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Abstract

The work provides a review of literature in SCI journals on the late Quaternary evolution of Himalaya and its foreland
published during 2019-2023. Around 125 articles that are pulished on the subject highlight (i) role of basement tectonics
on stratigraphy and seismicity of Ganga foreland (ii) how fluvial aggradation and incision and formation of terraces can
inform on neotectonic evolution of Himalaya (iii) past and present records of extreme hydrological events and mitigation
(iv) soil quality and agricultural practices (v) long term stratigraphic records of ganga foreland using sedimentology and
pedomorphology (iv) paleoclimate, paleoglaciation and Anthropocene. We classified the total publications with respect to
Geomorphology, sedimentology, palaeoclimate, neotectonics, liquefaction, Groundwater and floods, soils and agriculture

and geochemistry.
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Introduction

The Himalaya and the Ganga foreland is one of the most
dynamic mountains on the earth which was formed due to
the collision of the Indian and Asian tectonic plates. The
rivers that drain the Himalaya and its foreland and meet the
deltas act as a conduit of tectono-climatic signals and dem-
onstrate strong connectivity between the source and the sink
at various timescales. Riverine terraces (both in the moun-
tains and forelad), large alluvial fans, small terminal fans,
geomorphology, spatio-temporally differential pedogenic
activities, sesimites, outcrop scale deformations archive
these signals over time scales of ~ 100 ka. Several studies
have been conducted on the Himalayan rivers in the last dec-
ade to understand their response to tectonoclimatic changes.
These studies provided the timing and style of aggradation
and degradation and the roles of climate, tectonics and sea-
level changes in shaping the landscape. In this article, works
carried out in the Himalaya and the Ganga foreland since
2019 on geomorphology, sedimentology, climate, tectonics,
especially neotectonics, seismically triggered liquefaction,
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hydrology, floodings, soil and agriculture, and geochemistry
are compiled and discussed.

Geomorphology

Geomorphology of the Ganga Plain informs the interplay of
foreland geodynamics and climate varability where various
geomorphic indices are applied to elucidate the landform
evolution (Srivastava 2020; Sonam and Jain 2022). Singh
and Sinha (2020), using multitemporal remote-sensing,
studied the distribution, diversity, ecology aspects, hydro-
logical characteristics and evolution of floodplain and wet-
lands in the Bihar Plains. This study ascribed two processes
that control the wetlands dynamics (i) river scouring and
abandonment of the channel that provide negative relief at
a regional scale, and (ii) erosional processes that modify
fluvial landscape into a wetland at a reach scale. Wetlands,
unless protected, are a transient feature as a large rivers
floodplains evolve.

Singh et al. (2020a, b, c) studied spatio-temporal move-
ment of the Ganga River in the mid Ganga Plain using
Remote Sensing in GIS platform and demonstrated evolu-
tion of fluvial landscape and channel behavior at a decadal-
scale resolution and suggested that the Ganga River migrates
due to changes in the sediment-water discharge, river width,
sinuosity, braiding characteristics, and active tectonics. The
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study suggested that Ganga River migrated at maxium rate
of 0.09 km/year between 2010 and 2018 that lead to bank
erosion, flooding and population exodus from the area.
The channel sinuosity index varies from 1.28 to 1.33 with
2.64 km on the left bank being the maximum shifts. The
study indicated that an active fault pushed the Ganga River
to flow against the regional slope in the northeast directon in
a straight and narrow valley exhibiting distorted meanders.
Patel and Pati (2022a, b) using geomorphology, degree of
surface pedogenesis and Ground Penetrating Radar (GPR)
mapped paleochannels on the terminal fans of the Western
Ganga Plain that are buried to the depth of 30 m. Further, a
geomorphology based analysis provided a bearing on aban-
doned tracts and evolution of river Sutlej in Punjab Plain
(Roy et al. 2021).

In Himalaya, focus has been on understanding the river
responses to continuing tectonics and climate variability. At
Srinagar in Alaknanda Valley, Garhwal Himalaya sequence
of terraces were revisted and evidences for tectono-climatic
controls on sedimentation over the past 80 ka were provided
(Devrani et al. 2023). Analysis of geomorphic indices of
drainage over Siwalik, south of Chitwan Doon of central
Himalaya proposed a multi-staged evolution of Himalayan
front and linkages to the activity along the Himalayan Fron-
tal thrust were explored (Divyadarshini and Singh 2019).
In the Indus Suture Zone region, studies on terraces of the
upper Zanskar valley suggested three climatically controlled
aggradation phases between ~43-6 ka and Zircon U-Pb ages
indicated that > 50% of fill sediments is sourced from the
Higher Himalayan Crystalline located in the headwaters.
The studies further implied that wider Padam valley cur-
rently stores 0.96+0. 10 km® (Chahal et al. 2019). Kumar
et al. (2020a) using clast geometries from the fill terraces
of the Indus suggested that river incision and the formation
of the terraces in the Indus took place in response to the
peak flood discharges in the Early Holocene. In the monsoon
dominated southern front of Himalaya studies are carried out
in the upper Ganga and Indus catchment indicated climate
controlled erosion and sediment aggradation (Joshi et al.
2022; Kaushik et al. 2023; Dey et al. 2022a, b, 2023a, b).
In the Upper Chenab catchment, optically stimulated lumi-
nescence (OSL) chronology on valley fill terraces indicate
massive aggradation between 20 and 10 ka where Sr-Nd iso-
topes based provenance fingerprinting on silt fractions and
clast counts suggested a decreasing sediment flux from HHC
as climate progresses towards post glacial warming (Dey
et al. 2023a, b). Further, in Dhauladhar ranges comparison of
10Be-based modern river erosion rates to that derived from
Late Pleistocene fluvial terraces helped reconstruction of
the river aggradation and incision dynamics and suggested
a variable erosion rates between 0.1 and 3.4 mm/yr during
the late Pleistocene (Dey et al. 2022a, b). Using geomorphic
indices, channel gradients and landform disposition Nag
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et al. (2021) provided Late Pleistocene record of geomor-
phic evolution of the Indus river valley, Ladakh. Using high
resolution geomorphic mapping and connectivity equations
and dated debris flow events a vulnerability map to manage
extreme hydrological events driven debris flow of Leh val-
ley, Ladakh is provided (Sharma et al. 2023).

Further, upper catchments of rivers in Himalaya are
mapped for glacial geomorphology various stages of Gla-
cial advancement preserved in form of moraines are dated
using luminescence and cosmogenic radionuclide (CRN).
Kumar et al. (2020a, b, c, d) reconstructed the late Pleisto-
cene glaciation pattern in the Dhauliganga basin and sug-
gested five distinct glacial advances in the Dunagiri Glacier
valley 13—1 ka. Quaternary glacial study of the Suru Basin,
Zanskar Himalaya study implied five major glacial advances,
occurring between 33-0.7 ka (Kumar et al. 2021a, b). Ali
et al. (2022) used luminescence dated moraine stratigraphy
and two relict lake sequences in the Kunti-Banar valley,
Central Himalaya. The study dated LGM glaciation in the
valley ~ 23 ka and a pre-LGM advancement to ~30 ka. A
post LGM are dated to ~ 17 and 15 ka. A study in the Yankti
Kuti valley has witnessed multiple glacier advances since
the glacial maxima at ~52 ka, the subsequent stages were
found centred at ~35 ka, at ~30 ka, at ~22+ 1 ka and at
~16 and a minor stage was dated to ~4 ka (Bisht and Rawat
2021). More recently, based on 40 'Be and luminescence
ages LGM is characterized in Nubra valley and Puche val-
ley of Karakoram Trans Himalayan range (Jena et al. 2023).

Sedimentology

The Ganga plain witnesses sedimentation primarily by the
Himalayan rivers with a little contribution from the pen-
insular region. Studies have established the sedimenta-
tion processes and the tectono-climatic relationship in the
Ganga plain and the source regions. Dey et al. (2023b), using
remote sensing, studied rapid bank-erosion and its bearing
on sediment budget of the lower Ganga plain and suggested
a strong relationship between bank erosion and nature of
sediment transport. Analysis of multi-spectral remote sens-
ing data spanning three decades (1987 to 2019) shows chan-
nel shift and noteworthy changes in the channel pattern and
indicated a connect between bank erosion and sediment
fluxes in smaller Himalayan rivers. Kumar et al. (2020a,
b, ¢, d) using machine learning and non-linear optimization
techniques studied Late Pleistocene sedimentation history
of the Ganga Plains and estimated seasonal changes in sedi-
ment transport and sediment load in the Ganga River. Zak-
wan et al. (2021) analysed the sediment and water discharge
rating of the Ganga River and quantified transported the
sediments, which suggests that nearly 80% of the sediment
is transported during the rainy monsoon season spanning
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July to September. The sedimentary architecture of the mar-
ginal Ganga plain studied using OSL dated several lithosec-
tions suggested basinward propagation of alluvial fans from
the peripheral bulge region of the foreland and the study
thus built a 100 kyr history of foreland tectonic controlled
unconformity and sedimentation (Ghosh et al. 2019). Based
on flood plain sedimentary architecture Saha et al. (2023)
provided late Holocene evidences of hyperavulsive river sys-
tems operating in foreland of eastern Himalaya and further a
sedimentological analysis of sedimentary cores and exposed
cliff sections of Ajay river a Late Holocene history of cli-
mate controlled stratigraphy of upper Ganga delta is detailed
(Bandyopadhyay et al. 2023). Likewise, fluvial Landscape
of Brahmaputra Foreland is recently studied using sedimen-
tary architecture, luminescence dating, geomorphology and
Sr-Nd isotopic systematics (Panda et al. 2022). The study
highlighted the role of Late Quaternary sea level changes
on alluvial fan sedimentation and suggested monsoon driven
relative change in sediment provenance. Ghosh et al. (2021)
studied lithostratigraphy of the Marginal Ganga Plain and
defined four sequence boundaries based on the erosion,
deposition, and the presence of paleosols at different strati-
graphic levels. Likewise, a study based on luminescence
dated alluvial fans and facies analysis provided ~ 112 ka of
evolutionary trend of Chitwan Doon and its bearing on vary-
ing climate and tectonics of Himalayan front (Divyadarshini
et al. 2020).

Paleoclimate archives

Late Pleistocene-Holocene climatic history is reconstructed
using lake and peat deposits in various studies from Hima-
laya and the Ganga plain. Paleoclimatic study by Singh et al.
(2022a, b, ¢) provided evidences for a monsoonal shift, in
several phases, during ~ 14 and 3.1 ka with a strong arid
phase at ~4.2 ka in the central Ganga plains. The study
provided a linkage between climate variability and societal
evolution. Further, in wetlands of the Ganga Plain diatoms
namely typha and Lemna are found to be abundant around
12.5 kyr BP, indicating waterlogging and a swampy wet-
land’s presence (Farooqui et al. 2023) and the data between
13 and 10.5 kyr BP exhibited a higher water temperature and
increased productivity. Kumar et al. 2022 provided record on
the abundance of the C3 and C4 plant community vis-a-vis
climate variability during the late Pleistocene—Holocene in
the northern Ganga Plain and implied a moderate hydrocli-
matic conditions during the past 0.6 ka and a C4-dominated
vegetation during the last glacial maximum and owing to
wetter climate decreased since the mid-Holocene. An inter-
esting study based on stable isotope analysis of fossilized
molar tooth of bovid evidences of drier climate and C4 veg-
etation is provided from fluvial sections of Marginal Ganga
Plain (Maurya et al. 2022a, b). Likewise, a mutliproxy data

on Lashoda Tal drew parallels with societal evolution vis-a-
vis post LGM monsoonal variability in central Ganga Plain
(Trivedi et al. 2019). In a novel attempt Morthekai et al.
(2022), using luminescence dating technique, explored a
possibility of dating diatoms in lake sequences. Pollen and
diatom analysis of soil sequence from Barak valley, Assam
yielded a record of ecological changes between 1370-730
yrs BP (Tripathy et al. 2021).

In Himalaya, Sharma et al. (2022a, b) provided a detailed
account of mid-Holocene climate and forest fires from sedi-
mentary archives of Beni Tal (Garhwal Himalaya) and dis-
cussed the role of Rossby waves and Arctic oscillations in
climate variability. Studies based on diatom and biomarkers
on previously dated Kedarnath peat sequences revealed a
drier mid-Holocene and several century scale wetter phases
and suggested that interplay of westerlies and Indian sum-
mer monsoon controlled the diatom productivity in the High
altitude peatland (Bhattacharya et al. 2021; Agarwal et al.
2023). Khan et al. (2022a, b) provided a 20 ka century scale
record of climate variability using mineral magnetics on a
well dated peat sequence from Baspa valley and identified
signatures of last glacial maxima and younger dryas and
mid-Holocene aridity and implied changes in solar fluxes
as a major forcing. A high resolution decadal scale record
of monsoon variability of the past ~3200 years is recon-
structed using stable isotopes of C and N, grainsize, Total
organic carbon and total nitrogen on lake sedimentary
core raised from the Rewalsar lake, Himachal Himalaya.
The study indicated occurrence of strong monsoon inter-
val during ~ 1.2 ka BP to 450 AD with intervening cen-
tury scale dry phases and identified signals of the Roman
Warm Period and the Medieval Climate drawing parallels to
societal evolution (Singh et al. 2020a, b). A pollen based at
from Bednikund sediments provided a record of 6000 year
long record of vegetation and identified the Holocene opti-
mum, Medieval climate anomaly and cool Little Ice Age
and implied heterogeneity in spatially distributed climate
records (Rawat et al. 2021, 2022a, b, c). A 200 year long
record of human activities and lake eutrophication is recon-
structed using biogeochemical markers from sequence of
Ahansar Lake, Kashmir Himalaya (Yadav et al. 2021). Two
millennium record of climate variability is reconstructed
with emphasizing role of ENSO cycles from Shilloi lake,
NE Himalaya (Yadav et al. 2022a). Similarly, past climate
and vegetation variability for the past three millennium was
reconstructed from sequence of Dzukou lake, NE Himalaya
(Misra et al. 2020a, b). Likewise, Anthropocene is marked
by occurrence of bomb produced radionuclide and plastic
products and every ecosystem including lakes in Himalaya
are found preserving microplastics and related molecules
like phthalate esters as stratigraphic markers and degree of
human activities (Ajay et al. 2021; Yadav et al. 2022b; Wani
et al. 2023; Bulbul et al. 2023). A record of vegetational
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shifts as a function of post LGM climate variability is recon-
structed from Parvati valley, Himachal Himalaya (Chauhan
et al. 2022a, b). A 25 ka record of sedimentation and climate
variability is reconstructed using kame terrace sequence of
Gangotri glaciar region of garhwal Himalaya (Dubey et al.
2022). Likewise, response of glacial snout variability a func-
tion of recent climate change.

Similar studies are conducted in Ladakh where past cli-
mate using stable isotopes, pollens, diatoms, biomarkers
on lake and peat deposits at Spituk (Jena et al. 2022), peat
profile at Gya (Sharma et al. 2020), paleolake deposit at
Khalsi (Phartiyal et al. 2021; Nag et al. 2023), Tsoltak lake
(Joshi et al. 2021a, b, 2023), paleofire record from Stagmo
Peat (Sagwal et al. 2023a, b). A multiproxy study on a peat
sequence of Shakti peatland of Ladakh provided an evidence
of Mid Holocene aridity and a subsequent phase of strong
monsoon and where presence of Cerealia pollen implied
human presence in Ladakh at ~2700 yrs BP (Maurya et al.
2022a, b). Further, using the dated paleostrand lines and
Sclerochronology of Radix sp, sedimentology of deltaic
sediments of Pangong Tso provided a record of Late Holo-
cene lake level and salinity changes (Srivastava et al. 2020;
Sagwal et al. 2023a, b).

Neotectonics and Paleoseismicity

Duvall et al. (2021) studied the structural legacy of the
Indian plate into the Himalayan foreland basin and identified
several steep faults close to the trace of the HFT that control
the structure and thickness in the Siwalik rocks and the flex-
ure geometry of the Indian lithosphere during most part of
the Cenozoic. These faults, in the depth show normal offsets
bound half- graben and graben structures where Vindhyan
and Gondwanan strata rest. The Mungher- Saharsa ridge, a
regional high in far-eastern Nepal, is cut by small scale faults
and the Gandak depression is identified as well by the deep
seismic reflections that shallows towards the eastern part of
the Faizabad ridge and the Chitwan piggy back basin, marks
the western edge of the Faizabad ridge. Another study by
Duvall et al. (2020) on active faults suggests that an active
seismogenic thrust and strike-slip faults passing under the
trace of the HFT into the Ganga foreland basin in eastern
Nepal. Similar studies using broadband magnetotellurics
suggests presence of moderately resistive mantle lithosphere
beneath the Bundelkhand massif in the central Ganga Plain
(Adilakshmi et al. 2021).

Ali et al. (2023) studied the liquefaction features at Narora
Town in the western Gangetic plain and implied occurrence
of series of earthquakes > 5 magnitude in the region that
relate to tectonics of Himalaya. Using geospatial methods,
Rawat et al. (2022a, b, c¢) reconstructed the liquefaction
damage scenario of 1934 and 1988 earthquakes in North-
ern Bihar and integrating peak ground acceleration (PGA)
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provided a liquefaction hazard map using (i) Rapid Response
and Loss Estimation and (ii) Liquefaction Susceptibility.

Basement configuration beneath the central Ganga basin
is studied using electrical resistivity that reveals variations
in the structure and implies that the Sarda depression merges
to the Gandak depression when extended towards the Hima-
layan Foothills and the fault along the Yamuna separating
Ganga basin and Bundelkhand craton belt may be of crustal
scale (Babu et al. 2020). Patel et al. (2020), using GPR, geo-
morphology and sedimentary sections provided evidences
of paleoseismicity related to the Mahendragarh—Dehradun
basement fault which seems to be quasi-synchronous with
the Himalayan seismicity.

In Himalaya, studies focused on geomorphic indices,
landform analysis and dating to understand (i) Uplift and
deformation pattern and rates (ii) Paleoseismicity (Aravind
et al. 2022a, b) (iii) neotectonic models. A study using dated
strath terraces in the hanging wall of the HFT, Nahan Sali-
ent that seismically quiescent since past several centuries
indicated a fault slip at the rate of 1042 mm/yr over the past
8 ka (Kaushal et al. 2023) and a review on this is presented
by Dey et al. (2019). Likewise, a shortening and uplift rates
along the Medlicott-Wadia Thrust (MWT) system in western
Himalaya is computed as 5+ 1 mm/yr and 3.2 +0.8 mm/
yr during the Pleistocene—Holocene respectively (Dey et al.
2022a). The Lesser Himalaya exhibits fast rock uplift and
exhumation (~3 mm yr‘l) since the late Miocene at least.
Using morphometric and structural analyses and chronol-
ogy of tectonic geomorphic markers in Kishtwar Window
region, Kashmir Himalaya a differential uplift in the neotec-
tonic time scales is inferred that may be associated to mid
crustal ramp along the main Himalayan Thrust (Dey et al.
2021). Neotectonic deformation along the MCT and MBT
is elucidated in the morphotectonic studies of Ujh Basin,
NW Himalaya and also in Kumaun and Garhwal Hima-
laya (Gururani et al. 2023; Taloor et al. 2021, 2023a, b, c;
Nandy et al. 2021; Kothyari et al. 2019, 2020a, b, 2021,
2023; Talukdar et al. 2020; Luirei et al. 2020, 2021 2023),
segmented nature of thrust is identified (Joshi et al. 2021a,
b). An active crustal deformation of Kashmir and Himachal
Himalaya is estimated using Persistent Scatterer Interfer-
ometry Synthetic Aperture Radar (PSInSAR) (Taloor et al.
2023a, b, c; Joshi et al. 2022). Geomorphic evidences and
OSL dates of placodrainages and uplifted terraces informed
on rates and style of neotectonic deformation in the Schup-
pen belt in parts of Nagaland (Moiya et al. 2020). Based
on luminescence dated strath and fault gouges neotectonic
deformation in the Indus Suture Zone is documented and a
bivergent model of Himalayan evolution is proposed (Kumar
et al. 2020a, b). Similar studies along the Siang Valley, NE
Himalaya were conducted (Luirei et al. 2022a).

Active deformation in Himalaya is focused along the
Himalayan Frontal thrust where relief development occurs in
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response to large earthquakes that nucleate at the mid crustal
ramp and energy travels along the main Himalayan thrust
and ruptures the mountain front. In this large number of
studies are conducted that identified ruptures due to histori-
cal and pre-historical earthquakes in the Garhwal-Kumaun
and Central Himalaya (Malik et al. 2023a, b; Luirei et al.
2022b; Thakur et al. 2021; Arora et al. 2019; Divyadarshini
et al. 2023; Rajendran et al. 2019). In the Assam-Arunachal
Himalaya, two great earthquake events of 1697 CE Sadiya
and the 1950 CE Arunachal-Tibet earthquake have been
reported (Pandey et al. 2021). Singh et al. (2021) conducted
a paleoseismic trench investigation along the mountain front
of Mishmi Hills across MT at truncated terrace(s) of Kam-
lang River at Wakro, Arunachal Pradesh.

Liquefaction

Liquefaction is a common phenomenon in the Ganga Plain
related to seismic activity in the adjacent Himalaya and its
periphery. Liquefaction occurs when the pore pressure rises
due to earthquake driven cyclic loading leading to collapse
or tilt of infrastructure. Being unconsolidated, the Ganga
plain sediments are prone to deform and liquefy to a seismic
shock of SMw or more. Widespread liquefaction structures
have been reported earlier and have been correlated to the
earthquakes in the Himalayas and the plains, such as the
great earthquakes that struck the area in 1897, 1905, 1934
Bihar—Nepal, and 1950 Assam. Modern works have been
confined to identifying vulnerable areas for liquefaction dur-
ing future earthquakes. A liquefaction susceptibility map
(LSM) utilizing the geomorphic analysis on GIS platform
provided a potential hazard zones in the Bagmati, Kamla,
and Kosi basins of East Ganga plain (Rawat et al. 2022a, b,
c¢). The LSM can assist designing of seismic resistant infra-
structures such as nuclear power plants.

Research on liquefaction and mitigation of the Ganga
sand using stable carbon material was carried out by Naik
et al. (2021). This study proposed a carbon mixture with
sand in varied proportions to absorb the shock wave and
prevent liquefaction. Where cut tyres, eucalyptus plant bark
and biochar are suggested as mixing substitutes to improve
ground rheology in this context.

Cyclic behaviour of late Quaternary alluvial soil in the
Ganga Plain developed a relationship between Cyclic Resist-
ance Ratio (CRR) and effective confining pressure of sedi-
ments (Naik et al. 2022). This study classified the Kanpur
soil as silty-sand soil (82% silt, 8% sand), Allahabad soil as
sandy soil (80%, 20% silt/clay), and that of Patna (90% sand)
as clean sand and suggested that soils having sand with silt
percentages are more prone to liquefaction than clean sand
or silty soil.

The soil-structure interaction (SSI) of the Ganga Plain
using Resonant Vibration Tests implied on mutual behaviour

of dry Ganga sand bed and low to medium-rise steel frames
is investigated by Vivek et al. (2022). The study exhibits that
the structure of the foundations respond variably to lateral
harmonic excitations and the SSI can expressively influence
the seismic response of a structure.

Groundwater hydrology and floods

Mishra et al. (2023) made Groundwater assessment of ele-
vated arsenic in the lower Ganga plain in West Bengal. This
study utilized geogenic and environmental variables in a
GIS-machine learning framework to predict the vulnerable
zones, and predicted arsenic routing in the groundwater. The
study also suggested that during the pre-monsoon decrease
of cations and oxygen availability in groundwater relates to
presence of anaerobic microbes and vice-versa that impacts
arsenic concentrations.

As flooding is a common annual problem in the Ganga
Plain, precise mapping of flood-affected and flood prone
areas can save lives and properties. Numerous techniques
nowadays are being used to map flood vulnerability. Arora
et al. (2021a, b) optimized fuzzy-metaheuristic ANFIS-
based ML models and utilized analytical hierarchy process
(AHP) on GIS and provided flood susceptibility forecast-
ing map of the Middle Ganga Plain. The results were fur-
ther classified using the natural break (NB) method and
the percent of high and very high classes obtained through
classification methods/schemes. This provided flood sus-
ceptibility prediction index (FSPI) values divided into five
categories that ranged from O to 0.077 where of the total
region, the very-high class covers 12.27%, ‘very low-class’
22.49%, ‘low class’ 26.15%, and ‘moderate class’ 17.53%.
Arora (2023) using multi-criteria decision analysis (MCDA)
provided flood prediction and susceptibility that incorpo-
rated bivariate statistical models in the Lower Kosi River
Basin. The work provided a review of the previous works
and implied on the effectiveness of MCDA methods as it
can possibly integrate socio-economic, geographical, envi-
ronmental and geologic parameters in a better way. Similar
studies using GIS-based analytical hierarchy were carried
out in the lower Ramganga River Basin, Western Ganga
Plain (Mukherjee and Deb 2023) that indicated increased
population, encroachment of floodplains, unwarranted use of
river water for domestic and engineering and infrastructural
projects as major reasons behind increased flood risk.

Khan et al. (2022a) using SAR and remote sensing studied
the geomorphic responses to flooding of the Ganga River,
Bihar and suggested that the flood-occupied area increased
from 500 to 779 km? during the flood that occurred towards
the end of August 2019. The temporal variation of flood
inundation extracted using Sentinel-1, VV polarization
implies flood with two peaked hydrograph, with the sec-
ond peak centred at 20th September and 20th October 2019.
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Similar studies were carried out by Arora et al. (2021aa. b)
in Middle Ganga Plain that compared frequency ratio and
Shannon’s entropy models and provided a flood suscep-
tibility prediction. The results indicated that areas within
600 m of the river channel show the strongest susceptibility
to flooding. The Google Earth Engine was used to extract
data on flood inundated in Brahmaputra plains. Analysis of
the large data suggested that the geomorphology of Plains
actually correlates with the area under flood in Assam and
therefore, the SAR based geomorphic data can be used to
map the flood inundation dynamics and mitigation (Devrani
et al. 2022).

Quick et al. (2023) attempted to understand interaction
between Himalayan dynamic structure and foreland stratig-
raphy and opined that hyperconcentrated flows originated
in foothills and deep into the mountains push gravel-sand
transition into the foreland that normally occurs 10-40 km
away from the mountain front. In Himalaya lot of studies
were carried out using dated Slack water deposits and mas-
sive sand sequences located perched up on bedrock benches,
terraces, tributary junctions and wider segment of the val-
leys (Panda et al. 2020; Borgohain et al. 2020; Chahal et al.
2020; Sharma et al. 2022a, b; Agarwal et al. 2022; Chau-
han et al. 2023). These studies implied that (i) frequency
of extreme floods in Himalaya and in Ladakh rises during
warming episodes (ii) Higher Himalayan Crystallines acts as
hotspot of erosion and supplies most sediment during floods
(iii) in Indus inbound human migration may have occurred
during phases of high flood frequencies (iv) in Brahmaputra
river, floods in the past were of megaflood category and
were capable of exhuming HHC in the syntaxial zone signif-
icantly. Further, damage and inundation and causes related
to several modern extreme events in Himalaya were also
documented (Sain et al. 2021, 2022, 2023; Sundriyal et al.
2023; Srivastava et al. 2021; Devrani et al. 2021; Sarkar and
Singh 2022).

Pedomorphology and agricultural practices

The Ganga plain represents one of the fertile soils in Indian
subcontinent. Soil quality and thickness of the Ganga plain
sequence depend on the landforms that relates to the func-
tional pedogenic factors. Using soil pedomorphology and
micromorphology Reza et al. (2023) provided the soil qual-
ity index of the Ganga plain. As Ganga Plain is a teotono-
geomorphologicaly active, frequent changes in geomorphol-
ogy and intermittent tectonic events define the degree of
pedogenesis and soil quality. Saurabh et al. (2021) studied
the influence of crop pattern, tillage, residue administration
practices on soil quality indices and crop yield in eastern
Ganga Plain.

Likewise, a study indicated that soil quality varies dur-
ing the pre and post-monsoon and is dependent upon the
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micronutrients and other micronutrients (Shukla et al.
2020a, b). This study revealed that significant spatial vari-
ability exists in context of phyto-available S, Zn, B, Fe, Mn
and Cu and soil properties accordingly in the Ganga plain. In
addition, restoration processes of the sodic soils through sil-
vipastoral method have been studied by Singh et al. (2022a,
b, ¢). Yadav et al. (2020) studied the organic carbon seques-
tration through soil in paddy fields of the Ganga Plains and
exerted a need for a quantitative assessment of soil carbon
sequestration and management of Ganga Plains in this con-
text. Likewise, the effect of conservation strategies of arable
soil on sequestration of organic and inorganic carbon and its
bearing to a rice and wheat harvesting system of the Ganga
Plain is studied (Dey et al. 2020).

Geochemistry

Kumar et al. (2021a) using geochemistry and isotopes
from the mid-Ganga floodplains revealed that irrigation
return flow is somewhat responsible for arsenic enhance-
ment through favoured vertical recharge. It indicated that
the small rivers originating in the Siwaliks discharge excess
arsenic and heavy metals, which in vertical stratigraphy is
sporadic in nature. Further, the study opined that excessive
groundwater withdrawal modifies the hydrological environ-
ment and adversely affects the groundwater resources. The
stable isotopes groundwater hydrology of Ganga Plain falls
over the Local Meteoric Water line (LWML) and that close
to Son River are highly enriched, indicating highly enriched
source or evaporation as water travels down into the basin
from Vindhyans. The outcome of the study suggests high
concentrations of arsenic are found in the Ganga floodplain
but not in the Sone River. Bhattacharjee et al. (2022) studied
the impacts of tectonics, climatic processes, and vegetation
cover on the sediment-transport rates across the foreland
at decadal to millennial timescales. This study analysed
196 records of sediment load and erosion rate published
between 1960 and 2022 and provided bearing on timescales
in approximating sediment-transportation record. The study
detected an intensification in short- and long-term sediment
load and corresponding decrease in sediment yield from
west to east of the Indo-Ganga Plain.

Singh et al. (2022a, b, c) studied the fluvial control on
arsenic enrichment in Mid Ganga Plains (MGP) and traced
the existence of arsenic and heavy metals in the stretch with
active channel shift oxbow formations. The results relate
high arsenic levels to silicate weathering and anthropogenic
leaching of fertilizers and concurrent pyrite oxidation. This
study shows that the susceptible situation developing in the
fluvially active stretches of the MGP with regards to arsenic
enrichment is caused by heavy metals and fertilizers and
that river morphology plays a noteworthy role in abetting
arsenic concentration.
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Keesari et al. (2021) using stable isotopes of oxygen and
hydrogen and hydrochemical systematics of groundwater
provided a bearing on groundwater sustainability and secu-
rity from aquifer in the central Ganga Plains. This study
provides significant insights into the groundwater rout-
ing, recharge mechanism and catchment, and groundwater
dynamics in the deep aquifer systems of Ganga Plain. Like-
wise, Bhattacharjee et al. (2023) studied the %A1 and '°Be
concentrations from alluvial drill cores across the Ghaggar
and Ganga plain and implied that a significant time lag (mil-
lion year) exists in sediment production and transport.

Conclusions

The recent publications in the Ganga Plain and the adjacent
Himalaya highlights the importance of geomorphology, sed-
imentology, climate, neotectonics, soil development, hydrol-
ogy, isotope geochemistry in the stratigraphy and landscape
evolution of Himalaya and its foreland. Impact of basement
structure of the Ganga foreland on stratigraphy and seis-
micity is elucidated. Past records of extreme hydrological
events are reconstructed in Himalaya and its foreland and
several GIS and remote sensing based studies are carried out
to augment mitigation measures. In paleoclimate research
identification of microplastics and related esters as markers
of Anthropocene stratigraphy and human activity has been
a newer approach.

References

Adilakshmi, L., Manglik, A., Thiagarajan, S., Suresh, M.: Crustal
structure of the Indian plate underneath the alluvial plains of the
central Ganga basin by broadband magnetotellurics. Tectono-
physics. 802, 228746 (2021)

Agarwal, S., Sundriyal, Y.P., Srivastava, P.: Dam in Himalaya induces
geomorphic disconnectivity during extreme hydrological event:
evaluating a case of 2013 Kedarnath disaster. J. Earth Syst. Sci.
131(4), 263 (2022)

Agarwal, S., Shukla, S.K., Srivastava, P., Sundriyal, Y.: Peat sequence
diatoms from Kedarnath, Central Himalaya, used to reconstruct
mid-late Holocene hydroclimatic conditions. Palaeogeogr. Pal-
aeoclimatol. Palaecoecol. 612, 11381 (2023)

Ajay, K., Diptimayee Behera, S., Bhattacharya, P.K., Mishra: Yadav
Ankit, and Ambili Anoop: distribution and characteristics of
microplastics and phthalate esters from a freshwater lake system
in Lesser Himalayas. Chemosphere 283, 131132 (2021)

Ali, S.N., Singh, P., Bisht, P., Morthekai, P.: Luminescence dating of
late pleistocene glacial and glacio-fluvial sediments in the Cen-
tral Himalaya, India. Q. Sci. Rev. 284, 1-17 (2022)

Ali, G., Sajid, M., Khan, M.S.: Soft sediment deformation structures
in the sediment deposits of Ganga River and its Oxbow Lakes
in parts of Indo-Gangetic Plain: implications for quake proxies
and Paleoseismicity tracking. Int. J. Geosci. 14(1), 75-93 (2023)

Aravind, A., Devrani, R., Jayangondaperumal, R., Pant, C.C.: Non-
emergent thrust front along the northwest Jammu Sub-Himalaya:

evidence from channel profile analysis across the Surin Mastgarh
Anticline. Himal. Geol. 43, 303-318 (2022a)

Aravind, A., Mishra, R.L., Jagtap, S., Jayangondaperumal, R., Thakur,
V.C., Pant, C.C., Joevivek, V.: Detachment folding, growth
mechanism and seismic potential in the Jammu Sub-Himalaya.
J. Struct. Geol. 155, 104514 (2022b)

Arora, A.: Flood susceptibility prediction using multi criteria decision
analysis and bivariate statistical models: a case study of Lower
Kosi River Basin, Ganga River Basin, India. Stoch. Env. Res.
Risk Assess. 37(5), 1855-1875 (2023)

Arora, S., Malik, J.N., Sahoo, S.: Paleoseismic evidence of a major
earthquake event (s) along the hinterland faults: Pinjore Garden
Fault (PGF) and Jhajra Fault (JF) in northwest Himalaya, India.
Tectonophysics. 757, 108-122 (2019)

Arora, A., Arabameri, A., Pandey, M., Siddiqui, M.A., Shukla, U.K.,
Bui, D.T., Mishra, V.N., Bhardwaj, A.: Optimization of state-
of-the-art fuzzy-metaheuristic ANFIS-based machine learning
models for flood susceptibility prediction mapping in the Mid-
dle Ganga Plain. India. Sci. Total Environ. 750, 141565 (2021a)

Arora, A., Pandey, M., Siddiqui, M.A., Hong, H., Mishra, V.N.: Spatial
flood susceptibility prediction in Middle Ganga Plain: compari-
son of frequency ratio and Shannon’s entropy models. Geocarto.
Int. 36(18), 2085-2116 (2021b)

Babu, M.D., Manglik, A., Thiagarajan, S., Suresh, M.: Electrical resis-
tivity image of a basement ridge in the foreland central Ganga
basin. J. Appl. Geophys. 179, 104097 (2020)

Bandyopadhyay, S., Sinha, S., Kumar, A., Srivastava, P., Jana, N.C.:
Late Holocene river dynamics and sedimentation in the Lower
Ganga Plains, India. Geol. J. 58(4), 1564—1586 (2023)

Bhattacharjee, S., Bookhagen, B., Sinha, R.: Sediment-transport rates
from decadal to millennial timescales across the Indo-Gangetic
Plain: Impacts of tectonics, climatic processes, and vegetation
cover. Earth-Sci. Rev. 233, 104165 (2022)

Bhattacharjee, S., Bookhagen, B., Sinha, R., Wieser, A., Marchhart, O.:
26A1 and '°Be concentrations from alluvial drill cores across the
Indo-Gangetic plain reveal multimillion-year sediment-transport
lag times. Earth Planet. Sci. Lett. 619, 118318 (2023)

Bhattacharya, S., Kishor, H., Ankit, Y., Mishra, P.K., Srivastava, P.:
Vegetation history in a peat succession over the past 8,000 years
in the ISM-controlled Kedarnath Region, Garhwal Himalaya:
reconstruction using molecular fossils. Front. Earth Sci. 9,
703362 (2021)

Bisht, P., Rawat, A.: Timing of late quaternary glaciations in the Yankti
Kuti valley of the upper Kali Ganga catchment, Northern India.
Q. Sci. Rev. 273, 1-15 (2021)

Borgohain, B., Mathew, G., Chauhan, N., Jain, V., Singhvi, A.K.:
Evidence of episodically accelerated denudation on the Namche
Barwa massif (Eastern Himalayan syntaxis) by megafloods. Q.
Sci. Rev. 245, 106410 (2020)

Bulbul, M., Kumar, S., Ajay, K., Anoop, A.: Spatial distribution and
characteristics of microplastics and associated contaminants from
mid-altitude lake in NW Himalaya. Chemosphere. 326, 138415
(2023)

Chahal, P., Kumar, A., Sharma, C.P., Singhal, S., Sundriyal, Y.P., Sriv-
astava, P.: Late pleistocene history of aggradation and incision,
provenance and channel connectivity of the Zanskar River, NW
Himalaya. Glob. Planet Change. 178, 110-128 (2019)

Chabhal, P., Kumar, A., Sharma, P.C., Sundriyal, Y.P., Srivastava, P.: A
preliminary assessment of the geological evidence of the mega
floods in the upper Zanskar catchment, NW Himalaya. J. Palae-
ontol. Soc. India. 65(1), 64-72 (2020)

Chauhan, R., Kothyari, G.C., Bhakuni, S.S., Pant, P.D., Taloor, A.K.:
Magnetic fabric and geomorphic characteristic of neotectonic
activity along strike direction of North Almora Thrust, Kumaun
Lesser Himalaya, India. Geodesy Geodyn. 13(3), 261-274
(2022a)

@ Springer



300

Proceedings of the Indian National Science Academy (2024) 90:293-303

Chauhan, M.S., Sharma, A., Trivedi, A., Kumar, K., Ferguson, D.K.,
Rathore, P.S.: Late quaternary vegetation shifts and climate
change in the sub-alpine belt of the Parvati Valley, Himachal
Pradesh, India. Quatern. Int. 629, 53-64 (2022b)

Chauhan, N., Sundriyal, Y., Kaushik, S., Chahal, P., Panda, D.K.,
Banerjee, D., Narayanan, A., Shukla, A.D.: Chronology and
paleoclimatic implications of the upper Ganga catchment
floods since Marine Isotopic Stage-2. Palacogeogr. Palaeocli-
matol. Palaeoecol. 620, 111566 (2023)

Devrani, R., Singh, V., Mehta, M., Ramanathan, A.L.: Assessing
sediment pulse during an extremehydrological event in the
Alaknanda Basin, Northwestern Himalaya. India. J. Geol. Soc.
India 97, 48-54 (2021)

Devrani, R., Srivastava, P., Kumar, R., Kasana, P.: Characterization
and assessment of flood inundated areas of lower Brahmaputra
River Basin using multitemporal synthetic aperture radar data:
a case study from NE India. Geol. J. 57(2), 622-646 (2022)

Devrani, R., Singh, V., Saini, H.S., Mujtaba, S.A.L.: Controls on
sediment storage in wide mountain valleys—a case study from
Srinagar (Garhwal) valley, NW Himalaya. Geosci. J. 27(1),
23-43 (2023)

Dey, S., Kaushal, R.K., Jain, V.: Spatiotemporal variability of neo-
tectonic activity along the Southern Himalayan front: A geo-
morphic perspective. J. Geodyn. 129, 237-246 (2019)

Dey, A., Dwivedi, B.S., Bhattacharyya, R., Datta, S.P., Meena, M.C.,
Jat, R.K., Gupta, R.K., Jat, M.L., Singh, V.K., Das, D., Singh,
R.G.: Effect of conservation agriculture on soil organic and
inorganic carbon sequestration and lability: a study from a
rice—wheat cropping system on a calcareous soil of the eastern
Indo-Gangetic plains. Soil Use Manag. 36(3), 429-438 (2020)

Dey, S., Thiede, R.C., Biswas, A., Chauhan, N., Chakravarti, P., Jain,
V.: Implications of the ongoing rock uplift in NW Himalayan
interiors. Earth Surf. Dyn. 9(3), 463-485 (2021)

Dey, S., Thiede, R.C., Chauhan, N., Nath, D., Schaaf, N.W., Jain,
V.: Pleistocene—holocene out-of-sequence faulting along the
Medlicott-Wadia Thrust in the NW Himalaya. Terra Nova.
34(4), 278-289 (2022a)

Dey, S., Bookhagen, B., Thiede, R.C., Wittmann, H., Chauhan, N.,
Jain, V., Strecker, M.R.: Impact of late pleistocene climate
variability on paleo-erosion rates in the western Himalaya.
Earth Planet. Sci. Lett. 578, 117326 (2022b)

Dey, S., Basu, A., Banerjee, S.N., Jain, V.: Discharge-driven rapid
bank-erosion and its impact on sediment budgeting in the lower
Gangetic Plains. Episodes J. Int. Geoscience. 46(2), 259-267
(2023a)

Dey, S., Chauhan, N., Mahala, M.K., Chakravarti, P., Vashistha,
A., Jain, V., Ray, J.S.: Dominant role of deglaciation in late
pleistocene—early holocene sediment aggradation in the Upper
Chenab valley, NW Himalaya. Quatern. Res. 113, 122—133
(2023b)

Divyadarshini, A., Singh, V.: Investigating topographic metrics to
decipher structural model and morphotectonic evolution of the
Frontal Siwalik ranges, Central Himalaya, Nepal. Geomorphol-
ogy. 337, 31-52 (2019)

Divyadarshini, A., Singh, V., Jaiswal, M.K., Rawat, M.: Exploring the
roles of climate and tectonics in the geomorphic evolution of the
Chitwan Intermontane valley, Central Himalaya. Geomorphol-
ogy. 367, 107298 (2020)

Divyadarshini, A., Rajendran, C.P., John, B., Singh, V., Yadava, M.G.,
Sarkar, A., Parida, S.: Evidence of blind thrusting in the fron-
tal part of the Central Himalaya and its significance for rupture
evolution and size of a medieval earthquake. Tectonophysics.
854, 229798 (2023)

Dubey, C.A., Singh, D.S., Singh, A.K., Sangode, S.J., Kumar, D.,
Kumar, P.: Sedimentation pattern of kame terraces and its impli-
cation to climatic events in the Gangotri glacier region since

@ Springer

25 Ka BP, Garhwal Himalaya, India. J. Asian Earth Sci. 229,
105160 (2022)

Duvall, M.J., Waldron, J.W.F., Najman, L., Godin, Y.: Active strike-
slip faults and an outer frontal thrust in the Himalayan foreland
basin. Proc. National Acad. Sci. 117(30), 17615-17621 (2020)

Duvall, M.J., Waldron, J.W., Godin, L., Najman, Y., Copley, A.: Indian
plate structural inheritance in the himalayan foreland basin,
Nepal. Basin Res. 33(5), 2792-2816 (2021)

Farooqui, A., Khan, S., Agnihotri, R., Phartiyal, B., Shukla, S.: Moni-
toring hydroecology and climatic variability since ~4.6 ka from
palynological, sedimentological and environmental perspectives
in an Ox-bow lake, Central Ganga Plain, India. Holocene. 33(10),
1272-1288 (2023)

Ghosh, R., Srivastava, P., Shukla, U.K., Sehgal, R.K., Singh, I.B.: 100
kyr sedimentary record of marginal Gangetic Plain: implications
for forebulge tectonics. Palacogeogr. Palaeoclimatol. Palaeoecol.
520, 78-95 (2019)

Ghosh, R., Shukla, U.K., Srivastava, P., Sharma, A.: Constraints of
lithostratigraphy on the landscape evolution in response of ero-
sion, climate and tectonics in the marginal Ganga Plain, India. J.
Asian Earth Sci. 219, 104892 (2021)

Gururani, K., Kothyari, G.C., Kotlia, B.S.: Morphotectonic assessment
of the Gaula river basin, Kumaun lesser Himalaya, Uttarakhand.
Quaternary Sci. Adv. 12, 100115 (2023)

Jena, P.S., Bhushan, R., Raj, H., Dabhi, A.J., Sharma, S., Shukla, A.D.,
Juyal, N.: Relict proglacial lake of spituk (Leh), northwest (NW)
Himalaya: a repository of hydrological changes during Marine
Isotopic Stage (MIS)-2. Palaecogeogr. Palaecoclimatol. Palaeoecol.
602, 111164 (2022)

Jena, P.S., Bhushan, R., Sharma, S., Dabhi, A.J., Ajay, S., Raj, H.,
Juyal, N.: 10Be exposure age dating of moraine boulders and
glacially polished bedrock surfaces in Karakoram and Ladakh
Ranges, NW Himalaya: implications in quaternary glaciation
studies. J. Geophys. Res.: Earth Surface 128(11), eJF007216
(2023)

Joshi, P., Phartiyal, B., Joshi, M.: Hydro-climatic variability during
last five thousand years and its impact on human colonization
and cultural transition in Ladakh sector, India. Quatern. Int. 599,
45-54 (2021a)

Joshi, L.M., Kotlia, B.S., Kothyari, G.C., Singh, A.K., Taloor, K.,
Upadhyay, A., Dayal, R.: Neotectonic landform development
and associated mass movements along Eastern Ramganga Val-
ley in the Kumaun Himalaya, India. Geotectonics 55(4), 543-562
(2021b)

Joshi, M., Kothyari, G.C., Malik, K., Taloor, A.K.: Response of drain-
age to tectonics and PS-InSAR derived deformation study in
Bilaspur, northwestern Himalaya, India. Geodesy Geodyn. 13(3),
205-218 (2022)

Joshi, P., Phartiyal, B., Joshi, M., Agrawal, S., Kumar, P., Sharma, R.:
Reconstruction of landscape and climate of the largest drainage
basin in the Ladakh Range, NW trans Himalaya during the last
7000 years. Catena 223, 106907 (2023)

Kaushal, R.K., Dey, S., Guha, S., Chauhan, N., Singh, A.: Holocene
slip rates and their implications for seismic hazard along the
Himalayan Frontal Thrust in western Himalayan Nahan salient.
Terra Nova. 35(5), 370-378 (2023)

Kaushik, S., Sundriyal, Y., Chauhan, N., Rana, N., Sharma, S.: Recon-
structing the pattern of late quaternary climate through sediment-
landform assemblages in the Dhauli Ganga valley (upper Ganga
catchment), India. Geomorphology. 432, 108708 (2023)

Keesari, T., Sinha, U.K., Saha, D., Dwivedi, S.N., Shukla, R.R.,
Mohokar, H., Roy, A.: Isotope and hydrochemical systematics
of groundwater from a multi-tiered aquifer in the central parts of
Indo-GangeticGanga Plains, India—implications for groundwa-
ter sustainability and security. Sci. Total Environ. 789, 147860
(2021)




Proceedings of the Indian National Science Academy (2024) 90:293-303

301

Khan, F., Meena, N.K., Sundriyal, Y., Sharma, R.: Indian summer
monsoon variability during the last 20 kyr: evidence from peat
record from the Baspa Valley, northwest Himalaya, India. J.
Earth Syst. Sci. 131(3), 164 (2022a)

Khan, A., Govil, H., Khan, H.H., Thakur, P.K., Yunus, A.P., Pani,
P.: Channel responses to flooding of Ganga River, Bihar India,
2019 using SAR and optical remote sensing. Adv. Space Res.
69(4), 1930-1947 (2022b)

Kothyari, G.C., Joshi, N., Taloor, A.K., Kandregula, R.S., Kotlia,
B.S., Pant, C.C., Singh, R.K.: Landscape evolution and deduc-
tion of surface deformation in the Soan Dun, NW Himalaya,
India. Quatern. Int. 507, 302-323 (2019)

Kothyari, G.C., Kotlia, B.S., Talukdar, R., Pant, C.C., Joshi, M.: Evi-
dences of neotectonic activity along Goriganga river, higher
central Kumaun Himalaya, India. Geol. J. 55(9), 6123-6146
(2020a)

Kothyari, G.C., Pant, P.D., Talukdar, R., Taloor, A.K., Kandregula,
R.S., Rawat, S.: Lateral variations in sedimentation records along
the strike length of north almora thrust: Central kumaun Hima-
laya. Quaternary Sci. Adv. 2, 100009 (2020b)

Kothyari, G.C., Joshi, N., Thakur, M., Taloor, A.K., Pathak, V.: Reana-
lyzing the geomorphic developments along tectonically active
Soan Thrust, NW Himalaya, India. Quaternary Sci. Adv. 3,
100017 (2021)

Kothyari, G.C., Joshi, N., Naik, S.P., Taloor, A.K., Kandregula, R.S.,
Nandy, S., Pant, C.C.: Paleoseismological investigation along
the back thrust bounding the northern limb of Janauri Anticline,
NW Himalaya, India. Quaternary Sci. Adv. 12, 100107 (2023)

Kumar, A., Srivastava, P., Devrani, R.: Using clast geometries to estab-
lish paleoriver discharges: testing records for aggradation and
incision from the upper Indus River, Ladakh Himalaya. Geomor-
phology 362, 107202 (2020a)

Kumar, A., Ray, Y., Ghosh, R., Bandyopadhyay, S., Singh, V., Srivas-
tava, P.: Late quaternary sedimentation history of the Himalaya
and its foreland. Episodes J. Int. Geosci. 43(1), 498-510 (2020b)

Kumar, A., Srivastava, P., Sen, K., Morell, K., Hazarika, D.: Evidence
for late quaternary brittle deformation and back thrusting within
the Indus Suture Zone, Ladakh Himalaya. Tectonophysics. 792,
228597 (2020c)

Kumar, V., Shukla, T., Mishra, A., Kumar, A., Mehta, M.: Chronology
and climate sensitivity of the post-LGM glaciation in the Duna-
giri valley, Dhauliganga basin, Central Himalaya, India. Boreas
49, 594-614 (2020d)

Kumar, V., Mehta, M., Shukla, A., Kumar, A., Garg, S.: Late quater-
nary glacial advances and equilibrium-line altitude changes in a
semi-arid region, Suru Basin, western Himalaya. Quaternary Sci.
Rev. 267, 1-22 (2021a)

Kumar, S., Kumar, V., Saini, R.K., Pant, N., Singh, R., Singh, A.,
Kumar, S., Singh, S., Yadav, B.K., Krishan, G., Raj, A.: Flood-
plains landforms, clay deposition and irrigation return flow
govern arsenic occurrence, prevalence and mobilization: a geo-
chemical and isotopic study of the mid-Gangetic floodplains.
Environ. Res. 201, 111516 (2021b)

Kumar, M., Saikia, K., Agrawal, S., Ghosh, R., Ali, S.N., Arif, M.,
Singh, D.S., Sharma, A., Phartiyal, B., Bajpai, S.: Climatic con-
trol on the C3 and C4 plant abundance during the late Pleisto-
cene-Holocene in the northern Gangetic Plain, India. Palacoge-
ogr. Palacoclimatol. Palacoecol. 591, 110890 (2022)

Luirei, K., Bhakuni, S.S., Longkumer, L., Joshi, L.M., Kothyari, G.C.:
Quaternary landform study in Kosi and Dabka river valleys in
Kumaun Sub-Himalaya: implication of reactivation of thrusts.
Geol. J. 55(6), 4810-4829 (2020)

Luirei, K., Lokho, K., Longkumer, L., Kothyari, G.C., Rai, R., Rawat,
I.S., Nakhro, D.: Morphotectonic evolution of the quaternary
landforms in the Yangui River basin in the Indo-Myanmar
Range. J. Asian Earth Sci. 218, 104877 (2021)

Luirei, K., Kothyari, G.C., Dumka, R.K., Bhakuni, S.S.: Assessment of
the tectonically induced quaternary landforms and active defor-
mation in the area between Main Boundary Thrust and Hima-
layan Frontal Thrust, south of the Siang Antiform, Arunachal
Himalaya, India. Geol. J. 57(2), 557-574 (2022a)

Luirei, K., Longkumer, L., Kothyari, G.C., Rawat, S., Nain, M.Z.:
Tectonic implication in the evolution of lake and quaternary
landforms in the Lohawati river basin, Kumaun outer Lesser
Himalaya. J. Asian Earth Sci. 7, 100102 (2022b)

Luirei, K., Kothyari, G.C., Mehta, M.: Active tectonics in the main
Boundary Thrust Zone, Garhwal Himalaya, as evident from
palaeoseismic signatures, morphotectonic features and PSI base
ground deformation. Geol. J. 58(1), 195-208 (2023)

Malik, J.N., Arora, S., Gadhavi, M.S., Singh, G., Kumar, P., Johnson,
F.C., Raoof, J.: Geological evidence of paleo-earthquakes on a
transverse right-lateral strike-slip fault along the NW Himalayan
front: implications towards fault segmentation and strain parti-
tioning. J. Asian Earth Sci. 244, 105518 (2023a)

Malik, J.N., Mohanty, A., Sahoo, S., Gadhavi, M.S., Dhali, M., Arora,
S., Naik, S.P.: Signatures of 16th and 19th centuries paleo-earth-
quakes along the Himalayan Frontal Thrust (HFT), NW Hima-
laya, India: implications to seismic hazard assessment. Quatern.
Int. 656, 37-47 (2023b)

Maurya, S., Ghosh, R., Sehgal, R.K., Srivastava, P., Shukla, U.K.,
Singh, A.P., Sarangi, S.: Stable isotopic studies of the herbivo-
rous mammals from the marginal Ganga Plain, India: implica-
tion for the palaeo-environmental reconstruction. Geol. J. 57(9),
3935-3948 (2022a)

Maurya, S., Rai, S.K., Sharma, C.P., Rawat, S., Chandana, K.R., Dhabi,
A.J., Bhushan, R., Sarangi, S.: Paleo-vegetation and climate vari-
ability during the last three millennia in the Ladakh. Himalaya
Catena. 217, 106500 (2022b)

Mishra, D., Chakrabortty, R., Sen, K., Pal, S.C., Mondal, N.K.:
Groundwater vulnerability assessment of elevated arsenic in
Gangetic plain of West Bengal, India; using primary informa-
tion, lithological transport, state-of-the-art approaches. J. Con-
tam. Hydrol. 256, 104195 (2023)

Misra, P., Farooqui, A., Sinha, R., Khanolkar, S., Tandon, S.K.: Mil-
lennial-scale vegetation and climatic changes from an early to
Mid-Holocene lacustrine archive in Central Ganga Plains using
multiple biotic proxies. Quat. Sci. Rev. 243, 106474 (2020a)

Misra, S., Bhattacharya, S., Mishra, P.K., Misra, K.G.: Shailesh
Agrawal, and Ambili Anoop: vegetational responses to monsoon
variability during late holocene: inferences based on carbon iso-
tope and pollen record from the sedimentary sequence in Dzukou
Valley, NE India. Catena 194, 104697 (2020b)

Moiya, J.N., Luirei, K., Longkumer, L., Kothyari, G.C., Thong, G.T.:
Late quaternary deformation in parts of the Belt of Schuppen of
Dimapur and Peren districts, Nagaland, NE India. Geol. J. 55(1),
457-476 (2020)

Morthekai, P., Tiwari, P., Murari, M.K., Singh, P., Thakur, B., Manoj,
M.C., Ali, S.N., Singh, V.K., Kumar, K., Rai, J., Dubey, N.:
Further investigations towards luminescence dating of diatoms.
Radiat. Meas. 156, 106803 (2022)

Mukherjee, R., Deb, P.: Application of GIS-based analytical hierarchy
process for assessment and mapping of flood risk zone in the
lower Ramganga River Basin, Western Gangetic Plain, India.
Environ. Dev. Sustain. 26, 1-31 (2023)

Nag, D., Phartiyal, B., Joshi, M.: Late quaternary tectono-geomor-
phic forcing vis-a-vis topographic evolution of Indus catch-
ment, Ladakh India. Catena 199, 105103 (2021)

Nag, D., Phartiyal, B., Agrawal, S., Kumar, P., Sharma, R., Kumar, K.,
Sharma, A., Joshi, M.: Westerly-monsoon variations since the
last deglaciation from semi-arid Ladakh region, Trans Himalaya,
India. Palaeogeogr. Palaecoclimatol. Palacoecol. 618, 111515
(2023)

@ Springer



302

Proceedings of the Indian National Science Academy (2024) 90:293-303

Naik, S.P., Choudhury, B., Garg, A.: Laboratory investigations of
liquefaction mitigation of Ganga sand using stable carbon
material: a case study. Int. J. Geosynthetics Ground Eng. 7,
1-14 (2021)

Naik, S.P., Patra, N.R., Malik, J.N.: Cyclic behavior of late quaternary
alluvial soil along Indo-Gangetic Plain: Northern India. Int. J.
Geo-Eng. 13, 1-20 (2022)

Nandy, S., Taloor, A.K., Kothyari, G.C.: Mapping of major river ter-
races and assessment of their characteristics in Upper Pindar
River Basin, Uttarakhand: a geospatial approach. Quat. Sci. Adv.
4, 100032 (2021)

Panda, S., Kumar, A., Das, S., Devrani, R., Rai, S., Prakash, K., Srivas-
tava, P.: Chronology and sediment provenance of extreme floods
of Siang River (Tsangpo-Brahmaputra River valley), Northeast
Himalaya. Earth. Surf. Proc. Land. 45(11), 2495-2511 (2020)

Panda, S., Kumar, A., Srivastava, P., Das, S., Jayangondaperumal, R.,
Prakash, K.: Deciphering the role of late Quaternary Sea level
fluctuations in controlling the sedimentation in the Brahmaputra
Plains. Sed. Geol. 442, 106289 (2022)

Pandey, A., Jayangondaperumal, R., Hetényi, G., Priyanka, R.S., Singh,
1., Srivastava, P., Srivastava, H.B.: Establishing primary surface
rupture evidence and magnitude of the 1697 CE Sadiya earth-
quake at the Eastern Himalayan Frontal thrust, India. Sci. Rep.
11(1), 879 (2021)

Patel, N.K., Pati, P.: Mapping of the buried paleochannels on the ter-
minal fans in the western Ganga Plain: a geomorphological and
ground penetrating radar-based approach. J. Geol. Soc. India
98(4), 525-537 (2022a)

Patel, N.K., Pati, P.: Evolution of terminal fans in the Indo-Gangetic-
foreland basin: a process-response model. Geomorphology 419,
108483 (2022b)

Patel, N.K., Pati, P., Verma, A.K., Dash, C., Gupta, A., Sharma, V.:
Seismicity around the mahendragarh—dehradun basement fault
in the western Ganga plain, India: a neotectonic perspective. Int.
J. Earth Sci. 109, 689-706 (2020)

Phartiyal, B., Kapur, V.V., Nag, D., Sharma, A.: Spatio-temporal cli-
matic variations during the last five millennia in the Ladakh
Himalaya (India) and its links to archaeological finding(s)
(including coprolites) in a palacoecological and palacoenviron-
mental context: a reappraisal. Quatern. Int. 599, 32-44 (2021)

Quick, L., Creed, M.J., Sinclair, H.D., Mikaél, Attal, Alistair, G.L.:
Borthwick, and Rajiv Sinha: hyperconcentrated floods cause
extreme gravel transport through the sandy rivers of the Gangetic
Plains. Commun. Earth Environ. 4(1), 297 (2023)

Rajendran, C.P., Sanwal, J., John, B., Anandasabari, K., Rajendran, K.,
Kumar, P., Chopra, S.: Footprints of an elusive mid-14th century
earthquake in the central Himalaya: consilience of evidence from
Nepal and India. Geol. J. 54(5), 2829-2846 (2019)

Rawat, V., Rawat, S., Srivastava, P., Negi, P.S., Prakasam, M., Kotlia,
B.S.: Middle Holocene Indian summer monsoon variability and
its impact on cultural changes in the Indian subcontinent. Q. Sci.
Rev. 255, 106825 (2021)

Rawat, A., Kumar, D., Chatterjee, R.S., Kumar, H.: A GIS-based lig-
uefaction susceptibility mapping utilising the morphotectonic
analysis to highlight potential hazard zones in the East Ganga
plain. Environ. Earth Sci. 81(13), 358 (2022a)

Rawat, A., Kumar, D., Chatterjee, R.S., Kumar, H.: Reconstruction
of liquefaction damage scenario in Northern Bihar during 1934
and 1988 earthquake using geospatial methods. Geomatics Nat.
Hazards Risk. 13(1), 2560-2578 (2022b)

Rawat, S., Gupta, A.K., Srivastava, P., Sangode, S.J., Jovane, L.: Spa-
tial-temporal heterogeneity in a small lake and its implication
for paleoclimate reconstruction. Limnology. 23, 17-35 (2022c)

Reza, S.K., Alam, N.M., Mukhopadhyay, S., Nayak, D.C., Sahoo,
A.K., Singh, S.K., Dwivedi, B.S., Maurya, D., Mukhopadhyay,
J.: Quantification of soil quality index using pedo-morphological

@ Springer

data of alluvial soils of indo-gangeticgangetic plains, India. Arch.
Agron. Soil. Sci. 69(7), 1129-1145 (2023)

Roy, D., Basu, Tandon, S.K., Singh, V.: Drainage evolution in a Holo-
cene landscape that hosted a ‘lost river’ system in the Punjab-
Haryana plains, NW India. Quatern. Int. 585, 99-110 (2021)

Sagwal, S., Kumar, A., Sharma, C.P., Srivastava, P., Agarwal, S.,
Bhushan, R.: Late-holocene hydrological variability from the
NW Himalaya and southwestern Tibetan Plateau: Paleo-salinity
records from Pangong Tso. Holocene. 33(7), 842-858 (2023a)

Sagwal, S., Sengupta, D., Kumar, A., Dutt, S., Srivastava, P., Agnihotri,
R., Gahlaud, S.K.S., Sarathi Jena, P., Shivam, A., Bhushan, R.:
Late-holocene wildfire record from the Stagmo peat section, Leh
Valley, NW Himalaya. Holocene 33(6), 685-694 (2023b)

Saha, U.D., Bhattacharya, S., Bhattacharya, H.N., Islam, A., Jaiswal,
M., Narzary, B., Dutt, S.: Development of a hyper-avulsive river
course during the Holocene on the himalayan frontal plains. Cat-
ena. 231, 107279 (2023)

Sain, K., Kumar, A., Mehta, M., Verma, A., Tiwari, S.K., Garg, P.K.,
Kumar, V., Rai, S.K., Srivastava, P., Sen, K.: A perspective on
Rishiganga-Dhauliganga flash flood in the Nanda Devi biosphere
reserve, Garhwal Himalaya, India. J. Geol. Soc. India. 97, 335-
338 (2021)

Sain, K., Mehta, M., Kumar, V.: Heavy rainfall-triggered flash floods
around the amarnath holy cave. J. Geol. Soc. India. 98, 1323—
1324 (2022)

Sain, K., Mehta, M., Kumar, V., Gupta, V., Chauhan, P.: A climatic
surprise-slope instability triggered by heavy rain in Maldevta
Region, Dehradun, Uttarakhand, on 20 August, 2022. J. Geol.
Soc. India 99(3), 317-320 (2023)

Sarkar, A., Singh, V.: Characterisation and assessment of a flash flood
in the Himalaya: understanding the significance of high magni-
tude events in sediment mobilisation. J. Geol. Soc. India 98(5),
678-686 (2022)

Saurabh, K., Rao, K.K., Mishra, J.S., Kumar, R., Poonia, S.P., Samal,
S.K., Roy, H.S., Dubey, A.K., Choubey, A.K., Mondal, S., Bhatt,
B.P.: Influence of tillage based crop establishment and residue
management practices on soil quality indices and yield sustain-
ability in rice-wheat cropping system of Eastern Indo-Gangetic
Plains. Soil Tillage. Res. 206, 104841 (2021)

Sharma, C.P., Rawat, S.L., Srivastava, P., Meena, N.K., Agnihotri, R.,
Kumar, A., Chahal, P., Gahlaud, S.K.S., Shukla, U.K.: High-
resolution climatic (monsoonal) variability reconstructed from
a continuous ~2700-year sediment record from Northwest Hima-
laya (Ladakh). Holocene. 30(3), 441-457 (2020)

Sharma, C.P., Chahal, P., Kumar, A., Singhal, S., Sundriyal, Y.P., Zie-
gler, A.D., Agnihotri, R., Wasson, R.J., Shukla, U.K., Srivas-
tava, P.: Late pleistocene—holocene flood history, flood-sediment
provenance and human imprints from the upper Indus River
catchment, Ladakh Himalaya. Bull. Geol. Soc. Am. 134(1-2),
275-292 (2022a)

Sharma, S., Sati, S.P., Basavaiah, N., Pandey, S., Sundriyal, Y.P., Rana,
N., Singh, P., Pradhan, S., Shukla, A.D., Bhushan, R., Bhatt, R.:
Mid to late holocene climate variability, forest fires and floods
entwined with human occupation in the upper Ganga catchment,
India. Q. Sci. Rev. 293, 107725 (2022b)

Sharma, C.P., Kumar, A., Chahal, P., Shukla, U.K., Srivastava, P.,
Jaiswal, M.K.: Debris flow susceptibility assessment of Leh Val-
ley, Ladakh, based on concepts of connectivity, propagation and
evidence-based probability. Nat. Hazards. 115(2), 1833-1859
(2023)

Shukla, T., Mehta, M., Dobhal, D.P., Bohra, A., Pratap, B., Kumar, A.:
Late-holocene climate response and glacial fluctuations revealed
by sediment record of monsoon-dominated Chorabari Lake, Cen-
tral Himalaya. Holocene. 30(7), 953-965 (2020a)

Shukla, A.K., Behera, S.K., Singh, V.K., Prakash, C., Sachan, A.K.,
Dhaliwal, S.S., Srivastava, P.C., Pachauri, S.P., Tripathi, A.,

P )




Proceedings of the Indian National Science Academy (2024) 90:293-303

303

Pathak, J., Nayak, A.K.: Pre-monsoon spatial distribution of
available micronutrients and sulphur in surface soils and their
management zones in Indian Indo-Gangetic plain. Plos One
15(6), €0234053 (2020b)

Singh, M., Sinha, R.: Distribution, diversity, and geomorphic evolu-
tion of floodplain wetlands and wetland complexes in the Ganga
plains of north Bihar, India. Geomorphology. 351, 106960 (2020)

Singh, S., Gupta, A.K., Dutt, S., Bhaumik, A.K., Anderson, D.M.:
Abrupt shifts in the Indian summer monsoon during the last three
millennia. Quatern. Int. 558, 59-65 (2020a)

Singh, S., Prakash, K., Shukla, U.K.: Spatiotemporal migration of
the river Ganga in middle Ganga plane: application of remote
sensing and GIS technique. J. Indian Soc. Remote Sens. 48,
1495-1507 (2020b)

Singh, L., Pandey, A., Mishra, R.L., Priyanka, R.S., Brice, A., Jayan-
gondaperumal, R., Srivastava, V.: Evidence of the 1950 great
Assam earthquake surface break along the Mishmi Thrust at
Namche Barwa Himalayan Syntaxis. Geophys. Res. Lett. 48(11),
eGL090893 (2021)

Singh, A., Patel, A K., Kumar, M.: Impact of river fluvial processes on
arsenic enrichment in mid gangetic plains: the coining of arse-
nic confirming pollution markers. Environ. Res. 203, 111741
(2022a)

Singh, S., Gupta, A.K., Rawat, S., Bhaumik, A.K., Kumar, P., Rai,
S.K.: Paleomonsoonal shifts during~ 13700 to 3100 year BP
in the central Ganga Basin, India with a severe arid phase at~
4.2 ka. Quatern. Int. 629, 65-73 (2022b)

Singh, Y.P., Mishra, V.K., Arora, S., Dagar, J.C., Lal, K.: Restoration
of degraded sodic soils through silvipastoral systems in the Indo-
GangeticGanga Plains. Land. Degrad. Dev. 33(9), 1459-1473
(2022¢)

Sonam, A.S., Jain, V.: A review of hydro-geomorphic studies in the
Ganga Plains: the emergence of a new interdisciplinary area of
research. J. Palaeontol. Soc. India 67(1), 139-157 (2022)

Srivastava, P.: Landscape evolution of rivers in the Ganga Plain and
Himalaya. Proc. Indian Natn Sci. Acad. 86(1), 369-377 (2020)

Srivastava, P., Kumar, A., Singh, R., Deepak, O., Kumar, A.M., Ray,
Y., Jayangondaperumal, R., Phartiyal, B., Chahal, P., Sharma, P.,
Ghosh, R.: Rapid lake level fall in Pangong Tso (lake) in Ladakh,
NW Himalaya: a response of late Holocene aridity. Curr. Sci.
119(2), 219-231 (2020)

Srivastava, P., Lim, H.S., Wasson, R.J.: Why are the builders and
operators of dams and hydels in the Hindu Kush—Karakoram—
Himalaya so poorly prepared for hydroclimatic hazards? Curr.
Sci. 121, 1549-1552 (2021)

Sundriyal, Y., Kumar, V., Khan, F., Puniya, M.K., Kaushik, S., Chau-
han, N., Bagri, D.S., Rana, N.: Impact of potential flood on riv-
erbanks in extreme hydro-climatic events, NW Himalaya. Bull.
Eng. Geol. Environ. 82(6), 1-18 (2023)

Taloor, A.K., Joshi, L.M., Kotlia, B.S., Alam, A., Kothyari, G.C.,
Kandregula, R.S., Singh, A.K., Dumka, R.K.: Tectonic imprints
of landscape evolution in the Bhilangana and Mandakini basin,
Garhwal Himalaya, India: a geospatial approach. Quatern. Int.
575, 21-36 (2021)

Taloor, A.K., Kothyari, G.C., Dumka, R.K., Alam, A., Malik, K.:
Crustal deformation study of Kashmir basin: insights from PSIn-
SAR based time series analysis. J. Appl. Geophys. 211, 104979
(2023a)

Taloor, A.K., Dumka, R.K., Kothyari, G.C., Srivastava, P., Khare, N.:
Active tectonics and surface processes using geospatial technol-
ogy. J. Appl. Geophys. 215, 105140 (2023b)

Taloor, A.K., Sharma, R., Kothyari, G.C.: Tectono-geomorphic and
active deformation studies in the Ujh basin of Northwestern
Himalaya. Quaternary Sci. Adv. 12, 100121 (2023c)

Talukdar, R., Kothyari, G.C., Pant, C.C.: Evaluation of neotectonic
variability along major himalayan thrusts within the Kali River
basin using geomorphic markers, Central Kumaun Himalaya,
India. Geol. J. 55(1), 821-844 (2020)

Thakur, M., Singh, G., Malik, J.N.: Geological and geomorphic evi-
dences of neotectonic activity along the Himalayan Frontal
Thrust, Nahan Salient, NW Himalaya, India. Quatern. Int. 575,
5-20 (2021)

Tripathi, S., Basumatary, S.K., Pandey, A., Khan, S., Tiwari, P.,
Thakur, B.: Palaeoecological changes from 580 to 1220 CE from
the Indo-Burma region: a biotic assessment from the Barak Val-
ley of Assam, northeast India. Catena 206, 105487 (2021)

Trivedi, A., Saxena, A., Chauhan, M.S., Sharma, A., Farooqui, A.,
Nautiyal, C.M., Yao, Y.F., Wang, Y.F,, Li, C.S., Tiwari, D.P.:
Vegetation, climate and culture in Central Ganga plain, India: a
multi-proxy record for last glacial maximum. Quatern. Int. 507,
134-147 (2019)

Vivek, B., Raychowdhury, P.: Soil-structure interaction study on 3D
SMREFs of Indo-Gangetic plain using resonant vibration tests. J.
Earthquake Eng. 26(8), 3977-3999 (2022)

Wani, M., Behera, D., Ankit, Y., Anoop, A.: Mishra, and Arshid Jehan-
gir: historical trends of heavy metal contamination and eutrophi-
cation in an aquatic system from Kashmir Himalaya, India. Envi-
ron. Chall. 12, 100721 (2023)

Yadav, S., Kumar, R., Chandra, M.S., Singh, S., Yadav, R.B., Kumar,
M.: Soil organic carbon sequestration and carbon pools in rice
based cropping systems in Indo-Gangetic Plains: an overview.
Int. Res. J. Pure Appl. Chem. 21(24), 122-136 (2020)

Yadav, A., Muneer, W., Lahajnar, N., Gaye, B., Misra, S., Jehangir, A.,
Anoop, A., Praveen, K., Mishra: Long term natural and anthropo-
genic forcing on aquatic system-evidence based on biogeochemi-
cal and pollen proxies from lake sediments in Kashmir Himalaya,
India. Appl. Geochem. 131, 105046 (2021)

Yadav, A., Mishra, P.K., Mehta, B., Anoop, A.: Sandhya Misra, and
Tiatoshi Jamir: hydroclimatic variability in Northeast India dur-
ing the last two millennia: sedimentological and geochemical
record from Shilloi Lake, Nagaland. Palaecogeogr. Palacoclima-
tol. Palaeoecol. 602, 111151 (2022a)

Yadav, A., Chirakkal, A., Kataria, V., Anoop, A., Praveen, K., Mishra:
From biomass to fossil fuels: a contemporaneous transition to
anthropogenic driven environmental changes recorded in a Cen-
tral Himalayan Lake. J. Hazard. Mater. Adv. 8, 100186 (2022b)

Zakwan, M., Ahmad, Z.: Analysis of sediment and discharge ratings of
Ganga River, India. Arab. J. Geosci. 14, 1-15 (2021)

Publisher’s Note Springer nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2024-07-16T12:01:35+0530
	Preflight Ticket Signature




