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lkj & bl 'kks/k i= esa iwohZ ,aVkdZfVdk ds MªkWfuax eVySaM esa xzh"e ,oa 'kjn _rq ds nkSjku ,aVkdZfVd 
ij teh gqbZ cQZ ds fdukjs ij vuqekfur fofdj.kh ,oa iz{kqC/k ÅtkZ ¶yDlksa dh rqyuk dh xbZ gSA fgeun 
¼Xysf’k;j½ dh lrg ij yxs gq, Lopkfyr ekSle LVs’ku ¼,-MCY;w-,l-½ dk mi;ksx djds o"kZ 2007 esa lnhZ ds 
eghuksa ¼ebZ] twu] tqykbZ] vxLr½  rFkk o"kZ 2007&08 esa xehZ ds eghuksa ¼uoEcj] fnlEcj] tuojh vkSj Qjojh½ 
ds nkSjku cQZ & ekSle foKku izkpyksa dks vfHkysf[kr fd;k x;k vkSj mudk fo’ys"k.k fd;k x;kA cQZ ekSle 
foKku izkpy vFkkZr  ok;q rkieku] lkisf{kd vknzZrk] iouxfr] iou fn’kk] vkxeh lkSj fofdj.k] fuxZeuh lkSj 
fofdj.k] ok;qeaMyh; nkc vkSj fgeun lrg ds rkieku ,-MCY;w-,l- }kjk vfHkysf[kr fd, x, gSA xzh"e rFkk 
lnZ _rq ds nkSjku vfHkysf[kr ekSle foKku ek=dksa ls lrg ÅtkZ ¶yDlsl dh x.kuk djus ds fy, ,d 
ÅtkZ larqyu ekWMy dk mi;ksx fd;k x;k gSA xzh"e _rq ds nkSjku eq[; Å"ek lzksr ls dqy fofdj.kh ¶yDl 
izkIr fd;k x;k gS ftldk _rqfu"B vkSlr 98 okV izfr eh-2 gS tcfd 'kjn _rq ds nkSjku eq[; Å"ek lzksr 
ls laosnh Å"ek ¶yDl izkIr fd;k x;k gS ftldk _rqfu"B vkSlr 30 okV izfr eh-2 gSA nksuks gh _rqvksa esa 
xqIr Å"ek ¶yDl esa eq[; Å"ek esa deh gksrh ns[kh xbZ gS bles xzh"e _rq esa _rqfu"B vkSlr &86-7 okV izfr 
eh-2  vkSj 'kjn _rq esa &65-4 okV izfr eh-2  ns[kk x;k gSA 'kjn _rq dh vis{kk xzh"e _rq esa Å/oZikru 
vf/kd ns[kk x;k gSA 

 
ABSTRACT. Present study compares the estimated radiative and turbulent energy fluxes at the edge of the 

Antarctic ice sheet during summer and winter in Dronning Maud land, East Antarctica. Hourly snow meteorological 
parameters were recorded and analysed during winter months (May, June, July and August) of the year 2007 and summer 
months (November, December, January and February) of the year 2007-08 using Automatic Weather Station (AWS) on 
the glacier surface. Snow-meteorological parameters air temperature, relative humidity, wind speed, wind direction, 
incoming solar radiation, outgoing solar radiation, atmospheric pressure and glacier surface temperature were recorded by 
the AWS. An energy balance model was used to evaluate the surface energy fluxes from measured meteorological 
quantities for the summer  and winter. Net radiative flux was observed the main heat source during summer with seasonal 
average of 98Wm-2 while sensible heat flux was observed main heat source during winter with seasonal average of               
30 Wm-2. Latent heat flux was observed the main heat sink during both the season with seasonal average values of              
-86.7 Wm-2 for summer and -65.4 Wm-2 during winter. Sublimation was observed high during summer compare to winter.    
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1.  Introduction 
      

Snow and Avalanche Study Establishment (SASE) 
are contributing to the Indian Polar Research by taking up 
the scientific work on Antarctic ice sheet. SASE is 
continuously participating in the Indian Scientific 
Expedition to Antarctica (ISEA) since 25th expedition. 
Polar regions are very important to the climate of the 
Earth as most of the solar energy reflected back by these 
regions and only a small proportion of the energy is 

absorbed. The surface energy balance of the Polar Region 
is of great significance and small changes in the surface 
energy balance can lead to changes in the Polar 
cryosphere. The glacier surface energy balance is the 
study of net radiative flux, turbulent fluxes and sub-
surface conductive heat flux at the glacier surface. These 
energy fluxes are directly related with the accumulation 
and ablation processes of the glacier. Quantification of 
these processes can provide the information about the 
health  of  the  glacier. In  the  past researchers had studied  
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AWS location

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Data observation site and automatic weather station 

 

 
 
the surface energy balance of the Antarctic ice sheet in 
different parts of Antarctica during summer and winter 
period. Lewis et al. (1998) calculated surface energy 
balance to estimate sublimation and melt on the surface 
and terminus of Canada Glacier, Taylor Valley, Antarctica 
during the 1994-95 and 1995-96 austral summers. 
Christoph (1999) presented the energy balance estimates 
of the Antarctic Peninsula glaciers during the austral 
summer of 1994/95. Bintanja et al. (1997) presented the 
annual cycle of the surface energy balance of Antarctic 
blue ice area in Dronning Maud Land, Anatrctica. 
Bintanja (1999) also studied the glaciological, 
meteorological and climatological significance of 
Antarctic blue ice areas. Reijmer and Oerlemans (2002) 
studied the temporal and spatial variability of the surface 
energy balance in Dronning Maud Land, East Antarctica 
using the data of nine automatic weather stations. Van den 
Broeke et al. (2004) presented the 4 years near surface 
radiation balance along a traverse line in Dronning Maud 
Land, connecting the coastal ice shelf and the inland 
plateau in East Antarctica. Van Den Broeke et al. (2006) 
presented the summertime daily cycle of the Antarctic 
surface energy balance (SEB) and its sensitivity to cloud 
cover using data of four major Antarctic climate zones: 

the coastal ice shelf, the coastal and interior katabatic 
wind zone and the interior plateau. Hoffman et al. (2008) 
studied the surface energy balance and melt thresholds 
over 11 years at Taylor glacier, McMurdo Dry Valleys, 
Antarctica. Town and Walden (2009) presented the 
surface energy budget over the South Pole. Very few 
studies contributed in the past to the energy exchange 
processes of Antarctic ice sheet close to the Schirmacher 
oasis. Gusain et al. (2009) studied energy and mass 
balance at the edge of Antarctic ice sheet close to the non-
glaciated area of Schirmacher oasis during summer 
period, while in the other study Gusain et al. (2008) 
presented the annual variability of the surface energy 
fluxes of Antarctic ice sheet approximately 8 km South of 
the Indian research station, Maitri. In the present study a 
comparison of the meteorology and surface energy fluxes 
of the ice sheet close to the Schirmacher oasis during 
summer and winter is presented. 

 
2. Data and methodology 
 

An Automatic Weather Station (AWS) of make 
Sutron was installed on the ice sheet at 70° 46′ 5.1″ S and 
11° 42′ 12.2″  E, at an altitude of 142 m a.s.l., close to the 
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Schirmacher oasis (observation site shown in  Fig. 1). The 
AWS was equipped with the following calibrated sensors.  

 
 

(i) Wind direction and wind speed sensor (propeller 
vane type) of make RM YOUNG for measuring wind 
speed and direction. Sensor is capable of measuring wind 
speed in the range of 0-50 ms-1 with an accuracy of        
+0.3 ms-1 and gust survival of 60 ms1. Sensor can measure 
wind direction with accuracy of ± 3 degrees and range    
0-360 degrees.    

 
 
(ii) AT/RH sensor to measure air temperature and 
relative humidity. It measures air temperature in the range 
of +50° C to ‒50° C with an accuracy of ± 0.3° C and 
relative humidity with an accuracy of ± 3% from 0% to 
90% and ± 4% from 90% to 100%. 
 
(iii) Pressure transducer located in the enclosure can 
measure atmospheric pressure from 400 hPa to 1100 hPa 
with an accuracy of 0.5 hPa. 
 
(iv) Upward and downward looking pyranometers of 
make Kipp and Zonen measures incoming and outgoing 
radiation and measures short wave radiation in the 
wavelength range of 305 - 2800 nm with cosine error of         
± 1% from 0 to 70° zenith and ± 3% from 70° to 80° 
zenith angle.  
 
(v) IR-based snow surface temperature sensor measures 
snow surface temperature in the range of + 50° C to         
‒50° C with an accuracy of ± 0.3° C. 

         

 
 

The AWS records hourly observations of air 
temperature, relative humidity, wind speed, wind 
direction, incoming solar radiation, reflected solar 
radiation, atmospheric pressure and glacier surface 
temperature. The data was recorded for the winter and 
summer of the year 2007-2008. All the sensors of AWS 
were powered by 100 Ampere-Hour batteries, which were 
recharged by solar panel. Cloud amount and type were 
observed manually from conventional surface 
observations for each hour.     
 
 

Radiative and turbulent energy fluxes at the glacier 
surface were estimated using the recorded meteorological 
parameters by AWS. The radiative component, incoming 
and reflected solar radiation are directly measured by the 
upward looking and downward looking pyranometer 
mounted in AWS, while incoming and outgoing longwave 
radiation at the glacier surface are estimated using a model 
developed by Prata (1996), US Army Corps of Engrs 

(1956) and Stefan Boltzmann Law. Net radiative flux in 
the model is computed by the following equation: 

                                                  
        NTTR ssamnet K11SHW 44          (1) 

 
Where, SHW↓ is incoming shortwave radiation, α is 

albedo of the glacier surface,  is emissivity of the 

atmosphere, σ is Stefan Boltzmann constant, Ta is absolute 
temperature measured approximately at 2.0 m height 
above surface,  is glacier surface emissivity,  is 

absolute temperature of the glacier surface, N is the 
amount of cloudiness in terms of fraction of sky covered 
and K is the coefficient and depends on type and height of 
the clouds.  

mε

sε sT

 
Sensible heat flux and latent heat flux are the 

turbulent energy fluxes. The vertical turbulent sensible 
heat flux is expressed in terms of wind speed and 
temperature (Ambach & Kirchlechmer, 1986 and 
Paterson, 1994) as follows: 
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Where  is the density of air (1.29 kgm-3) at the 

standard atmospheric pressure P0 (1.013 × 105 Pa), Kn is a 
dimensionless transfer coefficient, P is the mean 
atmospheric pressure (Pa) at measuring site, u and Ta are 
the measured wind speed (ms-1) and air temperature (K) at 
a height of 2 m above the glacier surface respectively. k is 
von Karman’s constant (0.41), za is the sensor height 
above ground (2 m) and z0 is aerodynamic roughness 
length.  

0ρ

 
 Latent heat flux is an important component of the 
surface energy budget and carried by turbulent transport in 
the atmospheric boundary layer. By analogy with the 
sensible heat flux, the latent heat flux is given by:                        
  

  sa
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                         (4)                         

  
 Where  is the latent heat of vaporization, ea is the 

vapour pressure at height z above glacier surface and es is 
the saturation vapour pressure at the glacier surface. Later 
is a function of the surface temperature and is 611 Pa for a 
melting surface (Paterson, 1994). Ambach & Kirchlechner  
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Fig. 2. Daily mean air temperature and glacier surface temperature 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Diurnal variation of glacier surface temperature and air temperature during summer and winter season 
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Fig. 4. Daily averaged relative humidity during winter and summer 
 

 
 
 
(1986), and & Konzelmann (1994), has been followed for 
distinguishing the sublimation and condensation e.g., 
when (ea - es) is positive, and Ts = 0°, water vapour 
condenses as liquid water on the melting glacier surface 
with  = 2.514 MJkg-1, when (ea - es) is negative, there 

is sublimation with = 2.849 MJkg-1. Also, when         

(ea - es) is positive and T0 < 0 deg, there is deposition from 
vapour to solid ice with  =2.849 MJkg-1. 

vL

vL

vL

 
 The equations of sensible and latent heat fluxes are 
applicable for neutral atmospheric conditions. In 
Antarctica the atmospheric conditions above ice sheet are 
rarely neutral and so the equations can be applied with 
stability corrections for the transfer coefficient in terms 

of bulk Richardson number ( ). For unstable conditions 

( <0) transfer coefficient is given by 

. For  = 0, ; and for 

stable conditions ( >0),  (Price and 

Dunne, 1976). 
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3. Results and discussion 
 

A contrast was observed in the summer and winter 
meteorological condition of the ice sheet at the 
observation point. Daily mean air temperature and glacier 
surface temperature are shown in Fig. 2. Daily mean air 
temperature varied from -5° C to -24° C during winter 
with seasonal average of -13.8°C while during summer, 

daily mean air temperature varied from -13° C to 5° C 
with seasonal mean of -2.2° C. The reason for the 
temperature contrast is obvious as the average sun shine 
hours during winter is nil while during summer it is more 
than 12 hours. The daily average glacier surface 
temperature during winter was as low as -25° C and the 
seasonal average was observed -14.9° C. Fig. 3 shows the 
diurnal variation of glacier surface temperature and air 
temperature during the summer and winter. During winter 
season the diurnal variation in the glacier surface 
temperature and air temperature are not much observed 
and the temperature are almost constant and very low 
compared to the summer. During summer, diurnal 
variation observed in the glacier surface and air 
temperature due to absorption of shortwave radiation. The 
temperatures are comparatively higher during 0800 hours 
to 2000 hours as solar radiation is maximum during these 
hours. During these hours the surface temperature is close 
to air temperature.  

 
 Daily averaged relative humidity (RH) during 
summer was observed between 36% & 77% with seasonal 
average of 53% while daily averaged relative humidity 
during winter was observed between 26% & 88% with 
mean seasonal value of 45%. Daily averaged relative 
humidity during summer and winter is shown in Fig. 4. 
July was observed the least humid month with monthly 
mean relative humidity of 36%. The wind speed was 
observed high during winter compare to summer. Daily 
mean   wind   speed   was   observed   between  2.6 ms-1  &          
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Fig. 5. Daily averaged wind speed during winter and summer 

 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Diurnal variation of the radiative and turbulent fluxes during winter 
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Fig. 7. Diurnal variation of the radiative and turbulent fluxes during summer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Daily averaged radiative fluxes during winter and summer 

 
 
18.9 ms-1 during winter with seasonal average of 9.8 ms-1 

while during summer the seasonal average was observed 
6.2  ms-1 (Fig. 5). June and July were observed the months 
with highest wind with monthly mean of 10 ms-1 and        
11.4 ms-1 respectively. Most of the days of the summer 
and winter season were observed partly cloudy to cloudy. 

Winter season were observed cloudier with average cloud 
amount of 4.1 octa compared to summer season with 
cloud amount of 3.3 octa. 
      
 Large temporal variability was observed in the short 
wave radiation. During winter months May, June and July,  
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Fig. 9. Daily averaged turbulent fluxes during winter and summer 

 
 

 
 
no shortwave radiation received by the glacier surface as 
solar disc remain below horizon. August onwards the 
glacier surface starts receiving shortwave radiation from 
the Sun as the solar disc appear above horizon and 
shortwave radiation gradually increases with increasing 
sun shine hours. Mean seasonal incoming short wave 
radiation were 2.7 Wm-2   during winter season with main 
contribution from the month of August. Mean daily 
incoming solar radiation reaches to 432 Wm-2 during peak 
summer. Summer averaged incoming shortwave radiation 
was observed 291Wm-2 and outgoing shortwave radiation 
was observed 129 Wm-2.   
            
 Albedo of the glacier surface also varied as the 
surface conditions varied from snow free to snow covered 
after blizzards and again snow free after melting of snow 
during summer period. Average albedo of the glacier 
surface was observed 0.45 for the summer season. The 
glacier surface condition determine the amount of short 
wave radiation actually absorbed at the glacier surface and 
played a crucial role in energy balance of the glacier.  
 

A large difference was observed between summer 
average (159 Wm-2) and winter average (1.2 Wm-2) net 
shortwave radiation. Net shortwave radiation was 
observed the main source of energy for the glacier surface 
during summer and daily averaged value varied up to 269 
Wm-2. During winter the diurnal shortwave radiation cycle 
shows that the radiation was above zero between the 0800 

hours to 1400 hours (mainly during August month) and nil 
for the rest of the hours while for summer the shortwave 
radiation was above zero between 0100 hours to 2100 
hours showing long radiation period (Figs. 6 & 7). 
Maximum radiation was observed between 0900 hours to 
1300 hours of the diurnal cycle during summer. Daily 
averaged net long wave radiation varied from -16 Wm-2 to 
-85 Wm-2 during summer with seasonal mean of -61 Wm-2 

while during winter daily averaged net long wave 
radiation varied from -16 Wm-2 to -70 Wm-2 (Fig. 8) with 
seasonal mean of -48 Wm-2. It was observed that glacier 
surface loses more energy in the form of long wave 
radiation during summer compared to winter as the 
surface temperature is high during summer. Long wave 
radiation flux was observed as one of the major heat sink 
for the glacier surface during both the season. Daily 
averaged net radiation flux varied from -70 Wm-2 to               
-16 Wm-2 during winter and -30 Wm-2 to 197 Wm-2 during 
summer. Mean net radiation flux was observed negative 
during winter and positive during summer with seasonal 
mean values of -47 Wm-2 and 98 Wm-2.  
 
 Sensible heat flux was the main heat source to           
the glacier during winter with mean seasonal value of          
30 Wm-2 and daily averaged value varied between             
-56 Wm-2 & 101 Wm-2. During summer daily averaged 
sensible heat flux varied from -38 Wm-2 to 104 Wm-2         

(Fig. 9) with seasonal average value of 6.5 Wm-2. During 
winter months sensible heat flux was observed higher 
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compared to summer months as the glacier surface 
temperature was observed quite low compared to air 
temperature throughout winter. During summer period, 
glacier surface temperature also observed higher 
compared to air above during day hours after absorption 
of sufficient short wave radiation, so glacier surface loses 
energy and sensible heat flows from surface to air for 
those hours. In the seasonal diurnal variation, the sensible 
heat flux was observed low between the hours 0800 hours 
to 2000 hours during summer. Latent heat flux was 
observed the main heat sink for the glacier surface during 
summer and winter. Daily averaged latent heat flux varied 
from -4.3 Wm-2 to -186 Wm-2 during winter with seasonal 
average of -65 Wm-2 while it varied from -24 Wm-2 to        
-205 Wm-2  with the seasonal mean of -86.7 Wm-2  during 
summer (Fig. 9). High latent heat flux during summer 
compared to winter indicates high sublimation rate of ice 
sheet in summer at the observation location.   
  
4. Conclusions 

 
Present study reported on meteorological conditions, 

radiative and turbulent energy fluxes during summer and 
winter at the edge of the Antarctic ice sheet close to 
Schirmacher oasis in Dronning Maud land, East 
Antarctica. Mean air temperature was observed -2.2° C 
during summer and -14.9° C during winter, mean relative 
humidity 53 % during summer and 45% during winter and 
mean wind speed 6.2 m/s during summer and 9.8 m/s 
during winter at the observation site. Net radiative flux 
was the main heat source for the glacier during summer 
with 98 Wm-2 seasonal average and drive the summer 
melting. Large temperature difference between air and 
glacier surface during winter season leads to higher 
sensible heat flux in winter. High latent heat flux during 
summer indicates high rate of sublimation compared to 
winter at the observation site.   
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