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Rivers have always been the lifeline of civilization in ancient as well in
modern times. The River Ganga has a particularly important place in India in
terms of supporting a large population for water resources, livelihood, and socio- ————
cultural sustenance. The riverine ecology of the Ganga is simply unique, and it
supports a rich biodiversity in its 2500 km length, Increasing population pressure
and water demands have posed a threat to this important river. The Ministry of
Jal Shakti, Government of India is committed to restore the glory of the Ganga.

This effort of the National Mission for Clean Ganga (NMCG) and the Indian
Institute of Technology, Kanpur (IIT-K) to reconstruct the Ganga of the past
from Corona Archival Imagery and to come out with an Atlas of the "Ganga of
the Past” is not only commendable but also aligns very strongly with the long-
term perspective of the Hon’ble Prime Minister, Shri Narendra Modiji, to restore

the past glory of the Ganga River,

The vivid images of the Ganga put together by the team of IIT Kanpur led
by Professor Rajiv Sinha remind us of the geological as well as socio-cultural
importance of this river in the Indian context. The associated information for
each of the carefully selected areas along the Ganga will go a long way to
educate the scientists as well as the common man of this country.

I wish a great success to this endeavor.

w  carel

‘;! (Gajendra Singh Shekhawat)
e

en w, by -
Office : 210, Shram Shakti Bhawan, Rafi Marg, New Delhi-110 001
Tel: No. (011) 23711780, 23714663, 23714200, Fax : (011) 23710804
E-mail : minister-jalshakti@gov.in




wa e v

- fadweg o o e R .
o —— BISHWESWAR TUDU HRE WYaN e
il — % fa=i-110001 e
e
MINISTER OF STATE FOR —
JAL SHAKTI & TRIBAL AFFAIRS - ]
GOVERNMENT OF INDIA ety

NEW DELHI - 110001 '-"—I E

\ S—

ﬁ I would like to congratulate National Mission for Clean Ganga == -
g = (NMCG) for funding a research project on "Reconstructing the —
P g Ganga of the past from Corona Archival Imagery” and the Indian E-;
% Institute of Technology, Kanpur (1IT-K) for developing this Atlas on S
o — the "Ganga of the Past” under the project.
— g proj
# It is a wonderful initiative to go deep into the past of this

] majestic river using modern technology such as satellite image and
!Ei to visualize how the river has evolved through time, It is particularly
e striking to see the remarkable changes in river form and its

surroundings, in response to both natural as well as anthropogenic
factors. The associated statistics presented in the Atlas make this
effort even more valuable to understand the quantum of changes be
in the position of the river, its morphological parameters or the land
use status. The organization of maps and data presented In this
Atlas is excellent and I am very pleased with the quality of its
production.

I am sure that this Atlas will go a long way to generate
awareness about river protection and conservation amongst the
scientific community and various sections of the society.
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I am happy to note that the National Mission for Clean Ganga (NMCG) in collaboration with
Indian Institute of Technology, Kanpur (IIT-K) have come out with this Atlas on the ‘Ganga of
the Past’. This Atlas brings out the significant diversity of the Ganga as it flows from the
Himalayas and passes through the vast Gangetic plains and finally falls into the Ganga Sagar.
During its long journey, this majestic river passes through several holy places such as Haridwar,
Prayagraj and Varanasi and the documentation of the river in these windows is remarkable. The
maps prepared from the historical satellite images and their explanation are very educative and
should help the river managers to design site-specific strategies for management of the Ganga
River. This Atlas is a good mix of scientific data, highlight of cultural heritage and an account of
human-induced changes in the Ganga River around the major cities.

I complement the NMCG for funding the research project and 1IT Kanpur for this stupendous

effort.
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] Remote sensing technology has come a long way to visualize the Earth's ?
— landscape and its temporal evolution in different parts of the world. Satellite —
— Images have provided excellent datasets to examine changes in river form, !
p——— whether natural or human-induced. I am happy to note that as a part of the =
Sy research project funded by the National Mission for Clean Ganga (NMCG),
i the Indian Institute of Technology, Kanpur (IIT-K) took up this initiative of
— reconstructing the past changes of the Ganga, not only from a water
— —— resource perspective but also from a socio-cultural perspective impacting

millions of people of this country. Visualizing the changes in river form,
dynamics and land use changes in and around the river during the past
couple of decades, through the graphics and images in this Atlas is educative
and instructive. This Atlas is an excellent repository of information from a
scientific as well as general perspective. It will go a long way to understand
the transformation of the Ganga River over time, in response to human
impact and facilitate designing sustainable management strategies.

I congratulate NMCG for supporting this initiative and IIT-K for executing
this project so well. I look forward to wide circulation of this Atlas and
feedback from the scientific community, river managers and soclal
organisations committed to the betterment of river Ganga.
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Message

One of the major tasks of the National Mission for Clean Ganga (NMCG) is to restore the Ganga,
which originates in the mighty Himalaya and traverses through a large part of the country before
draining into the Bay of Bengal, to its pristine glory. During its long journey through the Ganga plains,
the river passes through a variety of geological settings and various places of significant cultural
importance. During the last several decades, the river has gone through very significant changes driven
by natural as well as human-induced factors and the NMCG is committed to identify the “drivers’ of
these changes and to design sustainable mitigation measures. The Namami Gange program launched
by NMCG in 2014 has emerged as one of the most important flagship programs of the Government of
India which is aimed at rejuvenation of the National River Ganga in its totality.

In this context, we supported a pilot project to II'T Kanpur to document the changes in the Ganga
River in a few selected windows using historical satellite images. The aim of the project was to
reconstruct the Ganga of the past from Corona Archival Imagery. One of the most important datasets
that have been used in this study is the Corona spy satellite data acquired by CIA, which have provided
the images for the Ganga during 1960s, just before some of the major interventions were implemented
along the river. These datasets remained classified for a long time but were released for the scientific
community in middle 1990s. Combining these images with more recent images acquired by Landsat
mission, Professor Rajiv Sinha and his team have produced a wonderful documentation of the
geomorphic changes in several important stretches of the Ganga.

Some of the major highlights of this Atlas of the “Ganga of the Past” include the maps of
historical changes in channel form and position, riverine environment and land use changes in and
around the river. For each window, they have not only provided some interesting statistics of change
but have also highlighted the socio-cultural and ecological importance. These datasets have been
presented in a very lucid manner and should be easily understandable to the scientific community and
the river enthusiasts alike. The NMCG would be happy to popularize this Atlas and ensure a wide
circulation.

1 congratulate the IIT Kanpur team for producing this admirable collection and 1 am sure that
this will go a long way to serve the cause of restoring the holy Ganga.

we o, Hel e dg Aved wefeum, gffewr e, i feeii—110002
NATIONAL MISSION FOR CLEAN GANGA

1st Floor, Major Dhyan Chand Mational Stadium, India Gate, New Dalhi - 110002
Ph : 011-23049528 Fax : 23049566 E-mail : dg@nmeg.nic.in




The Ganga basin in northern India is the most populous river basin in the world with nearly half a
billion inhabitants. In the years thal followed Indian independence in 1947, population expansion
and human interventions have left the ecosystem of the Ganga in a severely damaged state with
dwindling water levels polluted by human activity and natural sediment transport severely
S perturbed by dams and barrages. Fortunately, there is a growing recognition by the Ministry of Jal
. Shakti, the National Mission on Clean Ganga (NMCG) in particular, and several other
. organisations such as World Bank and the World Wildlife Fund (WWF) that the restoration of the
Ganga to a healthier status, closer to its original unperturbed state, would set a strong foundation
to future, greener, economic growth in Northern India. However, given the past six decades of fast
development, efforts to restore the Ganga to its original condition are faced with a ﬁmdamafmll .
question: What was the original state of the Ganga? Answering this question will require some
knowledge of the former course of the Ganga and of the farming and urban density of the
surrounding plains before the impacts of human disturbance could be felt. Whilst challenging, this
can be achieved, thanks to a unique dataset of declassified intelligence satellite photography. The
Corona spy-satellite program collecled a large number of earth observation photos in the sm
These photos, now declassified, offer us a unique view of the Ganga at the very early lhgctﬂ
intense development and thus before the worst ecological damages occurred. However, these
images are characterised by a lack of geographic reference and severe spatial distortions whic
render the raw product unsuitable for guantitative analysis.

o

This Atlas of the Ganga of the Past is an outcome of the project sanctioned to |IT Kanpur by t
National Mission for Clean Ganga (NMCG), Ministry of Jal Shakti, Government of India hv-
reconstruct the changes in the Ganga River through time in terms of its geomorphic condition.
This Atlas attempts to walk through the different reaches of the Ganga and documents the
geomorphic changes through time, We use images and graphics to convey simple messages &
to integrate the river changes with the socie-cultural importance of the river at each site.

It is hoped that this Atlas will serve as a useful documentation to visualize the impacts on the
Ganga River through time and to help initiate more comprehensive research and mitigation
measures to arrest the decline of this majestic river.

!
R)n u w Qll
l * =wilr —
Rajiv Sinha Devendra Pratap Mathuria
Professor Department of Earth Sciences Executive Director (Technical)
IIT Kanpur National Mission for Clean Ganga (NMCG)
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. Geomorphic Setting

Harigwar, in the state of
Uttarakhand is the second
largest city in the state. It is
siluated on the right bank of

According to legend, it was in
Haridwar that Goddess
Ganga descended when
Lord Shiva released the

{images -.r-:o- m-m nic.in)
the Ganga river, at the
foothills of the Shivalik
ranges. Haridwar is
regarded as a holy place for

mighty river from the lacks of
his hair. The River Ganga,
after flowing for 253
kilometres from its source at
Gaumukh al the edge of the
Gangotri Glacier, enters the
Gangetic Plains for the first
time at Haridwar.

Hindus, hosting important
religious events and serving
as a gateway to several
prominent places of worship.

Places of interest in Haridwar
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Haridwar
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1965 Corona image 2018 Sentinel 2B FCC image

The Ganga river descends into the alluvial plain around Haridwar and the morphology of the river undergoes a significant
change here from a confined channel upstream to an unconfined one but with a remarkable increase in braiding. Between
1965 and 2019, the river has undergone significant changes particularly in the downstream reaches.

A highly braided channel with a very wide channel belt has been transformed into much narrower and anabranched
channel belts and large parts of the aclive bars are now converted to vegetaled islands. This is clearly the manifestation of
flow regulation upstream and channel stabilization measures in the downstream reaches.

e — R — .

-~ ® e T e e e — : i
= T——— = - - e

- o - - . :



1965 Corona image 2019 Corona image

This reach is characteristic of a braided channel belt. The active depositional area manifested as bar area has decreased by a
magnilude of sixly percent. The siriking feature is the coalescing of small alluvial islands into large alluvial islands between 1965 and
2018. The area occupied by alluvial islands has increased by thirty five percent. These islands are stable forms which are resilient to
erosion. The active channel belt width downstream of Bhimgoda Barrage has decreased from 1965 tll 2018,

GEOMORPHIC CHANGES

Geomorphic Class 1965 2018
(area in sq.km) | (area in sq. km)

o — Main Channel 363 6.67
]

ALLUVIAL 151 AND

Bar 17.85 7.07

MAIN CtANMEL

Alluvial Island 10.67 15,66

W HE v i oag by W VRS A i wg. Ty

barrage diverts water into the Upper Ganges Canal.

The Bhimgoda Barrage is 455 m long and sits at the head of a 23,000 km’catchment area. It contains 15 spillways gates and 7
undersluice gates, all 18 m wide. The flood discharge of the barrage is 19,300 m'/s. The primary purpase for the barrage is
irrigation but it also serves to provide water for hydroelectric power production and control floods
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. Riverine' Environment .

30°N 78"13'30"E

. .& The channel center line shift image of the six decades
z shows that the main channel of the Ganga River is
8 ¥ highly migratory in this reach. The channel is confined to
the valley margin upstream of the Bhimgoda Barrage
and is also protected by embankments in the reaches
immediately downstream of the barrage. About 3 kms
Haridwar ¥ o downstream of the Bhimgoda Barrage, the channel belt
:g expands considerably. Although there is no specific
2 rend but the main flow has shifted from the right bank to
the left bank between 1965 and 2018. The maximum

lateral shift of the main channel is more than 3 km.
Such large scale channel shifting has often caused
Legend serious problems in this region in terms of bank erosion
and destruction of infrastructures. A part of the reason
; Ri—— for this instability is the sudden decrease in slope as the
;‘ — 2008 river enters in the flat alluvial plains and deposition of
z N— large quantities of sediments within the channel beit.
1955 This makes the channels shallower and prone to shifting
1977 through sedimentological readjustments (slope

——— . changes due to aggradation).
Bt §

Channel Centreline shift in the last six decades

Kharakmal, Uttarakhand Leftovers after the rage of the river

Destructlion of the houses close lo the river
bank in the Kharakmaf area and that of the
road in the Motichur Range are only some
of the examples of the rage of the river. A
large spread of the gravels on the banks
indicates extansive sediment depaosition in
this region.



1976

Haridwar reflecl extensive urbanisation of this region.

LULC CHANGES
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2018

The area of river/ waterbody has been fairly consistent from 1976 till 2018. The area occupied by agricultural land has increased by ten
percent between 1976 and 2018, al the cosl of dense vegelalion which has decreased by Iwenty percenl The buill-up area has
increased by a whopping eighty percent compared ta 1976, towards the north western and south westemn porfion of Haridwar Region.
The area occupied by sand has decreased by nearly forty percent. These changes in landuse and land cover of the window around

LULC Classes 1976 2018
{area in sq.km) | (area in sq. km)
RiverWaterbody 8.05 8.51
Agricultural Land 50.2 55.35
Built-up a0 18.74
Sand 14.15 978
Dense Vegetation 83.52 67.55

A drone image shawing large sand deposition downstream of the Bhimgoda barrage and the associated changes in
channel morphalogy. The image also illustrates the erosion along the left bank and threats to the ghats.










The city of Bijnor serves as a prominent pilgrimage destination in Uttar Pradesh for people from every major
religion. The Ganga River forms the western boundary of the district, beyond which lie four districts of Dehradun,
Saharanpur, Muzaffarnagar and Meerut. To the north and north-east is the hilly region of Garhwal, the dividing
line being the sub-montane road, which runs from Haridwar along the foot of the Himalaya. To the east, the Phika
river for the greater part of its course conslitutes the boundary of the Bijnor district.
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1965 Corona image 2018 Sentinel 2B FCC image

The 1965 image shows a braided-meandering channel in this stretch, which was transformed into a sinuous
channel by 2018. A major anthropogenic intervention in this window is the Bijnor barrage since 1994 that has
resulted in significant changes in channel morphology. The channel has relatively more anabranches in 1965
than in 2018, While the 1965 image shows extensive braid bars, the recent imagery is characteristic of a
relatively medium sized peint bars, lateral bars and mid channel bars, The bar area has significantly decreased
by more than 60% during this period whereas the alluvial islands have increased by two-folds suggesting
stabilization of sand bars. The active channel width has also decreased significantly belween 1965 and 2018.
Another major change is the development of the Haiderpur wetland in the post-barrage period which is a now a
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Thes reach is characteristic of a

braidad channal ball. Tha active

depositonal area manifested as

Lagend bar area has decreased by a

& Binor magnitude of sixty percent. The

il striking feature is the coalescing

== z'::“ of small abuvial islands into

ln--mm:n large alluvial islands between

[ 1965 and 2018. The area

- occupied by alluvial islands has

g increased by thirly five percenL.

P These islands are stable forms

fap oty meaa which are resilient to erosion.

A ae Raw Currsl The active channel belt width

£ M Chanss downstiream of Bhimgoda

- e e e - Wusarionr Barrage has decreased from
1965 Corona image 2019 Corona image 1965 (il 2018,

The Ganga River in the Bynor window shows remarkable

changes in planform during the period 1965 and 2018. A GEOMORPHIC CHANGES

dominantly braided-anabranching river has been transformed

intlo a wide braided channel with a much reduced

anabranching. Several small mid channel bars have wwvacso

disappeared particularly in the strelch upstream of the Bijnpor

barrage thatcame up in 1994, BAR (MAIN CHANNEL h
Another inleresting feature of ths stretch is the man-made

Haiderpur wetland that came into existence in 1984 after the e
construction of the Bijner barrage slarled in 1980-81. This

wetland, falling under the Hastinapur Wildlife Sanctuary, is fed

by the Ganga river through the releases from the barrage, 0 KB 10 1B N0 N

apart from the inflows from the Solani river. The wetland Iis B 2018 (i b va ) W O (A i b as

L a5 &0

spread into more than 3000 acres of area with variable depth of
wialer and supporis a very rich biodiversity. Geomorphic Class 1965 2018
{areain sq.km) | (area in sq. km)
Main Channel 15 19
Historical Fort
Near Bijnor Bar (Main Channel) 39 15
Alluvial Island 4 9

Morphometric data on planform dynamics shown above shows
a significant decrease in bar area from 1965 lo 2018 and a
sizable increase in alluwvial islands suggesting that part of the
reaches are getling stabilised and active channel deposilion has
either reduced or submerged, possibly after the construction of
the barrage. This observation is alse supparted by an increase in
the channel area between 1965 and 2018,

The legacy of ihe Mughals and the Mawab rulers can

slill be seen in the mosques of Bijnor. These elegant Daranagar was of historical
siles of Muslim worship reflect the archileclural tastes imporiance during Mahabharata. §
of the long-gone royalty, When the war between Kauravas and

Jama Masjid, Teli Wali Masjid, Hadishah, Markaz ' 2ndavas began, both sides wished

to saf rd thei and children |
Masjid and Bahar Wali Masjid are some of the well- a8 S T 0 e Kt

preserved mosques in Bijnor. before starting the war




The channel centre line shift map of six decades shows

1 1 T
. ¥ 'y that the main channel of the Ganga River is highly
\?() A migratory in this reach. A significantly high sinuosity is
& ' observed post 1988 which can be attributed to the
i construction of the Madhya Ganga Barrage starting in
1980-81 and completed in 1994, The reaches upstream
E o and the downstream of the Barrage show significantly
£ N high sinuosity.
Legend
— 2018
—— 2009
— 1997
- 1988 Sherkot is famous for brush
i- & business whereas Nagina
0 26 i 3 1976 area of the district is famous
— KM ! for the handicraft work.
e H9E — 1965

Channel Centreline shift in last six decades
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Amazing transformalion underway al Haderpur.
Its turning into an emarald green grassland.

Bijnor hnu.2 of India's top 5 sugar mills

Haiderpur Wetland = part of Hastinapur Wildlife l[
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!'mln economy of district Bijnor is cane productions
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1976 Landsat Image 2018 Sentinel Image

Two most important LULC changes in this window between 1976 and 2018 include (a) decrease in dense Vegetation by
more than 30%, and (b) significant increase in the built up area particularly on the eastem side reflecting urbanisation
around the Bijnor town. We document a 20-fold increase in the built-up area between 1976 and 2018, The areas of the
agricultural land and the sand bodies have been faiy consistent in this period.

LULC Classes 1976 2018
. LULC CHANGES (area In sq.km) | (area in sq. km)
:: River/ Water body 19 23
200 Agricultural Land 498 491
200
e Built-up 1 22
o - mmm— — W - |
River | ap::::.m Sulop FE I:m-r Sand 22 22
B 15 (R i ag. R W 2008 (hwi g, ] Dense Vegetation 55 a7
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1965 Corona image
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The Ganga river near Narora is marked
by one of the very early intervention - the
Marora barrage that was constructed
during 1962-67. Apart from regulating the
water flow, the Narora barrage has a
unigue feature- a fish pass - to facilitate
the fish to travel from downstream to
upstream. The Narora town is located
nearly 150 km from the National Capital
Delhi, and is an important destination for
the ritual of Ganga Snana by millions of
pilgrims from nearby areas.

Narora
f']. Barrago
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2018 Sentinel 2B FCC image

The satellite images of the Ganga river around Narara from Corona as well as the Landsal posl-date the consiruction of the
Narora barrage and therefore, they both show this intervention quite clearly. However, wa note remarkable changes in river
morphology during this period. The 1965 Corona image represents the early stages of the barrage construction and while
the upstream reaches still show some confinement, the reaches downstream of the barrage were still quite free flowing
with a wide channe! belt crealed by repeated channel migration. Large actlive bars and multi-channel system of the Ganga

show very little modification from the expected morphology in this reach.

However, the 2018 image show a remarkable straightening of the river stretch upstream of the barrage apparently due to
confinemeant hnr the embankments. The reaches downstream of the barmga show mrmwtg of the channel belt due to
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The channel belt in this window is unconfined with respect to the valley margin, positioned towards the western side of the
valley margin. The 1965 map shows that the river is bifurcated and the channel belt is braided, with numerous braid bars,
small point bars, mid channel bars and some alluvial islands. The 2018 map shows some remarkable changes in channel
morphology compared to 1965 - the most important being a sharp reduction in channel belt area as well the active
floodplain width. The riveris now confined into a rather narrow channel belt and is characterized by small mid channel bars,
lateral bars, point bar and alluvial islands, The bar area has decreased four folds from 1965 till 2018, The alluvial island
area has increased by a minor seven percent from 1965 till 2018.

GEOMORPHIC CHANGES
Geomorphic Class 1965 2018
AL e - {area in sq.km) | (areain sq. km)
L] — pon o s
Bar 44,53 10.61
e,
12 = & . s Alluvial Island 165.02 16.14
B 2076 Area in sy ko) W 19ES Awa o sy, keni)

With a wide range of bird diversity, the wetlands of 265
km® of upper Ganga, from Brijghat to Narora strelch
were declared as Ramsar site in 2005 The river
provides habitat for IUCN Red listed Ganges River
Dolphin and Gharial Crocodile.

It is noteworlhy thal the even though the Narora
barrage caused some loss of longitudinal connectivity,
the impoundment of water upstream of the barrage
has helped to maintain the suitable habitat for dolphins
to thrive. As a consequence, it resulted in a significant
growth in the dolphin populaticn particularly during the
period 1983-2010.



The channel center line shift image of the six decades shows that the main
v channel of the Ganga River has been highly migratory in this reach,
4 specifically downstream of the Narora Barrage, Post-barrage construction,
the channe! has been straightened upstream of the barrage, but still

maintains a meandering path downstream of the barrage with small
anabranches. However, the channel center line s much less sinuous
downsiream of the barrage compared lo the pre-barrage period possibly

&) Narora E because of regulated flows through the barrage, In summary, we infer a
k T much reduced river dynamics through time in reaches both upstream and
L downstraam of the barrage which has ssemingly played a significant role in
influencing the river processes .
[
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Channel centerline shift in last six decades

As evident from the geomorphic maps, a significant reduction in active floodplain width coupled with reduced channe! dynamics and
regulated flows has influenced the morphodynamics of the Ganga river in this region. Indirectly, the river dynamics also influences the
variation in active floodplain width as well as flooding extent on either side of the channel. It has also been established that changes in
river morphology including its floodplain can modify the habilat conditions e.g. total population, distribution along the river, for major
aquatic fauna such as dolphins for which this region is known for. Such relationship between geomarphology and ecology has not bean
explored much in case of the Ganga river.

Ganga river downstream of the Narora barrage

View of the Ganga river upstream and
downstream of the Narora barrage
depict the influence of the barrage on severe bank erosion at several
channel morphology. The Rajghat site [° places which need to be protected
' ywnsiream T TR TEE Bank prolection measures around Narora v

shallow and highly aggrading.
Channel migration also causes
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Landuse and landcover changes in this window have attracted alot of attention, the stretch from Brijghat to Narora being a Ramsar sile.
The construction of the Narora barrage and the Atomic Power Plant around Narora has led to rapid urbanisation of this area and this
has threatlened the ecological balance in this region. Previous studies in this region have also called for an urgent need for afforestation
and sustainable landuse planning.

LULC Classes 1976 2018

800 LULCCHANGES (area in sq.km) | (area in sq. km)
z River/Waterbody 11.32 12.78
ey Agricultural Land 556.16 552.09
200
25 Built-up 0.53 13.26

0 - - — Sand 21.28 12.77
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A comparison of the LULC maps of 1976 and 2018 shows that

. the built-up area has increased from a negligible 0.56 sq km to
ﬁangu River near Narora Nuclear Power Plant 13.26 sq km, from 1976 till 2018.
- The area occupied by the agricultural land has been modified
by a minor one percent at the cost of increase in the built-up
area.

The area occupied by sand has also decreased by forty
percent from 1976 till 2018. While the overall river water body
area has been fairly consistent from 1976 till 2018, spatial
variability along the riveris notable.









Kanpur, formerly known as Cawnpare, is the second most populous city in Uttar Pradesn and lies in the Lower Ganga-
Yamuna Doab on the Ganges. The surrounding region is a fertile stretch of alluvial plain between the Ganga and Yamuna
rivers. It is watered by tributaries of the two rivers and by the Lower Ganges Canal. Crops grown include wheat, gram,
jowar and barley. There are mango and mahua groves and a dhak forest. Bithoor, a historic town on the Ganges just to the
north of Kanpur, is a Hindu holy place. The town was also one of the focal points during the early stages of the Indian Mutiny
(1857-58). The presence of a large number of lanneries in the city has helped it eam the moniker ‘Leather Capital of India'.
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The Ganga river al Kanpur
flows in NW-SE direction
and the river is
characlerized by a multi-
channel system.

The anthropogenic
interventions on the Ganga
river around Kanpur include
a recenlly constructed
barrage in the year 2000
and a couple of railfroad
bridges across the river,
The position as well as the
morphology of the river has
changed significantly
during the period 1965-
2018 as illustrated by the
Corona and Sentinel
images respectively.
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2018 Sentinel 2B FCC image

Ganga Barrage Kanpur, also known as Luv Kush The origin of Hali mela has been traced back to 1942 when the
Barrage is a bridge and a dam across the Ganges in Britishers imposed a ban on playing Holi and arrested people
Azad Nagar-Nawabganjin Kanpur. This 621 mbridge  for disobeying orders. Enraged over the arests, the city
serves as a four-lane highway bypass for NH 81. denizens played Holi for seven days continously for the release
umms&mmn mmmhummu
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The Ganga river in this window is highly braided and is partly confined by 10-15m high cliffs along its southern valley
margin. The planform map based on 1965 image shows large mid channel bars, large lateral bars and very wide active
floodplain, while the 2018 map has fairly smaller mid channel bars and lateral bars and a much depleted active floodplain.
The total bar area has decreased by 73% whereas the areas occupied by the main channel and the alluvial islands have
been fairly consistent. The active channel belt width has decreased in the last 60 years. Oxbow lakes and meander scars
close to the barrage sile in the 2018 image are manifestations of the older active channel belt of 1965, that has moved NW

to its current position.
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Geomorphic Class 1965 2019
(area in sq.km) | (area in 3. km)

Alluvial Island 20.62 458

Mid Channel Bar 431 4.51

Polint bar 1.73 0

Side bar 24.69 323

River 155 17,63




e

Kanpur

— 2018
— 2000
—_— 1S
1958
1976
— s

The channel center line shiftimage of the six decades shows that the
main channel of the Ganga River is highly migratory in this window,
particularly in the reaches upstream of the barrage that became
operational in 2000 (the construction started in 1995). The reaches
upstream of the barrage are characterised by a relatively higher
sinuosity and channel migration of the order of 5 kms is noted
between 1965 and 2018. The river has been relatively stable in the
reaches downsiream of the barrage apparently because the flow is
regulated since 2000,

Because of the highly asymmelnc profile of the river
channel (deeper along its SW margin), the Ganga
river is known to have shifted SW in pre-historic
times and has also been incising its southern bank
creating 10-15 high cliffs. The SW migration of the
river seems to have continued in recent times as
well particularly in the reaches upstream of the
barrage. In contrast, the NE bank of the river is flat
and is often inundaled by flood waters during the
monsoon.

Channel Centreline shift in last six decades
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The most remarkable change in this window in terms of landuse and land cover changes is the dramatic expansion of the urban area. A
comparison of the LULC maps derived from 1976 and 2018 satellite images shows a five-fold increase in urban area in this window.
The urban expansian has occurred bath in the north west, south west and also towards the south eastern side as a manifestation of the
new Trans-Ganga city being developed since 2014, Further, the area occupied by sand has decreased by nearly 40% between 1976
and 2018. The area occupied by river’water body has decreased by 12%. The area occupied by agricultural land has also decreased
by 12% mostly converied to built-up area. A major impact of the increased urbanization in this window has been on the water quality of
the Ganga river - drone image of a small streich of the Ganga river around Kanpur shows the different shades of water reflect the
pollution level cause by the effluent discharged from Kanpur city through numercus drains.

500

LULC CHANGES
lﬂt-up
B 1T e g, WF W N Ak g, e

|
£

LULC Classes 1976 2018
(area in sq.km) | (area in sq. km)
River/Watarbody 30.96 27.39
Agricultural Land 521.22 458.72
Built-up 22 .14 100.9
Sand 20.36 195

Drone image of the Ganga river (2015)
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Prayagra) (also known as
Allahabad, |llahabad and
Prayag) is the 13th most
populous district in India. To ils
south and southeast is the
Bagelkhand region; o its east
is middle Ganges valley of
North India, ar Purvanchal: to
its southwaesl is Lhe
Bundelkhand region; to ils
north and northeast is the
Awadh region and lo its west
along with Kaushambi it farms

1965 Corona image

The most important geomarphic feature of this window is the
confluence of the Ganga with the Yamuna river. We note
significant changes in the morphology of the Ganga river

around the confluence
zone and interestingly
not so much in the
Yamuna river during
the period 1965-2019.
While the Ganga river
has maintained ils
general form, and
position of the
meanders, there are
ssgnificant reductions in

b cumiphpiosTopic Trvemn-S amgam-
FTRmages. 6]

the part of Doab |.e, the Lower
Doab region.

The city is the judicial capital of
the state of Uttar Pradesh with
Allahabad High Court being
the highes! judicial body in the
state

The city lies close to Triveni
Sangam, the confluence of
the Ganga and the Yamuna
and is considered to be a major
spirtual center for Hindus.
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2018 Sentinel 2B FCC image

New Yamuna bridge at Allahabad

Pic crmait- Adinyn Visbwnksrms

the meander wavelength, width of the channe! belt and active
floodplain width . Interms of anthropogenic interventicns, there
are two long bridges on the Yamuna, Old Naini bridge

(constructed in 1927,
raillroad bridge) and
the new Yamuna road
bridge that came in
existence in 2004, A
new bridge across the
Ganga nver is under
construction at
Phaphamau,
schedulad to be

completed in 2021,
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This window is characlerislic of a meandering-anabranching channel belt and the confluence of the tributary river Yamuna from the
south west, The channel belt of Ganga is partly confined by the valley margin setting in this window. The 1965 map is characteristic of
large lateral bars and point bars, while the 2019 image has lateral bars, fairly smaller mid channe! bars and a confluence bar.

The marphometric analysis of this window shows that the bar area has decreased by almost 25% between 1965 and 2019, The alluvial
island area and main channel area have increased by 11% and 7% respectively. The tribulary bars in 2019 have also reduced lo 1/4th
of their area in 1965, These observations suggest that flaw in the Ganga river has been augmented in recent years and this is
parbcularty visible downstream of its confluence with the Yamuna. Such flow augmentation is common al the confluence of large rivers
and often result in incised channels. Both Ganga and Yamuna rivers have incised banks around Prayagraj which developed several
thousands of years ago possibly during mensconal intensification around early Holocene period.
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Magh mela, is an annual festival with fairs held in the month of

Magha (January/February) near river banks and sacred tanks near
Hindu temples.
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The channel canter line shiftimage of the six decades shows that the main channel of the Ganga River has been moderately migratory
in this reach. The channel has migraled aboul 2.5 kms upstream of the Sangam region, and Lhis has resulted in significanl changes in
the meander wavelength of the Ganga just before its confluence. Interestingly, tha Yamuna river joining the Ganga al Prayagraj has
been fairly stable in this window as its center lines for the respective decades do not show any significant migration between 1965 till
2019. This is primarily attribuled lo the highly incised channel of the Yamuna river before its confluence with the Ganga. The reaches
downstream of the confluence have also been relatively stable and show only minor changes in the thalweq position between 1965-

2019.
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Allahabad is home to a beautiful Hanuman Temple
with a 20-feet-tall statue of Lord Hanuman. This

The State Cabinet has approved a Blackbuck Conservation Reserve in the stalue gols submerged in the waters of the river
Meja Forest Division, in the Trans-Yamuna region of Alahabad near the Ganga when it is in full flow. As per local legends, it
Madhya Pradesh border, known for its rocky, undulating and arid terrain. is believed amangst Hindus that the river Ganga

The conservation reserve will occupy 126 heclares.

wants lo louch the feet of Lord Hanuman, and
hence itincreases its water level. o
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This window illustrates a rapid explosion in built up area due 1o urban expansion, by two hundred and fifty percent. The urban
axpansion has occurred both in the interchannel area between the Ganga and Yamuna and alsc towards the south east and south west
of Prayagraj region. The area occupied by sand has increased by three-fold between 1976 and 2019. The area occupied by river/water
body has decreased by more than fifty percent. The area occupled by agricultural land has decreased by twenty percent between 1976

and 2019.
LULC Classes 1876 2019
" LULC CHANGES (area in sq.km) | (area in sq. km)
::j River/Waterbody 43.88 19.02
£ 1 Agricultural Land 530.66 431.16
200
= B Built-up 36.87 130,34
o - — Sand 20.81 60.99
Bult-up Sand
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Kumbh mela at Prayagraj in 1954 and 2019
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Ghats of Varanasi

Varanasi, also called Benares, Banaras, or Kashi is one of the world's oldesl continually inhabited cities located on the lefi bank of the
Ganges (Ganga) River. Itis one of the seven sacred cities of Hinduism where pilgrims come to wash away sins in the sacred waters and
lo cremate their loved ones, hoping for liberation from the cycle of rebirth.
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1965 Corona image 2018 Sentinel 2B FCC image

A comparison of the 1965 Corona and 2018 Sentinel images of the Ganga around Varanasi shows very litlle modification in channel
mosphology. In general, the channel has broad meanders in this reach and the pasition and form of the meanders are strikingly similar
in both images suggesting a very stable reach. Not just the meanders, some of the large bars have also remained unchanged in more
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The channel belt of the Ganga River around Varanasi is unconfined in the valley margin setting. The river follows a sinuous path and is
mostly siable with a few changes in the depaositional landforms and main channel area. The 1965 image is characterized by large point
bars, large mid channel bars and lateral bars, while the 2018 Sentinel image is characterized by large pont bars, large lateral bars and
small mid channel bars. Between 1965 and 2019, the depositional area manifested as bars have increased by almost thirty percent.
The areal extent of the alluvial islands has increased by roughly fifieen percent. The main channel area has also decreased by twenty
percent during this period. However, the overall channel pattern in this window has been fairly similar in this period. There is a notable
increase in its actve floodplain area between 1965 and 2019,
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Geomorphic Class 1965 2018
(areain sqkm} | (areain sq. km)

Main Channed 2748 2214

Bar 1088 15,58

Allavial Isand 227 27

A drone image of the Ganga around Varanasi (taken in march 2018) shows the positions of major ghais. A
narrow channel and a large point bar on the right bank of the river are two most conspicuous features of the
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Ganga river at this location. Becausa of this stable morphology, this site was long maintained as a major
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turtle sanctuary since 1989 until it was de-notified in 2019
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— The channel center line shift image of the six decades shows that
-~ the main channel of the Ganga River is fairly stable in this reach,

‘.: with no evidence of channel migration. Some minor shifts of the

T sinuous bends are observed in cerain reaches, indicaling only
= small scale adjustments in channel form during the period 1965-
2019, In several reaches, the river is backed by high diffs as

0 evidenced during site visits. These cliffs are composed of muddy

w
i sediments and have been fairly stable as manifested in dense
voegotation cover and stablised slopes.
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Channel Centreline shift in last six decades

Aview of the Ganga river at Varanasi expresses the tranquiity of this site. Channel stability and sufficient water depth availability for
most parts of the year makes this site an important lourist attraction in addition o the socio-cultural significance of Varanasi. Channel
form and natural geomorphic setting of the Ganga River around this heritage site add enormous value and they must nol be lost.
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The city of Varanasi around the Ganga River has undergone an explosion in built up area - a two hundred percent increase is
documenled between 1980 and 2018 suggesling a rapid urban expansion. The urban expansion has occurred bolh in the north
western and scuth westemn part of the Varanasi city and a'so towards south sastemn portion towards the Mughal Sarai region. The area
occupied by sand has increased by nineteen percent between 1980 and 2018. The area occupied by river'water body has increased by
seventeen percent. The area occupied by agricultural land has decreased by 21% during this period.

LULC Classes 1980 2018
8o LULC CHANGES (area in sq.km) | (area in sq. km)
’: River/Waterbody 26.02 30.48
1 Agricultural Land 501.24 396.26
205
i . Built-up 4798 145,85
» —Smem - —— Sand 14.72 17.47
Bt up Sand
B 150 Sean v e B 2018 (Avam n axy )

Because of the socio-cultural importance of Varanasi, the Ganga
River around this site has received significant attention, The first
phase of the Ganga Action Plan al Varanasi supported the organic
removal of dead bodies by supporting the breeding and release of
turtles in the river waters. The camivorous turtles, would feed on the
remains of the corpses and in lum help in reducing the organic and
harmful wastes emanating from the corpses. Also, in the process, it
would provide for foed to the diminishing population of turties and 4
help them survive, grow, breed and increase their number. An - b7 e
associated development was the establishment of the Sarnath

Turtle Breeding Center. Here, the eggs of the camivorous specie of oW 30-km long Turtle sanctuary has now been shifled
turtles are brought from the Chambal river and the new-boms are upstream of Varanasi {15 km downstream of Prayagraj), it is
reared al the breeding centre urder controlled conditions unti they hoped that this important function of the turtles in maintaining
are mmh be released in hw wwm the ecclogy of the Ganga will still be relevant in future.
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This window includes the confluence zone of the
Ganga with another Himalayan river, the Gandak
river draining from Nepal. The two rivers meet at
Patna located along the night bank of the river. The
course as well as the morphology of the Ganga river
has changed remarkably between 1965 and 2018. A
major intervention in this window is the Mahaima
Gandhi Setu, the 4th longest bridge in India,
constructed in 1982 connecting Paina and Hajipur.
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One of the oldest continuously
inhabited places in the world, Palna,
also known as Palliputra was the
capital of the Magadh Empire. ltwas a
seat of leaming and fine arts and was
home to many astronomers and
scholars including Aryabhala and
Chanakya.
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The nearly NNW trending single-channel course of the Ganga at Patna in 1965 changed to a E-W course and developed
into an anabranched channel. A very large alluvial island has developed between the two anabranches. This island was
earlier a part of the a large point bar but now lies within the channel belt - vegetated and stabilised. A comparison of the
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This window signifies a major aggradational zone because of a large sediment flux brought by the Gandak, and a significant increase in
alluvial island area is noted. Such large scale sediment accumulation in the channel belt makes this reach a major "hotspot of siltation -
considered as one of the most serlous problems In this stretch of the Ganga river. Morphometric data shows a reduction in bar area but
a phenomenal increase in alluvial islands suggesting thal several bars are now getting stablised and are vegetated or cultivated.

A drone image showing stablised alluvial island
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The Ganga River around Palna has been extremely
dynamic in the historical time scale. The main channel has
shifted by 5-10 km in several reaches between 1965 and
2019. The reconstruclion of the channel dynamics shown
(picture on the left) shows that the main channel of the
Ganga was llowing very close o Palna city until 1995 but
shifted northward in subsequent years forming a large
meander loop. As shown in the geomorphic maps, the
soulhern anabranch along the Palna city is much thinnar
and weaker. This has resulted in significant reduction in
available flow and has also impacted the socio-cultural
activities along the ghats all along the southem bank of the
Channel Centerline Shift river. On the other hand, the areas along the northern bank
are regularly inundated and the flood risk has increased
manifold in this region.
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Digha—Sonpur Rail-Road Bridge

2016 flood in Hajipur

Riverfront development along the Ganga at Patna

Rising water levels and inundation of alluvial islands around Patna

Several new and major interventions have come up in recent years. Upstream of the old Mahatma

Gandhi Setu, a new Digha-Sonepur rail-road bridge has been constructed in 2016. Amajor river front

development project has been undertaken under the Namami Gange program which entails a 5.7 km

long walkway along the ghats, Another major project which is underway is to build a 20.5 km long

clevated the Ganga scale projects are likely lo cause significant
L n 3 . aed abo
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The phenomenal increase of the urban area aleng the right bank between 1976 and 2019
signifies the exponential growlh of the Palna city in the last 4 decades. The other major
landusefandcover change which is easily noticeable is the transformation of the sandy patches
north of the Ganga river lo agricultural land and buill-up area because of occupation of the active
flocdplain.

LULC CHANGES LULC Classes 1976 2019
0 (area in sq.km) | (area in sq. km)
=0
700 Water Body 45 40
150
100 Agricultural Land 283 239
“r: | . Il Built-up 76 153
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Drone image dewnstream of Patna shows the density of
permanent and semi-parmanent urban slructures very
close to the river which is not only changing the landuse
bul is also increasing the Nlood risk in this region. This
calls for a proper river zoning policy.
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The Ganga River flows in a nearly east-west direction in this window. The river has a mederately sinuous course and the sinuosity has
increased between 1965 and 2019. The river has a multi-channel morphology but the flow in the anabranches has changed
significantly through time as we compare the 1965 and 2019 images. Large meanders, particularly on the northem side, vouch for the
highly dynamic regime of the river in Lhe past.

Bhagalpur is an old town situated in eastern Bihar on
the fertile banks of the Ganga River. It has been
associated with the silk industry for hundreds of
years, and famous for Tussar Silk & Bhagalpuri IS

-y Saree. Sikworms are employed to produce the
| : ‘am renowned Tussar Silk from which Tussar Saree is
' 1 manufaciured. The Silk Insttute and Agricuftural
i b University are locatedin the city.

-Bh!qalpur! Silk

Vikramshila Setu is a 4.7 km long bridge built across the Ganga River around Bhagalpur named after Vikramshila University, an
ancieni seal of learning. It is the third longest bridge in India and connects NH 80 and NH 31 which run parallel on the opposite sides of
the Ganges. The bridge lies in the reaches of river natified as the Vikramshila Gangetic Dolphin Sanctuary and rare Gangetic dolphins
can be spolied in the area.
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has changed significantly between 1965 and 2019 -
the most obvious is the increase in sinuosity and
reduction in channel multiplicity immediately north of
Bhagalpur city. A dominantly single channel flow is
now confined within the banks but the channel
becomes highly braided in the downstream reaches.
However, the disappearance of large alluvial islands
and mid-channel bars during this period is particularly
noted, and this seems to suggest that the channel has
become deeper. The prominent alluvial islands in
1965 have now become a part of the floodplain.
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The modern active floodplain of the river in this stretch shows several meander scars, marshy/ wetlands and minor channels, signifying
good lateral connectivity of the river in this stretch.

GEOMORPHIC CHANGES
ALLUWIAL ISLAKND h

Geomorphic Class 1965 2019

EAL _ (area in sq.km) | (area in sq. km)
Main Channel 40 45

SECOMDARY CHARNEL .
Secondary Channel 3 0
Bar 74 31
00 [ 0 4 ] B0
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Riverine Environment=

5- o sz '*r:"-é
% A &

Legend

" S\ o — 2019

1 . I — 2009
= Bhagalp# z

1995

T i 1989

0 5 10“'“ 1977

H"il'l I'F"TI.H?'E I’?“I’E 1965

Channel Centreline shift in last six decades

The centerline of the Ganga River mapped from successive satellite image shows significant movement of the channel during the last
six decades. From a nearly straight course in 1965, the cenlerline has not only been wandering but has also become more and more
sinuous, |tis interesting to see that the river was literally touching the Bhagalpur city in 1988, but currently flows mare than 5 kms away
from the city.

The Main stupa at the centre The seating and meditation area

Vikramashila Ruins: The Royal university of Vikramshila, 38 km from Bhagalpur

" : g {Source fitos:Awww. leisgraphincis comdstate
‘ - ¥ -

WIlG;ilnﬂcﬂnlphIHSInduur'lllnmkmm of area situated on river Ganga. The major aftraction in this area is the
Gangetic Dolphins (Soons) which have been declared as endangered species. The Sanctuary also provides a safe abode to a rich

diversity of other threatened aguatic wildife such as reshwaler lurles and 135 other species.
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From the 2019 image it can be cbserved that the
built-up area has increased more towards the
south western part of the Bhagalpur town.
Agricultural intensification can also be observed
on the depositional sand bodies in the recent
imagery. The changes in landuse and landcover,
particularly of the sandy areas, relate to river
dynamics. As the river meander shifts, the point
bars merge into the floodplain and then converted
into built up areas or agricultural land.

1977 Landsat Image
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The landuse and land cover along the Ganga
River around Bhagalpur show moderate changes
over a period of ~40 years (1977-2018) as
depicted in the maps and table. The most
remarkable change is the reduction of sandy bars
along the river from ~52 sq.km. to ~20 sq.km.,
most of which have been converted into
agricultural land and built up area. An increase in
the built up area from ~7 sqg. km. to ~30 sg.km.
clearly suggests the population expansion in and
around the cify.
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2019 Sentinel Image

LULC Class 1977 2019
(areain sq.km) | (area in sq. km)

River/ Water body 48 44

Agricultural Land 548 552

7 29

57 35
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A major engineering intervention in the form of the
Farakka barrage constructed in 1975 dominates
the landscape here. The main objective of the
Farakka Barrage Project was envisaged as
diversion of adequate quantity of Ganga waters to
Bhagirathi-Hoogly river system fo maintain the
Kolkata Port, For this, 8 38.38 km long feeder
canal was construcled. In addition, a rail-cum-
road bridge was also built across the river Ganga
at Farakka to establish the direct link to the North-
Easlern Region with rest of the country.

Farakka Barrage across the Ganges river is
roughly 16.5 kilometres from the border with
Bangladesh. The barrage is about 2,240 metres
long and the Feeder Canal (Farakka) from the
barrage to the Bhagirathi-Hooghly River is about
40km long

Farakl:a h?\
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2019 Sentinel 2B FCC image

The Farakka barrage has imposed a significant transformation on the morpholegy of the Ganga river as illustrated by the Corona image
of 1965 and a recent sentinel image taken in 2019. The 1965 image nearly coresponds to the period when the construction of the
barrage had just begun in 1961 and some minor modification due lo embankments are visible already. The 2019 image shows a
complete transformation of the river and the mophological changes are shown on the next page.
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The planform map produced from the 1985 Corona image is marked by a highly sinucus channel in the upstream section but a nearly
straight channel in the middle segment which is clearly a manifestation of channel confinement because of the embankment
construction. The most downstream reaches show deposition of large point bars, side bars and mid channel bars. The 2019 planform
map shows a very contrasting morphology afier ~40 years of the barrage construction. A large alluvial island upstream of the Farakka
barrage is conspicucus along with several others further upstream. The channel is clearly divided into mulliple branches and channal
widths have significantly changed both upstream and downstream of the barrage. A significant reduction in the active floodplain width is
particularly noled which s a manifestation of controlled Nlow through the barrage.

GEOMORPHIC CHANGES
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Geomorphic Class 1965 2019
(area in sq.km) | (area in $q. km)

Main Channsl 4334 56.85

Secondary Channel 511 405

Alluvial Istand 1004 54.41

The morphometric data generated for from the planform maps of 1965 and 2019 illustrate the moprhodynamics induced by the barrage
further. The alluvial islands have increased by five folds, between 1965 and 2019. The in-channal depositional area manifesiad as bar
area has decreased four folds by 2019, with deposition of mostly lateral bars. Significant channel widening particularly in the reaches
upstream of the barrage is manifested in an increase in the main channel area from ~43 sq.km in 1965 to ~57 sq kmin 2019.




i >

nd

— S
1989
19rs

= 1962

BTN

475N

AT AN

R

Graph showing thalweg shift

The Farakka barrage has a lotal of 108 gales lhal are used o diverl waler from the Ganga lo Bangladesh under the Ganga Waler
Treaty (GWT). It also has 4 additional fish lock gates and 11 head regulator gates for diverting 40.000 cusecs of water into the feader

canal.

The reaches upstream of the Farakka barrage have been fairy
dynamic since the conslruction of the barrage as manifesled in the
channel center line shift during the six decades. A fairfly sinuous
pattem is observed in 1965, Since then the center line has shifted
enormously 1o the easl as well as wesl particularly in the 10-15 km
stretch upstream of the barrage, Between 1965 and 2019, the
thalweg sinuosity upstream of the barrage has also changed

significantly, the 2019 course being nearly straight.

Ganga river cruises from Farakka to Patna and Kolkata

The role of the Farakka barrage on the river morphodynamics has
been holly debaled. One of the major impacts of the barrage has
been siltation of the channel bed upstream of the barrage (see next
page) which has in um influenced the channel morphology. The
channel downstream therefore gets depleted of sediments and is
known to have caused significant erosion in the downstream
reaches as well as sediment starvalion in the Ganga-Brahmaputra
delta,

Severe bank erosion along the Ganga river downstream
of the Farakka barrage at Manikchak.
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Significant changes in landuse and land cover are noled around Farakka between 1975 and 2019. The built-up area was almost
negligible in this window until 1975 but currently occupies 23 km’ of area. The area occupied by agricultural land has remained more or
less constant, with only a minor increase. The area denoting sand depaosition has decreased by more than fifty percent between 1975

to 2019.

A large sand bar upstream of Farakka barrage (Photo taken in Feb 2018)
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LULC Classes 1975 2019
(area in sq.km) | (area in sq. km)
River/Waterbody 90.76 69.26
Agricultural Land 50455 517.499
Built-up 0 23.13
e Sand 28 13.44
Sand

Farakka Port or Farakka Floating Terminal is one of the minor
river ports in West Bengal. It is located near Farakka town of
Murshidabad district. Mainly coal is brought from Indonesia to

this port.
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