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Mangrove ecosystems, widely distributed in tropical
and subtropical regions, can provide various ecological and economical ecosystem services. At the same
time, mangrove forest belongs to the most threatened
and vulnerable ecosystems worldwide and sustained a
dramatic decline during the last half century. In this
communication, a mangrove recognition index (MRI)
has been developed for a quick monitoring of the extent and distribution of mangrove forest using remote
sensing techniques. MRI is defined as |GVIL – GVIH|*
GVIL*(WIL + WIH), where GVI and WI represent
greenness vegetation index and wetness index respectively, obtained by Tasseled cap transformation. The
former expresses the vegetation characteristics and
the latter conveys the water information. The subscripts L and H denote low-tide level and high-tide
level respectively. As a result, due to the unique nearshore wetland habitat of mangrove forest, MRI can
respond sensitively its spectral signals and bigger the
MRI of a pixel more likely that it belongs to mangrove
forest. While MRIs of other ground covers, such as
terrestrial vegetation, water, bare soil, etc. are less
than that of mangrove forest. Combining multitemporal Landsat TM images with different tide
levels, the mangrove forest in Beilunhekou National
Nature Reserve Area of China is used to demonstrate
the usefulness of MRI.

forest at a large scale mainly involves the use of mediumresolution multispectral imagery, such as Landsat Multispectral Scanner (MSS)7,9–12, Landsat Thematic Mapper
(TM) or Enhanced Thematic Mapper Plus (ETM+)7,13–15,
SPOT11,15–17 and Advanced Spaceborne Thermal Emission
and Reflect Radiometer (ASTER)18–20. The methods used
for the identification or extraction of mangrove forest
mainly include visual interpretation11,21, supervised classification7,8,13,15,22, unsupervised classification10,14,22,23, neural
network classification12,24, object-based method9,25,26, etc.
The imagery features extracted from remotely sensed imagery for mangrove forest identification are mostly the
reflective spectral characteristics, vegetation indices or
ratio indices, such as Normalized Difference Vegetation
Index (NDVI)27–30, TM3/TM5 (ref. 27), TM5/TM4 (ref. 27),
modified normalized difference water index (MNDWI)29,30
and normalized difference pond index (NDPI)29,30.
Until recently, remotely sensed imagery at single tide
was usually used in order to obtain the extent, and spatial
distribution pattern of mangrove forest in a certain area
and at a specified time using remote sensing techniques.
However, the spectral signature of mangrove forest usually differs with the tide level change due to the intertidal
effects (Figure 1). This also implies that the mapping
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MANGROVE forest index is the dominant wetland in the
intertidal ecosystems found along tropical and subtropical
intertidal coastlines, that links terrestrial and marine systems1. It also provides various ecological and economical
ecosystem services, including shoreline stabilization, reduction of coastal erosion, sediment and nutrient retention, storm protection, flood and flow control and water
filtration2,3. However, mangrove forest belongs to the
most threatened and vulnerable ecosystems worldwide2–4.
The habitat area loss during the last two decades is estimated to be about 36% of the total global mangrove area5.
Remote sensing has been widely proven to be essential
in monitoring and mapping highly threatened mangrove
ecosystems6–8. The monitoring and mapping of mangrove
*For correspondence. (e-mail: zxhbnu@gmail.com)
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Figure 1. False colour composites of TM image at (a) high tide (30
October 2006) and (b) low tide (17 December 2006) with a band combination of 4-3-2 (R-G-B). The mangrove is beyond coastline and has a
red image response. The terrestrial vegetation is within coastline and
also has a red image response, wet soil has a grey colour, and soil or
artificial facilities have a white or whitish-grey tone. Water has variable blue colours.
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accuracy of mangrove forest evidently depends on the
tide level when using single-tide remote sensing imagery.
On the contrary, if we make good use of the coastal wetland habitat of mangrove forest, i.e. the wetland background and periodical variation of the tide level, the
remote sensing identification accuracy of mangrove
forest will be improved. The objective of this study was
to propose a spectral index – mangrove recognition index
(MRI), which will be able to completely describe the
unique characteristics of mangrove forest, i.e. near-shore
coastal wetland habitat, for remote sensing of mangrove
forest from space and to accurately map the status and
distribution of mangrove forest.
MRI is defined as
MRI = |GVIL – GVIH|*GVIL*(WIL + WIH),

(1)

where GVI and WI represent greenness vegetation index
and wetness index respectively, obtained by Tasseled cap
transformation31. This is an orthogonal transformation of
the original remotely sensed data space to a new feature
space. It can provide brightness index (BI), GVI and WI
for Landsat TM data.
BI = 0.0243tm1 + 0.4158tm2 + 0.5524tm3 + 0.5741tm4
+ 0.3124tm5 + 0.2303tm7,
(2)
GVI = –0.1603tm1 – 0.2819tm2 – 0.4939tm3
+ 0.794tm4 – 0.0002tm5 – 0.1446tm7,

(3)

WI = 0.0315tm1 + 0.2021tm2 + 0.3102tm3
+ 0.1594tm4 – 0.6806tm5 – 0.6109tm7.

(4)

The subscript L and H denote low-tide level and high-tide
level respectively. GVI describes the vegetation characteristics and WI provides the water information. The lowtide level and high-tide level can represent the tidal condition change of marine environment. |GVIL – GVIH| can
describe the GVI change of vegetation between the lowtide level and the high-tide level. Because the time is
short, e.g. several hours, one day or several days, the
|GVIL – GVIH| is usually very small for other ground
covers, including terrestrial vegetation, inland wetland
vegetation and non-vegetation, whereas it is large for
coastal vegetation, e.g. mangrove forest due to the tidal
inundation. GVIL can effectively reflect vegetation information, including mangrove forest, while GVIH will
omit most of the mangrove forest in lower and moderate
intertidal zones, especially ‘pioneering mangrove’ due to
the low terrain, low density and/or small stature. In addition, the values of |GVIL – GVIH| and GVIL for coastal
sea grasses, due to their shallow water habitats, are usually far less than that of mangrove forest. WIL + WIH is
very big for mangrove forest and this can improve the
separability between mangrove forest and other terrestrial
1150

ground covers, especially for terrestrial vegetation which
is often mistakenly discriminated from mangrove forest.
Therefore, bigger the MRI of a pixel, more likely that it
belongs to mangrove forest. MRIs of other ground covers, such as terrestrial vegetation, water, inland wetland
vegetation, bare soil, building, etc. are less than that of
mangrove forest. Consequently, MRI has the ability to
fully depict the properties of near-shore coastal wetland
habitat, including the periodical variation of tide level
and can be used to effectively recognize mangrove forest
from remotely sensed imagery.
In order to show that MRI can be used for remote sensing
mangrove forest from space, combining multi-temporal
Landsat TM images with different tide levels, the mangrove forest in Beilunhekou National Nature Reserve
Area, Fangchenggang City, Guangxi Zhuang Autonomous Region of China, located at 21°28′–21°37′N,
108°2′–108°16′E has been used. The study area locates in
Beilunhekou National Nature Reserve Area. It is a nature
reserve area protecting the mangrove ecosystems. The
coastline belongs to the southern subtropical zone maritime monsoon climate. The main mangrove communities
are Avicennia marina, Aegiceras corniculatum, Kandelia
candel, Bruguiera gymnorrhiza and Acanthus ilicifolius,
etc. The tidal type of the study area is regular diurnal, and
the mean and maximum tidal range are 2.24 and 5.64 m
respectively32.
The in situ field survey was carried out at 15 mangrove
forest sites, 20 terrestrial vegetation sites, 12 tidal flat
sites, 10 bare soil sites and seven artificial facilities sites
during 1–5 November 2006. The area of each field site is
about 100 m × 100 m. During the field campaign, the
location of each field site was determined using Differential Global Position System (DGPS) with a probable
circle error of 2–5 m, which helped recognize training areas and assess the mapping accuracy of mangrove forest
at the studied site. To assess the mapping accuracy of
mangrove forest, training samples and validating samples
were directly collected from these cloud-free TM images
by combining the field survey data with visual interpretation due to the very distinctive difference between mangrove forest and other objects. The ground covers were
categorized into mangrove forest and non-mangrove forest (including terrestrial vegetation, tidal flat, bare soil,
artificial facilities and water). The training pixels numbers of each ground cover were 687 and 2824 respectively. The validating pixels numbers were 497 and 2168
respectively. Terrestrial vegetation consisted of crops that
included cassava (Manihot esculenta), sugarcane (Saccharum) and woody plants. The woody species mainly
included masson pine (Pinus massoniana L.), acacia
(Acacia confusa) and Eucalyptus (mainly Eucalyptus
grandis × Eucalyptus urophylla). Artificial facilities
included buildings and roads.
Multi-tide remotely sensed images were derived from
Landsat 5 TM. It is difficult to continuously acquire the
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cloud-free optical images due to the restriction of climate
at the study area. Consequently, two Landsat 5 TM
images (path 125, row 45) dated 30 October 2006 (Figure
1 a) and 17 December 2006 (Figure 1 b) were obtained,
whose tide levels at the time of image acquisition were
417 and 124 cm respectively. The tidal height datum
plane was 230 cm below mean sea level33. Images
selected were unaffected by atmospheric dust and were
cloud-free. The image processing included image preprocessing and Tasseled cap transformation. The ENVI
version 4.3 digital image processing software (ITT Industries Inc., USA) was used. The image pre-processing
involved two main steps – image corrections (including
radiometrical and geometrical correction) and image subsets. The two raw images used in the study were first
converted to radiance images by means of the calibration
coefficients of Landsat TM34, and the radiance then converted to top-of-atmosphere (TOA) reflectance by normalizing for solar elevation and solar spectral irradiance35.
Finally atmospheric correction was performed using the
improved dark object subtraction technique36,37 to derive
surface reflectance from apparent reflectance. Geometric
corrections were then performed on the two images. The
image of high-tide level (dated 30 October 2006) was
first geometrically registered to a Universal Transverse
Mercator (UTM) projection and World Geodetic System84 (WGS-84) datum, using a 1 : 50,000 topographic map
and an image to map correction with 11 ground control
points. The image of low-tide level (dated 17 December
2006) was then registered to the image of high tide level.
After the image corrections, the subset images were
extracted from the satellite scene. The Tasseled cap transformation was used on Landsat TM remote sensing
images both high-tide level and low-tide level, and WI
and GVI at different tide levels were extracted.
Because the terrain determines the scope of the intertidal effects on the spectral signal of mangrove forest, the
latter is further divided into the mangrove forest in moderate/lower intertidal zone and mangrove forest in upper
intertidal zone, denoted here as ‘low mangrove’ and ‘high
mangrove’ respectively. In addition, the spectra of low
mangrove at high tide are similar to mixed pixel of inland
water and terrestrial vegetation, denoted as ‘Aqu-veg’.
Consequently, the spectral characteristics of Aqu-veg are
also considered here. In order to understand the spectral
characteristics of typical vegetation at the study area,
training pixels of the low mangrove, high mangrove, terrestrial forest, Aqu-veg, crops, bare soil (cropland became bare soil at low-tide level) were randomly collected
from the cloud-free subset images by combining the field
survey and visual interpretation method, which were 488,
130, 524, 170, 144 and 327 points respectively. Figure
2 a and b illustrates reflectance spectra of typical vegetation, i.e. terrestrial forest, mangrove forest, and crops
in low-tide level and high-tide level in the study area respectively.
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Figure 2. Spectral reflectance curves of typical vegetation, i.e. low
mangrove, high mangrove, Aqu-veg (denotes mixed pixels of inland
water and terrestrial vegetation), terrestrial forest and crop at (a) low
tide and (b) high tide in the study area.

At low tide, spectra of both low mangrove and high
mangrove are extremely similar to terrestrial forest, and
there is obvious spectral overlapping between them. All
the spectra of mangrove forest resemble those of Aquveg, except near the infrared region. The cropland
became bare soil because the crops were reaped on 17
December 2006. Consequently, the spectrum appears to
resemble that of bare soil and is evidently different from
mangrove forest.
At high tide, extensive mangrove forest was inundated
due to the rise of tide level, especially for the low mangrove. Hence, comparing with the low-tide level, the
reflectance of mangrove forest sharply declines at high
tide. The reflectance of low mangrove is smaller than that
of Aqu-veg at both near-infrared region and shortwaveinfrared region, and the spectral overlap zones evidently
exist at all bands. The reflectance of high mangrove
1151
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markedly decreases at near-infrared region with the increase in the tide level. But the reflectance of high mangrove is similar to the terrestrial forest, except shortwaveinfrared region. At the time of the high-tide level, i.e. on
30 October 2006, crops were not reaped, but they were
becoming mature. Therefore, the reflectance values of
crops apparently are very high at visible bands, and the
spectra curve of high mangrove is slightly different from
crops both at shortwave infrared bands and visible bands
(especially at red band).
After the comparison of the spectra between mangrove
forest and other vegetation types at different tide levels, it
can be found that the reflectance spectra of mangrove
forest are determined by the terrain they are located in as
well as tide level. Consequently, in order to accurately
discriminate mangrove forest from other vegetation types,
we can employ the multi-temporal remotely sensed
imagery with different tide levels and make good use of
the coastal wetland background of mangrove forest and
its spectral change with the tide level.
The identification accuracy of mangrove forest by
remote sensing method is chiefly dominated by the separability between mangrove forest and other vegetation
types. Therefore, spectral characteristics or indices for
identifying mangrove forest from other vegetation types
are compared below. M-statistic is employed to assess
goodness of these spectral characteristics or indices38.
The M-statistic tests the separation between the histograms produced by plotting the frequency of all the pixel
values within two classes, and is defined as follows

M=

μ1 − μ2
,
σ1 + σ 2

(5)

where M is the normalized mean distance and μ1, μ2 are
mean values for class 1, class 2. σ1, σ2 are standard deviations for class 1, class 2. M < 1 indicates that the
classes significantly overlap and the ability to separate
(or discriminate) classes is poor, while M > 1 means good
class separation; and bigger the M value better is the
separability between the classes.
In Table 1, TMi (the origin reflectance of each band of
Landsat TM), BI, WI, GVI, NDVI, MRI, NDVIL – NDVIH
(the subscript L and H denoted low-tide level and hightide level respectively), WIL + WIH, GVIL – GVIH, BIL –
BIH,
MNDWI
(MNDWI = (Green – MIR)/(Green +
MIR))29,30 has been extracted from Landsat TM remote
sensing images of high-tide level and low-tide level. The
M-statistic values between mangrove and other vegetation types were further calculated by the training samples
of each class (in Table 1).
For terrestrial forest, the M-statistic values are all very
small when using the original reflectance spectra at low
tide. The M-statistic value of TM3L between low mangrove and terrestrial forest is maximal, but it is only 1.52.
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If the reflectance spectra at high tide are employed, the
separability between mangrove forest and terrestrial forest can be improved. For example, when using TM5H, the
M-statistic value increases to 3.13 and 1.72 for low mangrove and high mangrove respectively. The features extracted by Tasseled cap transformation can clearly
improve the separation ability between mangrove forest
and terrestrial forest. Typically for high mangrove, the
M-statistic values increase to 2.35 and 2.22 at both low
tide and high tide respectively when using WI. The separability can be further improved by adopting the tide information about mangrove forest. Especially for high
mangrove, its M-statistic value increases to 2.54 by combining images at low tide and high tide, i.e. WIL + WIH.
Among the M-statistic values between mangrove forest
and Aqu-veg, only the M-statistic values of TM4L are
large by adopting the original reflectance spectra at low
tide, and they are 2.40 and 3.26 for low mangrove and
high mangrove respectively. GVI can slightly increase
the M-statistic values between mangrove forest and Aquveg, which are 2.47 and 3.60 for low mangrove and high
mangrove respectively. Further combining low tide image
and high tide image, the features of BIL – BIH and GVIL –
GVIH can improve the M-statistic values between low
mangrove and Aqu-veg, and they are 2.88 and 3.08
respectively.
The cropland became bare soil because the crops were
reaped at the time of low tide image acquisition. They
were not reaped at the time of high tide image acquisition, as the crops were in the maturing period. Therefore,
their reflectance spectral characteristics are similar to and
meantime slightly different from the terrestrial forest
(Figure 2 b). The M-statistic values between mangrove
forest and crops are also similar to those of terrestrial forest, except TM1 and TM3. In addition, crops were not
reaped at the time of the high-tide level, as they were maturing. This caused the reflectance values to increase
compared to those before maturation at visible region,
especially for TM3. Therefore, the M-statistic values between high mangrove and crops are quite different for
both TM3 and TM4 (2.08 and 0.54 respectively).
MRI can fully depict the properties of near-shore
coastal wetland habitat and the periodical variation of
tide level. Consequently, it can effectively recognize
mangrove forest from other vegetation classes (Table 1).
In addition, the classification features for mangrove forest identification are usually extracted from single-tide
remote sensing images and the original reflective spectral
features, vegetation indices or ratio indices, such as
NDVI, TM3/TM5, TM5/TM4, MNDWI are chiefly employed. Among the above indices, at both low tide and
high tide, only TM3/TM5 and MNDWI can effectively
discriminate mangrove forest (both low mangrove and
high mangrove) from terrestrial forest as well as crops,
and TM5/TM4 only slightly differentiates high mangrove
from terrestrial forest as well as crops. Nevertheless, it is
CURRENT SCIENCE, VOL. 105, NO. 8, 25 OCTOBER 2013
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Table 1.

The M-statistic values between mangrove forest and other vegetation types
Low mangrove

Classification features
1

TM1L
TM2L
TM3L
TM4L
TM5L
TM7L
TM1H1
TM2H
TM3H
TM4H
TM5H
TM7H
BIL4
GVIL4
WIL4
BIH
GVIH
WIH
WIL + WIH
GVIL – GVIH
BIL – BIH
NDVIL
NDVIH
TM5L/TM4L
TM5H/TM4H
TM3L/TM5L
TM3H/TM5H
MNDWIL4
MNDWIH
MRI

Terrestrial forest

Aqu-veg2

1.27
1.17
1.52
0.25
1.28
1.06
1.56
0.94
0.42
2.93
3.13
2.46
0.39
0.41
2.00
2.97
2.96
2.47
2.38
2.76
3.06
1.02
3.04
1.22
1.45
3.28
2.57
2.16
3.63
2.93

0.51
0.37
0.59
2.40
0.65
0.17
0.35
0.21
0.59
0.70
0.77
0.83
1.51
2.47
0.92
0.74
0.69
0.75
0.94
3.08
2.88
1.59
0.67
0.82
0.66
0.63
0.75
1.10
0.38
3.85

High mangrove
Crops
3

/
/
/
/
/
/
0.21
0.95
2.26
4.34
4.33
3.30
/
/
/
4.83
3.83
3.03
/
/
/
/
2.38
/
2.38
/
2.51
/
3.07
/

Terrestrial forest

Aqu-veg

0.42
0.68
0.43
0.40
1.28
1.23
1.35
0.94
0.50
0.75
1.72
1.71
0.16
0.35
2.35
1.07
0.81
2.22
2.54
1.83
1.18
0.10
0.80
1.81
1.58
1.92
1.87
2.68
2.37
2.77

0.07
0.02
0.11
3.26
0.72
0.02
0.12
0.21
0.47
1.44
0.32
0.2
1.71
3.60
1.25
0.80
1.52
0.63
1.07
2.12
1.17
2.38
1.66
1.16
0.67
0.86
0.70
1.01
0.58
3.75

Crops
/
/
/
/
/
/
0.06
0.94
2.08
0.54
2.58
2.65
/
/
/
2.05
0.24
2.77
/
/
/
/
0.57
/
2.64
/
1.61
/
2.64
/

1

The subscripts L and H denote low tide level and high tide level respectively. TMi denotes the reflectance of band i of Landsat TM.
Aqu-veg denotes mixed pixels of inland water and terrestrial vegetation.
3
The cropland became bare soil at the time of image acquisition at low tide, i.e. 17 December 2006.
4
MNDWI is defined as (TM2 – TM5)/(TM2 + TM5) in this communication.
2

Figure 3. The plotted mean values of mangrove recognition index
(MRI) showing the difference between mangrove forest and nonmangrove forest. Bars show the standard deviation. LM, HM, TF, Aquveg and AF are the abbreviations for low mangrove, high mangrove,
terrestrial forest, mixed pixels of inland water and terrestrial vegetation
and artificial facilities respectively.

difficult to distinguish mangrove forest from Aqu-veg.
NDVI can only slightly differentiate high mangrove from
Aqu-veg at both low tide and high tide, but cannot idenCURRENT SCIENCE, VOL. 105, NO. 8, 25 OCTOBER 2013

tify high mangrove from terrestrial forest as well as
crops. For low mangrove, NDVI can only slightly distinguish it from Aqu-veg at low tide and from terrestrial forest as well as crops at high tide.
Based on the above analysis, for the image both at low
tide and high tide, a single image does not effectively discriminate mangrove forest from other vegetation types.
When considering the unique near-shore wetland habitat
of mangrove forest, the ability to separate mangrove
from other vegetation types as well as Aqu-veg can be
enhanced.
Figure 3 shows the MRI of low mangrove, high mangrove, terrestrial forest, Aqu-veg, tidal flat, water, artificial facilities and bare soil. The MRI value of crops is not
considered in Figure 3 because the cropland became bare
soil at the time of image acquisition at low tide. But the
MRI value should be similar to that of terrestrial forest
because of the spectral similarity between them (see Figure 2 b). Due to the intertidal effects, the MRI values of
mangrove forest are obviously greater than non-mangrove
forest. The former is greater than 0.001 and the latter is
less than 0.001. Consequently, MRI is good for discrimi1153
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2.

3.
4.
5.

6.

Figure 4. The mangrove distribution map responding the red image
tone, produced from MRI for Beilunhekou National Nature Reserve
Area, Fangchenggang City, Guangxi Zhuang Autonomous Region,
China. The background image is the natural colour composite of lowtide level TM image.

7.

8.

nating mangrove forest from non-mangrove forest. Based
on the above analysis, 0.001 is selected as the threshold
value of MRI based on Figure 3 in order to extract mangrove forest. Figure 4 depicts the spatial distribution of
mangrove forest responding the red image tone, in the
study area by overlaying the natural colour composite
TM image at low tide and produced from MRI. The accuracy assessment of mangrove forest was obtained by
comparing the classified data with the validating data.
The classification accuracies of mangrove forest are as
follows: producer’s and user’s accuracies are 93.19% and
98.09% respectively.
In conclusion, MRI is proposed for remote sensing of
mangrove forest from space using multi-temporal Landsat
TM images with different tide levels in Beilunhekou
National Nature Reserve Area of China. This index considers the intertidal effects and is sensitive to the wetness,
greenness and change of greenness. MRI of mangrove
forest is much greater than that of non-mangrove forest
due to the coastal habitat of the former. Limited test of
this index using TM data demonstrated that MRI can
effectively extract mangrove forest. However, the superiority of MRI is limited to some factors as follows: (a)
The band span of the remote sensor adopted. The index
involves visible bands, near-infrared bands and shortwave-infrared bands; otherwise MRI will not be established. (b) The amount of selected tidal range. MRI uses
intertidal effects to extract mangrove forest and larger the
tidal range, better is the separability between mangrove
forest and other ground covers. Therefore, the selected
tidal range should be as large as possible, such as high
water spring tide and high water neap tide. (c) The time between low tide and high tide. If it is too long, not only
mangrove forest, but the non-mangrove forest will
sharply change. This is bound to affect the ability of MRI
to extract mangrove forest.
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The Delhi 1960 earthquake: epicentre,
depth and magnitude
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Though the Delhi earthquake of 27 August 1960 is
important in understanding seismic hazard to the city,
there is large uncertainty associated with its reported
epicentre, depth and magnitude. The reported epicentres given in different catalogues are not consistent
with felt and damage reports, and the depths (58–
109 km) are also inconsistent with recorded waveforms (including the excitation of Lg waves), decay of
seismic intensities with distance, number of aftershocks, earthquake sound and seismotectonics of the
region. The reported magnitude of the earthquake
varies between 5.3 and 6.0. We have performed an
exhaustive analysis of the available information, including comparison of the seismograms of the 1960
earthquake with six recent well-recorded events as
well as with the Moradabad earthquake of 1966. We
find that: (1) A more reliable epicentre as compared
to the instrumentally determined one, is provided by
the locus of the strongest seismic intensity: 28.47°N,
77.00°E (between Delhi Cantonment and Gurgaon).
(2) The earthquake was shallow (depth ≤ 30 km, but
most likely ≤ 15 km). (3) The magnitude of the earthquake was Mw 4.8 (range Mw 4.6–4.9). The seismic
intensity is also consistent with Mw < 5.0. We conclude
that the Delhi 1960 earthquake occurred between
Delhi Cantonment and Gurgaon, it was shallow and
its magnitude was 4.8, significantly less than M 6.0
often used in studies dealing with hazard in the city.
Keywords: Earthquake, epicentre, depth, magnitude,
seismic hazard.
THE National Capital Territory (NCT) of Delhi, presently
home to more than 16 million people, is vulnerable to
earthquakes at local and regional distances as well as to
great earthquakes along the Himalayan arc. Unfortunately,
the information on historical seismicity in the NCT is
plagued with large uncertainty. There appear to be two
previous local earthquakes that were damaging. However,
the location and magnitude of neither of these events are
well constrained. The first one caused numerous fatalities
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