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ABSTRACT. Th e annual rate of net mass accumu la ti on a t th e surface in the 
Anta rcti c and Green land ice shee ts is determin ed from lirn emi ssi\ 'it y based on 
Nimbus-5 ESMR and Nimbus-7 THIR data . In this stud y the d e term~nation s are 
limi ted to the areas of dry-snow fa cies and a re based on a hyperboli c functi on of 
emissivity. Two coeffi cients of the funct ion a re selec ted for particu la r regions of each 
ice sheet a fter a compa rison with Geld data se lected for th eir reli ability (82 stat io ns in 
Eas t Anta rctica, 69 sta tions in W es t Antarctica a nd 89 stat ions in Greenland . D eri\'ed 
accumu la tion va lues are produced [or grid-point loca ti ons 100 km a pa rt wh ich cO\'e r 
56- 94% of th e dry-snow areas and 32- 58% of the acc umul ation a reas of eac h ice 
shee t. These values are compared with interpol a ted \'alues obtained from th e la tes t 
contoured compil ations of fi eld data . The means of der ived va l ues for E as t a nd \\' es t 
Anta rctica a re 12% and 39% la rger, respecti\'ely, than th e mea n obta ined from 
interpolated va lues, suggesting that the iso ple th pat tern s as draw n in th e compil a ti on 
of Geld data lead to und eres tim a tes . The mean o[ derived \'a lu es [o r Green la nd is 5% 
sm aller than th e mean o btained from interpol a ted values, sugges ting th a t th e 
compilation of Geld data m ay lead to small overes timates tha t a re within th e error of 
d etermination and th e variabi lity of accumu lation. Improving [acies zo natio n a nd th e 
d etermination of coefficients for the a reas of upper perco la ti on [ac ies sho uld imprO\'e 
th ese pre li mina ry assessments. 

INTRODUCTION 

Th e rate o[ net m ass accum ulation (A , in kg m 2 a- I) a t 
th e surface (or surface bal a nce) for particul a r locat ions in 
th e Anta rc ti c a nd Greenla nd ice sh ee ts is deri ved from 
firn emissivity (Zwall y, 1977) . The d eriva ti o ns a re based 

on a hyperbo lic fun ction of emissivity and a re appl icable 

to a reas of dry-snow and upper-perco lation fa cies (for a 
definition of terms refer to Benson ( 1962 )) . W e limit th e 
di scussion to areas of dry-snow [acies (Figs 1- 3). The ice 
sh ee ts are represented by circl es centered a t grid-point 
locations that correspond to the intersect ion of lin es 
100 km apart; the origin li nes a re se t a t longitudes of 0°_ 

180° and 90° W- 90° E for Anta rcti ca, and 45° W a nd 
135° W- 45 ° E for Green land (horizontal lines h ave " y" 
n um bers, and verti cal lines, refe rred to as colum ns, ha \'e 
"x" nu m bers) . Graha m La nd a nd eas tern Palm er L a nd 
in Antarcti ca, and ice caps which are not a ttac hed by ice 

in Greenla nd , are excl ud ed from this stud y. Th e di. 

tribution of the areas of dry-snow facies is adopted with 
minor modifi ca tions from Giovinetto ( 1964a ) for Anta rc
ti ca and from Benson (1962) for Greenland (T a ble I ). 

measurements of acc umulation (Ar,) to d etermine se ts of 

coeffi cients of the funct ion [or each ice shee t. W e th en 
derive acc umula ti on values for gr id points 100 km apart 
(Adg) a nd compa rc th em \\'ith in te rpo lated grid-point 
\'a lu es obta in ed fro 111. thc la tes t contoured compil a ti ons of" 
Gcld data (Arg) . Th e compari so ns a rc an indirec t 

assessment of the co mpilatioll s. The Adg va lues a re 

prod uced by repeatable a ppli cat ion o[ the emi ss i\·it\· 
method on th e basis oC evenl y distr ibuted rcmo tel y scnsed 
d a ta coll ected in 1973 79 and arc means represcnta ti\T of 
peri ods of th c ord cr of 10 yea rs ending in 1976 (Tab lc 2). 
The Afg \'a lues a re o bta ined from iso ple th patterns drawll 

fo ll owi ng su bjec ti \ "C in te rpol a ti o n and ex tra p o la li o n 

criteria of une\'enl y di stributed fi eld data represenlati\'e 
o[ peri ods rangin g between ord ers of I a nd 100 yea rs, 
a lth ough th e bulk o f thc d a ta is cha rac teri zed by 
o\'e rla pping 10 year mcans di stributed o\'C r a bout 4j 
yea rs (rough ly 1940- 85 1. 

'vVe first compa re the deri ved acc umula ti on o btaincd 
at stations (Ads) for wh ich there a re reliable field 

EMISSIVITY METHOD 

Our method for deri\ 'ing the acc umula ti on ratc from 
sa tellite meas urements of brig htn ess temperature TB. in 
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Fig. 1. East Antarctica. Circles are centaed on grid points JOOkm apaTt. a. ConterminoZls ice sheet; .lull ciTcles show 
locations where net ablation at the sUJja ce has been indicated in some com/Jilations. b. Area dd imited by the dJ)'-snow line; 
J ull circles indieate the /ocati01l of jJoinls excluded from the sampled aTea. 
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Fig. 2. fl'es/ Antarctiea. Circles are centered OJI grid /Joints 100 km a/Jart . a. C017terminous ire sheet. b. Area delimited by 
the ch)'-sJloW line; fu ll circles indicate the location qf points excluded from the sampled area. 
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Fig. 3. Greenland. Circles are centered 017 grid /Join/s 100 km ajJart. a. C017lenni17ous ice sheet. b. Area delimited by /he chy 
SII OW line; J ull circles indicate the loea/ion of /Joinls excluded from the sampled area. 
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Table 1. Areas ~f dIY-snow Jades . . V, number oJ grid 
points, each centered 011 a nominal area oJ 10+ klll~. EA, 
East Antarctica; ri ' A, r I'est Antarctica; C, Greenland 

Ice sheet Area delimited b)' dl),-snow line 

i nitials Area T ota! SamjJled E.xcluded Assessment 
/'l J\ . JV .1\' .'\" 

EA 1020 924 6 13 26 587 

WA 33 1 228 136 9 127 

G 187 54 54 3 5 1 

K ) a nd mean annual surface temperature ( T~I , in K ) a t 

partic ula r loca tions is based on equations given by Zwa ll y 
( 1977) . The TB a nd T~J \'a lues are obtained by b ilinea r 
interpol a ti on from 30 km x 30 km g rid-sq uare Nimbus-5 
ESM R d ata (T B 4 year mea n , 1 973~76 (Zwa ll y a nd 
o th ers, 1983; Parkinson a nd o th ers, 1987 )) a nd Nimb us-7 

THJR data (TB for 1979 (Comiso, 1994)) . 

The connection between d erived values and micro
wave emiss ivity (E ) is mad e by combining a so lution o[ 
th e ra diative tra nsfer eq uation with th e grain-g rowth 
fun c ti o n given by GO\\· ( 1969 ). The parameter in both 
equa lions is the inve rse gradi ent, 1/ (dR3 / d z), of th e 

gra in-size (R) with depth (z). Zwa ll y (1977 ) gives E as a 

fun ction of s = dR3/ d z from a simplifi ed ana lyti c so luti on 
o f th e rad ia ti ve tra nsfer equ a ti on (cr. Com iso and o th ers, 
1982; Van der V een a nd J ezek, 1993) . R ep lott ing of th e 
values in fi g ure 1 o fZwa ll y ( 1977 ) shows lhat 1/ (dR 3/dz) 
is app rox im a tely a hyperboli c fun cti on of E , 

1/(dR3/dz) = ao + al/(0.95 - E) . (1) 

Eq ua tion (34) of Z wally ( 1977 ), wh ich is d eri ved from lh e 
grain-growth fun ct io n give n by Cow ( 1969 ), is 

R3::::: RoJ + [kpo/ {A exp(e/RT)} ]z (2) 

where k is a consta nl, Po is the ave rage firn d ensity in th e 
top 10 m , e is the aCli\ 'a tion energy of the growth process , 
R is the gas constant, a nd T is th e ph ysical temperature. 
A va lue ofe/R equa l to 5250 with kpo = 10 10 is o btained 

from fittin g Equa ti on (2) to th e d a ta of Cow ( 1969) on 

R(z) using T = T~I. Therefore, from Equ a tion (2), 

and 

A = [an + al/(0.95 - E)] exp( -5250/n l) (1010
) (4) 

which is th e desired equation, using E = TB /T~ I acco rd
ing to eq ua tion (46 ) of Zwa ll y ( 1977 ) . 

The emissi\'ity method req uires acc urate d elermina ti on 
of TB a nd n l. A cha nge of I K in either TB or 7;\t wou ld 

res ult , on a\'erage , in a difference of 5% in th e derived 

acc umula ti on rate. Thus, the reli a bility of a ny comparison 
be tween d eri ved a nd fi eld acc umulation is enha nced if 1\ 1 
is d etermined from the same 30 km x 30 km grid-sq uare 
THI R database format used to de termine TB. 

.?,wa!0' and Giovinello : Acculllulation in Antarctica alld Greenland 

AREAL AND TEMPORAL V ARIABILITIES 

The only 12 consec uti\'e monthl y mean se ri es of surface 
tempera ture processed from the TH lR d a ta base is fo r 

1979 (Com iso, 1994) . A l thou gh thi s is a shorr period , 

whate\'er unce rta inti es are iI1lroduced by th e a real and 
tempora l va ri ab ility of surface tempera ture part icul a r to 
that year, the \'a lue of' T~l delermin ed for 1979 is more 
rep resenta tive of ac tu a l Grn temperature to use wilh 
1 973~76 TB d ata tha n the use of 10 m rirn tempera tures 

measured at different times bet\\"Cen 19+9 a nd 1990 

(Table 2) . 

Table 2. Approximate /Jeriods represellted b..y bulk if each 
data set 

Data set East Antarctica r I 'est Alltarctica Greenland 

Ads, Adg * 1 940~76 , 1 950~76, 1956 75 , 
1 960~76 1 970~76 1 968~75 

Afst 1 955~79 1 955~90 1 940~73 

Argt 1 940~83 1 945~84 1940 85 

* R emotely sensed data collected in 1973 76 and 1979 . 
t Fie ld d ata coll ec ted in 1 949~90 (Antarctica ) a nd 1 952~ 

85 (Green land ) . 

I nterpola ted from compil a ti ons of fi e ld data co ll ec ted 
up to 1985 . 

The a rea l a nd tempora l va ri a biliti es of acc umul a ti on 

(e.g. GiO\ 'inetto, 1964b) contribute to uncerta in ty in th e 
compa risons between Arts a nd Afs, a nd be tween Adg a nd 
A fg . Th e co ntribution to un ce rt aintv by th e area l 
variab ility cannot be el\·o id ed. i. e. , Ads, Adg are \'a lues 
derived for each point fro m bilinea r interpola ti o ns of 
ave rage va lues of TB a nd TM centered on sensor-grid a reas 

of 900 km 2
, whereas Afs \'a lues a re d eteJ'mined from field 

meas urements a t a point , a nd Afg \'a lu es a re interpo lated 
fo r a point. 

Th e contribution to un ce rta inly by th e temporal 
variability is less c riti ca l th a n it may a ppear because the 

optica l d ep th o f fim ( thi ck ness o f top strata contri but

ing a pproximatel y two- th irds o f th e total exte rnal 
emissio n ) is app rox im a tely 5 m (Z\\"a ll y, 1977) . Using 
th e fi rn-d ensi ty sum maries of Koji m a ( 1964) a nd lh e 
accumu la tion map o f C iO\·inetto a nd Bentl ey (1985 ), 
we es timate th a t in Antarctica th e d eri\'ed va lues a re 
m eans re presenta ti ve o f periods w ith a n o \ 'e ra ll ra nge 

be tween 1940 a nd 1976 (T ab le 2) . In Green la nd , fro m 
the d ensi ty pro fil es shown by Benso n ( 1962 ) a ncl the 
acc umul a tion map of Ohmura a ncl R eeh ( 199 1) , we 
es timate tha t the cl c ri ved va lu es a re m eans representa
t ive of periods with a n ove ra ll ra nge be tween 1956 a nd 

1975. Th e overall ra nge o f th e period s represented in 

the Afs data is between 1940 a nd 1990, a nd in th e Arg 
d a ta be tween 1940 a nd 1985. Thus, th e lim e ovc rl a p 
between the cleri\"ecl a nd field clala sets is > 1/2 a nd 
< 3/4 . 
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COMPARISON WITH FIELD DATA 

lniti a l valu es of th e coeffi cients ao and al a re chosen by 
cu rve fittin o' (A exp (5250 /nl)) to the h yperb oli c 
[unction o[ TB /T,\ [ in Equation (4), using Ads a nd Afs 
va lu es . Prelimina ry slUdies of the emissivity method were 
made Llsing fi eld d a ta from 357 stations in Antarc ti ca 
and 89 stations in Greenland; th e sources of Afs data a re 

li sted elsewhere (pape r in preparation by H.]. Zwally 
and o thers) . The An tarctic Afs d a ta se ts selec ted were 
those in which accumulation was obtained by the 
rad ioactive- or stab le- isotope method , o r by th e stake
network me th od ; if ob tain ed by the stratig rap hi c 
method , on ly those sets for which the rate could be 

substantiated by one of the o ther methods were selec ted. 
Th e A fs d ata se ts [or Greenla nd do includ e se ts in whi ch 
the stratigraphi c method was the only one used to obtain 
th e rate, i.e., a ll m ethods were consid ered eq ua lly 
reli ab le. 

In th e a reas of dry-snow facies, values of E range from 

0.63 to 0.88 in the An ta rctic data, and from 0.67 to 0.8 1 
in the Greenland data. In the la tter d a ta set, the 
em issivity approaches its asymp toti c value of 0.95 
(Equa ti on (4)) when included in the fit as the third 
adj usta ble coefficient. The value of 0.95 is a lso consistent 
with the asym ptotic yalue in the so lutions of the radiative 

transfer eq uations (Zwally, 1977; Comiso and others, 
1982 ) . Th us, the asy m ptotic val ue of E is fi xed at 0.95, 
and the coeffi cients ao and at are th en adjusted to 
optimize the linear co rrelation between Ads values as 
derived from Equation (4) a nd Afs valu es to give a linear 
slope of unity and in tercept of ze ro. 

The preliminary values for th e coe ffi cients were 
ao = -5 and al = 6.5 for Antarctica, a nd ao = -32 
and at = 15.5 [or Greenland. The results a re summ ari zed 
in Table 3. The regression coeffi cient (T) is 0.82 for 
Amarctica a nd 0.89 [or Green la nd. The root mean quare 
(rms) o[ the residuals is relatively large for Antarctica 

(90 kgm 2 a I) a nd relative ly sma ll for Greenland 
-') I 

(36 kg m - a ) . 
The scat ter pattern in the Antarctic data indi ca ted 

th at at leas t two sets of coe ffi cients ao and al for Equation 
(4) are required [or Antarctica: one set where the rate of 
accum ul a ti on is low a nd firn is exposed to la rge 

temperature gradi ents near the surface for several years 
(e.g. the plateau area in East Antarctica where Afg < 
100 kg m-2 a I or approximatel y 50% of the area of the ice 
shee t); ano ther where . no w grains drift at relatively high 

speed and [or relative ly long di stance before fin a l 
deposition (e.g. th e interior of W es t Antarcti ca and the 
southern area of major ice shelves where A fg < 200 kg 
m 2 a- I) . The 100 and 200 kg m - 2 a I isopleths enclose 

nearl y 50% and 80% , respectively, of the area of the ice 
sheet (Giovinetto and Bull , 198 7) . 

Th e d a ta also showed widespread sca tter wh ere 
Adg ) A fg > 200 kg m- 2 a- I, i. e. in tha t a rea of Antarc

ti ca where most of the accumula tion d a ta were 
obtained by th e stratigraphic method , and where 
sporadic melting (Zwa 11 y a nd Fiegles, 1994 ) may 
a ffec t emissivity. Therefore, the fi eld d a ta [o r Antarc
tica selec ted to determine the coefficients were first 
reduced to include only accumulation d ata obtain ed 

by radi oactive- or stable-isotope m ethod , and split 
between East a nd W es t Antarctica (Figs 4a and 5a) . 
T he d ata consist of 82 stations in East Antarctica 
(Picciotto a nd o th ers, 1971; Vinog radov a nd Lorius, 
1972; Young a nd others, 1982) and 69 stations in W es t 
Antarctica including the a reas of dry-snow facies in th e 

R oss a nd Filchn er- R on ne ice she lves (Clausen and 
o thers, 1979; R einwa rth and Graf, 1985; Whill a ns a nd 
Bindschadler , 1988; pe rsona l co mmunicatio n from 
1. M. Whillans, 1993 ) . 

Th e d a ta se ts listed above were used to determine th e 
valu es for the coeffi cients; these a re aD = - 20 and 
al = 14.75 for East Antarctica, and aD = - 40 a nd al = 
14.5 for Wes t Antarc ti ca (T able 3) . 

The sca tter pa ttern fo r Greenland is ra ther uniform 
across the whole ra nge of acc umula ti on (Fig. Sa), a nd th e 
coeffi cien ts a re adopted as d etermined in the preliminary 
ana lysis (Table 3) on the basis of fi eld data for 89 stations 

(Koch and W egener, 1930; Pa terson, 1955; Hamilton, 
1956; U.S. Army Transportation Board, 1960; Langway, 
196 1; Benson, 1962; Mock a nd Alford , 1964; Quervain , 
1969; Clausen a nd others, 1988). 

Th e regress ion coeffi cients for E as t a nd W est 
Antarctica are 0.79 and 0.82 , respectively. In each case, 

the rms of the resid uals is smaller than for the la rger d a ta 
se t (N357 ): 16 kg m- 2 a- I for East Anta rctica and 37 kg 
m- 2 a I {or vV es t Antarcti ca. This is pa rtly because there is 
a better correl a ti on between Ads and A fs values, and 
partly because the Afs d a ta do not exceed values of 
125 kg m 2 a I in East An tarctica or 220 kg m 2 a- I in 

Wes t Antarctica . Therefor e, we will tentatively limit th e 
comparison between Adg and A[g values to a reas where 
Afg < 101 kg m 2 a I in Eas t An tarctica, and Afg < 20 I kg 
m 2 a I in vVes t Anta rcti ca. 

Table 3. SummalY statistics of station data (Ad~ = J(A fs)) . A, Antarctica; G, Greenland; EA , East Antarctica; WA , 
r I'est Antarc/ica 

i ce sheet N r 1"1715 i ntercept Slope Hyperbolic coefficient 

a D al 

A 357 0.82 1 90. 1 0.818 1.067 - 5 6.50 
G 89 0.891 35.7 0.666 1.018 - 32 15.50 
EA 82 0.793 15.5 - 0.657 0.984 - 20 14.75 

WA 69 0.820 37 .4 - 1.234 1.1 37 -40 14.50 
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Fig. 4. East Antarctica. Scatter-grams ~f accumulation 
values ( in kg m 2 a I ) derived from emissivity (Ads, Alg ) 

and determined from field data (A rs, Arg). a. Station 
data . b. Sampled grid-point data. c. Grid-/wint data after 
exclusions. 

COMP ARISON OF GRID-POINT DATA 

In this sec tion we compare Adg and A fg values for grid
point loca tions in Antarctica and Greenland. In Ant

a rcti ca, the areas of dry-snow facies are sampled by 1152 
grid-point locations for which A fg va lu es are interpolated 
from the contoured co mpilation of fi e ld data by 
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Fig. 5. I Vest Antarctica. Scattergrams oJ aCCll/11ulalioll 
<'allies ( ill kg 111 2 a- I ) derivedfrom ell1issil' i£y (Ab, Adg ) 

and determined from field data (Ab . A fg ). a. Statioll 
data . b. , amllled grid-Iloillt data. c. Grid-Iloillt data after 
exclusions. 

Gi ovinetto a nd Bentl ey ( 1985) . It shou ld be no ted . 
however, th a t seven locations for which Af!', \'alu es a re 
negati ve (Fig. l a, lines 26- 29, co lumns 34-36) li e in th e 
north ern region of th e Lam ben Glacier bas in , an a rea for 

which net a blati on a t the surface has been inferred from 
L a nd sa l im age ry (Mclntyre, 1985 ) . r f the rate of 
acc umulation in those loca ti ons is negat i\'e, most or a ll 
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of the a bl a tio n in th a t regio n is due to snow d efl a tion a nd 
sublima tion a nd [o r the purposes o f this stud y sho uld be 
included in th e dry-snow d a ta se t. 

D eri ved va lues a re o btained for 6 13 loca tions in Eas t 
An ta rc ti ca wh ere A fg < 101 kg m 2 a I (Fig . 4 b; T a bl e 4) . 

The co rrelat ion is wea k (r = 0. 5 1, rms = 5 1), a nd the 
mean of Adg is 27 % la rge r th a n th a t of A fg values . There 
a re 19 locatio ns w he re (Adg - A fg ) > 200 kg m - 2 a I 

(Fig . I b) . Th ese a re either in mountain a reas o r where 
Nimbus-5 ESMR d a ta have occas iona ll y shown differ

ences of 30 K in TB ove r th e a nnua l mean, which indica tes 

melting (Zwa ll y a nd Fi egles, 1994) . 
Th e A fg values fo r the seve n loca ti ons in th e north ern 

region of the La m ben G lacier basin ra nge between 0 a nd 
- 75 kg m 2 a I. Adg values for th e same locatio ns ra nge 
between 43 a nd 232 kg m 2 a I , supporting a n ea rli er 

es tima te of positive acc umul a ti on in the region (Allison 

a nd oth ers, 1985 ). 
If we disco unt the 19 loca ti ons in mounta in a reas or 

where occas iona l melting a ffects emissivity, a nd the seven 
loca ti ons in th e Lambert Gl ac ier basin , th e reduced da ta 
se t (N = 587 ; Fig . 4c; T a ble 4 ) shows a modera te cor
rela ti on (r = 0.67 ) a nd a much sma ll er sca tter (rms = 

27) . This improvem ent in th e sta tisti cs, and the difference 
between th e means (Adg = 55 kg m 2 a I, A fg = 49 kg 
m ~ a I), suggests tha t the com pil a ti on wo uld lead to 
und erestima tes of acc umul ation of 12% , ra th er th a n the 
27% mentioned a bove . 

D eri ved valu es a re obtained (or 136 locations in W es t 

Anta rc ti ca where Afg < 20 1 kg m- 2 a I (Fig . 5b; T a ble 4 ). 
Th e co rrela ti on is wea k (7" = 0.44, rms = 123 ), a nd the 
mean o f Adg is 55 % la rger th a n th a t of Arg values . Th ere 
a re nin e loca ti o ns where (Adg - Afg) > 400 kg m 2 a I 

(Fig . 2b) . Th ese a re in mounta in a reas or nea r grounding 

lines , or wh ere N imbus-5 ESMR d a ta indi ca te occas ional 
melting (Zwall y and Fiegles , 1994) . There a re three oth er 

T able 4. SIl171IlUIIY statistics of grid data 

Data se/ .N M ean S.d . 

EA, Adg 6 13 62.6 58.8 

Afg 6 13 49 .1 22.0 

EA, Adg 587 55 .1 36.4 

A fg 587 49.3 20 .2 
W A, A dg 136 220 .6 136.8 

Afg 136 142 .2 32 .2 

W A, A dg 127 195 .0 95 .8 

A fg 127 140 .4 32 .2 

G , Adg 54 200. 2 92.4 

A fg 54 20 7.9 83.8 

G , A dg 5 1 190 .7 84.7 

Arg 5 1 200.0 77.1 
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loca ti ons in thi s group, one (Fig . 2a , line 18, co lumn 11 ) 
lying approxim a tely 200 km eas t-n o rth east o f Byrd 
Sta ti on, a nd two (Fig . 2a, lines 27 and 28 , bo th on 
co lumn 9) lying on th e R onne l ee Sh elf, a pproxim a tely 
120 km southeas t of the H a uberg M o unta ins. Severa l 

loca tions in the Amundsen Sea sec tor a nd in the south west 
o[ the R onn e I ce Shelf show Adg valu es tha t are la rger 
th a n Afg values, sugges ting tha t the drawing of iso pleths 
on th e basis 0[" ex trapola ti on of fi eld da ta (as of 1985 there 
we re onl y a lew stra ti graphic o bserva ti ons in those a reas) 
leads to underes tim a tes o[ accumulation in those regions. 

Oth er iss ues have been discussed elsewhere (Giov inet to 
a nd others, 1989). 

If the nine loca tio ns mentioned a bove are disco unted , 
th e reduced d a ta se t (N = 127 ; Fig. 5c; T a ble 4 ) shows a n 
even weaker correlation (7" = 0 .4 1), but, o f relevance to 
our discussion , a signifi cantl y sm a ller scatter (rms = 88) . 

Des pite the wea ker correla tion (whi ch, like a ll oth ers 

mentioned in this paper, is significant a t the 0.99 confidence 
level ), the difference between the means (A dg = 195 kg 
m 2 a I, A rg = 140kg m 2 a- l ) sugges ts th a tthecompilation 
wo uld lead to underes tim a tes of acc umula tion of 39% , 
rather th an the 55% mentioned a bove. 

]n Greenla nd , the a rea delimited by the dry-snow line 
is sa mpled by 54 grid-point loca ti ons, th e A fg values fo r 
which a re interpola ted from the con to ured compil a ti on o f 
fi eld d a ta by Ohm ura a nd R eeh (199 I ) (Fig . 3b) . D eri ved 
values a re o bta ined [or these loca tions (T a bl e 4; Fig. 6b) . 

The correla ti on is robust (r = 0.89, rms = 43) , a nd th e 

mean of Adg is 4% large r tha n tha t o[ Afg va lues , a 
prac ti ca ll y insig nificant difference because it is within the 
erro r of d etermina ti on of accumul a tion a t p a rti cul ar sites. 

T here a re three loca tio ns fo r which th e contribu tion to 
the rrns matrix is la rges t (Fig. 2b) . All three li e close to the 

d elinea tion o r th e dry-snow line. W e a re curre ntl y 

exa mining Nimbus-5 ESMR a nd Nimbus-7 SMMR 

Min. M ax. A dg = f (Afg) 
r nns 

14.4 691. 7 
0. 5 12 50. 6 

- 50 .0 100.0 
14.4 198.8 

0 .670 27 .1 
5 .0 100.0 

4 1. 2 739 .3 

0.442 123.2 

60 .0 200.0 
4 1. 2 468. 5 

0.4 11 8 7.7 
60.0 200.0 

101.4 4 19.5 
0 .888 42.9 

90.0 450.0 
101.4 41 9 .5 

0 .945 28.0 
90.0 400.0 

https://doi.org/10.3189/S0260305500015706 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500015706


400 

a 
350 

300 

250 

200 

~ 
1 SO 

100 

SO 

0 

500 

450 b 

400 

350 

300 

250 

.g-
-< 200 

1 so 

100 

SO 

0 

450 

400 
C 

350 

300 

250 

.g 200 
-< 

1 so 

100 

50 

0 

o 

00 
00 0 

00
8 

000 

o 0 COO 
00 @ 0 

o 

00 

o 

50 100 1 so 200 250 300 350 400 
Als 

0 0 0 

0 
0 

0 

0 0 

0 
4)) 

0 

O 
00 

so 100 1 SO 200 250 300 350 400 450 500 
Afg 

0 
0 

0 
0 

0 

00 
0 0 

~@ 
0 0 ~G> 

SO 100 1 SO 200 250 300 350 400 450 
Afg 

Fig. 6. Greell land. Scallelgrams oJ accumulation /'{llues ( ill 
kg m 2 a 1) deriz'ed from elllissivi£J' (Ads. Adg ) alld 
determilled ji-om .field da ta ( A fs, Afg) . a, Station data . b. 
Sampled grid-/Joint data . c. Grid-point data after exclusions. 

d a ta fo r indi ca ti o ns o f m e lting . Ass uming th a t th e 
loca ti o ns li e be lo w th e dry-sn o w lin e a nd a re di s

co unted , th e improvem e nt in th e s ta ti s ti cs [o r th e 

reduced d a ta se t (N = 51, T a bl e 4; Fig . 6c ) is quite 

r em a rk a b le (r = 0. 95, rms = 28). Th e d iffe ren ce be t

w ee n th e m eans o [ th e sm a ll e r d a ta se ts (A dg = 190.7 kg 
2 1 ') 1 . 

m a , A fg = 200.0 kg m - a ) sugges t th a t th e com p il -
ati o n o f field data wo uld lead to a n o \'e restim a te o f 5% 

instead o f th e 4% m enti o n ed a bO\·e . 

<u.'aI0' and GiovilZello: .-Jccull111lati071 ill Antarctiea and Greenland 

DISCUSSION 

Th e compil a ti o n fr o m whi c h th e Afg va lu es we re 

illlerpo la ted fo r Anta rc ti ca (G iO\'in e tto a nd Bentl ey, 

1985 ) w as based on At:, d a ta fo r th e \\ 'ho le ice shee t 

(a pprox im a te ly 1500 sta ti o ns a nd sta ke-ne two rk segm e nts 
di stributecl a long tra \'C rse ro utes ) with th e exce ptio n of th e 
co n to urs drawn in th e no rth ern La mbert Glac ie r bas in (as 

d esc ribed a bow). The fac t th a t in bo th Eas t a nd \\' es t 

Anta rc ti ca th e m ea n o f Adg is la rge r th a n th a t of A fg 

sugges ts t ha t t he subjeni\'e c riteri a used in th e interpola tio n 

a nd ex tra polat io n o[ iso p le th s res ults in a n und eres tim a te . 
The A L, d a ta used to se lec t th e coe fli cie nts a rc hea \'il y 

" 'e ig hted b y th e d a ta of Pi cc io tlo a nd o th e rs ( 197 1) fo r 

wes te rn Dro nning M a ud La nd in E as t Ant a rc ti ca . a nd of 

\\ ' hill a ns a nd Bindsc h a dl er ( 1988 ) a nd I..\1. \\' hill a ns 

(pe rso na l communi ca ti o n , 1993 ) fo r wes te rn .\l a ri e Byrd 

L a nd . It w ill be of inte res t to compa re ho \\' th e coe ffi c ients 

d e te rmin ed fo r Eas t a nd \\' es t Anta rc ti ca wo uld ch a nge 
w h en th e res ults o f fi e ld d a ta be in g co ll ec ted o n , o r 
a n a lyzed fo r. th e no rth e rn Ame ry Ice She lf dra in age 

sys tem ( including th e no rth ern a rea o f th e L a mbert 

Glac ie r bas in ) a nd th e so uth\\'es te rn R o nn e Ice Sh e ll' 

dra inage syste m , a re r e leased. Preliminary m a ps of 

res idu a ls (Adg - A [g) show di stin c t nu c lea ti o n o f pos iti ve 
a n o mali es in th ose a reas . 

Th e compil a ti on from \\'hi ch th e A rg \'a lu es we re 

interpo la ted fo r Gree n la nd (Ohmura a nd R ee h , 199 1) 
\\'as ba sed o n d a ta fo r 25 1 sta ti o ns distributed a lo ng 

tra \'e rse routes in th e acc umul a tion zo n e a nd prec ipit

a ti o n d a ta for 35 m eteo ro log ica l sta ti o ns, m os th- loca ted 
a lo ng th e coas t, w hi ch pro \'icl ed a nc ill a r y info rm a ti o n fo r 
th e interpo la ti o n a nd ex tra po lati o n c rite ria used to dra \\' 

th e iso pl e th s. The A r, d ata used to d e te rmin e th e 

coe ffi cients d o n o t sh o w a n y pa rt ic ul a r bi as . Prelimin a ry 

m a ps of residu a ls (Ad!; - A fg ) sh ow nea r-ze ro a no m a li es 
in bo th th e n o rth a nd so uth o f th e a rea of dn'-sno \\' fac ies; 
th ey al so sh ow ge n era ll y sli g h t ly nega ti\'e a n o m a li es to 

th e \\'('s t a nd sli g htl y pos iti\'(' a no m a li es to th e eas t o[ th e 

cen tra l rid ge . 

CONCLUSION 

Th e m e th o d of d e te rminin g acc umula ti o n using a 

h ype rb o li c fun c tio n o f urn emi ssi\' it y a ppea rs to be 

re li a bl e fo r th e a reas o f dry-sn o \\' f~l c i es , pro \'id ed th a t 

th e re a re a d equ a te a nd re li a b le fi e ld d a ta to d e te rmin e 
t he coe ffi c ie nts in th e fun c ti o n. The c1e ri \ 'ed acc umul a ti o n 
fo r Anta rctica sugges ts th a t es tim a tes based o n th e 

conto ured compila ti o n o f Gi O\'ine tto a nd Bentl ey (1985 ) 
w o uld lead to und e res tim a tes, pa rti c ul a rl y in W es t 

Anta rc ti ca . Th e d e termin a ti o ns o f th e se ts o f coe ffi c ie nts 

[o r Eas t a nd \\'es t An ta rc ti ca need refin em e nt beca use th e 
di s tributi o n o f reli a bl e fi e ld da ta a \ 'a il a bl e a t prese nt fo r 
e ith er ice shee t shows regio n a l bi as . The cl e ri\ 'ed acc um 

ul a ti o n fo r Gree nl a nd sugges ts th at th e compil a ti o n o f 

Ohmura a nd R eeh ( 199 1) m ay lead to o \ 'e r-es tim a tes b y 

a sm a ll m a rg in th a t prese ntl y is w ithin th e e rro r o [ 

d e termin a ti on of a cc umulatio n a t p a rti c ula r loca ti o ns. 
A m o re acc ura te fac ies zon a ti o n (e .g . Fahnes toc k a nd 

o th ers, 1993; Z wa ll y a nd Fiegles . 1994) is n eed ed in bo th 

A nta rc ti ca a nd Gree nl a nd. The ch a nge in th e a rea l 
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distribution 0(' th e accumul a tion ra te suggested by th e 

deri\'ed valu es indicates that th e full area coverage of 
brig h tn ess tem perature a nd su rface tem peratu re da ta 
avail a bl e from pass ive-mi crowave sa tellite obse rvations 
wou ld help remove in acc uracies inherent in th e inte r
pol a ti on a nd extra pola tion over lo ng dista nces of fi eld 
data . Th e full use of passive-microwave d a tabases 

(25 km X 25 km a nd 30 km X 30 km g rid -squares ) 

rath er than th e 100 km grid a pproach used in this paper 
should a llow the refin ement of es timates of the acc umul
a tion ra te for large pans of th e ice shee ts as well as of 
parti cul a r drainage systems. 
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