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ABSTRACT. Both observa ti ona l studies a nd numeri cal ex periments dem onstra te the 
sens iti\'it y of the a tmosphere to \'ari a tions in the extent a nd m ass of snO\\' Co\T r. There is 
therefore a need for simple but rea li stic snO\\' pa ra meterizati ons in forecas t a nd climate 
model s. A nell' snow hydrology has recetlll y been de\'elop ed a t l\Ic tco-}]·ance. This pa ra­
meterization has been \'alidated off-line against field mea surements, as well as In a fully 
il1le raClive numerical elim ate exper iment. In thi s study, furth e r tests were perio rmed in 
sta nd-a lone mode. The res ult s indicatc that th e scheme is able to reproduce snOIl'-eO\Tr 
e\'olution, bo th on local a nd g loba l sca les, a nd sO l11 e directi o ns to impro\T th e pa ra meter­
izati on further a re suggested . 

INTRODUCTION 

:\Ios t ge nera l circul a ti on models (GCl\Is) still show serious 

defi cicncies in acc ura tely representing snoll' Co\Tr and 

snow-mass di stribution (Foster a nd others, 1996). A nell' 
o nc-l ayer snow model has been introduced in th e Inter­
ac ti o ns Ixtll'ee n Soil , Biosphere a nd Atmosphere (lSBA ) 
la nd-surface scheme (:\foilh a n a nd Pla nton, 1989), in order 
to improl'C' the snow-co\ 'Cr clim atology simula ted by the 

ARPEGE (Action de R echerche Petite Echell e Gra nde 

Echell e ) climate model ofl\Ic tco-France. The aging process 
of the snoll'pack is considered through prognosti c cqua ti ons 
fo r snow densit y a nd snoll' albedo. Snow therm a l properties 
depend on the densit y, which increases exponenti a ll y with 
time. Snow albedo evokes as a fun ction of the rates of snow­

fa ll and snowmelt. The scheme computes a single-surface 

energy budget, but takes account of th e \'egeta tio n CO\'er 
lI'hen estimating surface albedo a nd snol\'mell. Further de­
ta il s a bo ut para metc ri zation may he found in D Ol\l 'ill e a nd 
o lhe rs (1995a ). 

This simple snow model was first tested in sta nd-alone 

experiments forced by obse r\'cd radia tiye Ouxcs and 

meteorological \'a ri ables a t selected i nstrumented si tes, 
the reby demonstra ting its abilit y to predict snoll'-depth 
a nd snow-a lbedo e\'o lution over a wide ra nge of surface con­
diti ons (DoU\'illc a nd others, 1995a). It was a lso \'alida ted 

within the ARPEGE climate model during a 3 yea r pre­

sent-day climate simula tion. The results of thi s full y interac­

ti\T a nd g lobal ex periment kl\'C shown clea rl y a pos iti\'e 
impa ct of the pa ra meterization, no t only on the simulated 
snow eo\'er, but a lso in ge neral a tm os pheric c ircul a ti on 
(D o u\'ill e a nd o th ers, 1995 b ). In thi s stud y, furth er tests a rc 

perfo rmed with th e off-linc \'c rsion of th e ISBA land-surface 

scheme, bo th 011 local a nd g lobal sca les. 

LOCAL VALIDATION 

The C entre cl'Etude d e la Neige (C E:'-J ), which is pa rt of the 

resea rch center of l\lcteo-Fra nce, has colleCleclmeteorologi­

cal a nd snow measurements a t a well-instrumented site for 

scve ra l yea rs. This site is named Le Col de Po rte. a nd is lo­
ca ted a t 1320 m a.s.l. in th e northern French i\lps. C ontinu­

o us sno w eO\'C' r usua ll y li es from late -:'-Jo \T mbe r to th e 

beg inning of l\Iay. D eep snow is wet most of the time. but 

upper snow is submitt ed to \'a ri ed conditi ons depending o n 
th e IITather. Allthe input meleo rologica l a nd radi a ti\T da ta 
necessa ry to run th e ISBA la nd-surface scheme a re obsen 'Cd 
hourly. Prec ip it a ti o n is measured using \'a ri ous ra in ga uges, 
pe rmitting th e di stinction be twcen snol\' a nd ra in. H ourl y 

obse rva tions o (' sno\\' depth, surface a lbedo a nd surface tem­

perature arc a lso collec ted a ut om a ti ca lly a ncl a re used fo r 
va lida ting th e simulations. 

The ISB1\ scheme was tested li'om 17 D ecember 1988 to 6 
1\lay 1989, a nd from 17 D eccmber 199+ to 19 l\lay 1995, \\'ith­

o ut reea libra ti on. For both winter seasons, th e results indi­

cate tha t th e scheme simul a tes snoll'-cO\'e r e\'olution in a 

reasonable I\'ay, g i\'Cn the simplicit y of the pa ra meteriza ti on 
(Fi g. I). During cold peri od s, se ttling o fth c snow pack is re­
produced , cve n if th e fres h snow densit y is sometimes under­
estimated . During wa rm en'nts, th e melting ra te is reali sti c, 

so th a t th e eros ion of the snol\' CO\Tr is well simula ted. The 

scheme captures bo th the mcan lc\TI a nd th e la rge flu ctua­
ti ons of th e snow a lbedo be t IITen suecessi\ 'e snow fa ll s. The 
simul a ted s urf~l ce tempera ture is a lso consistent with lhe 
obsen·a ti ons. 

Ke\Trthe lcss, th ere a re some gaps be twee n the simula­

ti ons a ncl th e field measurements. During the winter of 

1988-89, the m a in di screpa ncy is a n underestimation of 

the a lbedo betwee n d ays 50 a nd 60, which is assoc ia ted with 
a n o\'er- es tim a ti on oCthe melting ra le. This mi ght be due to 
lhe neglect o r th e liquid lI'a ter within th e snoll'pae k, which 
ca n delay th e decrease of sno\\' rel1eCli\'it )' a nd depth 

through noc turnal refrecz ing. In th e same way, thi s approx­

im a ti on co uld expla in th a t th e ra te of de(Tease in SIl OW 

depth is sli ghtl y o\ 'C res til11 a ted a t the end of th e winter of 
199+- 95. The a na lysis of th e surfa ce-energy budget, a nd 
the compa ri so n lI'ith the simulations performed at th e 

CE:\f with a m ore sophistica ted multi-l ayer sno\\' m odel, 

should a lloll' the il1\Ts tigati on of thi s problem in m ore 

de ta il. 
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Fig. I. Snow dellth, sUlface albedo and sll1jace temjJerature simulated and observed at Le Col de Porte in winter 1988- 89 and 
1994- 95 (the temjierature measurements start qfter 22 days in 1988). 

GLOBAL VALIDATION 

In th e framework of th e G loba l Soi l We tness Project 
(GS\VP), the ISBA land-surface scheme has been forced on 
the g loba l sca le with obsen·ed precipitation (GPCP) and 
radiativc Ouxcs (ISCCP ), as we ll as with ana lysed near-sur-

166 

face parameters (ECMWF) o\·er the period 1987 88. The 

main objective is to produce a g lobal soil-moisture climatol­

ogy at at 10 x l " resolution (Dirmeyer, 1995). Anothe r pro­
duct aya il ab lc frolll thi s expe rim ent is a s now-cover 
cl i mat ology. 
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SNOW WATER EOUIV (MM) . JAN87 ·ISBA SNOW WATER EOUIV (MM)· APR87 ·ISBA 

SNOW WATER EQUIV. (MM)· JAN87· SMMR SNOW WATER EQUIV. (MM) . APR87 . SMMR 

SNOW WATER EQUIV (MM)· JAN· USAF SNOW WATER EQUIV (MM)· APR· USAF 

Fig. 2. Simulated, observed and climaLological distribution rljsnow water equivalenL inJanuCl1)1 and April 1987 ( isolines are 1, 10, 
50 and lOO mm);Jin the simulated and observed data sets, the snow depth has not bem plot/ed over ice sheets. 
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In a previous study, it was shown th at the use of the new 
snow hydrology in the ARPEGE clim ate model did not 
allow the co rrection of a ll the deficiencies observed in the 
simula tion of the Northern H emisphere snow cO\'Cr (Dou­
ville a nd others, 1995b). The scheme improved the geogra­
phical di stribution and the seasonal cycle of the snowpac k, 
but its spring time removal was still sli ghtl y delayed. The 
analysis of the snow climatology produced by ISEA with 
the GSWP forcing should provide new data, to determine 
whether the excess iye springtime snow cO\'Cr found in the 

coupled simulation is due to the snow pa rameteri zation o r 
to another defect in the ARPEGE clima te model. 

Th e ISBA land-surface scheme was fi rst integrated for 
four a nnua l cycles with the 1987 forcing until a reasonable 
periodicity was achie\'ed on I Ja nua ry. The equilibrium ap­
peared fa irly quickl y for snow depth, but was obta ined later 
for so il moistu re. A 2 yea r simula ti on was then perfo rmed 
using the 1987 and 1988 (Orcing. A surface a ir-tempera ture 
criteri on of 2°C has been used to di stingui sh be tween liquid 
and solid prec ipitati on. 

The produced snow fields were then compared to the US 
Air Force (USAF) climatology, based on terrestri a lmeas­
urements, and to two satellit e' datase ts: the NOAA wee kl y 
snow cover and the Nimbus-7 S~vfMR month Iy snow de pth. 
The g loba l di stribution o[ snow depth simul ated by ISBA in 
J anuary and April 1987 is not in a reasonable agreement 
with the SMMR datase t (Fig. 2). The snow lines a re simil a r 
but the snow depths a re sometimes quit e different, the ISBA 
va lues being closer to the USAFclimatology, at least inJa n­
ua r)'. Th is seems to confi rm that the passive-m icrowave da­
tase t is not ve ry reliable, especia lly ove r vegeta ted a reas. It 
is still a cha ll enge to monitor snow depth on a g lobal sca le. 

The seasonal cycle of the simul ated snow-cover extent 

was computed by using a 6 mm threshold of snow water 
equival ent to define the ISBA snow line, consistent with the 
r-;;OAA visible observati ons (Fig. 3). The max imum and 
ITlinimum snow-cO\'er a reas a rc we ll estimated , both fo r 
the Euras ian and North American continents. The timing 
of snow acc umulation and melting is a lso reali stic. H owever, 

there is a significa nt delay in the spring time snowmelt 
simula ted in 1988: the simul ati on seems to underes tim ate in­
ter-annua l va riability betwee n 1987 a nd 1988. 

In a fu ll y interactive experiment, any snow-depth a nom­

a ly may be reinforced by a pos itive feedback between snow­

fall and snow cover. During the boreal spring, a slight 

underestimation of the melting rate may therefore lead to a 

signifieant overestimation of the Northern H emisphere 
snow cove r. No delay in the snow-covel- removal was noticed 
in the loca l stand-a lone tests. I n these tests, a conducti ve 

heat Du x from the soil was introduced in the surface-energy 

budget by setting the soil-surface temperature to ODe under 

deep snow. This flux is not considered in the globa l simul-
ation, which may exp la in the delay in the Northern H emi-
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sphere snow-cover retreal. This emphas izes a shortcoming 5 

of the ISBA land-surface scheme, which does not compute 

a sepa ra te prognostic temperature for the snowpack. 

CONCLUSIONS AND OUTLOOKS 

The one-laye r snow model included in the ISBA la nd-sur­
face scheme seems to capture the ma in physical mechani sms 
governing the snowpack evolution. H owever, some improve­
ments cou Id be investigated, such as the retention and re-
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Fig. 3. Simulated a1ld observed snow-cover evolution in 1987 
and 1988]or the whole Northem Hemisphere, [ Eurasia and 
Nor! h America J. 
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freez ing of liquid wa ter within th e snowpac k. Prelimina r y 

tes ts were conduc ted by adding a prognosti c equa ti on fQr 
the liquid-wa te r content in th e snow, showing th e impor­
ta nce o r the perco la ti on process. Slight impro\Tment s were 
o bta inecl in th e timing or th e runoIT from the snowpack. 
Furthe r improvements will require a multi-l ayer snow mod­

el. o r a t least a n additi ona l energy budget for th e entiresnow 

laye r. The single-surface energy budge t computed in TSBA is 
the m a in obsta cle fQr a more acc ura te estim ati o n of snow­
mel t. 

The ARPEGE climate model tends to o\'e restim ate th e 

spring time snow cover. This common bias is often a ttributed 

to inacc urac ies in modcling prec ipita tion a nd tempera ture 

fi elds. H owe\'er, defects in th e snow pa rameteri zati o n might 
a lso be res po nsible for such behavio ur. Further e ITon s to 
dl'\T lop a lgorithm s fo r estima ting snow m ass ["ram satellit es, 
a nd to va lida te th e abilit y of GCwls to represe nt th e seas­

ona l snow cO\'er, a rc still needed. A high degree of confi­

dence in the modeL' predic tions is necessa ry in o rder to 

D Olll'i lle: Jlftileo -Fra l/ ce SI/ O/(' jJarrtmeleri;:al iOI/ 

study climate \'ari abilit y, both in high la titudes a nd the tro­

pics (Douvillc a nd Royer, 1996). 
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