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Geothermal Climate Change Observatory in South India: First Results
A Geothermal Climate Change Observatory was established during August 2009 
in south India to quantify the inter-relationships between surface air temperatures, 
surface ground temperatures and subsurface temperatures on annual to decadal 
timescales and therefore contribute to better interpretation of the geothermal record 
of climate change. The Observatory is located in the Choutuppal campus of National 
Geophysical Research Institute (17.29oN, 78.92oE), about 60 km to the east of 
Hyderabad. Surface meteorological parameters including air temperature, relative 
humidity, rainfall, solar radiation, wind speed and wind direction are being recorded 
continuously at an automatic weather station. At the same site, ground temperatures 
are being recorded continuously at depths of 0.015, 0.09, 0.19, 0.49, 0.99 and 1.19 m 
using a 1.2 m ground temperature probe buried into the granite regolith to track the 
diurnal changes in surface temperature. To track the seasonal and decadal changes, 
repeat temperature measurements are being carried out periodically in two boreholes 
CH-11 and CH-10 drilled to depths of 21 m and 210 m respectively and located 
within 3 m of the weather station.  

Fig. 8.1: Analysis of temperature profile CH-10 in the interval 80-210 
m reveals surface ground warming (ΔT) of 0.5 oC with an onset (t*) 
centered on the year 1917 AD. A similar analysis of the uppermost part 
of the profile reveals a cooling event of magnitude ~1oC that started 
around 1968 AD, caused by the presence of a thicker grass cover 
throughout the year inside the campus since 1967 A.D. compared to 
the short cropping of grass outside it. 

Ongoing measure-
ments over the next 
few years would bring 
out a wealth of infor-
mation on the nature 
and extent of tracking 
between the surface 
and subsurface tem-
perature variations 
and lead to better un-
derstanding of the en-
ergy balance near the 
ground-air interface.

Analysis of temperature data in the deeper 
hole reveals (i) surface ground warming of 
0.5±0.1oC over the past 92±7 years, and (ii) 
a more recent cooling, ~1oC starting 39 years 
ago, that represents local changes to surface 
vegetation (Fig. 8.1). Surface meteorological 
data during the first year of operation indicate 
a general correlation between the time series 
for surface air temperature and incident solar 
radiation over the length of the record (Fig. 8.2). 
Comparisons of the surface air temperature 
and ground temperatures measured at depths 
of a few cm to 21 m below the surface reveal 
both attenuation of high frequency temperature 
variations and time lag in the signals with 
increasing depth (Fig. 8.3, 8.4). These observa-
tions support a conductive heat transfer in the 
subsurface. Diurnal variations of surface air 
temperature decay to insignificant levels at a 
depth of ~1 m, whereas the seasonal variations 
persist to depths >15 m at the site (Fig. 8.4a, 
b). Ongoing measurements over the next few 
years would bring out a wealth of information 
on the nature and extent of tracking between the 
surface and subsurface temperature variations 
and lead to better understanding of the energy 
balance near the ground-air interface.
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Fig. 8.2: Plots showing the surface meteorological data for 
the period 25 July 2009 to 14 Sep 2010. Each panel contains 
daily averages calculated from 30 min. averages. Rainfall is 
the total for each day. 

Fig. 8.3: Time series of ground temperatures at 1.5, 9, 19, 49, 
99 and 119 cm (5 May to 14 Sep 2010) show both attenuation 
and time lag with depth, supporting conductive heat transfer. 

Fig. 8.4 (a,b). Temperatures in the 1.2 m and 21 m holes track diurnal and seasonal changes in surface air temperature 
respectively. Diurnal variations are negligible at 1 m depth whereas seasonal variations persist to depths greater than ~15 m at 
the site.

(Vyasulu V. Akkiraju, G. Ravi and Sukanta Roy)

OBSERVATORIES

(a) (b)



Annual Report 2010 - 2011 
145

Magnetic Observatory
Generation of Definitive Data
In view of the very recent INTERMAGNET status of the HYB Observatory, definitive data for the year 2009 was 
finalized according to internationally accepted standards to be published at the website. This process involves 
very rigorous and fine scale cleaning and filtering of variation data at the second level, to remove all signatures of 
anthropogenic activity. The absolute data was processed to be consistent and continuous with international baseline 
values. Data reporting for the year 2009 was completed and data dispatched for reporting in INTERMAGNET CD 
ROM and for the year 2010  80% of data checking has been completed. 

For the time intervals that the digital recording system is shut down for repairs/upgrades, data is incorporated  from 
the analogue La Cour System. A methodology has been established for this purpose, which was vetted and approved 
by INTERMAGNET Committee experts. 

Following is the method of filling data gap in DFM from La Cour system. Continuous observations of a period more 
than one year is made between the two operating systems and finally two constant values are determined as the 
difference between the  systems for horizontal (H) and vertical (Z) components of Digital Fluxgate Magnetometer 
(DFM). Then the digitized values of these 2 components derived from La Cour system are used to fill up gaps in the 
data series. However, since it is known that there is a slight dependence of D-component scale value on the ambient 
value of H, due to the astatic positioning of the D-magnet, concurrent data sets were used to develop an equation for 
this dependence. Then the relation was applied again to concurrent data sets to verify the fidelity of variation. Thus, 
a method was established to correct for dependence of D-variation of La Cour magnetometer and the corrected 
Declination (D) data was used to fill gaps in data. Examples of retrieved data are shown in (Fig. 8.5).

Fig. 8.5: Gaps in digital data are filled(---) in DFM system from La Cour magnetogram

Correlation Study
A long-term correlation study between solar and geomagnetic activity is 
made using monthly mean time series of the geomagnetic indexes (K and 
Ap) of different global magnetic observatories and compared with the avail-
able 21, 22 and 23 solar cycle signals. An attempt is made to understand the 
responses of solar cycle on the calculated external/ residual magnetic field 
data of HYB magnetic observatory data, as shown in (Fig. 8.6). 

An attempt is made to 
understand the responses of 
solar cycle on the calculated 
external / residual magnetic 
field data of HYB magnetic 
observatory data
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Data processing of coastal and island sites
Under the Supra-Institutional Project (SIP), 3-component 
variation data were obtained during the year from Port 
Blair and Campbell Bay in the Andaman & Nicobar 
Islands and Vencode, Tamil Nadu, in collaboration with 
Dr. PBV Subba Rao, IIG, Mumbai (Fig. 8.7). Due to 
various resource and logistic constraints, data acquisition 
has been sporadic. Data analysis has been initiated and is 
currently ongoing, showing interesting anomalous signals 
from the different sites (Figs. 8.8-8.11). 

Fig. 8.7: Sites continuous magnetic measurements in islands 
of Northern Indian Ocean

Fig. 8.8: Geomagnetic field variations of X, Y and Z 
Components at HYB, PBR and VEN on June 12th 2010

Fig. 8.9: Geomagnetic field variations of X,Y and Z 
Components of HYB and CBY on Dec 1st 2010

Fig. 8.6: Ap, F10.7 SSN and calculated  residual field of HYB magnetic Observatory
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Fig. 8.10: Amplitude & Phase spectra of HYB, PBR and VEN on June 12th 2010

Fig. 8.11: Amplitude & Phase spectra of HYB, CBY on Dec 1st, 2010

Induction Modeling of ocean effect
Preliminary modeling of electromagnetic induction for 3d bathymetry and ocean sediments has been initiated for 
the region of Peninsular India and adjoining islands. Modeling methodology is being implemented for south India 
and surrounding oceans. Input files of conductance variations incorporating salinity, temperature, etc. have been 
prepared for initial computations (Fig. 8.12).

(Kusumita Arora, S.R. Sannasi, K.C.S. Rao, L. Manjula, C.H. Gattaih, N. Phani Chandrasekhar, B. Karunakar 
Goud,  Rupal Malik)

Fig. 8.12: Computed induced response generated by ring current source over 1D ocean conductivity of 1dx1d blocks over 
study region Enhanced values in all the components in eastern part near Andaman-Nicobar Islands are observed
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The upgraded IGS Station (HYDE)
with Leica GNSS Antenna, at NGRI.

GNSS Receiver that can 
Track 31 GPS and 11 
GLONASS Satellites 3

IGS Station (HYDE) with Leica GNSS System 1200

Studies on Seismotectonics and Geodynamical Processes 
Between Antarctica and Southern Indian Peninsula.  
Continuous Gps Monitoring Between India and Antarctica
Topcon GNSS Receiver GB-1000 is operational continuously. The 
GPS data accrued during XXIX IAE is being preprocessed for further 
analysis. The data up to 2010 are being processed in the latest ITRF 
2008 Reference Frame. The GPS data is being contributed to Scientific 
Committee on Antarctic Research (SCAR) and International Earth 
Rotation Services (IERS) to remain in the Global Scenario of GPS–
Geodesy Studies at Antarctica. Maitri GPS Station  is  contributing to 
the  Crustal Movement Campaign launched by SCAR in 2010. 

Fig. 8.13: Reftek DAS-130-1 seismograph at Maitri, Antarctica

The GPS data is being contributed 
to Scientific Committee on Antarc-
tic Research (SCAR) and Inter-
national Earth Rotation Services 
(IERS) to remain in the Global 
Scenario of GPS – Geodesy Stud-
ies at Antarctica. Maitri GPS Sta-
tion  is  contributing to the  Crustal 
Movement Campaign launched by 
SCAR in 2010. 

Continuous Operation of Seismological Station At Maitri
The permanent Seismological Observatory is equipped with GURALP 3-T Seismometer and Reftek DAS-130-1 
(Fig. 8.13). The seismological observatory’s main objective is to primarily monitor the distribution of Earthquake 
occurrences with space and time and obtain epicentral parameters and magnitudes of earthquakes. This seismological 
station continues to be part of NEIC (USGS), Global Seismographic Network in Antarctica, and of ISC at UK and 
Antarctic Seismic Web Resource (AnSWeR). This observatory continuously records and analyses the Seismicity in 
and around Antarctica and also the global seismicity with the state-of-the-art Broadband Digital Seismometer. The 
seismological bulletin for 29th IAE is in final stage of publication as Technical Report that could form a valuable 
source of catalogue of seismicity in and around Antarctica which will be a significant contribution of NGRI.
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(E.C. Malaimani, N. Ravi Kumar, A. Akilan, S.V.R.R. Rao, A. Nageswara Rao and P. Sivaprasad)




