation periods), and graphical tools to effectively
view thisinformation. Moreover, it will provide guidelines
on the application procedure (contact points, forms, re-
sponse times) and list an agreed set of conditions under
which the exchange can be approved. The common set of
rules will substantially accelerate current practice in cli-

mate data exchange while the data provider keeps control
over the external use of its property. Important practical ad-
vantages of this solution are the flexibility with respect to
updates and quality improvements by the data owner and
the comparatively low costs for implementation and main-
tenance.

m Optionsfor funding

Several sources are considered for acquiring funding for
the MAC program: For research activities national science
funds of the Alpine countries and the European Union RTD
funds are reasonable options. These options are discussed
within the MAC core group at present. For the technical
and operational activities of MAC (establishment and
maintenance of the data exchange platform, operation of
the program office), the core group has decided to seek
funding from the National Weather Services in the Alpine
region through the European Climate Support Network
(ECSN), a programme of the European Weather Services
Network (EUMETNET). Activities along these lines are
put forth in close collaboration with MeteoSwiss, the ac-
tual responsible member of ECSN.

“FACT” - Forecasting in Alpine and

Complex Terrain

Peter Parson, ZAMG, 6020 Innsbruck, Austria

An increasing number of human and economic activities
are influenced by intense weather events, which often have
significant small-scale structures in the Alps. Numerical
weather prediction models with high resolution provide
relevant, but often conflicting information. The network of
internationally available surface observations is too coarse
to monitor the reliability and accuracy of the model output,
especially in critical cases. Other high-resolution ground-
based remote sensing data such as weather radar and light-
ning detection are not available for the whole area of inter-
est.

Highly skilled forecasters still hold a considerable advan-
tage over automated systems in the prediction of severe
events and they act as competent partners in critical deci-
sion making processes. In order to fulfil these tasks, fore-
casters require access to all relevant data sources for the
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entire Alpine area by efficient communication channels.
Ongoing professional training in the use of modern tech-
niques and data sources would greatly benefit from a co-or-
dinated effort of all Alpine countries.

MAP initiates new meteorological collaboration

During the preparatory phase MAP, the contributing
weather services invested considerable manpower and
money to develop a forecasting team for the Special Ob-
serving Period (SOP). During this SOP the “Forecasters
Working Group” had to provide highly specialised fore-
casts for the whole Alpine area at different time scales to
support the research and aircraft teams in their decision
making. The challenging task was to foster the interna-
tional exchange of empirically gained local meteorological
knowledge. A strong co-operation was established and for
the first time an exchange of know-how and techniques be-
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tween forecasters of all Alpine National Weather Services
(NWS) initiated. Additionally, many scientists participated
in this intense discussion process, which developed into a
training exercise in forecasting techniques for mountainous
terrain.

Among the more tangible results of thiswork is a checklist
of forecast criteria and forecast thresholds for MAP-related
weather events such as strong precipitation and storms in
different Alpine areas, which were worked out by special-
ists with in-depth regional synoptic experience.

For the forecaster’s workplace a new set of graphics tools
to visualise numerical weather prediction (NWP) - output
was created based on standard internet browser software.
This software, being freely and generally available allows
to work independently of historically-grown proprietary
systems run by individual met services.

The results of thisinternational co-operation are promising.
The dynamic devel opment of the MAP - Forecasters Work-
ing Group could serve as an important and effective im-
pulse for an extended collaboration of the Alpine NWS on
the rapidly growing and changing level of operational fore-
casting. The main targets of FACT are:

e Education and training in Alpine forecasting
e Assessment of Numerical Weather Prediction models
* Real time co-operation during severe weather events

m Education and training in Alpine
synoptics and forecasting

On-the-job training: Throughout the last decades large
efforts have been dedicated to the understanding and mod-
elling of the interaction between orography and atmos-
pheric processes. Some, but not all NWS provide formal
meteorological education and training mainly in a genera
sense. At regiona weather services many rules and tools
for specific local and regional forecasting in mountainous
terrain have been developed. Exchange and discussion of
such empirically gained know-how will act to validate and
test these rules and the meteorological capacity of all par-
ticipating institutions will benefit from them. Knowledge
gained in such away could then be transferred to all fore-
casters of the participating NWS in training sessions. The
main topics for this development work would benefit from
the preparation for the field phase of MAP:

»  Exchange of meteorological experience by rea-time
wesather discussions

*  Casestudies

«  Expansion of the MAP collection of forecast rules and
methods (* handbook™)

e Further development of the MAP forecast criteria and
thresholds (“ checklists”)

Collaboration with scientific institutions: A continued
interaction between operational forecasters and the atmos-
pheric sciences community should support the observa-
tional and analytical efforts of different services and insti-
tutions. Scientific publications and dissertations connected
to mountai nous forecasting would play an important rolein
forecaster training. FACT could be an active part in trans-
lating research findings into useful application in NWS op-
erations. Special topics:

e Compilation of a reference library from scientific
meetings on Alpine meteorology;

«  Definition of meteorological tasks with special regard
to research activity of MAP (e.g. concepts of potential
vorticity “streamers’ and “banners’, gravity waves);

e Implementation of new methods in operationa fore-
casting.

m  Assessment of Numerical Weather
Prediction models

For MAP-SOP a common visualisation scheme for the out-
put of different NWP models was created. Using this pow-
erful system in operational forecasting would enable multi-
lateral model critique and feedback for continuing
development of NWP models. The forecasters could give
an important support to the improvement of these models
by providing regularly reports on model behaviour and by
asking the right questions from the customer’s point of
view. Special topic:

e Ingtall procedures for a user group to receive informa-
tion on model performance and model updates chan-
nelled through chairperson of FACT

m Real-time co-operation in severe weather
events

With growing population densities and higher dependence
on technology, the importance of timely and reliable
weather warnings in the Alpine region will increase fur-
ther. Thus, there is a strong need for the further develop-
ment of warning procedures and for the improvement of
skill in severe weather forecasts. Automatic warning proce-
dures need to be further devel oped, maintained and super-
vised. Many weather warnings require input from experi-
enced and highly trained meteorologists. In spite of the
large improvements in numerical weather prediction mod-
els and post processing procedures, their use in forecasting
of exceptional eventsis still limited. Special topics:
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 work out a reference catalogue for severe weather
events;

e install an alert system and a communication port for
critical weather situations;

e develop procedures providing guidance for specific
forecast concerns.

Data exchange: Many Alpine NWS have built up an auto-
meatic fine mesh surface observation network whose data
are not transmitted in the GTS. In some Alpine regions the
density of internationally available observationsis still un-
satisfactory and even lower than in non-Alpine parts of Eu-
rope. MAP demonstrated that the observations which are
currently distributed globally in many cases are not able to
represent the weather phenomenain a manner that allows a
comparison with forecast fields. Free and efficient ex-
change of datais a prerequisite for an efficient operational
weather monitoring and model critique. Some weather
services make available measurements of their automatic
network on the internet, often with a certain shift in time.
So the necessary procedures for international data commu-
nication exist, and only slight changes and a minimum of
common infrastructure could remarkably improve the data
situation for short range forecasting in critical situations.
I nteraction with other working groupsand pro-
grammes. To reduce costs and to ensure efficiency it
isimportant to identify other organisations dealing with re-
lated topics. So far, three have been identified, where al
partners would benefit from a collaboration or a co-ordina
tion of actions.

e EuroMET, an initiative of 22 meteorological institu-
tions within 15 European countries to merge their ef-
forts for the production of Computer Aided Learning
products and to make them available online using the
WWW tools. FACT could use of the infrastructure of
EuroMET, install a user group Alpine Forecasting and
provide contributions for a branch “Alpine Meteorol-
ogy” within EuroMET.

e EUMIN (like EuroMET a project proposed to
EUMETNET) with the aim to build up an exchange of
data and products between NMS via Intranet. FACT
could be an important user of EUMIN.

*  Working Group of Central European Forecasters (WG
CEF), aims to improve co-operation by exchange of
information about the Forecast Offices, to exchange
forecasters for training visits, exchange information
during hazardous weather conditions and to promote
forecaster conferences. FACT could benefit from the
experience in collaboration, WG CEF could give in-
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formation about and provide contact to forecast of-
fices not participating in FACT.

Modes of operation: FACT is a demanding and complex
project that has its roots in MAP. The experiences made
there showed the high potential of benefit in the collabora-
tion between the forecasting departments of the Alpine
Weather Services. The still existing personal and institu-
tiona connections and the strong impulse caused by MAP
should be used for this new project. The development of
the whole project istime-critical to some extent. A step-by-
step plan is suggested since some of the necessary struc-
tures cannot be established within a very short time.

Alerts: Simple communication by email using defined
forms to be exchanged between the participating servicesis
an informal and efficient way to discuss weather phenom-
ena. The necessary structures have been installed during
MAP, so this first step could immediately run without re-
markable costs. At this stage no additional hardware or in-
frastructure is needed.

Education: The second step could be done by establishing
roving seminars or by distance learning, e.g. on the inter-
net. An example for this type of training is given by the
web - page of the Forecaster Working Group of MAP,
where meteorological information concerning typical fore-
cast problems is collected and easily accessible for al
members. Another task is to intensify the contact with ex-
perts from meteorological departments at universities and
other institutions to propose and to organise training units.
This step does not need additional operational common in-
frastructure either, but some space and maintenance on a
web-server.

Meetings: There is still no additional operationa infra-
structure necessary, but some funding for travel expenses.
The meetings should be hosted by the participating serv-
ices for example on arota basis.

Real-time co-operation in severe weather events: This
topic first of al requires a well established communication
scheme and alarm procedures involving all forecasters of
the participating services. Second a significant proportion
of the defined additional data must be available in real-
time, for which a specia database is needed. The installa-
tion of the whole system is challenging. However the im-
provement in forecasting accuracy and the resulting bene-
fitsjustify the investments.

School for Alpineforecasting: Currently, no meteorolog-
ica service is providing formalised, practical training in
forecasting for the entire Alps. For historical, political and
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economical reasons Alpine meteorology is much more
present in science than in operational training. As a first
step, the experiences and results of MAP could be used for
a continuous on-the-job-training for Alpine forecasters.
Further roving seminars could be organised in conjunction
with FACT - meetings.

= Next steps:
*  MAP meeting 2001 Schliersee (14.-16.5.2001): Meet-
ing of the MAP WG-FC to prepare the 1st Workshop

in Alpine Forecasting ==> date: evening of May 14,
2001,

e MAP-CIG/MSC meeting in Schliersee (May 17-18,
2001): Further presentation and discussion of FACT;

e 1st Workshop in Alpine Forecasting and official start
of FACT: date and location: end of October/beginning
of November 2001, in the vicinity of Innsbruck, or-
ganisation: ZAMG (Austrian Weather Service).

Summary of the final SSC and CIG Meetings

Peter Binder, MeteoSwiss, 8044 Zurich, Switzerland

The MAP committees CIG and SSC held a joint meeting
on 15/16 September 2000 in Innsbruck. This was the last
occasion when the SSC met. The CIG had its final meeting
recently on 8/9 March 2001 in Zurich. This short report
summarises the main decisions taken and provides a short
look back to the work of the committees.

At the joint SSC/CIG meeting in Innsbruck Philippe
Bougeault reported about the recommendations given by
WWRP to MAP: To show the benefit of coupling atmos-
pheric and hydrologic forecast models for improved flood
forecasting (which has been started by RAPHAEL, in fact)
and to integrate societal and economic impact studies.
WWRP is prepared to write |etters of recommendation for
funding agencies.

In order to get started with the formation of the new MAP
Steering Committee, the joint SSC/CIG authorized a panel
consisting of the authors of the BAMS MAP-SOP over-
view article to compile a list of candidate MSC members
for approval by the IGP. This list is finalized, including a
socio-economic scientist, and, at the time of writing, under
consideration by the IGP,

SSC and CIG members agreed to make efforts in favour of
a better coordination of the mountain meteorology related
international conferences. They agreed that the MAP Meet-
ing 2002 will be joined with the AMS Mountain Meteorol-
ogy Conference and that such a joint venture is proposed
with the International Conference of Alpine Meteorology
(ICAM) in 2003.

It was recognized that the MAP working groups will play
an important role to stimulate and pool MAP research in
the future. They shall be encouraged and supported by the
official MAP bodies. First actions are planned for Schlier-
see.

Priority 10Ps were selected to stimulate cooperative work
between the projects. They link dry and wet objectives.
The following 10Ps were defined to get first priority 2b, 8,
15.

With respect to MAP publications two decisions were
taken: To explore the possibility and conditions to publish
MAP results as a special issue of agiven journal. Secondly,
since the MAP Mesting in Schliersee will be the only event
with concentrated presentation of MAP research a special
schedule for the publication of the MAP Newsletter was
adopted. This was felt to be agood possibility to document
the recent progress of MAP research.

Shortly before Christmas, the MAP Field Catalog on CD-
ROM was ready to be shipped to the MAP scientists. The
MAP Programme Office takes care of the distribution in
Europe (90 mailings so far), UCAR on the American Con-
tinent. There are enough spare copies for interested users!

A major item on the agenda of the joint SSC/CIG meeting
in Innsbruck as well as of the CIG meeting in Zurich was
the MDC. The reports from the Monitoring, Feedback and
Advisory Group gave alot of hints for corrections and im-
provements. Very recently, a new user interface has be-
come operational, which makes access to the data much
more transparent and easy for the user. Efforts to fill data
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gaps and acquire still missing data sets are continuously
undertaken. In order to make interaction with the user more
immediate it was decided to establish a more detailed news
page and, for each data set, a kind of a pinboard, where
user’s comments to the data set can be posted so that subse-
guent users can profit from the experience of their prede-
cessors. However, it has to be underlined, that most
progress at the MDC can be made, if user feedback is pro-
vided! For more detail refer to the separate article in this
Newsdletter.

m Good-bye SSC and CIG

Both committees, the CIG and SSC were established at the
first MAP Meeting 1995 in Bad T6lz, Germany. The terms
of office of the chairpersons Peter Binder and Philippe
Bougeault were renewed for another three years at the
MAP Meeting 1998 in Chamonix. Their terms will again
end in summer 2001. As decided in Bohinjska Bistrica in
2000 the CIG and SSC will be replaced by a new single
committee, the MAP Steering Committee (MSC). Thisisa
reasonable step, since the tasks of the committee undergo
changes after the field phase of MAP. The MSC will be

convened for the first time at the MAP Meeting 2001 in
Schliersee, Germany.

The number of members of the CIG and SSC has grown
during the course of the years, since the workload, the di-
versity of tasks and the time pressure have increased the
more the SOP approached. An indication that the work in
these committees was quite attractive is given by the fact
that only very few members have withdrawn. The CIG has
held 16 regular meetings. CIG members took their respon-
sibility very serioudly, there are a number of individuas
who did not miss a single meeting during the whole six
years of functioning of the CIG. The SSC had 8 regular
meetings. There was only one occasion where one chair-
person had to be replaced by a deputy. These indicators of
stability are a firm sign that MAP has always been a high-
priority issue on the agenda of the involved individuals. It
is my pleasure to express my gratitude to all those active
committee members who have contributed so much to the
success of MAP. | shall not forget the invited experts who
have regularly and competently supported the work of the
official members.

Meeting Date L ocation

SSC1 28 June, 1995 Bad Tolz, Germany
CIG1 28 June, 1995 Bad Tdlz, Germany
CIG2 16/17 November, 1995 Zurich, Switzerland
CIG3 31 January/ 1 February, 1996 Bologna, Italy

SSC 2 2 February, 1996 Bologna, Italy
CIG4 20/21 May, 1996 Hall, Austria

Joint SSC 3/CIG 5 13/14 September, 1996 Reading, UK

CIG6 12/13 December, 1996 Venice, Italy

CIG7 5/6 May, 1997 Offenbach, Germany

Joint SSC 4/CIG 8
CIG9

CIG10

cicnn

SSC5

CiG12
Joint SSC 6/CIG 13
Joint SSC 6/CIG 13
CiG14

SSC7

Joint SSC 8/CIG 15
CIG 16

9/10 June, 1997

24/25 November, 1997
4/5 February, 1998

15 June, 1998

16 June, 1998

25/26 February, 1999
7/8 June, 1999

7/8 June, 1999

22 May, 2000

23 May, 2000

15/16 September, 2000
8/9 March, 2001

Belgirate, Italy

Innsbruck, Austria

Zurich, Switzerland
Chamonix, France
Chamonix, France
Ljubljana, Slovenia
Appenzell, Switzerland
Appenzell, Switzerland
Bohinjska Bistrica, Slovenia
Bohinjska Bistrica, Slovenia
Innsbruck, Austria

Zurich, Switzerland
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MAP Data Centre Status

Hans Hirter, Atmospheric Science ETH, 8093 Zurich, Switzerland

= New MAP Web interface

The MDC Web interface grew into a very complex struc-
ture, unfortunately not always in a very user friendly way.
With the new concept we return to the roots of the MAP
Data Centre definition: to get data over the Internet as eas-
ily as possible for the users. This means that in the new
concept, the user will reach the data area in fewer clicks
than before, while the graphical Web interface is slightly
more hidden. Figure 1 showsthe revised MAP Data Centre
page. The basic frame concept isvalid for all the pages. On
top you find the main content of the page, on the left the
links to the different categories, and in the centre the main

information asfirst display. Subsequently, you will find in-
formation or data of the category selected in the centre
frame.

In the particular case of SOP, you find the SOP categories
on the left and the information about the selected category
in the centre. The SOP Homepage is located just one click
from the MAP Homepage. Each category has afile and a
browser access area. The file access table offers the fol low-
ing columns:

The MAP Database

(MAP Episodes, Seasons and SOF)

15.02.2001

AP Data Centre, ETH Zirich, Switzerland

- as follows:
Seasons/Episodes

(required)
SeasonsiEpisodes
{supplemental)

Database contents
MAP Data Access

=
=L
0
<

For access to data i the MAP Database please read the MAP Data Access Policy. "Required” and
"Supplemental" data sets are marked accordingly in the MAP Database Contents Table, and can be summarized

e all S0P and GOP data are in the category required,
o S-howly STINOP and 12-houtly TEMP data of the MAP seasons and episodes are required,
o highest available time and space resolution for WMAP seasons and episodes are supplemental.

Access to supplemental data iz granted by way of an account which can be requested by this pre-agreement
form. Ifyou access supplemental data, required data will be automtically mcluded.

MAP people
Alpine Precipitation
Climatology

MAP Station
information

Geography Imaging for

Simulation results
(Episodes)

Database Home

=
i
- )
z z E
2 o) <

Guidelines for data © MAP Data Centre - March 01 - MAP WebMaster

Figure 1. The MAP Database Homepage. Entry point of SOP, Seasons and Episodes data pages.
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Description, Data Format, FTP location, User feedback,
data availability, and remarks. The readme file sent by the
providers is linked into the description section. Data
changes in the last 10 days are highlighted by a red sub-
category. If you need a printout, refer to Tips and Tricks.
The section FTP offers a direct FTP link to the data. FTP
access is possible by an FTP tool or through a Web
browser. On the Web browser there are two protocol s avail-
able: The FTP protocol (ftp://map.ethz.ch/fgop) or the
HTTP protocol (http://www.map.ethz.ch/sop-img/). It is
possible that you encounter problems when attempting to
go up to a higher or down to a lower level directory. The
reason for thisis unclear. There are many different Brows-
ers, Versions and Operating systems, and the most simply
solution to circumvent the difficulty is to switch to the
other protocol and try again.

m MAP Data Centre access statistic

In the last fifteen moths there was alot of Internet traffic at
MDC. On average, the MDC had 1554 requests per day or
690000 accesses in the last fifteen months (counting each
single access to a document or image in the entire MAP

As a first step, the migration took place on the MAP
Backup Server (MAP2). Because the new Oracle Web in-
terface works only with newer Oracle databases, we had to

area). Figure 2 shows the monthly traffic in the last fifteen
months. The average data transfer rate per day was 51.1
Mbytes.

The top two browsers with the largest numbers of requests
are Netscape with 258000 and Internet explorer with
227000 reguests. As for the operating systems, we detected
343000 requests from Windows, 126000 request from
UNIX, and 31000 request from Macintosh systems. Based
on this, we concluded to devel op our Web interface prima-
rily for Netscape and Internet explorer and to give up some
fancy features and fonts.

= MAP Database and Web server
migration

As a consequence of the updating of the operation system
(this step was necessary for security reasons) we encoun-
tered more and more problems with the stability of the Or-
acle Web Application Server. The database itself was not
on the highest upgrade level, but it run more than 2 years
without serious problems. The new Oracle Application
Server (iIAS) is based on the Apache Web server.

migrate the database to Oracle 8i as well. Because of a dif-
ferent internal structure of iAS we had to recompile al pro-
grammes. In the next step, we did the same for the MAP

month: rega: pages:

Each unit (=) represents 600 requests for pages or part thereof

Jan 2001: 49z240: 19435:

Feh 2001: 64954: 19757:

Mar 2001: 40737: 11267:

Busiest month: Mov 2000 (23,546 requests for pages).

Figure 2. Monthly Web traffic at MDC in the last fifteen months.
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Server. The database migration took more than 20 hours;
12 Ghytes were moved to the Oracle 8i database. We ran
the migration during a weekend in order to interrupt serv-
ice as little as possible. We made very every reasonable ef-
fort to check as many links as possible in the MAP docu-
ment area. Nevertheless, there might still be dead links,
and we kindly ask you to report any interruption of external
links as well as of links within MAP Web pages.

The good news for the users of the MAP Web: The migra-
tion is complete! The new Web server is stable and had no
crash in the last two months. It is now also possible to use
the DODS interfface for the netCDF files (http://
www.map.ethz.ch/sop-img/flights/el ectral
access_electra_data.htmt).

m Tipsand Tricks

If you print pages with HTML tables, the colours in the
cells will be missing on the printout, because background
colours are not printable from the Web browser. But you
can use Adobe Acrobat (not Adobe Acrobat Reader!) to
convert HTML pages to PDF. All of the text, images and
links from multiple HTML pages and image files are then
included in a single new PDF document. The new PDF

MAP newsletter #15

Note from the editors

document contains the background colours of HTML ta
bles, thus, with Adobe Acrobat you will get a better result
than with any Web browser.

If you do a database request for public data (SOP, required)
on your Web Browser and you receive the message “The
Server had an internal error and could not process the re-
guest” or “The page cannot be displayed” after along time
of waiting, you have the possibility to get the data directly
by FTP. These errors appear only when the MAP ORACLE
database is very busy or when you ask for a big amount of
data. You must go back one page on your Web Browser to
find out the name of your data file. On the Web Browser
form you will find the name under “File output options:
Filename”. You can try to fetch the data directly by FTP af-
ter awhile. On your Web Browser you must enter the fol-
lowing command: “http://www.map.ethz.ch/pub-file/” and
you will find your file there. If you use an FTP tool, you
must first connect to the MAP FTP Server (map.ethz.ch)
with anonymous login. Now you must type in the com-
mand “get /pub/map/mappubout/filename” for fetching the
datafile. For database request in the supplemental area, re-
fer to MAP newsletter 7.

After a year with severa conferences hosting sessions on
MAP, the only major MAP-related conference in 2001 will
be the MAP Meeting itself. The extended abstracts in the
MAP newsletter will therefore be the only written docu-
mentation of the progress of MAP for the MAP commu-
nity, the larger scientific community, and funding agencies.
The MAP newsletter will accommodate by:

e urging al presenters at the MAP meeting 2001 to sub-
mit an extended abstract;

» easing the previous 2-page limit to 4 pages per contri-
bution;
e being in your mailboxes before the summer holidays.

As a compromise between having your very latest results
in the abstracts and distributing the newsletter very soon
after the conference, the deadline for receipt of the ex-
tended abstracts is 8 May 2001, in the week before the
MAP mesting.

Ongoing Activities and Future Events
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m Activitieswithin MAP

date | event
May 14-16, 2001 MAP Meeting 2001, Schliersee, Germany (http://www.map.ethz.ch)

May 17, 2001 Joint MAP-IGP/MAP-NWS Board Meeting, Schliersee, Germany

Oct/Nov, 2001 1st workshop in Alpine Forecasting and official start of FACT

m Future events related to MAP

date | event
Mar 25-30, 2001 EGS 26th General Assembly, Nice, France (http://www.copernicus.org/EGSEGS.html)

Jul 10-18, 2001 8th Scientific Assembly of IAMAS, Innsbruck, Austria (http://meteo.uibk.ac.at/| AMAS2001)

18th AMS Conference on Wesather Analysis and Forecasting, and 14th Conference on Numerical Weather

Jul30-Aug 2, 2001 Prediction, Fort Lauderdale, FL, USA

Sep 18-21, 2001 DACH-MT: Deutsch-Oesterrel chisch-Schweizerische M eteorol ogen-Tagung, Wien, Oesterreich (http:/
' www.zamg.ac.at/~DACH2001)

Sep 24-28, 2001 ECAM 2001, Fifth European Conference on Applications of Meteorology in conjunction with the First An-
' nual Meeting of the European Meteorological Society (EMS), Budapest, Hungary

Sep 2-6, 2002 International Conference on Quantitative Precipitation Forecast (QPF), Reading, UK
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