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Abstract 

Al t hough the qual i t at ive in f luence of m ountains over t he atmo-

sphere has been k nown for a long t im e, num erous def iciencies, 

l inked to orography, are st il l noted, ei ther in forecasts by regional 

models, or in the long- term behavior of cl im at e models. This is 

wh y the French and Spanish weat her services are under tak ing an 

important f ield cam paign to docum ent the d ynam ic m odi f icat ions 

to the atm ospher ic f l ow generated by the Pyrenean range dur ing 

a 2- month per iod (Oct ober and Novem ber 1990) wi t h six  intensive 

observat ion per iods (lOPs) of 2 to 3 days. The ex per imental strat-

egy is based largely on m esoscale num er ical - m odel results and 

w i l l help to val idat e these m odels. The m ain focus is on the doc-

umentat ion of clear- air t u rbu lence generated ei ther by break ing 

m ountain waves, by sur face roughness, or by the w i n d shear in-

duced by the lateral- f low deviat ion around the m ountain. Experi-

mental m eans include several networks of sur face stat ions, rad io 

soundings, constant - level bal loons, four w i n d prof i lers, and sev-

eral research aircraf t . 

1. Introduction 

The Mom en t um Budget over the Pyrenees (PYREX) 

ex per iment is a joint  program by the French and 

Spanish Weat her services: Di rect ion de la Meteorol-

ogie (DMN/ EERM) and Inst ituto Nacional de Meteo-

rologia (INM). It  is m ade possible by the par t icipat ion 

of several research inst itutes f rom France, Spain, and 

Ger m any: Cent re Nat ional de Recherches Meteoro-

logiques (CNRM), Elect r ici t e de France (EDF/ DER), 

Laboratoire de Met ero log ie Physique (LAMP), Labor-

atoire d 'Aero log ie (LA), Laboratoire de Met eorolog ie 

Dynam iq ue (LMD), Service d 'Aeronom ie (SA), La-

* Cen t r e Nat i onal d e Recher ches Met eor o log iq ues, D M N /  

EERM, 31057 Toulouse, France 
+  Cent ro Met eoro log ico Zonal de Baleares, INM, 07015 Palm a 

de Mal l o r ca, Spaine 
# Laboratoi re d 'Aero log ie, Cent re de Recherches Atmosphe-

r iques, Cam pist rous, 65300 Lannem ezan, France 

" Elect r ici t e de France, Di rect ion des Etudes et Recherches, 

78401, Chat ou , France 
++  Servi ce d 'Aer onom ie du CNRS, Un iversi t e Par is VI, 75230, 

Par is, France 

* * Laboratoi re de Met eoro log ie Physique, Universi t e Blaise Pas-

cal , 63170, Aub iere, France 

© 1990 Am er i can Met eoro log ical Societ y 

boratoire des Sondages Elect romagnet iques de I'En-

vi ronnem ent Terrestre (LSEET), Cent re de Recherches 

en Physique de I'Envi ronnem ent (CRPE), Observa-

toire de Physique du Gl o b e de Clerm ont (OPGC), 

Cent re de Recherches Atm ospher iques (CRA), the 

Universi t y of Balear ic Islands (UIB), the Universi t y of 

Val ladol id (UV), and the Deut sche Forschungsanstalt  

fur Luft  und Raumfahr t  (DLR). Fund ing is provided by 

D M N/ EERM , INM, DLR, Inst itut  Nat ional des Sci-

ences de I'Un iver s ( INSU/ PAMOS), Cent re Nat ional 

d 'Etudes Spat iales (CNES), EDF/ DER, and Region 

Mid i - Pyrenees. 

The purpose of the program is to establish a data-

base for several detai led studies of the dynam ic influ-

ence of a large and fair ly sim ple m ountain range, l ike 

the Pyrenees mountains, over the atmosphere. 

The Pyrenees stand at the border bet ween France 

and Spain (see f igure 1). It  consists of a massive bar-

rier ex tending east- west over a length of near ly 400 

km f rom the At lant ic Ocean to the Med i t er ranean, 

wi t h a wid t h varying f rom 30 to 70 km, and a max-

im um height of about 3000 m in the cent ral part . The 

highest point is the Peak Anet o (3404 m). 

2. Scientific issues for PYREX 

The mot ivat ions to undertake such an ex per iment can 

be classif ied in several categor ies. On the large scale, 

it  is felt  that an ex per imental assessment of the ef fect 

of orographic gravity waves on the m ean f low wi l l 

be needed in the near future. On the regional scale, 

several weather - producing types of f l ow require a 

better understanding. On the m esoscale, num er ical 

m odel ing is current ly ex per iencing rapid develop-

ment , but st ill requires adequate test ing against data 

in regions of marked orography. 

a.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Large- scale aspects 

It  is recognized that the m ain source of improvements 

for the general ci rcu lat ion m odels (GCM) in the past 

10 years has been the int roduct ion of very simple 

parameter izat ions of the subgrid- scale topography, 

such as the so- called "en vel o p e or og r aphy," or the 
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effect of m ountain w ave drag (Boer et al . 1984; Pal-

mer et al . 1986). Most of these parameter izat ions 

have been based on two- dimensional (2- D) concepts. 

They have not been ver i f ied against observat ions, but 

rather " t u n ed " in order to im prove the cl im atology 

of the GC M in wh i ch they wer e int roduced (Geleyn 

and Rochas 1987). Al t hough it  is l ikely that these 

parameter izat ions part ly remedy some weakness of 

the host m odel unrelated to subgrid- scale orography, 

their inadequacies st rongly hint that further investi-

gat ion is needed on the ef fect of mesoscale moun-

tains on the large- scale f low. In addi t ion, a second 

gener at i on of t hese p ar am et er i z at i ons, i n cl u d i n g 

three- dimensional (3- D) ef fects, is current ly under 

way (Royer and Clary 1987; Mi l l er and Palm er 1987). 

These future formulat ions w i l l have more degrees of 

f reedom and w i l l require data for cal ibrat ion. Mean-

wh i l e, the resolut ion of the GC M is constant ly in-

creasing and some of the concept s used in ear l ier 

versions m ay have to be adapted for smaller scales. 

Thus, it  is necessary to acqui re a database wh i ch 

cou ld be used as a reference to test future parame-

ter izat ions. An analogy m ay be found wi t h the GA RP 

At lant ic Trade- wind Ex per iment (GATE) ex per iment , 

wh i ch has provided high qual i t y observat ions for test-

ing convect ion parameter izat ions. However , t he ex-

per imental problem here is more di f f icul t  since w e 

are interested in the m om ent um budget , wh i ch in-

cludes pressure terms that are di f f icul t  to measure. 

The Alp ine Ex per iment (ALPEX) program ( WM O 

1986), wh i ch took p lace in 1982 over the Alps, 

brought considerab le at tent ion to the quest ion of the 

i n f l u en ce of o r og r ap hy on t he at m osp her e. Th e 

weal t h of co l lect ed data has in turn inspired new the-

oret ical research in areas such as the b lock ing ef fect , 

lee cyclogenesis, mountain- pressure drag, f rontal de-

format ion, severe downslope w ind , etc. Al t hough the 

overal l am ount of high- quality data col lect ed has 

been t remendous, a need st ill ex ists. For ex am ple, 

docum ent ing the st ructure of the orographic bound-

ary layer or analyz ing in more detai l the dynam ic 

ef fects of the mesoscale m ountain on the large- scale 

f low and the format ion of local winds are areas re-

quir ing further study. Clear ly, w e need more empha-

sis on the ex per imental determ inat ion of the dif ferent 

cont r ibut ions to the energy and m om ent um budget 

over the m ountainous areas. 

ex per iment l ike PYREX. Som e of these phenom ena 

are regional winds, Cat alon ian and Balear ic sea cy-

clogeneses, and convect i ve storms. 

It  is wel l k nown that the Pyrenean range, together 

wi t h the nearby Iber ic range in Spain and Massif Cen-

t ral in France, induces t yp ical regional w i n d systems. 

Those are the autan (a southeaster ly w i n d occur ing 

in France bet ween Carcassonne and Toulouse), the 

t ramontane (a nor thwester ly w i n d occur r ing at the 

easternmost part  of t he range, wi t h a peak intensity 

near Perp ignan, France), and the cierzo (a northwes-

ter ly w i n d occur r ing in Spain, in the cent ral Ebro Val-

ley, south of the Pyrenean range). It  is suspected that 

those winds m ay be ex p lained in part  by the internal 

hydraul ic approach, i .e., that the precise knowledge 

of the posit ion and strength of an inversion layer at 

the top of the atmospher ic boundary layer (ABL) is of 

utmost im por tance to understanding their dynam ics. 

Al t hough the special observat ions m ade dur ing AL-

PEX provided part ial descr ipt ions of the ABL in points 

af fected by local w i n d s—as the cierzo (Riosal ido et 

al . 1986)—their precise ex tent and quant i t at ive char-

acter ist ics are not wel l k nown. 

Som e of these winds are qui t e f requent and strong, 

most notably the t ram ontane, wh i ch is usual ly asso-

ciated wi t h the mist ral, and is the m ain m ar ine me-

teorological prob lem in the western Med i t er ranean. 

In addi t ion, foehn- type downslope winds occur oc-

casional ly on the foothi l ls, lead ing to local ized wind-

storms (Viers 1960), al t hough these phenom ena are 

less f requent and intense than the bet ter- known Bora 

or Ch inook . The Foehn ef fect has a marked impact 

on the regional cl im at e, lead ing to higher m ean tem-

peratures and longer insolat ion (Viers 1987). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

fa.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Regional- scale aspects 

The regional perturbat ions induced by the orography 

on the mass, w ind , temperature, and humidi t y f ields, 

com b ined wi t h m ar ine ef fects, p roduce signif icant 

weat her phenom ena of great pract ical impor tance in 

the Pyrenean region. These alone wou l d just ify an 
FIG. 1 . The dom ain of interest for PYREX, wi t h the m ajor 

geographical elem ents. 
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The high f requency of m esoscale low centers south 

or southeast of the Pyrenees is a relevant character-

ist ic of the pressure dist r ibut ion in the Iberia- Medi-

terranean region (Genoves and Jansa 1989), and is 

probably related to t opographic inf luences. Occa-

sional ly, these lows seem to develop into a t rue 

cyclogenesis, somet imes ex p losive and intense, pro-

ducing strong w i n d and precip i tat ion events (e.g., 

Ram is and Bal lester 1984); at  other t imes these lows 

t ravel t owards the Gu l f of Gen oa and enhance Alp ine 

cyclogenesis events (Jansa et al . 1985). 

Convect i ve storms are dr iven by upslope and/ or 

orographical ly def lected winds on both sides of the 

Pyrenees, somet imes result ing in dam aging f loods. As 

an ex am ple, on 6 - 8 Novem ber 1983, heavy rain (up 

to 300 mm) in the Pyrenees produced f loods in the 

southern slopes of the m ountain range. Recent ly, on 

3 Oct ober 1988, a f lash f lood caused by a convect i ve 

cluster, that rem ained stat ionary for 6 hours, brought 

substant ial dam age to the ci t y of NTmes, France. It  is 

suspected that the or ig in of this phenom enon was a 

low- level convergence l ine caused by the Pyrenees, 

more than 200 km upwind . Cat alon ia also experi-

enced signif icant dam age t r iggered by this event and 

by a chain of other convect i ve events dur ing this pe-

r iod. Unt i l now, understanding of these phenom ena 

has been inhib i ted by poor observat ional support . 

c.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Mesoscale aspects 

On the mesoscale, the m ajor mot ivat ion is provided 

by the rapid developm ent of num er ical models, 

wh i ch require careful val idat ion. A database describ-

ing the precondi t ions of phenom ena l ike those above 

wou l d be al ready valuab le for meso- a (30 km - 50 km 

resolut ion) num er ical ex per imentat ion and val idat ion 

of parameter izat ions. Such work wou l d go a long 

way t oward im proving the forecast . But the increas-

ing power of computers makes it  possible to foresee 

the developm ent of operat ional- forecast models hav-

ing a capaci t y to resolve meso- p- scale mot ions on a 

hor izontal mesh of about 10 km. Such forecast 

models are al ready being run on a research m ode. 

Cont inued developm ent of meso- p m odel ing capa-

bi l i t y w i l l al l ow for important progress in the numer-

i cal f o r ecast i ng of weat h er el em en t s on sm al l er 

scales. 

However , it  is k nown that forecast results at these 

scales are st rong ly d ep en d en t on sever al f act ors 

wh i ch are st ill poor ly understood. Those are 

•  The ver t ical resolut ion of the m odel , especial ly 

in terms of m in im um necessary resolut ion in the PLB 

and near the t ropopause; 

•  The def ini t ion of the surface geopotent ial at  each 

grid point of t he m odel ; 

•  Th e d ef i n i t i on of t he d yn am i c and t her m al 

roughness parameters at the scale of a m odel grid box 

(especial ly d i f f icul t  over steep orography); 

•  The cor rect representat ion of the cloud forma-

t ion and dissipat ion; 

•  The cor rect representat ion of the ver t ical and 

hor izontal di f fusion terms, wh i ch m ay be st rongly en-

hanced by m ountain- wave- induced t urbulence. 

Cur rent ly, there is m uch theoret ical work being 

done on these dif ferent problems, result ing in con-

f l ict ing proposals. For instance, ei ther the "en vel op e 

orog raphy," (Jarraud et al . 1987) or the "si lhouet t e 

orog raphy" (Messinger and Jan j i c 1987) have been 

proposed. Several pract ical methods to determ ine 

regional dynam ic roughness have been descr ibed 

(Smith and Carson 1977; Mason 1987, 1988). The 

ef fect of latent heat release on the am pl i t ude of 

m ou n t ai n w av e has b een an al yz ed (Du r r an and 

Klem p 1982; Nickerson et al . 1986). Final ly, some 

equat ions to account for t urbu lence k inet ic energy 

have been int roduced in m esoscale models (Richard 

et al . 1989; Buty 1988; Bougeaul t  and Lacarrere 

1989). Al l these results dem and further ex per imental 

ver i f icat ion. zyxwvutsrqponmlkjihgfedcbaYXWVUTSRPONMLKJIHGFEDCBA

3. A modeling strategy 

There is obviously a close l ink bet ween the larger-

and smaller- scale ob ject ives. The developm ent of ef-

f icient parameter izat ion schem es account ing for the 

ef fect of subgrid- scale orography in GC M depends 

on a better understanding of the m echanism s that oc-

cur on smal l scales. Recent t heoret ical progress on 

cer tain topics, such as b lock ing and deviat ion of at-

mospher ic f low by mountains, have rel ied upon nu-

m er ical models (e.g., Pier rehum ber t and Wym an 

1985). It  appears therefore, that further progress in 

this d i rect ion w i l l require better val idat ion of those 

models. Thus, the ex per imental strategy of the PYREX 

project is focused on obt ain ing measurements over 

speci f ic areas of the m ountain range to al l ow for the 

p r eci se val i d at i o n of sever al mesoscale models. 

Then, val idat ed m odel outputs w i l l g ive indirect ac-

cess to the other unknowns of the prob lem , nam ely 

the dif ferent terms of the m om ent um budget in the 

vicin i t y of the m ountain range, wh i ch wou l d be im-

pract ical to measure d i rect ly. 

a. Theoret ical concepts 

For i l lust rat ion purposes let  us consider the equat ion 

for the zonal w i n d veloci t y 

dpU _ dpi / 2 dpuu dpUW dp 

~dT ~ ax dy dz ~ dx 
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We wan t to average this equat ion on a 3- D box in 

order to ret r ieve the signif icant cont r ibut ions for 

larger- scale models. Let us def ine ( ' ) =  dz 

as a ver t ical averaging operator bet ween the ground 

at al t i tudezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA h(x , y) and an arbit rary level ZT, and 

( ) =  f zyxwvutsrqponmlkjihgfedcbaYXWVUTSRQPONMLJIHGFEDCBAX y dxdy as an hor izontal averaging operator 

on the surface of the box . The m ean m om entum bud-

get w i l l read 

dp u2 

dt 

dpi/ 2 dpUV 

dx dy 

(a) 

puw(ZT) 

(b) 

+  puw(h) -  ~ +  pf i>  -  p ( h .  ( 2)  
dx ox zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(C) (d) (e) (f ) 

Equat ion 2 offers an opportuni t y to discuss the dif-

ferent quant i t ies that need to be determ ined, either 

d i r ect l y (m easur em en t s) or i nd i r ect l y (m esoscal e 

models). Those are (a) the lateral advect ion of mo-

mentum at the boundar ies; (b) the f lux  of m om ent um 

at the top (wh ich classical ly is decom posed into a 

w ave part  and a turbulent part ); (c) the f lux  at the 

lower boundary (wh ich is, in pr incip le, a turbulent 

f lux ); (d) the m ean pressure gradient ; (e) the Cor io l is 

force; and (f) t he pressure drag at the ground. 

In order to evaluat e these terms, it  is necessary to 

measure 

•  The 3- D st ructure of the w i n d and the tempera-

ture around the range (terms [a], [d], and [e]). This 

is clear ly not possible everywhere, and the locat ion 

of the measurements should be considered very care-

ful ly. Special at tent ion should be g iven to the low-

level regional winds result ing f rom the contour ing of 

the range, and enter in the determ inat ion of (a); 

•  The w ave and turbulent f luxes of m om entum at 

several heights, and along carefu l ly chosen ax is. 

Their sensit ivity to the presence of clouds, and to the 

l iquid wat er content of these clouds should be con-

sidered; 

•  The surface pressure, wi t h a suf f icient accuracy 

to com put e the integral (f ); and 

•  The surface turbulent m om ent um f lux  (c), wh i ch 

cal ls for est imates of the regional roughness. 

Since it  is impossib le to take such measurements 

everywhere in space in a box of say, 600 km x 600 

km around the mountain range (see Figure 1), it  w i l l 

be necessary to rely on the results of the mesoscale 

models to obtain an indirect est imate of the dif ferent 

terms. It  is proposed to organize the measurements 

in order to val idat e the most sensit ive aspects of the 

m odel dynam ics. 

This strategy is guided by the concept ual v i ew of 

the f low past a 3- D meso- beta- scale mountain sche-

m at ical ly dep ict ed in f igure 2. The sal ient features of 

the f low patterns are 

1) The format ion of a b locked zone upst ream of 

the m ountain. In this region, the w i n d veloci t y is 

weak . The ef fect ive ver t ical prof i le of t he mountain 

as seen by the large- scale f low w i l l depend on the 

ex tension of this b lock ing zone, and therefore, the 

am ount of the energy radiated upward by gravity 

waves. 

2) Upst ream of the b lock ing zone, the low- level 

f low splits into t wo branches d iver ted lateral ly around 

the m ountain. The hor izontal posit ion of the d ivid ing 

st reamline var ies wi t h the large- scale f low. Meso-

scale models also show that , for a g iven large- scale 

f l ow, the hor izontal posit ion of the d ivid ing stream-

l ine var ies wi t h the al t i tude and m ay turn around the 

m ountain to a signi f icant ex tent . 

3) On the lateral edges of the m ountain, the de-

viat ion results in f low wi t h st rong curvature in the 

lower levels and less perturbed f low alof t . There is, 

therefore, a signif icant w i n d shear through a deep 

layer , wi t h a com plex 3- D st ructure. The associated 

am ount of t urbu lence and the ver t ical t ransfer of mo-

mentum are not wel l - known. 

4) Depend ing on the ver t ical stabil i ty prof i le, the 

low- level f low may be accelerat ed to form a wel l -

def ined regional w i nd , ei ther upst ream or down-

st ream of the obstacle. In this case, there is a strong 

decoup l ing of the ABL f rom the f ree atmosphere. The 

ABL is usual ly capped by a wel l - def ined inversion, 

and t he ex ch an g e of m o m en t u m by t u r b u l en ce 

through this inversion becom es of cent ral interest for 

the behavior of both the ABL and upper- level f low. 

5) The f low is accelerat ed above the m ain r idge. 

A dynam ic boundary layer is formed, wi t h strong tur-

bu lence in the lower levels. The m ax im um wi nd 

speed wi l l depend on the roughness, wh i ch is diffi-

cu l t  to def ine. The ver t ical ex tension of this turbulent 

boundary layer above the m ain r idge is of interest but 

is poor ly k nown. 

6) Gravi t y waves are generated by the cent ral part  

of t he mountain. They t ransfer m om ent um ver t ical ly 

and may break, result ing in product ion of t urbulence 

and strong downslope w i n d format ion. On e expects 

to observe the format ion of a turbulent wak e and a 

signif icant deformat ion of the t ropopause above the 

m ain r idge. 

7) Final ly, it  is an observed fact that a zone of 

weak , low- level w i n d is of ten present im m ediately 

downst ream of the m ain r idge, as a result  of a shel-

ter ing ef fect . 

These features m ay or m ay not appear simultane-

ously. However , al l of t hem should par t icipate ac-
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t i vel y in t he r eg ional m o m en t u m budget and it  

appears necessary to organize the ex per imental strat-

egy in order to docum ent points 1 to 7. This rat ionale 

was taken into account in the def ini t ion of a number 

of speci f ic ex per imental ob ject ives, as ex p lained in 

sect ion 4. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b. The models for PYREX 

It  is foreseen that num er ical simulat ions using PYREX 

data w i l l be m ade wi t h f ive dif ferent mesoscale 

models: 

1) The Spanish I N M LAM, der ived f rom the Eu-

ropean Cent re for Med ium - Range Forecasts (ECMWF) 

(LAM) (Hor tal et  al . 1986). This m odel is p lanned to 

be im proved dur ing 1990, wi t h higher resolut ion and 

a better- tuned physical parameter izat ion package; 

2) the French Weat her Service PERIDOT m odel . 

This is an operat ional m odel , wi t h a com plet e se-

quent ial data- assimilat ion suite (Imbard et al . 1987). 

A research version of this m odel al lows for meso- p-

scale simulat ions; 

3) the SALSA m odel of Laboratoire de Meteorol-

ogie Physique (Nickerson et al . 1986); and 

4) the HERMES and M ERCURE models of Electri-

ci t e de Fr ance/ DER. These m odels are being devel-

oped by the French Elect r ici t y Agency to provide 

FIG. 2. A schem at ic of t he f l ow around and over the Pyrenees (see subhead a in sect ion 3). 
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short- term envi ronm ent al protect ion (Buty 1988). 

Som e character ist ics of these models are g iven in 

Table 1. Al l of the models have 2- D versions that 

al l ow for inex pensive systemat ic intercompar ison on 

selected test cases before the ex per iment . This pro-

gram wi l l also al l ow for com par ison bet ween hydro-

stat ic and nonhydrostat ic m odel results. Before the 

ex per iment the models are used to p lan opt im um 

f l ight t racks and to assess the feasibi l i t y of the bal loon 

ex per iment (Stein 1989). As an ex am ple, Figure 3 

shows the t rajector ies simulated by the PERIDOT 

model for several launching sites and t wo dif ferent 

f l ight levels. The strong curvature of the low- level 

f low around the eastern edge of the mountain and 

the result ing ver t ical shear are some of the elements 

wh i ch are of interest for t urbulence generat ion, but 

deserve serious ex per imental ver i f icat ion. Af ter com-

plet ion of the f ield phase the scient i f ic ob ject ives w i l l 

be d ivided into the t wo f o l lowing topics. 

c.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Validat ion of the models 

Th e m esoscal e o b j ect i ve anal yses of t he Fr en ch 

Weat h er Ser v i ce, i n cl u d i n g t he ad d i t i on al r ad io 

soundings, w i l l be used to in i t ial ize the 3- D simula-

t ions on the dom ain shown in Figure 1 and provide 

boundary condi t ions dur ing the course of the inte-

grat ions. The m odel results w i l l be assessed by use 

of the supplemental observat ions dur ing Intensive 

Observat ion Per iods (lOPs), wi t h part icular at tent ion 

given to the pressure drag across the mountain and 

the st ructure of the m ain w ave in a 2- D ver t ical cross 

sect ion. The reconst itut ing of the var iab les measured 

by the aircraf t  in the regional ABL, using interpolat ion 

of m odel output along the f l ight t racks, w i l l be an-

other power fu l way to check the qual i t y of the sim-

u l at i o n s. Th e t r aj ect o r i es of t he co n st an t - l evel 

bal loons w i l l be com put ed f rom the m odel output , 

and com pared to the observed ones. The specif ica-

t ion of the f ree parameters of the models w i l l be 

im proved by t r ial and error, unt i l a sat isfactory agree-

ment wi t h the observat ions can be found. Par t icular 

at tent ion w i l l be g iven to the surface- roughness pa-

rameters, the hor izontal di f fusion coef f icients, and 

the surface geopotent ial in this adjustment process. 

Several parameters used in the cloud-  and rain- water 

com putat ions w i l l also need cal ib rat ion (i .e., the au-

t oconversion ef f icience coef f icient ). The val idat ion 

phase w i l l end wh en a reasonable behavior of the 

models can be obtained for several lOPs. 

d . The models as numerical laboratories 

It  is bel ieved that once val idat ed in the way descr ibed 

above, the mesoscale- model results w i l l p rovide the 

best possible p icture of the atmosphere dur ing the 

lOPs. They w i l l then be used to im prove our under-

standing of the physical processes occur r ing in the 

vicin i t y of a m ajor m ountain range. For instance, us-

ing an analysis of st reamline on isent ropes, the m odel 

dom ain w i l l be d ivided into several parts correspond-

ing to b locked f low, lateral ly d iver ted f low, or vert i-

FIG. 3. An ex am p le of t rajector ies com put ed f rom the French 

Weat her Servi ce PERIDOT m odel outputs (f rom Stein 1989). 

TABLE 1 . The m odels for PYREX 

Hor izont al Ver t ical Data 

Mod el Inst itute Equat ions Resolut ion Resolut ion Physics Assim i lat ion 

PERIDOT C N RM Hydrostat ic Ax =  10 - 35 km Az =  100 m in PBL Com p let e physics Yes Hydrostat ic 

1 km alof t  

SALSA LM P Hydrostat ic Ax =  10 km Az =  100 m in PBL Com p let e physics No Hydrostat ic 

1 km alof t  ex cept deep 

convect i on 

HERM ES EDF/ DER Hydrostat ic Ax =  10 km Az =  20 m in PBL 

1 km alof t  

As ab ove wi t h dif ferent 

param eter izat ion 

No 

M ERCURE EDF/ DER Non- hydrostat ic Ax =  500 m - 2 km Az =  10 m in PBL Dry physics No Non- hydrostat ic 

100 - 500 m alof t  

I N M LA M I N M Hydrostat ic Ax =  35 - 75 km Az =  100 m in PBL Com p let e physics Yes Hydrostat ic 

1 km alof t  
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cal ly def lected f low. The m om ent um budgets of these 

dif ferent st ream tubes w i l l be com put ed. The exten-

sion of these regions w i l l be com pared to theoret ical 

predict ions f rom the Froude number. Another poten-

t ial focus of research w i l l be on com put ing large-

scale values of the parameters by spat ial averaging of 

the m odel output and ver i f ying the assumpt ions un-

der lying the drag- parameter izat ion theories. 

Sensit ivi t y studies m ade by changing some aspects 

of the reference simulat ions w i l l also offer an inter-

est ing invest igat ional approach. Chang ing part  of the 

model physics w i l l p rovide insight into the interplay 

of the dif ferent physical mechanisms. Chang ing the 

hor izontal resolut ion of the models w i l l al l ow for an 

assessment of the respect ive roles of roughness and 

form- drag in the mountain- induced resistance to the 

mean f low. This w i l l al l ow the der ivat ion of some 

rules for speci f ying roughness appropr iate for the 

model grid size. Final ly, some simulat ions may be 

run wi t h an ideal ized topography instead of the real 

one, in order to invest igate the fundamental dynam-

ics of the interact ion bet ween the f low and the ob-

stacle. This m ay al l ow for the export ing of the PYREX 

results to other parts of the wor ld . zyxwvutsrqponmlkjihgfedcbaYXWVUTSRPONMLKJIHGFEDCBA

4. Experimental approach to PYREX 

Gi ven the general strategy ex p lained above, the ex-

per imental approach w i l l concent rate on four speci f ic 

ob ject ives, to be carr ied out either simultaneously or 

al t ernat ively, depend ing on the weat her condi t ions 

and aircraf t  avai lab i l i t y. Those are descr ibed in the 

f o l lowing sect ions. 

a.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA The regional 3- D distribut ion of the 

meteorological elements 

An enhanced 3- D observat ional effort  is needed at 

the regional scale, both for phenom enolog ical studies 

and as an im proved input for high- resolut ion numer-

ical models. This is par t icular ly t rue for the regional 

ABL, but also for the t ropospher ic f l ow. 

As ex p lained above, it  is of pr ime interest to doc-

ument geomet r ical aspects of the regional ABL, such 

as the hor izontal ex tent , ver t ical depth of w i nd sys-

tems, and the height of the inversion. Par t icular care 

wi l l be g iven to the t ransit ion zone f rom the w ind y 

region to the nonwindy one, especial ly sharp in the 

western edge of the Tramontane (Jansa 1987). It  w i l l 

be necessary to get a clear p icture, at  any t im e dur ing 

the ex per iment , of how the f low part it ions itself  into 

b locked air masses, and air masses wh i ch are lat-

eral ly or ver t ical ly d iver ted. 

The best tools for this k ind of invest igat ion are, of 

course, inst rumented aircraf t . It  is p lanned to dedi-

cate one or t wo of the PYREX aircraf t  to this ob ject ive, 

depend ing on the m eteorological si tuat ion. The m ain 

task w i l l be to docum ent the 3- D m ean st ructure of 

the ABL around the eastern part  of the range (f light 

plans 1 and 2 in f igure 4). However , the 3- D mean 

st ructure of the upper ai r f low w i l l be also docu-

mented by a box- type f l ight pat tern (f l ight p lan 3 in 

Figure 4). These measurements w i l l be com plet ed by 

a large num b er of sur f ace- based m easur em en t s. 

There w i l l be 11 sounding sites, organized in arrays 

at both the meso- p and meso- a scales. Several sur-

f ace networks of automated weat her stat ions w i l l run 

dur ing the ex per iment . Several acoust ic sounders (So-

dar) w i l l also be avai lab le and w i l l cont inuously re-

co r d at t h o se si t es w h e r e r eg i o n al w i n d s ar e 

ex pected. However , the most or ig inal aspect of the 

ex per imental setup w i l l be the use of constant - level 

bal loons. These carr iers w i l l f l ow wi t h the airmass at 

three dif ferent alt i tudes. They w i l l be released f rom 

one of t wo sites on the eastern edge of the mountain 

range, depend ing on the d i rect ion of the m ean f low, 

and wi l l be t racked by radar. Their t rajectory wi l l 

p rovide insight into the 3- D st ructure of the w i nd f ield 

in the def lect ion area. They w i l l be equipped wi t h 

sensors to measure pressure, temperature, and mois-

ture. 

b. Momentum transfer and turbulence 

characterist ics in the regional wind systems 

The ver t ical t ransfer of m om ent um by t urbulence is 

presumed to be one of the key factors in understand-

ing the quant i t at ive behavior of the regional w i nd 

system and the area- mean m om ent um budget . This 

cal ls for a detai led ex per imental study of the turbu-

lence associated wi t h a boundary- layer w ind , wh i ch 

ex per iences mesoscale forcing by the com plex or-

ography, the w i n d shear at the ground, and w i nd 

shear near the ABL top. Of special interest are the 

turbulent momentum- f lux  prof i le; the ef fect of the en-

t rainment at the top of the w i n d layer ; the budgets of 

heat and t urbulence k inet ic energy (includ ing hori-

zontal advect ion terms, wh i ch are important ); the 

character ist ic scales of t urbu lence; and the spect ra. 

At present t ime, research aircraf t  equipped for tur-

b u l en ce m easu r em en t s are t he o n l y ap p r op r i at e 

means for such a detai led study. It  is p lanned to use 

three of the PYREX aircraf t  for simul taneous missions 

ded icat ed to this ob ject ive. Two of t hem wi l l take 

t urbulence measurements, and the third w i l l take 

only m ean measurements in the mesoscale environ-

ment . 

c. The main vert ical cross sect ion 

A cent ral ob ject ive of the PYREX program wi l l be the 
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docum ent at ion of the t ropospher ic m om entum bud-

get over the m ain m ountain r idge. Recal l ing the dis-

cussion of equat ion 2, previous results on the term 

(b) have been reviewed by Hoink a (1987), w h o found 

f ew wel l - docum ent ed cases, because meteorological 

situat ions wher e (b) is important are not f requent . 

Thus, there is par t icular d i f f icul t y in the p lanning of 

an aircraf t  ex per iment and the necessity for cont in-

uous measurements for a long per iod in order to 

cat ch interest ing cases. However , there is an excel-

lent cor relat ion bet ween strong values of the mo-

mentum f lux  in the t roposphere and strong winds or 

pressure drag at the surface. This cal ls forzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA coordina-

t ion between aircraftcont inuously operat ing pro-

f ilers, and a surface network of microbarographs. 

Thus, aircraf t  operat ions cou ld be init iated wh en 

events are most l ikely. Hoink a (1987) also noted that 

in previous works the Cor io l is term (c) has been ne-

glected. However , Sm ith (1979) has shown that this 

term may account for 2 0 % of the f lux . Final ly, several 

ex am ples of calcu lat ion of the pressure drag (f ) are 

avai lab le (e.g., Car issim o et al . 1988). In a review of 

these results, Davies (1987) concludes that this term 

is now wi t h in the reach of carefu l ly designed micro-

barograph systems. 

Gi ven the simple geomet ry of the Pyrenean range, 

it  is proposed that a large num ber of measurements 

be concent rated along a ver t ical cross sect ion per-

pend icular to the range in its cent ral part  (f igure 5). 

Those are 

•  a network of ground stat ions measur ing the 

w ind , temperature, and pressure wi t h suf f icient ac-

curacy to com put e the drag; 

•  several acoust ic sounders measur ing the w i n d in 

the ABL up to about 600 m ; 

•  several prof i lers provid ing cont inuous measure-

ments of the hor izontal and ver t ical w i n d up to the 

t r o p o p au se, w i t h a ver t i cal r eso l u t i o n of a f ew 

FIG. 4. The general ex per imental design and the locat ion of t he m ain f l ight areas. 
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hundred meters; 

•  inst rumented aircraf t , f lying simultaneously at 

dif ferent alt i tudes and tak ing measurements of m ean 

and t urbulence parameters, m icrophysics, and radia-

t ion f luxes; 

•  the ai rborne backscat ter l idar LEANDRE I, ca-

pable of zeni th and nadir viewing , wh i ch w i l l p rovide 

a docum ent at ion of the ABL st ructure, w ave act ivi t y, 

cloud format ion, and the t ropopause height modif i-

cat ion, associated wi t h the presence of the Pyrenean 

barr ier ; 

•  constant - level bal loons launched f rom an ele-

vated site on the m ountain range and t racked by radar 

f rom the p lain nearby. These bal loons w i l l f ly in the 

wak e of the m ountain and provide informat ion on 

the lee waves and t urbulence near 3000 m. 

This ensem ble of measurements should provide a 

fair ly com p let e p icture of the atmosphere in the 2- D 

cross sect ion. As opposed to previous ex per iments, 

wher e on ly the surface drag, or the dynam ic and tur-

bu lence parameters at some height wer e measured, 

the PYREX project w i l l p rovide simultaneous mea-

surements of pressure drag, ABL st ructure, ABL top, 

t ropopause locat ion, clear- air t urbu lence layers, the 

w ave st ructure, and the geomet ry and l iquid- water 

content of the clouds em bedded in the w ave systems. 

Special at tent ion w i l l be g iven to the inf luence of 

cloud- induced stabil i ty reduct ion on the w ave struc-

ture. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

d. The regional thermal-  and dynamic- roughness 

parameters 

To close the m om ent um budget of t he atmosphere, 

it  is necessary to have a clear p icture of the momen-

tum f luxes at the lower boundary. This cal ls for es-

t im at es of r eg ional - r oughness par am et er s. These 

est imates are par t icular ly d i f f icul t  in m ountainous re-

gion, because of the very com p lex ABL. It  is proposed 

that those est imates be a tentat ive ob ject i ve and, as 

such, w i l l act as an oppor tuni t y to develop new meth-

odologies. 

Di rect est imates of the roughness m ay be obtained 

by a careful t reatment of t he avai lab le soundings or 

sodar- derived w i n d prof i les in the lower levels. It  is 

also proposed that some of the aircraf t  missions be 

FIG. 5. Ex per imental design for the m ain ver t ical cross sect ion. 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://jo

u
rn

a
ls

.a
m

e
ts

o
c
.o

rg
/b

a
m

s
/a

rtic
le

-p
d
f/7

1
/6

/8
0
6
/3

7
2
4
9
4
5
/1

5
2
0
-0

4
7
7
(1

9
9
0
)0

7
1
_
0
8
0
6
_
m

b
o
tp

t_
2
_
0
_
c
o
_
2
.p

d
f b

y
 g

u
e
s
t o

n
 0

4
 S

e
p
te

m
b
e
r 2

0
2

0



Bul let in American Met eorological  Societ y yutsrqponmihfedcbaUTSQFB 815 

dedicated to this prob lem. Flying at low alt i tudes, the 

aircraf t  may take measurements of the m ean and tur-

bulent parameters that w i l l help der ive a represent-

at ive value of the regional roughness. However , it  is 

also foreseen that indirect est imates of the roughness 

may be obtained by tuning the m odel parameters to 

obtain the best possible results at low levels. This 

cou ld be done in a very elegant way by the use of 

the adjoint t echn ique (Talagrand and Court ier 1987) 

current ly under developm ent on a 2- D (x, z) research 

model at  CN RM . Both approaches wi l l p rovide a val-

uable set of results. This part  of the project cou ld also 

offer an opportuni t y to establish col laborat ion wi t h 

scient ists work ing to determ ine the roughness using 

remote- sensing t echniques. zyxwvutsrqponmlkjihgfedcbaYXWVUTSRPONMLKJIHGFEDCBA

5. The planning of the experiment 

The ex per iment was ini t ial ly proposed in September 

1987. Dur ing the year 1988, a project group was 

created am ong interested scient ists of several insti-

tut ions f rom Spain, France, and Ger m any. 

The project group decided to conduct the f ield 

phase of the PYREX project inzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA October and Novem-

ber 1990. This per iod of the year was chosen because 

it  is one of the most f avorab le to obtain a large num-

ber of interest ing situat ions (i .e., a large rate of oc-

cur rence of f lows t ransverse to the m ain m ountain 

r idge). Add i t ional ly, it  is k nown that this per iod of 

the year is f avorab le for the occur rence of low- level 

winds. Because the m aint enance of the surface net-

work for the def ined cross sect ion w i l l require oper-

at ions at high- alt itude condi t ions, it  was decided to 

term inate the ex per iment at the end of Novem ber , to 

avoid logist ic problems created by wint er condi t ions 

in the mountains. 

It  was further decided to concent rate aircraf t  and 

bal loon measurements on six  l OPs of two-  to three-

day durat ions cor responding to interest ing meteoro-

logical condi t ions, wh i ch w i l l be determ ined in real 

t ime f rom an operat ion center in Toulouse. The major 

ob ject ive w i l l be to cat ch situat ions of w ave act ivi t y 

over the Pyrenees and/ or strong, low- level winds in 

the ABL. An effort  w i l l be m ade to co l lect a dataset 

represent ing various condit ions, cor responding to a 

var iety of high- level w i n d d irect ions. Because this 

pat tern is reasonably predictab le by operat ional N WP 

systems, the start ing of an IOP w i l l be decided about 

t wo days in advance. 

a. Upper- air soundings 

There w i l l be 11 upper- air soundings for the PYREX 

database. These soundings w i l l be t ransmit ted in real 

t im e on the Glob al Transmission System (GTS), as 

possible. The soundings w i l l be organized in t wo ar-

rays, cor responding to the meso- a or the meso- P 

scale. They w i l l be either perm anent soundings of the 

operat ional network (P) or m ob i le soundings acti-

vated for the ex per iment (S). The dif ferent soundings 

are located as shown in Figure 4. Fo l lowing are their 

locat ions. 

Meso- a scale: Bordeaux (P), Nim es (P), Palm a (P), 

Mad r id (P), and Santander (P). 

Meso- |3 scale: Toulouse (S), Saragosse (P), Pau (S), 

Perp ignan (S), Barcelona (S), and Pam peluna (S). 

Dur ing non- IOPs on ly the regular soundings of the 

operat ional network w i l l be run. Dur ing the lOPs, all 

the soundings will be made every 6 hours. These 

soundings w i l l be run to at least the height of the 

t ropopause. 

b. Surface networks 

Dur ing the ex per iment , several operat ional networks 

of automat ic weat her stat ions in southwestern France 

and Spain w i l l operate as usual (before the experi-

ment , the I N M plans to upgrade several of its stat ions 

wi t h pressure sensors). These w i l l p rovide surface 

data wi t h suf f icient densi t y, ex cept on the mountain 

itself  and in the northeastern part  of the dom ain of 

interest. This w i l l require the instal lat ion of t wo spe-

cial l y operated networks: 1) Elect r ici t e de France wi l l 

operate f ive stat ions along an ax is Toulouse- Nar-

bonne in order to gather data for ob ject ive a in Sec-

t ion 4 and 2) the Mob i l e Sur face Net work of CN RM 

wi l l be devot ed to ob ject ive c in the same sect ion. 

Fif teen stat ions w i l l be instal led along the m ain tran-

sect and wi l l include m icrobarographs to com put e 

the drag (the al t i t ude of these stat ions has been de-

term ined wi t h an accuracy better than 10 cm by the 

Inst itut  Geograph ique Nat ional ). 

Al l these networks w i l l operate cont inuously dur-

ing the ex per iment . The com put at ion of the pressure 

drag w i l l run in real t ime, in order to al l ow for an 

opt imal p lanning of aircraf t  operat ions. This is m ade 

possible by the concent rat ion of the network data 

through the geostat ionary satel l i te METEOSAT. 

c. Acoust ic sounders 

Several sodar systems w i l l be used to docum ent the 

ABL st ructure. They w i l l be located both along the 

m ain t ransect and at p laces wher e regional winds are 

ex pected. These devices w i l l be operated by EDF, 

CRPE, UV, and I N M (see f igure 4). 

d. Wind profilers 

Three VHF w i n d prof i lers of the French D M N / I N SU 

research network (Pet i td id ier et  al . 1986) w i l l be 

avai lab le at the t im e of the ex per iment . These devices 
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wi l l be located along the m ain t ransect , near Ainsa, 

Spain, and Saint - Lary and Lannem ezan, France. They 

w i l l be operated joint ly by O PGC, CN RM , LSEET, 

CRPE, and CRA. 

They w i l l p rovide cont inuous measurements dur-

ing the ex per iment , wi t h t wo possible ver t ical reso-

lut ions: 375 m (up to 12 km) or 2250 m (up to 18 

km). These t wo modes w i l l be used al t ernat ively. In 

addi t ion, a UH F w i n d prof i ler w i l l be operated in 

Lannem ezan by CRPE and CRA, and w i l l p rovide 

higher- resolut ion w i n d measurements up to 6 km in 

the wak e of the m ountain range. The measurements 

w i l l be m ade avai lab le wi t h a t im e resolut ion of 1 

hour for the m ean hor izontal and ver t ical w i n d pro-

f i lers, and a f ew minutes for ind ividual com ponents. 

The data of the four prof i lers w i l l be avai lab le in near-

real t im e and wi l l help in p lanning the aircraf t  op-

erat ions. 

e.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Instrumented aircraft  

The research aircraf t  w i l l be based in Toulouse, 

France. At the present t im e it  is p lanned to use four 

research aircraf t . 

1) The Fokker 27 (ARAT), belonging to a group of 

French inst itutes (CNES, INSU, D M N , and IGN), al-

lows for measurements of m ean and turbulent com-

ponents of the w ind , temperature and moisture, 

radiat ion, and m icrophysical propert ies (INSU 1987). 

It  carr ies the l idar LEANDRE I, wh i ch w i l l determ ine 

the spat ial dist r ibut ion of the atmospher ic part icles 

used as dynam ic t racer. In the nadir - viewing m ode, 

m easu r em en t s can be p er f o r m ed w i t h crosst rack 

scanning to m in im ize small- scale hor izontal inho-

mogenei t y. This aircraf t  w i l l be ab le to f ly about 15 

missions of 4 hours durat ion for the wh o l e experi-

ment . 

2) Th e Merlin IV of D M N / EERM ( CA M Bullet in, 

no. 3, 1987) w i l l have the same capaci t ies as the 

Fokker 27, ex cept for the ai rborne l idar. It  w i l l be 

used simultaneously wi t h the Fokker 27, to cover a 

dif ferent range of alt i tudes. Provision is m ade for 15 

missions of 4 hours durat ion for this aircraf t . 

3) Th e Piper Aztec of D M N / EERM ( CA M Bullet in, 

no. 2, 1985) w i l l have the capaci t y to measure m ean 

parameters on ly. This aircraf t  w i l l be used to docu-

ment the m ean character ist ics of the regional ABL 

and the 3- D dist r ibut ion of the weat her elements. 

Provision is m ade for 40 h of scient i f ic missions. 

4) The Falcon of t he DLR wi l l focus its effort  on 

the descr ip t ion of the higher levels of the m ain ver-

t ical cross sect ion. It  w i l l take measurements of m ean 

and turbulent parameters. Thus, the plan is to have 

three aircraf t  wi t h t urbu lence capaci t y f lying simul-

taneously at dif ferent alt i tudes wh en w ave act ivi t y is 

present (see f igure 5). 

A possibi l i t y ex ists to use one more inst rumented, 

high- speed aircraf t  to docum ent the 3- D st ructure of 

the f low at high al t i tude around the m ountain range 

dur ing the lOPs. 

Also, the possibi l i t y to increase the f requency of 

AIREP- t ype reports by com m ercial aircraf t  dur ing the 

ex per iment is invest igated. These measurements are 

usual ly taken at a high al t i tude, near the t ropopause, 

wher e f ew measurements w i l l be avai lab le. They w i l l 

therefore provide a com plem ent ary dataset of high 

interest. 

f . Constant- level balloons 

Constant - level bal loons (Benech et al . 1987) w i l l be 

operated by the CNES and equ ipped by L.A. They 

w i l l be launched f rom t wo dif ferent sites on the north-

ern and southern sides of the m ountain range, in the 

region of st rong w i n d def lect ion (see f igure 4). They 

w i l l be t racked by t wo radars, al l owing for a t rajec-

tory of about 100 km and w i l l t ake measurements of 

pressure, temperature, and moisture. The w i n d f ield 

w i l l be deduced f rom their t rajector ies. Three differ-

ent f l ight levels w i l l be used (700, 1500, and 3000 

m). Bal loons w i l l be launched on ly dur ing the lOPs. 

An addi t ional site for bal loon launching w i l l be 

located on Pic du Mi d i (2900 m) close to the m ain 

t ransect . Bal loons at f l ight level 3000 m wi l l be 

launched f rom this site simul taneously wi t h aircraf t  

operat ions on the m ain t ransect . They w i l l be t racked 

by a radar located in Lannem ezan. Their t rajectory 

w i l l p rovide informat ion in the turbulent wak e of the 

m ain range and on lee waves downst ream of it. 

g. Meteorological analyses 

Op er at i o n al sm al l - scale an al yses of t he Fr en ch 

Weat her Service (Durand et al . 1989) have been very 

usefu l in past ex p er im en t s to i n i t i al i z e r esearch 

models. It  is foreseen that al l t he informat ion neces-

sary to perform these analyses (convent ional and sat-

el l i t e data), as wel l as the analyses themselves, w i l l 

be arch ived dur ing the l OPs as part  of the PYREX 

database. At the end of the f ield phase, a quick look 

At las w i l l be produced f rom these products. 

h. Satellite and radar pictures 

Al l the products of  METEOSAT and NOAA satell i tes, 

as wel l as the informat ion f rom the French and Span-

ish radars, w i l l be arch ived dur ing the lOPs. zyxwvutsrqponmlkjihgfedcbaYXWVUTSRPONMLKJIHGFEDCBA

6. Conclusion 

The PYREX project w i l l p rovide an interest ing oppor-

tunity to understand the dynam ical in f luence of a 
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large mountain on the meso- P- scale f low. Invi ted 

studies are wel com e. Interested scient ists should con-

tact P. Bougeaul t  CN RM , 42 avenue Cor iol is, 31057 

Toulouse Cedex France. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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announcements zyxwvutsrqponmlkihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

International Workshop on Large Eddy 
Simulation 
Th e i n t er n at i o n al w o r k sh o p " La r g e Ed d y Si m u l a-

t i on—Wher e do we Stand?" wi l l be held 19- 21 December 

1990 in St. Petersburg, Florida. For further informat ion, 

contact Boris Galper in, Department of Mar ine Science, 

University of South Florida, 140 Seventh Avenue South, 

St. Petersburg, FL 33701, (813) 893- 9101. 

Climate Diagnostics Workshop 
The 15th Annual Cl imate Diagnost ics Workshop wi l l be 

held 29 Oct ober - 2 November 1990, in Ashevi l le, North 

Carol ina. The Workshop is sponsored by the Cl imate 

Analysis Center, Nat ional Meteorological Center, NOAA/  

N WS and is cosponsored this year by the Nat ional Cl imat ic 

Data Center NOAA/ NESDIS. Regional and global cl imate 

f luctuat ions for the year ending August 1990 wi l l be a focus 

of the workshop. The workshop wi l l also address research 

and diagnost ic studies of large- scale ocean- atmosphere 

interact ion including intraseasonal to interannual variabil-

ity; early detect ion and predict ion of warm and cold 

southern oscil lat ion episodes; and cl imate predict ion on 

monthly and seasonal temporal scales. A special session 

wi l l focus on datasets for detect ion of global cl imate change. 

A poster session wi l l be scheduled to highlight cl imate data 

and services provided by the CAC, NCDC, and Regional 

Cl imate Centers. Those interested in part icipat ing in the 

workshop should contact David Rodenhuis, Cl imate Anal-

ysis Center W/ NM C5 , Rm 604 Wor ld Weather Building, 

Washington DC 20233, (301) 763- 8167 by 1 August 1990. 

International Workshop on Urban Rainfall and 
Meteorology 
The Internat ional Workshop on Urban Rainfall and Mete-

orology wi l l be held 2 - 5 December 1990 in St. Moritz, 

Switzer land. This conference is supported by WM O , and 

IAHS. For more informat ion, contact Glenn E. Stout, 

Secretary- General, Internat ional Wat er Resources Associ-

at i on , 205 Nor t h Mat h ew s Aven u e, Ur b an a, I l l i no i s 

61801- 2397, (217) 333- 6275 

Not i ce of regist rat ion dead l ines for meet ings, workshops, and 

seminars, dead l ines for submission of abst racts or papers to be 

presented at meet ings, and dead l ines for grants, proposals, 

awards, nom inat ions, and f el lowships must be received at least 

three months before dead l ine d at es.—News Editor •  
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