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ABSTRACT, Thl'1'e a re no s\ 's te l11 a ti c m eas urc m cn ts 0 [' seaso na l sno\\' in th c 
So uth ern .\lps. i\' c\\' Zea la nd . '0 little info rm a ti o n is a\ 'ail a b le as to it s P,l s t \ 'a riability , 
T o reu if\ thi s. a co nccptua l m od el is d cn'lopcd th a t ('a lcul a tes seaso na l sno\\' 
d cpos iti o n . a bl a ti o n a nd acc umula ti o n, Th c m odel is bascd o n d a il ~ ' tc mpera ture a nd 
prec ipit a ti o n d a ta ('m m lo ng-es ta bli shed clim a te sta ti o ns a bo ut th e So uth e rn Alps, 
Output is g i\ 'cn as d a ih- spec ifi c ne t ba la n ce of's n O\I' a t II\T elc\ 'ati o n ba nds ('ro m 1000 
to 2200 m a nd as to ta l \I 'a tc r s to red as seaso na l sno\\' OH'I' sc\'C ra l m aj o r ri\ '(:'l' 
catchm c nts, :-l od c l o utput is in gcnera l agrec m e nt \I' hc n tes ted aga ins t th e ('el l' 
hi sto ri ca l o bsc l'\ '3 ti o ns of' ' l lO\\ a nd i,s t u ncd to th e lo ng -t crm Il'a te r ba lan cc, r\ 
c h ro no log\ ' o f' seaso na l sno ll' is reeo nstru ctcd (i 'o lll 193 1 to 1993, Area- a \ '(' raged a nnua l 
m a:-.: ima a \ '(' rage 366 mm, Th n ' shO\l' no trcnd , but large intc r- a nuual \ 'a riabilit y [i'o m 
less th a n 200 to O\'l' r 6S0 111111 \I',e , Seaso na l sno\\' ca n pea k a t a 11\' tim e bet\I'('e n 
Sep tember a nd J a n u,lI' ~ ' , 

INTRODUCTION 

Th e So uth ern :\Ips o ['l\"e \\' Zea la ncl a rc a m aj o r m o ull ta in 

s\'ste lll surro und ed b\' \'as t a reas o[' ocea n in mid-l a titu des . . 
or th e So uth crn H e misph ere, \\ ' hil e th ere is a reaso na ble 

hi s to r \, o f' o bsc l'\ 'a ti o ns o f' sno ut pos i ti o n a nd e nd-o l'
summ er , no\I'-lin c 1'0 1' ke> g lac ie rs. there is li t tle kn OlI'
ledge o f' pas t be ha\'io ur o f seaso na l SI1 01I, Seasona l snO\I' of' 

th e So uth crn .-\Ips is eco no mi call y impo rt a nt fo r h \'Clro

e lee tri c i t \ ge ne ra ti o n. i rrig'a t io n \I'a te r a nd recrea ti o n, 

b ut beca use the a rea i ~ so \'as t 60 000 kl1l ~ I a nd un pop
ulated . it is dilli c ult to m o ni to r, Elec tri c it \, a uth o ri ties cl o 
no t l1l eas urc snoll', So m e ski reso rts Ill a ke o bsc l'\ '<l ti o ns, 
bu t rc li a b le a nd s\', te m a ti c reco rd s a rc a\'a il a b le on l\' (o r 

the pas t d ccad e a nd none rclate to the ma in a lpin e cha in, 

C o nseq ue ntl y. th ere is no svs tem a ti c chec k o n \\ 'hat is 

c ur re nth' ha ppenin g to seaso na l sno\l' in th e So uth l'l' n 
.\Ips a nd little kn o\\' ledge o f' pas t \ 'a ri a ti ollS o r Il'het her 
th e rL' is a n \' long- te rlll trc llci , 

Conce ptua l m odel s re present o ne o f th e m o re rea li s ti c 

\I'ays to assess pas t a nd prese n t sno\l . This p apCl' 

calc ul a tes th e wa ter equi \'aJe nt o r seaso na l snO\l' in th e 

m a in h I'Clroe lec tri c ri \'e r c,ll chm c nt s in th e eas te rn pa rt o f' 
th e So uth e rn . \ Ips 101' th e period 1930 93, Th e ca tc h
me nts a rc [o r e ig ht So uth Isla nd la kes: T eka po. Pukak i 

a nd Oh a u in th e \\ 'a itaki Ri \'Cr s\,s tem ; H a \I ,(,<1 , \\ 'a na b 

a nd \\ 'aka ti pu in the C lu th a Ri \'er sys tem: T e .\na u a nd 

\I a napouri in the \\'a ia u Ri \'e r syste m Fig. I . Th eir 

co mbin ed a rea is term ed th e m{/cro (a 1e/llllfll I , a nd 
re prese nt s a bo ut 25'1., o r th e So uth c rn .-\Ips, Its a rea is 

I S 000 km ~ a nd it ra nges in e/e\'a ti o n f'ro m +00 to OITr 

3700 m , The :\f a in Di \' icl e sh()\\' n in Fig ure I has a n 

e le \ 'a tio n o r a bo ut 2000 III in th e so uth and OIT r 3000 m in 

th e no rth or t he m ac ro ca tc hm ent. 

Th e So uth bl a nd of' :\e ll' Zca la nd li es \I'it hin th e 

So uth e rn H e misphere \ITs te rli es a nd its c lim a te a lo ng th e 

coas t is m o ist a nd eq ua b le. Annu a l m ean te mpera tu res 

a rc a bo ut II c: a nd m o nthh' a \ 'C rages halT a seasona l 

ra n ge o r I('ss th a n l aC, .\nnu a l prec ipita ti o n in th e 
m acro ca tchlll ent I'ari es rro m a bo ut 10000 ITlm nc,)r th e 
.\l a in Di\ 'id e to less th a n 1000 m ill in th e cas t. Th ere is 

o nh' a sm a ll seaso na l \ 'a ri a ti o n \I'ith a \I 'inter Illini m um 

a nd spring m a ximum . Bclo \\ 1000 m ele\ '<Hi o n , a lmost a ll 

prec ipita ti on filll s as ra in . Beca use or th e mild cl ima te . 

ra in ca n a lso occ ur a t e lC'\'a ti o ns a bm'e 3000 m o n so m e 
occasio ns. but a bo\'(' :2000 m \\'int n prec ip ita ti o n mainl y 
(;lll s as sno\\' , 

Th c lo ng - tl'l'm \I',He r ba la nce has bee n a'isessed usin ,!!; 

m e th od s o Ll t lined by H a re a nd Hay' 197 j a nd a ppli cC\ lO 

o th e r :\e \\' Z ea la nd ca tc hm e nt s b\' Fit z h a rri s a nd 

G rimlll o nd ( 1982 , Run o fr int o each of' the e ig ht la kes 
o f' th c m ac ro catc hme nt has bcc ll lll casurcd s ince 1930 
a nd <1I'C ra ges 2336 III III a nllu a lh', . \nllu a l l'\''' po ra li o n is 
es tim a ted a t 522 mm based o n th e (o rmul a o r Pri es tl e:' 

a nd T ay lo r 11972 , Thus. m ea n a nnua l prec ipi tation /() r 

th e m acro catc hm ent is calc ul a tecl as 2858 mm , O n 

aI'C rage, th e s to rage tl'l'lll in th e 10 ng-tC'l' Ill \I'a ter ba la nce 
acc ulllul a tes li 'o lll .\pril to reac h a lll a:-.: imum in O ctoiJer 

or 360 mm . :-1 0s t o f' thi s is ass Llll1 ed to be d ue to SnO\I' , 

\\ 'a te r is los t to s to rage f'ro m Sept C' mbe r to \l a rc h so th a t, 

o n i\\'l' rage. !le t change in storage 0\'(' 1' th e year is zero. 

METHODS 

A co nce ptu a l sno\l'- \\'Cd ge m od e l, simil a r to th ose o f' 

J\ loo re a nd O\\'t' ns 1 1 98"~ 1 , Ba rrin ge r (1989 ) a nd \\' 00 

a nd Fitzha rri s , 1992. pro \ 'id es es tim a tes o r seaso na l 
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Fig. I. Soutlz Island showing lakes, macro catchment and loeation of climate stations with long records. 

snow. Th e mass ba lance or the snowpack is calcul a ted as 
water equi va lent [or each day (d ), at elevation ba nd s (z) 
of 300 m \'erti cal heig h t. The ele\'ation bands cO\'er the 

range 850- 2350 m a .s. !. This m o re th a n co \'e rs th e 

seasonal snow zo ne in New Zea land , which se ld om 
accumulates below 1000 m , a nd as shown by Ch inn 
( 1988 ) the usual la te-summer snow-line is a t about 2000-
2100m in this part of the Southern Alps. The highes t 
eleva tion ba nd in the mod el (centred on 2200 m ) 

normall y contributes to perennial rather than seasonal 

5nO\\', but is included so as to check th a t the model 
behaves correctly. The seasona l-snow yea r begins on 
I April and ends on 3 1 March. The da il y specifi c mass 
balance a t each eleva tion (b(z .d») is given by 

(1) 

where p is snow depos ition a nd a is snow abla ti o n. 
Dail y snow depositi on at each ele\'ation band (P (z.d») 

IS: 

J - { T (o .d ) > 71." 
r. (o,d ) - T (z .d ) :::; n, 

P(z,d) 

P(= .c1) 
= 0 } 
= P (z .d ) 

(2) 

where T(z .d ) is dail y m ean temperature (O C ) at ele\'a tion 
z. and 71, is the th reshold tem pera tu re tha t decides 
wheth er precipitation occurs as snowfa ll rath er than 

rainfa ll. Precipitation ( P (z .d ) ) is calculated with a distrib
ution simila r to th a t used by Thompson and Adams 
(1979) and Moussa\·i a nd o thers (1989 ): 

P rz.d ) = P (o.d ) exp ll' (3) 

378 

where P ro,d ) is th e dail y precipita ti on ave ra ged O\'er fi\ 'e 
suitable climate stations a bout the macro ca tchm ent. 
These sta ti ons have qu a lity reco rds th at extend back to 

1930 (Fig . I ). From north to south they a re Hokitika, 

T eka po, Milford Sound , Queenstown and Alexandra . 
Th eir eleva tions range from 3 to 683 m and ave rage 
243 m. l is a coefTi c ient that adjusts the distriburion or 
precipitation with eleva ti o n, and his (z - 243 ) and takes 
account of the a\'erage eleva ti on of th e clim a te sta ti o ns 
a bove sea le\'el. 

Dail y a blatio n at each eleva tion ba nd (a(z.d») is 
calculated using a degree-d ay model: 

_ {T(Z.d) < 0, 
a (:.d) - T, > 0 (z, d) _ , 

a (=.d) 

a (z,d ) : ~ x T(z ,c1 ) } (4) 

where f is an a blation factor that dete rmin es melt per 
d egree d ay (mm °c I d I) provid ed T(z .d ) > O°e. 

Th e d a il y mean tempera ture a t each eleva tion , 
(T(z .(I)), is calcul a ted by lapsing th e a \'e rage temperature 
reco rded at the climate sta tions shown in Fig ure I at a 

ra te ofO.7°C per 100 m. This lapse rate is simil a r to th a t 

found by Gamier ( 1950) and used in other New Zea land 
studi es (e.g. M oore and O\o\"C ns. 1984) . Valu es of fare 
\'aried throughout the yea r over the range 3- 8 mm C I 

d I as sugges ted by ~v1 a rtinec a nd R a ngo (1986). Exac t 
\'a lu es are unknown a nd are se t a priori based on ele\'

at ion and time of year. For example, f is se t to 3 mm cC I 

d I at th e sta rt of \I·inter a t all e le\·ations. At 1000 m , it 
ri ses to 8 mm °C- I d I before th e beginning of spring, but 
at 2200 m does no t achieve this valu e until mid-summer. 
IntetTening ele\'ations ha\'e intermedi a te va lues . f stays 
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a t 8 mm Ci d 1 until it begins to d ec rease to 3 mm QC 1 

d I, first a t 2200 m in mid-autumn. but no t until la te 
a utumn a t 1000 m. 

.'\e t spec ifi c sno \\' acc umula ti on (nz.d) is ca lcula ted 

d a il y from I April fo r a yea r ending on 3 1 :' l a rch: 

r/' =d 

n z,d = L b (o.d') 

d'= 1 

(5) 

a nd this is multipli ed by th e respec ti\'e ba nd a rea (50) to 

g l\'e net sno\\' ba la nce (Bo.d ) : 

(6) 

3 T o ta l seasona l snoll' (Bd) In m of wa te r is computed [o r 

eac h d a\" : 

Bd = B (J oool1l.<l ) + B (1:3001ll,et) + B (l 6oolll,et ) + B ( 1900111.(1) ' 

(7) 

Snoll' in th e 2200 m e!c\'a ti on ba nc! is no t inc luded in 

Bd beca use it is a bo\"C th e cnd-of-summer snow-line 

(Chinn. 1988 ) a nd so add s to perenni a l ice sto rage , rath e r 

th a n seasona l sno\\' sto rage. On a ny d ay, th e a m o unt of 
\I'a te r s to red as seaso na l sno\\' as <l\"Craged OI 'e r th e \\'ho le 
ca tchm ent (w,t) is: 

(8) 

where 5 is th e a rea of th e m acro ca tchm ent a nd Wet is 
ex pressed in millim e tres o f' \\'ate r. Annu a l m a ximum 
seasona l snoll' is d e fin ed as th e hi g hest \ 'a lu e o f Wd 

ac hi e\"Cd during a g i\'en snow year. 

Th e m od el uses d a il y clim a te d a ta (7;1. P.I) . [or th e 

peri od 1930 93 . :'Jissing ya lues m a ke up less th a n 3% o r a 

to ta l of 3+0 000 obse n 'a ti ons. a nd a re es tim a ted using 
regressio n re la ti onships \\'ith nea rb y c lim a te stati o ns, 

Tuning the IIlodel 

The mod e l \\'a s tuned so th a t output \\'as compa tibl e \\'ith 

th e long-term \\',!ler balance , First. I lI'a s adjusted to 

0 ,0005 so th a t a\"C rage prec ipita ti o n o \"('r th e m ac ro 
ca tchm ent was 2858 mm. th e same as th a t o btained fi"om 

th e lo ng-t erm \\"a ter ba la nce . Seco ndl y, \ 'a lu es o fT" lI'e re 

adjusted so th a t th ere \\" as a good m atc h of Wd a \"e raged 

o\"er 1930- 93 co m pa red \\"i th th e seasona l sto rage te rm 

obt a ined l1'om th e long-te rm \\'a ter ba lan ce , This ga\ 'e 11, 
a t 2S C. 

Tes ting the IIlodel 

unfortunate ly, th ere ha\"e bee n fe\\" continuo us obse r

\'a ti ons o f' snoll' in the m ac ro ca tchm ent , a nd th ose 
a\ 'ail a ble tend to be loca ted in th e eas te rn pa rr, lI'he re 
prec ipita ti o n is 10\\T r. Thu .- th e re a re [ell' obse rl"a ti ona l 
data to test th e mod el. a nd som e o[ th ese a rc qu a litat i\'C 

ra th er th a n qu a ntita ti\"C , 

Obse l"l'a ti ons o f seasona l sno\\' o n T as m a n Glaci e r 

loca ted \\'ithin th e Puka ki ca tchment ) m ad e in 1968. a 
big-ge r tha n a \T rage sno \\' yea r. a rc summ a ri sed b y 
Fi tzha rri s 1979 ), ,\ s sho ll"ll in Fig- ure 2, m od el ne t 
spec ifi c sno ll' acc umula ti on co rre lates \\-e ll \\ 'ith m ea-
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Flj; , 2, CO III/JariSO Il oJ sjJecijic seasonal snoll' al JOllr 
elevatiollsJrom Lhe model wit/7 those mf([sllred 011 T aslIlall 
Glacier . 1968/69 , 

sured snoll' a t fo ur ele\'a ti ons from ~I ay to December, 
H oweve r, th e model tends to und eres tim a te, es peciall y a l 

2200 m, 1 n 1993/94 , continuous m easurem ents uf' th e 

sno\\'p ac k \\'ere m ad e a t 1650 m on ?Ilo unt Bell e (nea r th e 

T e Anau ca tchm ent ) and a t 1600m a t l\ l ue ll er Hut 
(\\'ithin th e Puka ki ca tchm cnt ) , In th ese cases, mode ll ed 
ne t specifi c snow ac cumul a ti o n at 1600111 ove restimates 
the obse rl'Clti ons (Fig , 3) , H o \\'('vcr , th e m odel sta rts a nd 

ends th e sno \\'pac k a t th e obse n 'ed times , 

The best G\ \ 'ail a ble synth eses o f pas t sno ll' conditi o ns in 
th e So uth crn Alps are publi shed in C hinn (1981 ) and 
Breeze a nd o th ers ( 1986) , Th ese were compiled fi'om a 
comprehensi\ 'e ra nge o f' a ll a va ilabl e so urccs, in cluding 

.\Ipine Club j o urnals. di a ri es, old ph otogra phs, sno\\' 
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Fig, 3, Com/Ja risoll cif s/Hcifie seasonal JnOll' at 1600117 
,from Ille lIIodellcillt ({c lual measuremenls a/ aboul /he same 
elaa/ioll, 1993/94, 
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T able " ,1 (oll7jHlrisoll oJ 1I0 /able Sil O/( ' ),fars from Ihe 
his/oriml record It' i/It //10,1'1' ob /a illed fro m /lt e lIlodel. See 
/1'\/ Jor de/ails 

H is/oriral record 

19+3 
19"1,6 
19+9 
1957 

1964 

1968 

1972 
1980 
1993 

1988 

199 1 

1992 

1993 

. \1 odelled ) 'ears 
( > ';50 mm) 

19+3 

1968 

1983 

199 1 

1992 

1993 

;l \ 'a la nche hi sto ri es, road repo rt s a nd ski- fielcl reco rcl s, 

Th ese a rc o f't en qu a lit <lt i\'e, a necdota l a nd heterogeneo us, 
a ndma \' mi ss a re\\' \\'inters \\' ith notahl (' sno \\' sin ce' 1930 , 
Th ese sy nth eses of hi stori cal data \\"(' re upda ted with 

re po rts on th e na ture 0[' each lI'inter a nd sta te 0 [' th e 

snoll'pac k. \I'hi ch a re sys tem a ti ca ll y co ll ec tecl by th e N e\l' 

Z eal a nd ?l l ounrain Safe t\, Co un cil and m ad e a\'{li lable 

a nnu a ll y. A summa ry o f no ta b le \\' int e rs id entifi ed in 
th ese so urces is g i\'en in Table I, A lso li sted a rc th e la rgest 
sno \\' \ 'Ca rs as d etermined I" om th e m odel d efined as 
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1930 1940 1950 

a nnual m a:\ill1L11l1 seasona l snow g rea ter th a n 450 mm ; see 

Fig , "~ ) . Compariso n sho\\'s th a t th e eight la rges t snow 

years as judged b~ ' th e m odel ( 1943, 1949, 1968 , 1983, 
1988 , 199 1, 1992 , 1993 ) a ll a ppea r as big yea rs in th e 
histo ri ca l reco rd . The hi stor ica l e\'id encc id entifi es fi\ 'e 
o th er yea rs (1946, 1957 , 196+, 1972. 1980 ) as no ta hIe: a ll 

th ese yea rs halT a bO\'C-a \'e ragc seasona l snow acco rdin g 

to mod e l \ 'a lues gi\ 'C n in Fig ure 4 , 

I n summ a n ', th e m od el und eres tima ted th e sno \\'pac k 
on T as m a n Glac ier but O\'e res tim a ted it a t t\\'O o th er sites 
in a no ther \,ea r. j\lod ell ed seasona l sno\\' ace umul a les a nd 
m elt s in a sim il a r vI'ay to th a t o bst'r\ 'ed. Th e mod e l 

ca ptured th e bigges t snow yea rs in th e hi sto ri cal reco rd, I t 

must a lso be consid ered th a t it re presents seasona l snO\\' 

fo r th e whole m acro ca tchment , \\'h e rC'as m eas urcm C' nts 
a re at pa rti cul a r po ints, Th e' mod el is tuned to be 
co nsistent \\'ith th e lo ng-term \\'a ter ba la nce . \\'hil e th ese 
tes ts a rc no t d e finiti\ 'C', th e), indi ca te th a t th e m od el is 

use fu l. At worst, th e m od el ac ts as a n inde:\ of snO\\' 

conditi ons in th e m ac ro ca tchm ent. 

RESULTS 

Fig ure 5 illustra tes th C' mod el output fo r a typi cal ~ 'ea r 

( 1943 /44 ). \ ' a lues ofn C' t specifi c sno \\' acc umula ti on (nz,d) 
[o r ea ch ele\ 'ati o n ba ncl a re presented in th e upper pa rt o[ 
the fi g ure , In thi s e:\a mple, snow acc umulated thro ugh
o ut th e \\'inter ancl reac hed a pea k progressi\'C ly la te r a t 

hig he r e le\ 'a ti ons (O cro be r at 1300 m, but D ecember a t 

2200m ). i\o sno\\' acc umula ted a t 1000m. Once melt 

began , snow melted ra pidl y a nd \\'as go ne a t a ll cl e\'a ti ons 

befo re i\l a rch, e:\cept a t 2200 m. Beca use this eln 'a l io n is 
a bO\'C th e perman (' nt snow- li ne, sno \\' in lhi s ba nd m elts 
littl e a nd contributes to th e m a ny g lac ie rs in tll(' m a cro 

1960 1970 1980 1990 

Fig . .f. J11111 1lal /I/ (l\ i ll /l ll7/ jf(IJolla{ mOl(!. 1930- 93, 
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F ig , 5, E\({lIIjJ!e oJ Ollt/Jllt Jrolll the /IIode!: sl'{wJlla( mol(' 

Jor 19+3/44 , 

catchm en t. The 10ll'e r pan or Figu re 5 gi\'es seaso nal 

snO\\' in m
3 (Bel) ' It sho\\'s steach ' accu mulatio n to reach a 

ma~imum of6150 x 106 m :1 in OClober 19+3, equi\'a le nt 

to +10 mm a\'e raged OHT th e macro catc hm ent. .\Iost or 
this lI'a ter lI'as rel eased through snoll'lllelt by the e lld of' 
J an uary 1944. 

On' r the period 1930 93. th e annua l l11a~ima or lCd 

a\'e raged 366111 111 . Figure + is a chronology of such \'a lu es 

as d eterm ined by th e 1110del for 1930 93. They \ 'ary (i'o m 
less than 200 mm depth or \\'ater a\Trage OHT the macro 
ca tchment to 650 mm. Their sta ndard dn' iation is 
100 mm , reOec tin g the la rge inter-a nnu a l \'a riability or 

seasonal snO\\'. :\ lin ea r regression anah'sis bet\\'ee n 

a nnua l ma~il1lu l1l lUd a nd year nUl1lher s!Jo\\'ed I.ero 
slope and no statistical'" sign ifi ca nt re lationship lI'ith 
tim e. Th e 19+0s and ea rh' 1990s had higher a\Trage 
seaso na l snoll' than other decades, while the 1980s \\'a s 

the most \ariable decade Table 2 ) . 

The way seasonal snoll' accul1lulates and melts is 

sholl'n by the compos it e patterns or 'Uld (or each ~ car 
betll'Ce n 19:30 and 1993 Fig. 6 1. The 10ng-tCTm mean is 
shown as the sinuso idall y "hapcd, bold lin e. Thi s 
"spaghetti graph" demonstratC's that therc has been 

co nside rable \ 'ariab ilit y in the hi sto ry or seaso nal snoll' 

in e \'Cry month. \ 'a lues or Wd ()\'Cr 6+ years arc near

Ilormally distributed ror al1\ month. Standard dn' iat ions 
OrWd a rc 40 mm in Jun e, 100 mm in October and 60 mm 
in Februa\'\· .. \nnu a l ma:-.: imu m \',ducs or I(Id occur at any 
time bct\\'{'c n carly September and late December. ,\ bout 

hall' th e \'Cars e:-.: perienced ma~illlum SIlO\\' in October. 

The model can be run during any current \'Car to 

assess the size or snoll' storage in the macro ca tchm e nt in 
near-real time, The cu rrent year\., seasonal snoll can be 
placed in it s relati\'C hi stor ical conte:-.:t lI'hen p lottcd onto 
Figures 5 and 6. Thus sno\\' ill an important part or the 

Southern Alps can be ll1onitored in a \\ 'ay not poss ible 

berore and it s size relati\'C to the past assessed. 

CONCLU SION 

A lllodel has been const ru cted \\'hich ca lculates acculllul

a ti o n and ablat ion or seaso nal snO\\' O\'er a large area or 
the Southern .\ Ips. It can be used to monitor snoll in the 
c urrent yea r anci to place the water sto rccl as seasona l 
sno\\' in the perspectin' or 64 years or hi story sincc 19:30. 

The model al so prO\ 'id es an indication of past \'ar iability 

o r seaso na l snoll·. On a\'Crage, seasonal snoll' in the Illacro 

ca tchme nt build s sys tematically ri 'o m about \[ay to a 

ma:-.:imulll or 366 Illm in October. H OWc\'CL OH'J' the 
period 1930 93 it has heen hi g hl y \ 'ar iabk both lIithin 
a nd bet\\ 'ec n Years. Th ere is no identifiable long-term 

trend in annual ma:-.:illlum \·alues. but the 1980s 

delllonstra tecl higher \'Llr iability. Ongoing research in

\'Cstigates the role or circu lation patterns and lI'eather 
types in the so uthll'Cst Pacific in generating both larger 
and smaller snOll' \'Cars . Further te"ts or the ll10del 11 ith 
fi e ld measurements and compar ison \\'ith lake in(]oll's a re 

a lso planned. 

Tab/e 2, Stati,ltin ~/ ({lIl1l/a/ l'a/lIe,1 o/177(l\i/l/1/1II ,lea,IOII(t! lilO/( ' ( ))/lI/ ) /~)' de(({(/r> andji!r t/ie jleriod 1930 93 

j)ecade , " IIJllber .I 1eall ,I i ediall S,d, S,e, /I/{'({)/ ,I/ill , .Ii(II, 

1930 39 10 3 17 289 90 28 191 ++2 
19+0 +9 10 +11 +0,,] ..]-8 15 3 ·~7 495 
1950 59 10 338 359 88 27 182 439 
1960 69 10 37 1 388 82 26 19 1 48+ 
1970 79 10 332 369 96 30 198 45 1 

1980 89 10 379 376 1 ·~9 +7 189 643 

1990 93 + +80 500 +6 23 +12 510 

1930 93 6+ 366 388 100 12 182 643 
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