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Understanding the characteristics of coastal morphology is necessary to analyse the causes of its changes and its
consequences. The present study focuses on the satellite-derived and in-situ measurement based changes along the
Godavari delta region to estimate the changes of the geomorphologic units. Three years (2017 – 2019) of seasonal
observations along the coast of Godavari delta with fifteen beach profiling stations were carried out to estimate the
volumetric changes along this coast. Out of these 15 transects, three stations, S2(i), S6(i), and S6(iv), experienced
dynamic changes. The station at Odalarevu [S6(ii)], near Vainateyam river mouth, has undergone severe erosion,
losing a cross-sectional area of 0.45 km2 over a length of 1 km in the beach. The changes near this river mouth
eventually eroded the nearby two stations by 25m³/m and 11m³/m in volume, respectively. Similarly, Chirra Yanam
[S2(i)] showed a gradual accretion of 46m³/m in the same period. Shoreline change study from 1973-2019 using
satellite images show erosion of 300 m near Vainateyam river mouth, 140m in the intermediate station, and 50 m in
Odalarevu beach. An erosion of 70m is also noted in Chirra Yanam. These results are attributed to the combination of
anthropogenic and the response of this delta region for the regional and global processes. This combined approach
gives a better insight into the quantitative estimate of morphological changes and their response behavior.
ADDITIONAL INDEX WORDS: Beach profile, Godavari delta, beach erosion, remote sensing, shoreline

INTRODUCTION
Deltas are characterised by a complex range of sedimentary
environments, morphology, and configurations (Wells and
Coleman 1985). Interactions of coastal processes (currents,
waves, winds, and tides), river discharge, grain size, availability
of sediments, and long-term shoreline positions modify these
patterns (Anthony et al. 2017). Asymmetric variations in response
to the net sediment transport (Tamura et al. 2010), influence of
tidal inlets (Adams et al. 2016), morphodynamics in wavedominated environment (Giosan et al. 2011), coastline changes
due to the dam construction (Darwish et al. 2017; Frihy et al.
2008;Ghionis et al. 2013) plays a vital role in coastal morphology
of the deltas.
Proper understanding of the beach characteristics, berm, and
shoreline positions of deltas are pre-requisite for coastal planning
and management (Medellín and Torres-Freyermuth 2019),
particularly in a low-lying sensitive environment. Coastal
structures (Mohanty et al. 2012;Pandian et al. 2004),waves, river
and tidal currents (Gopinath 2010),cyclones and storm surges,
Tsunami (Shiva Kumar et al. 2014; Anandan and Sasidhar 2011)
are the main factors that affects the coastal morphology of East
coast of India.
Advancement in remote sensing and field survey techniques
provides adequate knowledge to understand the morphological
____________________
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changes along the coast. Various studies proved the efficiency of
remote sensing in monitoring shoreline changes and coastal
landforms (Murali et al. 2015; Mujabar and Chandrasekar 2011).
Seasonal and annual changes of coastal landforms such as spits
and bars were reported in Mahanadi (Murali et al. 2014), KrishnaGodavari delta (Reshma and Murali 2018; Nageswara Rao et al.
2005a; Nageswara Rao et al. 2005b). This study examines a
detailed long term shoreline response and volume changes along a
65km stretch of Godavari delta coast through remote sensing and
surveying techniques.
Study Area
The coastline of Godavari delta is located on the east coast of
India in the state of Andhra Pradesh. The field observations
(16°32'8.19"N,82°13'29.72"E to16°19'13.32"N, 81°44'10.73"E)
were conducted along a 65km long stretch at 15 different stations,
extending from Gautami river mouth to Vasishta river mouth of
Godavari delta (Figure1). This region is subject to semi-diurnal
tidal conditions with spring tide ranges from 1.0-1.5m and neap
tide limits from 0.27-0.7m, respectively (Sridevi et al. 2015).
Waves advance northeast during southwest and pre-monsoon, and
it reverses during northeast monsoon due to the seasonal wind
directions (Mohapatra et al. 2002). As a result, the development
of many geomorphological landforms is common in the delta
coastline (Nageswara Rao et al. 2005a).
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Table 1. Datasets.
Date of Pass
20-01-1973
04-02-1990
03-05-1993
30-11-1994
04-03-2003
27-02-2004
22-10-2009
21/03/2013
22/02/2014
13/03/2015
25-03-2017
23-01-2018
26-01-2019

Satellite/Sensor
Landsat 1/MSS
Landsat5/TM
Landsat5/TM
Landsat5/TM
Landsat7/ETM+
Landsat5/TM
Landsat5/TM
Landsat8/OLI
Landsat8/OLI
Landsat8/OLI
Landsat8/OLI
Landsat8/OLI
Landsat8/OLI

RESULTS
The beach profiling carried out in the 15 stations as shown
in Figure 1 for Dec-2017, Feb-2018, Nov-2018 and Feb-2019 are
plotted to understand the vertical changes that the beaches are
undergoing.
Block I
The plot from Figure 2 represents the beach profile. The Xaxis represents the distance from the benchmark in the berm till
Figure 1. Satellite image of the study area, Godavari showing the station the waterline and the respective elevation for those points in Ylocations (S1 to S10) divided into four different blocks with major axis. It is clearly seen that all the four stations (S1, S2(i),S2 and
distributaries and cities/towns
S3) in the block I are showing an accretion trend. Whereas the
station S2(i) was experiencing erosion close to the berm line and
the elevation reveals an accreting phase further towards the beach.
METHODS
The geomorphological changes along the Godavari coast were
studied here based on both in-situ observations and from the satellitederived data. The field observations were carried out from December
2017 to February 2019 for which the satellite-derived shoreline
changes were also estimated to find both the vertical and the
horizontal changes of the beaches.
In-situ observation
The field observation covered a total length of 65 km coastline of
the Godavari delta, with 15 stations selected based on the
vulnerability of the region and the accessibility to carry out the
observation. The in-situ measurement primarily focused on the
volumetric change estimation of the beaches and also included the
morphological changes.
The volumetric change was estimated by profiling with the help of
the auto-leveler during the low tide with an equal interval of 6m
throughout the beach.
Satellite observation
The shoreline change through remote sensing was analysed for a
period of 46 years from 1973 to 2019 using the available Landsat
images (Table.1). The Landsat images with similar tidal conditions
were used to estimate the shoreline changes. A total of 10 pairs of
shorelines were analysed to identify the changes the coastline has
undergone with the help of the Digital Shoreline Analysis System
(DSAS) in ArcGIS. The change was estimated through the net
shoreline movement derived from the DSAS and later compiled to
understand the trend of the coastline changes along the vulnerable
and low lying Godavari delta.

Figure 2. Block I show the locations and coastal profile plots for stations
1,2(i),2, and 3 for four seasons from December 2017 to February 2019.

Block II
All three stations in block II were showing an erosion trend
(Figure.3). The station S4 and S4(i) revealed erosion throughout
the profile with a change in the elevation of close to 1.5 m near
the waterline, Whereas the S5 is having an accreting phase close
to the waterline with the difference in elevation of 1m
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and S10, which are close to river mouths experience seasonal
changes whereas the S8 and S9 a in a linear trend with little
changes.

Figure 3. Block II with locations and profile plots of stations 4,4(i) and 5

Block III

Figure 5. Block IV indicates locations and profile plots of stations 7 to 10.

The entire block with four stations is in erosion trend
(Figure.4). This particular block has undergone a serious change
where one more station near the river mouth was completely
DISCUSSION
The volume changes of the beaches for the different
eroded after the first observation on Dec-2017. This block with all
stations in the eroding phase has undergone significant change in seasons over the period 2017 to 2019 shown in Figure 6 indicate
the elevation, which is evident from S6(i) and S6 plot, where the the stability of the coast. Block I and IV, which are in the
accreting phase and the block II and III in the erosion phase
changes 1.5m and 2 m, respectively.
reveals the changes that the coast has undergone for the past two
years and the trend of the shoreline. The accretion in the stations
of Block I is very significant. Over a period of two years,
observation stations S1, S2, S2(i), and S3 have gained a volume
of 42m³/m, 43m³/m, 46m³/m, and 14m³/m respectively. On the
other hand Block III has experienced a significant erosion, where
the stations S6, S6(i), S6(iii), and S6(iv) have lost a volume of
7m³/m, 16m³/m, 10m³/m, and 35m³/m respectively.

Figure 4. Block III with stations and profile plots of 6, 6(i).6(ii), and 6(iii).
Figure 6. The volume of sediments from beach profile data for all the
Station 6(ii) was eroded after December 2017 observation.
stations along the coastal stretch of Godavari over the period 2017-2019

Block IV

A station S6(ii) from Figure 7, which is located near the
The block IV has all three stations in the erosion trend,
and S10 has a comparatively seasonal change, which reflected river mouth in block III was observed for the first season but
with a 1m accreting profile in the middle of the beach in Feb-2019 unfortunately could not carry out the following season due to the
compared to the Feb-2018 observation (Figure 5). The stations S7 heavy erosion which swept away the beach completely whereas
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the block II and IV show seasonal variations which are very less to 15km in 2009-2013, and severe accretion has reduced from
8km to 2km. An increase in the length of moderate erosion from
and mostly due to the monsoonal effect.
4km to 30km and moderate accretion from 10km to 20km. The
percentage of the shoreline changes in the annual scale from
2013-2019 reveals around 45 to 60% in erosion less than 30m
phase and 25 to 35% in accretion less than 30m. The severe
accretion and erosion, in this case, are merely 5 to 10%. The
severe erosion and accretion length in the inter-annual shoreline
change from 2013-2019 reveals a mere value of 5km to 10km,
respectively, whereas the moderate erosion and accretion pattern
holds the major part of the shoreline with 25km to 45km
respectively. The inter-annual shoreline changes during 20142015 and 2017-2018 revealed an unusual value of 55 to 60km of
the shoreline as moderate erosion regions. Two cyclones, Hudhud
(2014) and Phethai (2018), which made landfall near the coastline
was the reason for the latter. This shows the changeover of the
shoreline pattern in the Godavari delta coast from the spatial
perspective which gives a better understanding of the condition of
Figure 7. Eroded station S6(ii) through Google Earth and Field
this delta coastline.
photographs taken on 14/11/2018.
Further to understand the long term evolution of this
coastline, a shoreline change for 1973 to 2019 which revealed
In addition to the field observed data, the shoreline erosion trend in major parts of the coast. Out total length of 65km
changes estimated from the satellite images support the shift in coast, 45 km has undergone severe erosion, which is 75% of the
the shoreline where it has undergone erosion and accretion coastline in the last 45 years (Figure 9). Nevertheless, the
respectively. From Figure 8, the shoreline pattern is varying based intermediate years show that the coast is slowly accreting and
on the intervals gap. The longer interval shorelines such as 1973- becoming less prone to severe conditions.
1990, 1990-1994, 2004-2009, and 2009-2013 show a higher
erosion trend. When compared to the recent annual shoreline
changes from 2013-2019, it reveals more accretion trend with
major parts of the shoreline in a stable condition.

Figure 9. Net shoreline changes for 1973-2019 through satellite
observation. The maximum erosion (643m) in Nillarevu and accretion
(575m) in Odalarevu are marked in red and purple colour. The respective
percentage of shoreline is shown in the pie chart.

CONCLUSIONS
Figure 8. Net shoreline changes for nine different pairs through satellite
The present study documents the coastal morphological
observation. The erosion to accretion is marked in red and purple colour. changes along 65km long stretch of Godavari delta for different
The pie chart represents the percentage of shoreline.

seasons over the period of 2017-2019 through in-situ observations
and response of shoreline for the past 46 years through remote
sensing approach. Analysis suggests that the high erosion trend of
The percentage of the shoreline in longer interval the coast has transformed to less and stable condition by 2019.
analysis reveals 30 to 45% of the shoreline in severe erosion trend Beach profiling measurements indicate accretion and erosion
and a very minimum of 5 to 15% falls as a high accreting region. pattern in stations of block I and II and variations in the profiles of
So, the severe erosion length of 45km in 1973-1990 pair reduced
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block III and IV which can be attributed to the seasonal behavior
of the coast. The maximum gain in volume of sediments was
noted in station 2(i) and loss in station 6(iv), respectively. Also,
the coast at station 6(ii), near to the river mouth has completely
eroded after first field observation. The erosion trend of shoreline
change pattern observed from the satellite images from the longterm to the current situation unveils that the shoreline is evolving
to better condition in spite the extreme events like cyclonic
storms.
A better understanding of coastal morphology is
essential in low-lying dynamic delta regions, which are prone to
frequent cyclones and surges. Further studies on sea-level rise,
ground subsidence, and coastal hydrodynamics will give an
enhanced understanding of the morphodynamics of the Godavari
delta coast.
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