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Abstract: Subhmat1on and condensation were estimated by three different 
methods, that 1s, atmometer, bulk formula and stake methods, at Mizuho Stat10n 
from February 1977 to January 1978. The companson of the three different meth­
ods of obtammg the sublimation rate m the summer of 1977-1978 showed a satis­
factory agreement, especially m the weekly values Condensat10n prevails in the 
penod of five months from the middle of Apnl to the middle of September and subh­
mat10n m the remamder seven months The daily amount of subhmat10n showed 
its maximum, 92 mg/cm2 on December 22 when the solar radiation was maximum. 
The annual amounts of sublimation and condensation are estimated to be 4 92 g/ 
cm2 and O 19 g/cm2 respectively The present study 1mphes that subhmat1on plays 
an important role m the heat and mass exchanges at the surface and m the metamor­
phism of surface texture 

1. Introduction 

51 

Some observations of sublimation from 1ce surface have been made near the coast 

of Antarctica (LOEWE, 1956, 1962; WELLER. 1968). However, Jittle 1s known about the 

relative importance of the roles of sublimation and condensation at the surface in heat 
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and mass exchanges and m the metamorphism of surface texture of snow on such a 
strong katabat1c wmd slope as Mizuho Plateau. 

The attempt on the atmospheric water vapor measurements was made at Mizuho 
Station during the 1977-1978 summer by NISHIO (1978) with the Karl Fisher method and 
the Assmann ventilated psychrometer method The daily amount of subhmat10n esti­
mated from the water vapor pressure obtamed showed unsatisfactory agreement with 
that obtamed by direct measurement with the snow-stake method. 

The study on sub1Imat10n and condensat10n at the ice sheet surface was made at 
Mizuho Stat10n, East Antarctica durmg the period from February 1977 to January 1978, 
as a part of research act1v1t1es of the 18th Japanese Antarctic Research Exped1t1on. 
The subhmat1on rates obtained usmg three different methods, that is, atmometer, bulk 
formula and stake methods, are compared with each other The purpose of the present 
study is to show the net balance caused by subhmat10n and condensat10n processes at the 
surface throughout the year and the extent of agreement among these three methods, 
before cons1derat10n is attemped on the relative importance of the roles played by subh­
mat10n and condensation m the heat and mass exchanges and m the metamorphism of 
surface snow texture. 

2. The Period of Observation and Instrumentation 

The present study was earned out from February 1977 to January 1978 at Mizuho 
Station (70°4l '53"S, 44°19'54"E, 2230 m a s  1.) which 1s located at about 260 km 
southeast of Syowa Stat10n (Fig. 1). The observat10nal penod for each element con­
cerned with the present study is summanzed m Table 1. The m1crometeoro]og1cal 
observat10ns were made at about 20 m wmdward from the observat10nal hut of the 
Stat10n. The 9-stake farm consisting of 1 m squares was established at about another 
30 m wmdward from the m1crometeorolog1cal observation field. 

The atmometer used here is the glass laboratory dish of diameter about 9 cm and 
depth about 1.5 cm filled with frozen water Two or three atmometers were set flat 
m hollows made in glazed surface cons1stmg of mult1layered ice crust m the micro­
meteorolog1cal observation field The weight was measured to 0.01 g daily m the snow 
cave of the Stat10n where the air temperature was 5 to l 5°C higher than that outdoors 
Therefore, hoarfrost formed on the atmometer but 1t was wiped off before weighmg. 
Whenever the ice surface m the atmometer lowered some mm from the nm of the labora­
tory dish, another ice-filled laboratory dish was used 

Wmd speeds were measured m a  logarithmic profile (0 25, 0.5, 1, 2 and 4 m) above 
the surface "Makmo-Oyosokki" 3-cup micrometeorological wmd sensors which have 
low startmg velocities (0 2 m/s) were used to measure wmd speed. For every revolu-
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Fig. I Locatwn of Mizuho Statwn 
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Table I. Summary of observatzon ztems and the duratzon of observation related to the present 
study. 

'77 
2 3 4 5 

Atmometer method 

Bulk formula method 
Wmd profile 
Surface temperature 
Air temperature 
Frost temperature 

Stake method 
9-stake farm 
Additional stake 

6 7 8 9 

- - -

10 

- - -

11 

-

'78 
12 1 

tion of the anemometers, an electrical pulse was transmitted to digital counters located in 
the observat10nal hut and the integrated numbers of revolutions were recorded every 
three hours from 03 LT (local standard time, GMT +3) to 24 LT except 06 LT. Simul­
taneously electronical second pulse was counted for the measurement of observation 
time. 
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Surface snow temperature was measured by usmg a thermistor mstalled at about 
0.5 cm depth of the glazed surface m the m1crometeorological observat10n field. The 
sensor was reset whenever deposit10n of snow newly occurred on 1t. The data are 
published m JARE Data Reports, No. 48 (Glaciology) (Furn, 1979) 

The air temperature was measured at the height of 2 m above the surface usmg the 
Agan-type mercury thermometer which was used m routme weather observation. The 
data are published m JARE Data Reports No 47 (Meteorology) (Furn and KAWA­

GUCHI, 1978). 
A small mirror with an electronical thermo-element (Peltier cooler) and an auto­

matic optical control system was used as a detector of frost- (or dew-) pomt Coatmg 
of the mirror surface was made with silver 10d1de by vacuum evaporation, by which the 
supercooled water trouble was reduced and the temperature at which water vapor forms 
almost as frost was improved to be -7°C m most cases The mlet of a1r was set at the 
height of 2 m above the surface 

The daily measurement of 9 stakes was made from January 25, 1977 to January 
31, 1978 and the results are published m JARE Data Reports No. 48 (Glac10logy) (Furn, 
1979). An add1t10nal stake was set on the glazed surface m early November 1977 smce 
a considerable amount of snow covered the stable snow surface agamst wmd eros10n 
in the 9-stake farm durmg the penod from the end of October to early November and 
these 9 stakes were not available for the measurement of subhmat10n rate. 

3. Climatology and Weather Conditions 

The monthly chmatolog1cal condit10ns can be obtamed from Table 2 The mean 
annual temperatures of air and snow surface are the same, -31.3°C, but the mean 
monthly air temperature 1s higher than the mean monthly snow surface temperature 
durmg the period from Apnl to September when the mean monthly wmd speed exceeds 
10.0 m/s. 

The monthly net accumulation was obtamed from the measurements of 9 stakes, 

Table 2. Monthly meteorological data at Mizuho 

1977 
Feb. Mar Apr. May June July 

----- ---- --- ---- -------------- -· -- -- --------- ------ -- -: ----

Atmospheric pressure (mb) 

Air temperature (0C) 

Surface temperature (0C) 

Wmd speed (m/s) 

Net accumulation (cm water equivalent) 

Number of days with snowfall 

741. 7 73 8.3 73 7. 5 73 9. 3 73 8.6 73 9 0 
-25. 7 -3 1. 8 -3 9. 0 -36.8 -36. 7 -3 3 . 3  
-25. 0 -3 1 3 -3 9.3 -3 7.7 -3 7.6 -34 . 2 

7.8 9. 2 
-0 . 2  +4 .7 

6 14 

10 . 8  12 2 
-4 . 2  +0 . 1  

8 9 

10 8 
+0 .2 

8 

12.6 
+0 . 2  
15 

-- ------ ----- - --------�--�--- ------'--- ---·-'--------'---------�----------'---- - -�--- -- ·-
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assuming the density of 0.40 g/cm3
• The negative value indicates ablation caused by 

both sublimation and erosion and the positive value accumulation. 

4. Results of Sublimation/Condensation Measurements 

4.1. Results of atmometer method 
Two or three glass laboratory dishes filled with frozen water were buned m the 

glazed surface and were weighed daily at 15 LT from July 7, 1977 to January 31, 1978. 

mg/cm'day 

-100 

'77 8.1 91 101 11.1 121 '78 11 2 1 

F!g. 2. Daily amounts of condensation and sublzmatwn obtained by the atmometer method, 
July 7, 1977-January 31, 1978. 

Station, February 1977- January 1978. 

1977 
Aug. 

736.3 

-33.7 

-34.3 

10.2 

+1.8 

13 

Sep. Oct. 

725.8 728.9 

-39.3 -33.5 

-39.8 -33.4 

10.8 8.9 

-0.1 +3.3 

14 19 

Nov. Dec. 

734.4 742.9 

-26.3 -18.9 

-25.2 -18.4 

7.2 7.3 

+4.1 -1.3 

10 4 

1978 
Jan. 

740.0 

-20.7 

-19.8 

6.2 

-0.4 

14 

Year 

736.9 

-31.3 

-31.3 

9.5 

+7.9 

131 
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Table 3 Monthly amounts of condensatwn, sublzmatwn and the balance obtained by the 
atmometer method, July 1977-January, 1978. 

- I Condensation j ---;ubi:mat1on 

1977 July 
August 
September 
October 
November 
December 

1978 January 

-Monthly total I Number [ Monthly tot�l Number 
(mg) of days 1, (mg) of days 

+so 3 8  
+24 24 
+7 35 

0 

0 

0 

0 

26 
19 
13 
0 

0 

0 

0 

I 

-9 52 

I 

i 

I 

I 

-25 56 
-15. 62 

-20 8 68 
-90 2 3 2  

-20 85. 88 
-1794 53 

5 

12 
17 
3 1  
3 0  
3 1  
3 1  

Monthly 
balance 

(mg) 
-·-- �--- --�--

+4 0 86 
-1 3 2  
-8 27 

-20 8 68 
-90 2 3 2  

-20 85. 88 
-1794 53 

Pos1t1ve and negative values md1cate condensation and sublimation respectively 

The daily subhmat10n (negative value) and condensat10n (pos1t1ve value) rates can be 
seen in Fig. 2. The monthly values are shown m Table 3. 

It can be seen that the daily subhmat10n surpassed the daily condensat10n from the 
1mddle of September to the end of the present observation penod even though a small 
amount of hoarfrost was detected on the glass dome of phyrhehometer in this penod. 
The daily sublimation rate showed its maximum, 92 mg/cm2

, on December 22 when the 
daily solar radiation showed its maximum. Fig. 2 shows also the existence of subhma­
tion even m the wmter. 

The effect of the disturbance of surface temperature field or subsurface vapor flux 
caused by the mstallation of atmometer was not estimated. Therefore, the amount 
obtamed by the atmometer method 1s compared m the next section with the other dif­
ferent methods 

4!.2. Results of bulk formula method 
The amount of sublimatwn rate Fe 1s calculated with the bulk formula based on the 

eddy d1ffus10n theory, written as. 

where, 
C : Transfer coefficient for latent heat, 
p : Density of air, 

(1) 

qz, qs : Specific hum1d1ty at height Zand surface where the water vapor pressure 
1s assumed to be saturated to surface temperature, 

Oz : Wmd speed at height Z. 
Values of q and pare given m the followmg equat10ns, 
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where, 

0.622e 
q p 

p=348.38 273.�6+t 

e : Water vapor pressure, 
t : Air temperature, 

p : Atmospheric pressure. 
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(2) 

(3) 

Under adiabatic conditions, transfer coefficients for latent heat and momentum are 
assumed equal, that 1s, 

where, 
Z0 : Roughness parameter, 
k : Von Karman constant (0.4). 

(4) 

Taking all wind profiles obtained after considerable snow deposit10n from the end 
of October to early November, the mean value of roughness parameter Z0 is calculated 
as 0.033 cm. Substituting eq. (2) to (4) into eq. (1), the sublimation rate Fe is given by, 

F -3 960les-e2) 10-3 I z ·d 
e- . 273.16+ 1 X mg, cm ay. (5) 

Fig. 3 shows the es, e2 and relative hum1d1ty at 2 m height. As shown in this figure, 
the vapor pressure at the surface and 2 m height shows the diurnal variation which 
corresponds to that of the incoming short-wave radiation. The water vapor pressure 
difference between the snow surface and in the air shows also the diurnal variation which 
may depend upon the radiation balance as indicated by NISHIO (1978). 

4.3 Results of stake method 
Nine stakes were set at 1 m grid intervals near the micrometeorological observation 

field and were read at 15 LT daily to the nearest mm. Simultaneously, each surface 
condition was described (Furn, 1979). After the heavy snow deposition which occurred 
from the end of October to early November, an additional stake of wooden scale was 
set on the glazed surface for the measurement of sublimation and was read to 0.1 mm. 

Fig. 4 shows the daily net accumulation in depth of No. 6 stake of 9-stake farm 
(shown as A in this figure) and the additional stake installed on the glazed surface (shown 
as B). In this figure, solid circle, white circle and triangle indicate the following surface 
conditions respectively; glazed surface consisting of multilayered ice crust (see Fig. 6), 
depositional surface consisting of barchan or dune, and erosional surface consisting of 
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Fig 3 Water vapo, pres:,,wes at the 
:,,now 1wface and at a height 
of 2 m and I elallve hunudlfy at 
a height of 2 111, November 16, 
1977-Janumy 15, 1978. 
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sastrug1, eros10n pit or smooth surface. 
It can be seen that the glazed surface gradually rose at a rate of 2 4 mm/month from 

the middle of Apnl to early August when the glazed surface was covered by snow de­
pos1t10n. In the summer, the rapid lowermg of the glazed surface was observed as shown 
in Fig 4-B caused by strong subhmat10n at a rate of 29 3 mm/month m December when 
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• Glazed surface 

o Depositional surface 

A Erosional surface 

: 1 ! I 
J .. J . lJ __ JL ___ 

minimum level 

' 7 7 APR. MAY JtnlE JULY 

J 

AUG, SE?. OCT . NOV. DEC . 

Fig. 4. Daily net accumulation in depth, March 22, 1977 - January 31, 1978. 

5 9  

' 78 JAN . 

the water vapor at the snow surface was considerably higher than above it as shown in 
Fig. 3. 

5. Discussion 

5.1 Comparison of the three methods of obtaining the sublimation rate 

(mg ) 

120 

100 

80 

GO 

40 

20 

Comparison of the sublimation rates is done in. three different methods for the 

12 .  l 

November 

! 
/ 

j 

1 2 . 10 
December 

1 2 . 20 

------ Atmometer method 

<>-----o Bulk formula method 

x---·- Stake method 

1. 1 

January 

Fig. 5. Comparison of the amounts of daily sublimation calculated by three different 
methods, November 24, 1977 - January 11, 1978. 
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period from the middle of November 1977 to the middle of January 1978 as the instru­
mentation of frost temperature measurements was not m good working condition unt11l 
the middle of November 1977. 

The daily values of sublimation are given m Fig. 5, showmg that the agreement is 
generally good. In this figure, the sublimation rate obtained by the stake method is 
calculated using the density of multilayered ice crust of glazed surface, 0.69 g/cm3

• The 
density was determined on the basis of areal ratio of ice in the crust obtained from the 
thin section (sampled on October 2, 1977) as shown m Fig 6 Though the reading of 

A 

B 

glaz
r 

surf ace 

multi layered 

ice crust 

depth hoar 

depth hoar 

F,g 6 A .  M1crophotograph of thin section of surface snow layer wzth multdaye, ed zce 
cru:i t zn crossed polanzed lzght. B. Sketch of the mzcrophotograph showing the 
snow particles and vacant spaces zn white and black respectzvely 
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Table 4. Comparison of weekly mean sublimation rates obtained by three different methods, 

November 24, 1977-January II,  1978. 

Sublimation rate (mg/day) 

Period (1 week) 

November 24 to November 30 

December 1 to December 7 

December 8 to December 14 

December 15 to December 21 

December 22 to December 28 

December 29 to January 4 

January 5 to January 1 1  

Mean for 42 days from November 24 
to January 4 

Atmometer I 

method 

44 . 5  

57. 0 

64 . 8  

68 . 8  

78. 5  

66 . 8  

62 . 6  

63 . 3  

Bulk formula 

I Stake method method 

50 . 0  43 . 0  

54 . 8  53 . 7  

53 . 5  68 . 8  

53 . 4  65 . 0  

54 . 0  84 . 0  

58 1 63 0 
- 52 . 0  

54 0 62. 3 

the addit10nal stake was done to 0. 1 mm, the accuracy might be ±0.2 mm which results 
in ± 14 mg error of sublimation rate. Therefore, it seems to be advantageous to com­
pare not individual days but rather penods of several days' duration. 

Table 4 shows the weekly mean sublimation rates and the total amounts for 6 weeks 
from November 24 to January 4 obtained by the three methods. It can be seen that the 
agreement for the weekly mean values and the 6 week totals between two direct mea­
surements, i. e .  the atmometer and stake methods, is very satisfactory. However, 
the value obtained by the bulk formula method showed less weekly variation than others 
and larger disagreement. This may be ascnbed to the assumption of C = Ca, roughness 
parameter and surface temperature. According to NISHIO (1978), the sublimation 
rate estimated by the bulk formula method was nearly two or three times larger than 
the rate obtamed by the snow stake method. This may be caused by the underesti­
mat10n of the density of surface snow layer, 0.45 g/cm3

• 

5.2 Seasons of sublimation and condensation 
The daily amount of sublimat10n prevails in the summer and condensat10n m the 

winter. Here sublimation and condensation seasons can be defined as the seasons when 
the net balance due to sublimat10n-condensation processes is negative and positive re­
spectively. As shown in Figs. 2 and 4, the condensation season was the period of five 
months from the middle of April to the middle of September and the sublimation season 
was the remamder of the year at Mizuho Station m 1977. 

5.3 Annual amounts of sublimation and condensation 
These values can be estimated using the half-year amounts from the wmter solstice 

to the summer solstice by the atmometer method for the penod from July 7 to Decem-
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ber 22 and by the stake method for the period from June 22 to July 6. On the basis of 
the above-ment10ned estnnation method, the annual amounts of sublimation and con­
densat10n come to 4.92 g/cm2 and 0.19 g/cm2

• As the annual net accumulat10n of snow 
was 7.9 g as shown in Table 2, the surface mass balance at Mizuho Station was much 
controled by sublimation m the summer. 

6. Conclusions 

It has been shown that satisfactory agreement is obtamed among the amounts of 
sublimat1on estimated by three different methods ; atmometer, bulk formula and stake 
methods. The research results summanzed herein lead to the followmg conclusions : 
(1) The daily amount of sublimation prevails in the summer from the middle of 
September to the middle of Apnl and the daily amounts of condensat10n m the winter 
of the remainder five months (2) The daily subhmat10n rate showed its maximum, 
92 mg/cm2 on December 22 when the daily solar radiat10n showed its maximum. (3) 
The annual amounts of sublimation and condensat10n are estimated to 4.92 g/cm2 

and 0.19 g/cm2 respectively. Subbmat10n largely affects the annual net accumulation 
of snow. The result of the present study implies that subhmat10n at the ice sheet surface 
of Mizuho Stat10n might play an important role in the heat and mass exchanges and in 
the metamorphism of surface texture, though the rumor importance was md1cated m 
both coastal and intenor reg10ns of Antarctica by LOEWE (1962). 
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