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lkj & Hkkjr ekSle foKku foHkkx] ¼vkbZ-,e-Mh-½ Hkkjr ljdkj dk eq[; vfHkdj.k gS tks ns’k esa rFkk 
blds vkl&ikl ds LFkkuksa ij HkwdEiuh;rk dk ekWuhVju djrk gSA Hkkjr ekSle foKku foHkkx fo’ks"k v/;;uksa 
ds fy, mRrjh Hkkjr dh dqN os/k’kkykvksa ds vfrfjDr 47 LFkk;h os/k’kkykvksa okys jk"Vªh; Hkwdai foKku latky 
dk j[k&j[kko djrk gSA fnYyh vkSj blds vkl&ikl ds LFkkuksa esa HkwdEiuh;rk dk lgh ekWuhVju djus ds 
fy, 16 eq[; rRoksa okys oh- ,l- ,- Vh- ij vk/kkfjr vadh; nwjfefr iz.kkyh Hkh dk;Z dj jgh gSA Hkkjr ekSle 
foKku foHkkx ds vfrfjDr vusd jkT;@dsUnz ljdkj ds laxBu] fo’ofo|ky; vkSj vuqla/kku rFkk fodkl 
laLFkku  Hkh ns’k ds dbZ Hkkxksa esa HkwdEi oSKkfud os/k’kkyk,¡ pyk jgs gSaA 10 u, vadh; foLrr̀ cSaM okys dsUnz 
[kksyus ds vykok izk;}hih; {ks=ksa esa fLFkr os/k’kkykvksa esa ls dqN dks gky gh esa vfr vk/kqfud vadh; foLrr̀ 
cSaM HkwdEiys[kh iz.kkfy;ksa ls mUur fd;k x;k gSA bl 'kks/k&Ik= esa Hkkjr ekSle foKku foHkkx ds ekStwnk 
latky ls ns’k ds fdlh Hkh LFkku ij vkus okys HkwdEiksa dk fu;fer :Ik ls irk yxkus vkSj mudk LFkku 
fu/kkZfjr djus dh vf/kdre {kerk dk irk yxkus dk iz;kl fd;k x;k gSA fgeky; vkSj izk;}hih; {ks=ksa esa 
HkwdEih rjaxksa dks det+ksj djus okys vfHky{k.kksa dk mi;ksx djrs gq, geus] ml vf/kdsUnzh; nwjh dk vuqeku 
yxk;k gS tgka  ls fuf’pr ifjek.k ds {ks=h; HkwdEi ds LFkku ds fu/kkZj.k ds vykok HkwdEi dk Hkh irk yxk;k 
tk ldrk gSA le:ih fnxa’kh; izlkj.k {ks= vkSj vodsUnzh; izkpyksa dk lgh :Ik ls irk yxkus ds fy, 
U;wure la[;k esa  os/k’kkyk,¡ [kksyus ij Hkh fopkj fd;k x;k gSA mi;qZDr lwpukvksa ij vk/kkfjr vuqdwyre 
HkwdEi oSKkfud latky foU;kl rS;kj fd;k x;k gSA bl fo’ys"k.k ls ;g irk pyk gS fd Hkkjr ekSle foKku 
foHkkx ds ekStwnk latky esa jktLFkku] xqtjkr] v:.kkpy izns’k rFkk tEew vkSj d’ehj ds dqN {ks=ksa dks 
NksM+dj ns’k ds eq[; Hkkxksa esa 3-5 vkSj blls Hkh vf/kd ifjek.k ij vkus okys HkwdEiksa dk irk yxkus vkSj 
HkwdEi dk LFkku fu/kkZfjr djus dh {kerk gSA blesa ;g Hkh crkus dk iz;kl fd;k x;k gS fd {ks=h; HkwdEi 
ekWuhVju {kerk ls os/k’kkykvksa dh deh okys {ks=ksa esa dbZ ubZ os/k’kkyk,¡ LFkkfir djus ds lkFk&lkFk fofHkUu 
vU; vfHkdj.kksa }kjk pykbZ tk jgh ekStwnk HkwdEi oSKkfud os/k’kkykvksa ds leqfpr mUu;u vkSj lekdyu ls 
vR;kf/kd lq/kkj gksxkA 

 
ABSTRACT.  India Meteorological Department (IMD) is the nodal agency of Government of India responsible for 

monitoring seismicity in and around the country. IMD maintains the national seismological network consisting of 47 
permanent observatories, in addition to some observatories in northern India for special studies. A 16-element VSAT-
based digital telemetry system for close monitoring of seismicity in and around Delhi is also in operation. In addition to 
IMD, several state/central government organizations, universities and R&D institutions are also operating seismological 
observatories in various parts of the country. Some of these observatories in the Peninsular shield region have been 
upgraded in the recent past with state-of-the-art digital broadband seismograph systems, in addition to opening 10 such 
new digital broadband stations. This paper makes an attempt to assess the magnitude threshold of routinely detecting and 
locating earthquakes occurring any where in the country with the existing IMD network. Using the seismic wave 
attenuation characteristics in the Himalayan and Peninsular shield regions, we have estimated epicentral distance up to 
which a regional earthquake of given magnitude can be detected and located as well. The minimum number of 
observatories required for uniform azimuthal coverage and accurate determination of hypocentral parameters has also 
been taken into consideration. An optimum seismological network configuration has been worked out based on the above 
inputs. It is found from the analysis that the existing IMD network is capable of detecting and locating earthquakes of 
magnitude 3.5 and above occurring in the mainland of the country, except for a few pockets in Rajasthan, Gujarat, 
Arunanchal Pradesh and J&K. An attempt has also been made to show that regional earthquake monitoring capability 
would largely improve by suitably upgrading and integrating the existing seismological observatories operated by various 
other agencies together with setting up a number of new observatories in the instrumental gap areas. 

 
Key words  − Optimum design network, Earthquake monitoring, Detection capability, VSAT.  
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1.  Introduction 
 

The first seismological observatory was set up by 
India Meteorological Department (IMD) at Kolkata in 
1898. By independence (1947), only five seismological 
observatories were in operation at Calcutta, Bombay, 
Kodaikanal, Hyderabad and Delhi. Thereafter, the number 
of observatories under National Network increased 
steadily to the present figure of 47. Apart from these 
seismological observatories maintained under the national 
seismological network spread over the country, IMD also 
operates some seismological observatories in north India 
for special studies. A 16-element V-SAT (Very Small 
Aperture Terminal) based telemetry system has been 
installed to monitor the seismicity in and around Delhi 
region.  
 

In the mid-60s, many other institutions also started 
operating seismological observatories for their own 
specific purposes. At present, as many as 150 
seismological observatories are being operated outside the 
IMD network by Bhabha Atomic Research Centre 
(BARC), National Geophysical Research Institute 
(NGRI), Hyderabad, various State governments, River 
Valley projects, Universities and other R&D institutions 
(Bhattacharya and Dattatrayam, 2000). Sometimes, 
observatories are set up for short periods for time-bound 
projects and then closed down (Fig. 1 and Table 1). 
 

In the wake of the Latur earthquake of 30 September, 
1993 IMD took up a program of systematic upgradation of 
its seismological network and has since deployed state-of-
the-art digital broadband seismograph systems at 24 
observatories. Another 10 new observatories have also 
been established in Peninsular India by different 
organisations with similar state-of-the-art digital 
broadband seismographs. A National Seismological 
Database Center (NSDC) has been established at IMD, 
New Delhi, with necessary hardware and software to cater 
to the needs of near real time and offline data transfer, 
analysis and dissemination of earthquake products to 
various users. A block diagram showing the structure of 
NSDC is given in Fig. 2. 
 
2.  Structure of the present national seismological 

network 
 

Fig. 1 illustrates the distribution of the existing 
seismological observatories where spatial gaps, non-
uniform and large in certain areas, are evident. On the 
other hand, it may be seen that the stations at several 
places are operated quite close to each other rendering the 
network density rather uneven from region to region. Such 
a countrywide network is not adequate for detection of 
small earthquakes, down to magnitude 3.0, uniformly over  

TABLE 1 
 

Distribution of seismological observatories in India  
under different organizations 

 
Organisation Abbreviations *No. of 

stations 
India Meteorological Department IMD 51 
Wadia Institute of Himalayan Geology WIHG  11 
National Geophysical Research Institute  NGRI  20 
Regional Research Laboratory,  Jorhat RRLJ  10 
Bhaba Atomic Research Centre  BARC  2 
Indian Institute of Geomagnetism  IIG  2 
Geological Survey of India  GSI 1 
National Institute of Rock Mechnics  NIRM  1 
Central Scientific Instruments Organisation  CSIO  1 
Centre for Earth Science Studies  CESS  1 
 Subtotal  100 
Maharashtra Engineering Research Institute  MERI  31 
Gujrat Engineering Research Institute  GERI  17 
Sardar Srovar Narmada Nigam Ltd.  SSNN  9 
Narmada Valley Development Authority  NVDA  10 
Kerala State Electricity Board  KSEB  12 
 Subtotal  79 
Guru Nanak Deb University, Amritsar  GNB Univ.  3 
Delhi University  D. Univ.  3 
University of Roorkee  UOR  9 
Osmania University  O. Univ.  1 
Manipur University  M. Univ.  4 
Indian School of Mines, Dhanbad  ISM  1 
Kumaun University  Kum.Univ.  5 
Kurukshetra University  Kur. Univ.  1 
 Subtotal  27 
 Grand Total  206 
*For information on latest position of no. of observatories, the     
  concerned organisation may be contacted. 

 

 
the entire country, and indeed nebulous for precise 
location of their sources. The existing seismic stations, 
having been set up by different organisations for different 
applications, do not have identical instrumentation or data 
recording facilities. This results in a large variation in the 
quality of data, both waveform and extracted parameters, 
which makes real-time seismic monitoring difficult. 
Besides, the unique geographical disposition of the Indian 
landmass, with the peninsula surrounded by the ocean 
from three sides, and rugged Himalayan mountain ranges 
in the north, inhibits proper azimuthal coverage of 
observing land stations. 
 

The issue of magnitude threshold of locating 
earthquakes and the efficacy of the existing national 
seismological network has been debated time and again by 
several committees (Tandon Committee, 1971; Chaudhry 
Committee, 1986; Arya Committee, 1987 etc.,) and the 
consensus view is that there is a need to strengthen and 
upgrade the existing seismological network with state-of-
the-art   equipment in  a  phased  manner  to  improve   the  
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Fig. 1. Seismological Observatories in India 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Block diagram showing the structure of National Seismological Database Centre 
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Fig. 3.  P-wave attenuation for the peninsular region.  Dashed lines I, 
II and III represent  the logarithm of twice the ground noise 
amplitude (peak-to-peak in Nm/s) respectively from 
minimum, average and maximum levels at various distances 
of seismic stations in Peninsular region 

 
detection and location capabilities. Thus, there is an 
urgent need not only to strengthen the network but also to 
standardize the existing seismological observatories in the 
country to maintain uniformity in observational practices, 
data formatting and analysis. The existing infrastructure, 
manpower and resources in the country could then be 
utilized optimally and effectively. This is also expected to 
provide a major thrust to seismological research in the 
country, as the seismic data will be available on a broader 
platform to the scientific community. 
 
3.  Design of an optimum seismological network 
 

3.1. General requirements 
 

Consistent with the objectives mentioned above, an 
attempt has been made in this paper to design an optimum 
seismological network capable of detecting 
unambiguously and locating with uniform precision,       
all seismic events down to magnitude 3.0 occurring within  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  P-wave attenuation for the Himalayan  region.  Dashed lines 
I, II and III represent  the logarithm of twice the ground noise 
amplitude (peak-to-peak in Nm/s) respectively from 
minimum, average and maximum levels at various distances 
of seismic stations in Himalayan  region 

 
the main landmass of the country (IMD Report, 1999, 
2000). A two-pronged approach has been followed for this 
purpose. The first approach is based on practical aspects 
of network design, such as locations of the existing 
stations and the type of instrumentation available and the 
current status of knowledge of geotectonic features. The 
second approach uses a theoretical simulation of the 
network response to earthquake events. The theoretical 
simulation approach is more objective than the first. 
However, both the approaches have a common 
requirement that we should first know the range of 
epicentral distance to which the P-wave signal from an 
event can be detected unambiguously above the 
background noise. This involves a theoretical modelling 
of the P-wave attenuation process. When integrated with 
such an attenuation model, the two approaches tend to 
converge to an optimum configuration of stations.  
 

Another important requirement arises from the 
obvious advantage of siting stations as closely as possible 
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to known geological faults for improved detection and 
focal depth estimation. Finally, all the stations of the 
optimized network should ideally be equipped with 
identical state-of-the art triaxial broadband digital seismic 
equipment with most modern communication facilities for 
near real time data access.  Stations that do not currently 
meet this advanced technology standards will have to be 
upgraded appropriately. 
 

3.2. P-wave attenuation modelling 
 
The maximum epicentral distance (∆) at which a P-

wave signal can be detected unambiguously above the 
background noise is the basic guiding factor in 
determining the maximum permissible spacing between 
two neighboring observatory stations. It is only to be 
expected that ∆ will be different in the two distinct 
tectonic environments of our country prevailing in the 
Himalayan and Peninsular shield regions. The P-wave 
attenuation characteristics were therefore worked out 
separately for these two regions. For the Peninsular 
region, a data set was built up for 34 earthquake events 
with magnitudes ranging from 2.8 to 6.0. For the 
Himalayan region, the data set consisted of 40 earthquake 
events with magnitudes between 3.0 and 6.8. 
 

The P-signal amplitudes corresponding to actual 
ground motion (particle velocity computed in 
nanometer/sec) recorded at different distances were 
obtained from the records of broadband digital stations 
operated by IMD. Since ∆ is much larger than the focal 
depth (d) in each of these cases, the hypocentral distance 
(R) is closely equal to ∆ as a first approximation. Hence, 
small variations in the value of d compared to R or           
∆ (R>> d) did not influence this study of signal 
attenuation with distance. In Fig. 3, we present the data of 
actual ground motion (peak-to-peak amplitudes of the 
observed P-signal) as a function of ∆ for six different 
magnitudes from 2.8 to 6.0. The data are fitted through 
trend exponential curves, which turn out to be nearly 
parallel. The curve for Jabalpur earthquake of M 6.0 
(topmost curve of Fig. 3), however, exhibits a slightly 
different behaviour. It evidently necessitates to employ a 
much larger data set, particularly at larger distances,        
to examine the true behaviour through the full range of 
magnitude and to smooth out any scatter therein. On the 
whole, the present attenuation trends seem to be in a 
reasonably good agreement internally regardless of the 
event magnitude. Apart from this, the maximum peak-to-
peak amplitude of background noise was also measured 
for the participating stations. Each of the three dashed 
lines drawn across the amplitude axis in Fig. 3 represent 
twice the noise level at SNR (signal-to-noise ratio) of 2 
corresponding to maximum, average and minimum values 
respectively. Assuming that P-wave is well discernible at 

a station only if the signal is twice the noise, the value of 
distance at the intersection of noise amplitude line and a 
curve of given magnitude shows the epicentral distance up 
to which an earthquake of that magnitude is recorded by 
an observatory. The data in Fig. 3 reveals that an 
earthquake of magnitude 3.0 will clearly be recorded on 
an average up to a distance of 310 km. An extrapolation of 
the decay curve for M3.5 would suggest that an 
earthquake of M 3.5 would be recorded up to a distance of 
nearly 770 km in the Peninsular region.  
 

For the Himalayan region, the P-signal amplitudes 
corresponding to actual ground motion (particle velocity 
in nanometer/sec) were obtained from the records of 
short-period and broadband digital stations of IMD and 
from short-period digital stations in and around Chamoli, 
Uttaranchal. The data from the broadband digital stations 
of University of Roorkee at Narendranagar, was also used 
in the analysis. Fig. 4 gives the actual ground velocity 
(peak-to-peak amplitude of the observed P-signal) as a 
function of ∆ for 5 different magnitudes from 3.0 to 6.8. 
The data are trend fitted with exponential curves which 
are found to be nearly parallel, a feature similar to the one 
obtained in the Peninsular shield. Like in Fig. 3, the 
horizontal dashed lines are drawn at twice the noise level 
(peak-to-peak amplitude of noise; SNR=2) corresponding 
to maximum, average and minimum values. Following the 
same procedure that has been adopted for the Peninsular 
region, it is inferred from Fig. 4 that an earthquake of 
magnitude 3.0 will clearly be recorded on an average up to 
a distance of 230 km in the Himalayan region. Similarly, 
we can infer from Fig. 4 that an earthquake of magnitude 
3.5 will be clearly recorded up to a distance of about 390 
km in the Himalayan region. Both these distances (230 km 
and 390 km) are considerably lower than those for 
Peninsular region (310 km and 770 km respectively) 
indicating a relatively larger and faster attenuation of P-
waves in the Himalayas than in the Peninsular Shield. 
 

3.3. Theoretical approach 
 

For evaluating the performance of a given seismic 
network with regard to hypocentral location, several 
simulation exercises have been attempted in the past 
(Gupta et al., 1973; Arora et al., 1978, 1980; Bhattacharya 
et al., 1982). The approach used  in this paper involves 
assuming a network geometry with a certain number of 
hypothetical stations, a seismic wave travel-time for a 
certain structure of layered earth and a source whose space 
and time coordinates are known. A set of arrival-time data 
is synthesized corresponding to the assumed source, 
which is then relocated using the well known source 
location program, HYPO 71 (Lee and Lahr, 1975) and the 
mislocation errors (spatial shift in the computed 
hypocentre with respect to the true hypocentre) 
determined for each typical network.  
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Fig.5.  Mislocation error  ε(R)  versus maximum azimuthal gap 
(δZ) max giving hypocentral location response of 
simulated networks using synthetic arrival-time data.  The 
azimuthal gap varies at different locations in the network 
area. The error is seen to be decreasing with the increase of 
number of recording stations (N) 

 
The mislocation errors were simulated for various 

networks designed with N number of stations randomly 
distributed in a typical circular area of 300 km radius. The 
network density was steadily increased from N = 5 to       
N = 41 and it also provided different azimuthal gaps 
whose role in evaluating network response is considered 
vital. An azimuthal gap (δZ) is the angle that a station pair 
subtends at the epicenter. Various such gaps could be 
realized by pulling the source towards the edge of the 
network. In the present case, the maximum azimuthal gap, 
(δZ)max , varied from less than π/6 to π for all networks, 
beyond which the hypocentral solution turns unstable and, 
therefore, unreliable.  

 
The results of this exercise are comprehensively 

illustrated through the family of curves presented in      
Fig. 5, where mislocation errors normalized to unity, 
∈(R), are plotted against maximum azimuthal gap. As 
expected, ∈(R) progressively diminishes with increasing 
N and decreasing (δZ)max  thereby indicating improvement 
in the network performance. Interestingly, it shows a 
saturation limit at  N = 41 beyond which  the network 
capability does not seem to improve noticeably. 

  
 3.4. Practical approach 

 
In the practical approach, the main considerations are     

(i)   locations   of   the  existing  stations  and  the  type  of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.  Contours showing number of seismological observatories 
of the existing national network of IMD, recording 
earthquake of magnitude 3.0. 

 
 
instrumentation  they  have  (ii)  close  proximity to faults/ 
lineaments which are known or probably exist and           
(iii) gaps in the network which require to be filled up. 
Using the results obtained from the attenuation study, an 
assessment has been made regarding the number of 
existing observatories, which will record an earthquake 
occurring at any given point on a 1° × 1° grid. As already 
mentioned, 47 seismological observatories are presently in 
operation in the national network of IMD. By integrating 
some of the observatories in operation under the VSAT 
based telemetry system of Delhi region, the total number 
of IMD observatories can be said to be 50. The results are 
shown in Fig. 6, considering these 50 stations, in the form 
of contour lines indicating the number of stations, which 
will record an event of M3.0 and above. Fig. 6 indicates 
that the present IMD network is not fully capable of 
recording earthquakes of M3.0. However, they can be 
located in regions such as Delhi, western Uttar Pradesh 
and parts of Haryana and Punjab. Similarly, Fig. 7 shows 
contours of the number of observatories recording an 
earthquake of magnitude 3.5. It is seen that with the 
present IMD network, earthquakes of magnitude 3.5 can 
be located almost the entire country except at some 
bordering regions of Rajasthan, Gujarat, Arunachal 
Pradesh and northern part of Jammu and Kashmir. It is to 
be  borne in mind here that the results hold good assuming 
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Fig. 7.  Contours showing number of seismological observatories 
of the national network of IMD, recording earthquake of 
magnitude 3.5 

 
that all the IMD stations are equipped to provide 
waveform data in real-time mode to the National 
Seismological Database Centre at Delhi. Currently, this is 
possible for only 29 out of the 50 stations. With these 29 
observatories alone, earthquakes of magnitude 3.5 can be 
located only in small parts of northern India around Delhi 
and in Peninsular India. Thus, it is essential to upgrade the 
remaining 21 analog observatories with digital 
seismographs and matching communication facilities to 
achieve the location capability for M3.5 earthquakes in 
India in operational mode. 
 

To meet the target of countrywide monitoring of 
M3.0 earthquakes, the 50-element network of IMD would 
not suffice. The requirements of such a network are 
depicted in Fig. 8. The inter-station spacing in the 
optimum network works out to be of the order of 200-250 
km for Peninsular India. The corresponding spacing in the 
geotectonically complex Himalayan region with high 
degree of lateral heterogeneities is relatively lower, being 
100-150 km along the main longitudinal trend and about 
50 km across it. This makes network density in the 
Himalayan region larger than that in the Peninsular shield. 
The optimum network covering the mainland and to some 
extent the island regions of Andaman-Nicobar and 
Lakshadweep, comprises 177 seismic stations in all.        
In  this  network,  93  new  observatories  will  have  to be  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8.  Optimum seismological observatory network in India  presently 

under development and deployment 
 
 

established, while some of the existing stations among the 
remaining 84 stations need to be upgraded to advanced 
digital grade. Out of the 84 existing stations, 47 are 
currently operated by IMD and 37 belong to other 
institutions in the country, which need to be integrated in 
the national network. As regards source location, the 
hypocentral solutions of all the detected earthquakes 
within the outer boundary of the main network are 
expected to have an accuracy of + 2 km in epicentre and 
within + 5 km in focal depth. However, this precision 
cannot be maintained in respect of sources on the extreme 
margins of the country and indeed those situated off-
shore, where the source location accuracy will degrade to 
6-10 km in epicenter and about 20 km in focal depth. 
 
4.  Conclusions 
 
(i) There is an urgent need not only to strengthen but 
also to standardize the existing seismological 
observatories in the country to maintain uniformity in 
observational practices, data formatting and analysis. The 
existing infrastructure, manpower and resources in the 
country could then be utilized optimally and effectively. 
This is also expected to provide a major thrust to 
seismological research in the country, as the seismic data 
will be available on a broader platform to the scientific 
community. 
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(ii) An optimum design for the Indian seismological 
network region has been  configured on robust 
considerations with an objective of monitoring 
earthquakes of magnitude 3.0 and above occurring 
anywhere in the country. 
 
(iii) A rational basis that relies on a two-pronged 
approach has been adopted in the construction of the 
optimum network. It incorporates a practical way of 
placing seismic stations considering salient seismotectonic 
features and providing uniformly good coverage 
incorporating results obtained from a theoretical 
simulation of an ideal network, both duly integrated with 
the seismic wave attenuation models deduced separately 
for the peninsular shield and the Himalayan regions.  
 
(iv) The optimum network comprises 177 seismic 
stations in all with 93 new stations and 84 existing 
observatories, 47 of which are currently operated by  IMD 
and the remaining 37 belong to all other institutions in the 
country. 
 
(v) All the stations of the optimised network have to be 
equipped with identical state-of-the-art triaxial broadband 
digital seismic equipment with most modern 
communication facilities for near real time data access. 
The stations not meeting this advanced technology 
standards will have to be upgraded appropriately. 
 
(vi) The study reveals that the inter-station spacing of 
200-250 km in the peninsular shield region is adequate in 
view of the required detection and location capability of 
the net, while that in the geotectonically complex 
Himalayan region is relatively smaller, being 100-150 km 
along the main longitudinal trend and about 50 km across 
it. 
 
(vii) Presupposing that the seismic wave travel-time 
model in the region of signal detection is accurately 
known, the proposed network ensures design goal of  
source location accuracy within 2 km in epicenter and 
within 5 km in focal depth in respect of all seismic events 
on the mainland enclosing the outer boundary of the 
network. For earthquakes on the extreme margins of the 
country and indeed those which may occur off-shore, the 
location inaccuracies are typically 6-10 km in epicenter 
and up to about 20 km in focal depth. 
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