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Introduction
The agriculture sector contributes approximately 14% of India’s
total gross domestic productivity (source: Indian Ministry of
Agriculture, 2013-2014). The variability in the monsoonal
precipitation has a critical impact on agricultural productivity and
thus the economy of the country (Krishna Kumar et al., 2004). The
dominant (ca. 75%) contribution of India’s annual rainfall is received
from the South-West (SW) monsoon, whereas the North-East (NE)
monsoon provide precipitation in southern peninsular India and midlatitude westerlies in the North-West (NW) Himalaya (Fleitmann et
al., 2007; Gadgil and Rajeevan, 2008; Govil and Naidu, 2011; An et
al., 2012; Sreekala et al., 2012; Mishra et al., 2015; Srivastava et al.,
2013; 2017). The interaction of these moisture regimes with various
teleconnections (El Niño events, Indian Ocean Dipole or IOD, snow
cover and North Atlantic Oscillation or NAO) have resulted in decadal
to millennial-scale precipitation variation (Ashok et al., 2001; Singhvi
and Kale, 2010; Rajeevan et al., 2012; Prasad et al., 2014).
The climate variability has deleterious effects on human
civilization (Madella and Fuller, 2006; Giosan et al., 2012; Kathayat
et al., 2017). Several studies have highlighted that the ancient societies
were highly vulnerable to abrupt climatic events resulting in
population dislocations, urban abandonment, and social stresses that
can lead to the collapse of civilizations or cultures (Polyak and
Asmerom, 2001; Giosan et al., 2012). Even in the present day, climate
change has a significant impact on civilizations as evident from the
migration of millions of population from the Middle-East to the
western world (Brzoska and Fröhlich, 2016). Understanding of past
cultural adaptations to persistent climate change may provide valuable
perspectives on possible responses of modern societies to future
climate change (DeMenocal, 2001; Singhvi et al., 2010).
From an archaeological perspective, the Holocene (from 11700
yr BP to present; where, yr BP is years before present) is a complex
time period that witnessed multiple cultural and adaptive innovations,
transitions as well as the rise of several civilizations or complex
societies around the world (Gupta et al., 2003; Anderson et al., 2007;
Dong et al., 2012; Walker et al., 2012). These events took place
through a multitude of dynamic processes combining both indigenous
developments and population movements/replacements/admixture
across vast regions. This epoch is characterized by beginning of

pastoralism, domestication of animals, sedentary human life,
beginning of the complex social order, and the rise and fall of various
dynasties (Hodell et al., 1995; Fuller and Korisettar, 2004; Madella
and Fuller, 2006; Ponton et al., 2012).

Research area
In the Indian subcontinent, the following cultural transitions are
known to have taken place during the Holocene: Mesolithic to
Neolithic at ~7000 BC (~8950 yr BP), Neolithic to Chalcolithic at
~4000 BC (~5950 yr BP), Chalcolithic to Iron Age at ~1500 BC
(~3450 yr BP) (Misra, 2001). The evidence for discrete cultural
identification of post-Neolithic archaeological sites are primarily based
on the wheel-made ceramic or pottery assemblages, e.g., Padri Ware,
Painted Grey Ware, Black and Red Ware, Ochre Coloured Pottery,
and so forth (Figure 1). It is important to note that these various
transitions did not happen evenly and comprehensively across the
subcontinent but were highly varied across time and space. In some
regions, specific phases occur only marginally or are absent altogether
and hunter-gatherer-forager (advanced Mesolithic) lifestyles continued
into the colonial period (19th century), overlapping with the more
advanced lifestyles that evolved in different parts of the subcontinent
such as the Neolithic and Chalcolithic (see Morrison, 2007; Petraglia
and Boivin, 2014). In addition, some lifeways manifested regionally
(e.g., Megalithic) and chronologically overlapped with different
cultures over time (e.g., Neolithic, Chalcolithic, early Iron Age)
without any influence or interaction at the pan-Indian level. Inversely,
many sub-regions did not witness key stages in cultural evolution or
transitions, such as western and central India where Neolithic evidence
is conspicuously absent, for example, in these zones, the Mesolithic
phase directly transforms to the Chalcolithic, whereas in northern,
eastern and southern India both phases are linked by the Neolithic
phase (Figure 1). Indeed, many contemporary tribal groups in eastern
and northeastern zones of India still maintain Neolithic-style
agricultural practices (e.g., slash-and-burn, shifting cultivation,
jhum cultivation) indicating strong patterns of environmental, cultural,
technological, behavioral and subsistence continuities (e.g., Rao,
1977). The geographically uneven cultural development across the
subcontinent eventually led to the regionalization of specific cultures
with marked geographic boundaries, some contemporary with each
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Figure 1: Major paleoclimatic sites discussed in the text (1. Chandra Tal (Rawat et al., 2015); 2. Benital Lake (Bhushan et al., 2018);
3. Chaudhary ka Tal (Saxena et al., 2015); 4. Dindwana Lake (Wasson et al., 1984); 5. Kikar Tal (Saxena and Trivedi, 2017); 6. Lahuradewa
Lake (Saxena et al., 2013); 7. Lonar Lake (Prasad et al., 2014); 8. Lunkaransar (Enzel et al., 1999); 9. Paleolake near Triloknath Glacier
(Bali et al., 2016); 10. Tso Kar (Demske et al., 2009); 11. Tso Moriri (Mishra et al., 2015); 12. Nal Sarovar (Prasad et al., 2006); 13. Pookode
Lake (Veena et al., 2014); 14. Riwasa paleolake (Dixit et al., 2014); 15. Shantisagara Lake (Sandeep et al., 2017); 16. Ziro basin (Ghosh et
al., 2014); 17. Bitto cave (Kathayat et al., 2016); 18. Jhumar cave (Sinha et al., 2011); 19. Mawmluh cave (Berkelhammer et al., 2012); 20.
Qunf cave (Fleitmann et al., 2007); 21. Sahiya cave (Sinha et al., 2015); 22-25. Arabian Sea (Govil and Naidu, 2011; Gupta et al., 2005;
Overpeck et al., 1996; Staubwasser and Weiss, 2006); 26-29. Bay of Bengal (Contreras-Rosales et al., 2014; Ankit et al., 2017; Ponton et al.,
2012; Rashid et al., 2011) along with different paleo-cultural zones in India.
other. For instance, during the Harappan phase in northwestern India,
other contemporary cultures appeared and flourished elsewhere across
India, many independently, such as the Ahar, Malwa, Jorwe, the
southern Indian Neolithic and others (Misra, 2001; Shinde and SinhaDeshpande, 2002a-b; Singh, 2008) (Figure 1).

Data and Discussion
In recent decades, there has been a global surge in research on
the human-environment relationships during the Holocene, including
pinpointing specific factors that affected not only culture change but
behavioural responses to environmental fluctuations at different time
scales (i.e. annual, centennial or millennial) (Nunn and Britton, 2001;
Giosan et al., 2018). Climate change and resulting effects have not
only been utilized to explain the demises of specific cultures but also
as possible explanations for shifting technological and subsistence
strategies. These strategies include selection or preference for specific
Episodes Vol. 43, no. 1

traits in faunal and floral populations, systematic alteration of local
ecologies and planning for long-term exploitation of specific resources
about changing environmental conditions (e.g., dam construction,
reservoirs, irrigation canals and mining for minerals). From a broad
perspective, various cultures in different parts of the world and (within
the Indian subcontinent) responded or adapted differently when facing
shared environmental conditions or events. These respective strategies
depended largely on population sizes, technological levels of the
concerned culture, the types and quantities of resources available and
social interactions with comparable cultures in surrounding regions.
In the following sections, we have discussed the climate variability
in the Indian subcontinent, and the various cultural evolution during
the Holocene epoch. We have considered the subdivision of the
Holocene as recommended by the working group of Integration of
Ice-core, Marine and Terrestrial records (INTIMATE) and
International Commission on Stratigraphy (ICS) (Walker et al., 2012;
2018) (Figure 2).
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Figure 2. Paleoclimate variability with major cultural activity in various part of the Indian subcontinent.
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Early Holocene or Greenlandian (11700 to
8200 yr BP)
The high-resolution Holocene climate records from the Indian
subcontinent is mostly available from the NW Himalaya, (the region
influenced by both the mid-latitude westerlies and summer monsoon
winds), northwestern India and marine sediments from the Indian
ocean (Figure 1). However, with a few exceptions, the northeastern
Himalaya, peninsular and central India show scarcity in the
paleoclimate datasets. The lacustrine records from the central (Lonar
Lake) and southern India (Shantisagara Lake) indicate early Holocene
climate intensification with initiation of a wet phase at ca. 11 kyr BP
(Prasad et al., 2014; Sandeep et al., 2017) (Figure 2). The paleorecord from the Lahuradewa Lake in the Gangetic plain also shows
intensified monsoon condition during 9.2 to 5.3 kyr BP with maximum
intensity around 7 kyr BP (Saxena et al., 2013) (Figure 2). The
presence of Cerealia pollen and occurrence of Trapa and Cannabis
sativa around 6 kyr BP indicates human settlements in the region in
response to climate amelioration (Saxena et al., 2013). Additionally,
based on the geomorphological investigation and variation in clay
mineral formation, Srivastava et al., (2015) have observed two humid
phases in the Gangetic plains during 13.5 to 11.0 and 6.5 to 4.0 ka
(Figure 2). In the Gangetic plain, during the transition phase between
early and mid-Holocene, several mature cultural sites have been
reported (e.g., Lahuradewa, Senuwar), indicating the close
relationship between climate and human activity (Figure 2) (Saxena
et al., 2013). Also, the paleoclimate datasets from the northwestern
Himalaya demonstrate extreme monsoon precipitation during the early
Holocene in response to changes in the solar insolation (Wünnemann
et al., 2010; Srivastava et al., 2013; Leipe et al., 2014; Mishra et al.,
2015; Rawat et al., 2015; Bhushan et al., 2018) (Figure 2). The fluvial
records from the NW Himalayan region corroborates high fluvial
incision during the early Holocene with SW monsoon penetrated deep
into the orographic barrier of the Himalaya (Bookhagen and Burbank,
2006; Phartiyal et al., 2009). In the northeastern Himalaya, except
for studies on instrumental climate data and neotectonism, limited
paleoclimate records are available dealing with the dynamics of the
monsoon, their causal mechanisms and variability in the moisture
source. The paleo-record from the Pasighat region in Arunachal
Pradesh shows monsoon intensification between 10 and 8 ka, coeval
with other paleo-records from NE India (Srivastava et al., 2009). In
contrast, the pollen, phytoliths and stable carbon isotopic investigation
from NE Himalayan ranges have provided monsoon intensification
between 10.2 and 3.8 kyr BP (Ghosh et al., 2014) (Figure 2). However,
this extended period of Holocene intensification does not show any
correlation with other paleo-record from NE India and needs more
detailed investigations to understand the reasons for its apparently
anomalous behavior.
In contrast to the reported early Holocene intensification in the
Indian subcontinent, disparity has been observed in the the pollen
and geochemical records from the lacustrine sediments in NW India
which indicates fluctuating lake levels during the early Holocene and
maximum wet condition during 7.2-6 kyr BP (mid-Holocene). The
extreme wet condition during the mid-Holocene in the NW India is
explained in terms of increased summer rains which also supplemented
by high winter rains brought in by the mid-latitude westerlies (Prasad
and Enzel 2006 and references therein). The increased westerlies
contribution in the NW India supports the dominance of winter crops
(e.g., wheat, barley) which is observed in several cultural sites in
Episodes Vol. 43, no. 1

NW India (Fuller, 2006; Sarkar et al., 2016). On the contrary, the
recent climate records from Riwasa Lake (NW India) shows early
Holocene intensification (during ~11 to 10.4 kyr BP) in response to
increased solar insolation and reduced snow cover over the Tibetan
Plateau (Marzin and Braconnot, 2009; Dixit et al., 2014) (Figure 2).
The cultural record from NW India provides evidence of the beginning
of agricultural practices and the domestication of animals during the
early Holocene (~9 kyr BP) (Allchin and Allchin, 1997). Human
occupation during the early Holocene in the NW region of the
subcontinent is best represented by extensive excavations at Mehrgarh
(in modern-day Pakistan). The habitation record at this site (70002000 BC or ~8950 to 3950 yr BP) is spread across six mounds and
starts with the Aceramic (without pottery) Neolithic and reflects early
farming and herding practices. It is thought to be a precursor to the
subsequent Early Harappan culture and comprises a continuous
sequence of eight cultural periods ending with Chalcolithic
occupation. Period 1 (7000-5500 BC or ~8950 to 7550 yr BP)
comprises evidence of semi-nomadic populations practicing early
forms of agriculture and domestication of both fauna and flora. The
residential compartmentalized structures were built using mud bricks
and a sophisticated material culture is reflected through the presence
of burials with intricately made grave goods including ornaments,
lithics and bone tools. Comparable early Neolithic evidence, though
representing short-term camping, has also been reported recently from
the Ladakh Himalaya (Ganjoo, 2015).
The termination of the early Holocene is marked by the global
cooling event (known as 8.2 ka event which lasted for at least ~150
years) reported in several paleoclimate records across the world (Bond
et al., 2001; Feng and Hu, 2008; Prasad et al., 2009; Walker et al.,
2012). The first global cooling event recorded during the Holocene
epoch is marked by fluctuation in the North Atlantic deepwater
circulation and northward movement of heat due to the mixing of
meltwater from Laurentide ice sheets (Hong et al., 2003; Walker et
al., 2012; Marzin et al., 2013; Menzel et al., 2014). Considering dating
uncertainty, this event has been reported in several terrestrial (Anoop
et al., 2013b; Walker et al., 2012; Dixit et al., 2014; Rawat et al.,
2015; Sandeep et al., 2017) as well as marine archives (Gupta et al.,
2003; Govil and Naidu, 2011; Rashid et al., 2011). However, no major
focused studies have yet been done in India to explicitly link 8.2 ka
event with specific cultural adaptations/changes, though this is a time
when the Neolithic lifestyle is well-established in some regions and
just beginning to appear in other regions of the subcontinent
(Figure 1).
In NW India, one of the longest climate-civilization record near
to the Indus-Ghaggar-Hakra river valley based on the isotopic and
archaeological data suggesting pre-Harappan habitation along the river
valley fed by intensified monsoon during 9 to 7 kyr BP (Sarkar et al.,
2016). Additionally, the archaeological records across India during
this time period show technological advancement. For example, the
dominance of Mesolithic tools as represented by microliths made
into backed lithics, composite tools including arrowheads and
occasional heavy-duty tools such as choppers and core scrapers (Misra,
2001). There is also a discernible increase in the exploitation of
perishable materials such as bone, ivory, wood, antler, shell and ostrich
eggshells – the latter for beads and engravings. While no climatic
factors have yet been explored to explain these morphological shifts
in technology, specific tool types and tool-kits must have been
innovated and adopted to exploit select resources in differing ecozones.
The microlith assemblages are largely comprised of geometric types
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which appear to have been developed from non-geometric microliths
(e.g. points, microblades, burins, small flakes, different core types,
thumbnail scrapers), the earliest of which occur at 48 ka in Sri Lanka
(Wedage et al., 2019). The younger and more advanced geometric
microlith types include crescents, lunates, triangles, trapezes, and so
forth. These specialized tools are utilized to make composite tools
such as arrowheads, knives, harpoons and also supplemented with
sophisticated hunting adaptations such as trapping, fishing and so
forth, demonstrating the expansion of existing ecological niches. This
entire Mesolithic phase is also represented by extensive rock shelter
habitation and associated rock art and other complex behaviours such
as human burials. Although thousands of Mesolithic sites have been
reported from throughout the subcontinent, the best-known examples
include Langhnaj in Gujarat, Baghor in Rajasthan, the Ganga Valley
complex and Bhimbetka in Madhya Pradesh. While the Neolithic
record starts to appear at around 6000 BC (~7950 yr BP), Mesolithic
technology and lifestyle appear to continue well into Historical times
overlapping with all subsequent technological and cultural phases.

Middle Holocene or Northgrippian (8200 to
4200 yr BP)
The majority of paleo-records in the Indian subcontinent is
characterized by decreasing monsoonal precipitation during the midHolocene with termination at around 4200 yr BP (also termed as 4.2
ka event) (Staubwasser and Weiss, 2006; Berkelhammer et al., 2012;
Walker et al., 2012; Sinha et al., 2015; Kathayat et al., 2017; Sandeep
et al., 2017) (Figure 2). The paleoclimate record from the continental
Oman (Fleitmann et al., 2007), Arabian Sea (Gupta et al., 2005), Bay
of Bengal (Ponton et al., 2012; Contreras-Rosales et al., 2014) and
southern India (Sandeep et al., 2017) demonstrated progressively
decreasing monsoon intensity during the mid-Holocene in response
to solar variability. However, the pollen-based records from the
Gangetic plains and paleo-records from NW India show fluctuating
precipitation condition, probably due to a variable moisture source
and proxy sensitivities (Prasad and Enzel, 2006; Saxena et al., 2013,
2015; Saxena and Trivedi, 2017) (Figure 2). In central India, the δ18O
record from Kotumsar cave indicates several small periods of
enhanced monsoonal precipitation punctuated by a series of
megadroughts during the mid-Holocene linked to the weaker North
Atlantic circulation (Band et al., 2018) and higher frequency of El
Niño events as evident from the El-Junco grains size records
(Overpeck et al., 1996; Conroy et al., 2008; Band et al., 2018).
Furthermore, in the NW Himalaya, due to the interaction between
the Indian Summer Monsoon (ISM) and the westerlies, a complex
climate dynamics has been observed in several terrestrial records
(Demske et al., 2009; Leipe et al., 2014; Rawat et al., 2015; Bali et
al., 2016; Srivastava et al., 2017; Bhushan et al., 2018) (Figure 2).
These records show that even in the envelope of the declining phase
of monsoon intensity, some of the climate records show a second
peak of intensification during the mid-Holocene (Demske et al., 2009;
Anoop et al., 2013b) (Figure 2). Similarly, the lake records from NW
India show a wetter climate as compared to the early Holocene (Prasad
and Enzel, 2006; Staubwasser and Weiss, 2006; Achyuthan et al.,
2016). In Didwana Lake, absence of Cosmarium (a freshwater alga)
and presence of desert taxa (Calligonum) during ca. 5.8-4.8 kyr BP
indicate increased aridity (Singh et al., 1990) which was also
corroborated with geochemical data (Wasson et al., 1984) (Figure 2).
Contrastingly, the Lunkaransar and Nal Sarovar Lake showed the

wettest periods during mid-Holocene (ca. 7.2-6.0 kyr BP and ca. 7.2
to 6.1 kyr BP respectively), probably due to the contribution from
winter precipitation (Enzel et al., 1999; Prasad and Enzel, 2006)
(Figure 2). However, during ~6.1 to 5.3 kyr BP, Nal Sarovar showed
a drier period while Lunkaransar remains wet (ca. 6.0-5.3 kyr BP).
This discrepancy can be explained in terms of a difference in the rate
of evaporation: higher evaporation rate in Nal Sarovar as compared
to Lunkaransar (Prasad and Enzel, 2006).
The termination of the middle Holocene (4.2 ka event) is
characterised by a global cooling event caused by reduced solar
irradiation resulting in atmospheric cooling in northern Hemisphere
(~1-2°C), weakening of thermohaline overturning, all of which
consequently impacted the intensity of the south-west monsoon
precipitation in the Indian subcontinent (Bond et al., 2001; Hong et
al., 2003). On the contrary, several studies highlighted a low
temperature of north Atlantic surface water, coupled with the
increasing frequency of ocean-atmospheric phenomenon (El- Niño
events) in the mid-latitude region, have resulted in the decreased
intensity of the Asian monsoon during 4.2 ka (Sun, 2000; Barron and
Anderson, 2011; Walker et al., 2012). The 4.2 ka event is globally
recorded and can be linked to a major drought in several parts of the
globe which impedes the growth of various cultures and civilizations
e.g., western Tibetan plateau, western Africa, Mexico, the
Mesopotamian plains and the Indus Valley region (Yasuda, 2001;
Hong et al., 2003). In fact, the cultural destabilization within the
Harappan civilization is attributed to the weakening of monsoon
precipitation during the mid-Holocene (Singh et al., 1974; Bryson
and Swain, 1981; Agrawal et al., 1982; Swain et al., 1983; Petrie et
al., 2017). Additionally, the changing pattern of crop production from
wet evergreen to deciduous also revealed less moisture availability
during the mid-Holocene (Madella and Fuller, 2006). At Bhirrana in
NW India, Sarkar et al., (2016) demonstrate (using faunal
compositions and oxygen isotopes) a change from monsoondependent to drought-resistant crops, to explain the Harappan decline
in the region (also see Singh et al., 2017).
Around the 7th millennium BC (~9 to 7 kyr BP), early signatures
of the Neolithic start to appear such as pastoralism, animal
domestication and the establishment of simple villages and signifying
sedentism. The best-known evidence comes from such sites and
regions as Mehrgarh in Pakistan, Kashmir and eastern and northeastern
India (Misra, 2001; Singh, 2008). This is also the phase when the
earliest (handmade) pottery in the subcontinent appears and is often
found in association with bones of both wild and domesticated animal
species. The advent of these behaviours, particularly early agriculture,
was historically thought to be introduced, but new and older evidence
from northern India now suggests a possible indigenous origin. The
site of Lahuradewa (7th millennium BC) in the Ganga Valley, for
example, is showing earlier evidences of possible rice domestication,
ceramic use and landscape burning than previously known (see Fuller,
2006). In addition, the gradually developing Neolithic phase
subsequently includes increased animal and plant domestication
including displacement and alteration of specific species and animal
communities (Boivin et al., 2016). The rapid spread of these
burgeoning human populations and associated anthropogenic
activities (e.g., clearing forests, burning swaths of land, and overhunting) also begin to have major impacts on the local ecologies and
biodiversity (Kirch, 2005). The most ubiquitous artefacts or tools of
this period are polished axes/celts, directly linked with the widespread
deforestation and generally known from all parts of India except
March 2020
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western and central zones. In fact, this growing impact of human
activities on their natural environment (with roots in the Late
Pleistocene) subsequently led to a proposal to recognize a new phase
called the Anthropocene (Malhi, 2017). The middle Holocene also
marks the establishment of the roots of Harappan culture, generally
labeled as the pre-Harappan phase followed by the Early Harappan
phase (Possehl, 2002). While the pre-Harappan phase (5500-3300
BC or 7450-5250 yr BP) is represented such sites as Mehrgarh
(described above), the Early Harappan phase (3300-2800 BC or 52504750 yr BP) often called the Ravi Phase) comprises of the beginning
of the use of a script (yet to be deciphered) and establishment of raw
material transport and trade including lapis lazuli, steatite and Rohri
chert. Soon after 2800 BC (4750 yr BP), the Early Harappan phase
transforms into the Mature Harappan phase. This phase (2800-1900
BC or 4750-3850 yr BP) is the height of the culture’s prominence
and had spread to various parts of Pakistan and NW India (including
Gujarat, Rajasthan, Panjab, Haryana, Uttar Pradesh), and Maharashtra
(Figure 1). The Mature Harappan phase represented the first
urbanization in the subcontinent with several major cities emerging
e.g., Harappa, Mohenjo-Daro and Ganweriwala in Pakistan and
Dholavira and Rakhigarh in India. Today it is considered to one of
the greatest civilizations that appeared throughout the old world and
is best known for its standardization in material culture (e.g. city/
town layout, architecture, brick size, stone weights, beads, seals,
pottery designs), trade with nearby cultures outside the subcontinent
and historically-attempted links Aryans. One of the longest
unanswered questions that is researched upon is to identify the precise
factor(s) that led to its decline (discussed below). Interestingly,
numerous contemporary Mesolithic, Neolithic and Chalcolithic
cultures/entities existed in other parts of the subcontinent, without
any archaeologically visible interaction with the Harappan
populations.

Late Holocene or Meghalayan (4200 yr BP to
present)
There has been a long debate regarding the natural versus
anthropogenic factors on climate variability during the late Holocene
(Ruddiman et al., 2015). Several lines of evidence suggest that the
role of orbital forcing and increasing CO2 concentration (up to 20
ppm since 7000 years) are the key elements in climate variability
during the late Holocene (Broecker et al., 1999). However, this concept
of natural variability has been objected by a group of scientists which
suggest that the increased concentration of CO2 and CH4 and other
greenhouse gases, overprinted the natural climate variability and
underscored the role of anthropogenic activity in governing the climate
condition during the late Holocene (Ruddiman, 2003; Ruddiman et
al., 2016).
The late Holocene witnessed a declining phase of monsoon
intensity reported from various continental and marine records in the
Indian subcontinent attributed to the southern migration of the
Intertropical Convergence Zone (ITCZ) coupled with increased
frequency of El Niño events (Gupta et al., 2003; Fleitmann et al.,
2007; Govil and Naidu, 2011; Ponton et al., 2012; Contreras-Rosales
et al., 2014; Ankit et al., 2017) (Figure 2). The Dhakuri peat deposit
in the NW Himalaya (Phadtare and Pant, 2006) indicates a weakening
of the ISM during 3.2 to 0.2 kyr BP corroborating with the climate
record from the Tibetan peat deposit (Hong et al., 2003; Singhvi and
Kale, 2010). The drying trend is also supported by the speleothem
Episodes Vol. 43, no. 1

record from the NW Himalaya (Sainji cave) indicating a weakening
of the SW monsoon from 4.0 to 3.2 kyr BP which accounted for the
disappearance of the Ghaggar river and the collapse of the Indus/
Harappan and Ghaggar cultures in northern India (Kotlia et al., 2015).
However, using sedimentary paleo-DNA and planktonic foraminifera,
Giosan et al., (2018) have identified strong monsoonal activity
between ca. 4.5 and 3 kyr BP, which possibly induce a change in
Harappan lifeways from urban to rural. Such changes were also
demonstrated by sediment and pottery analyses from Kalibangan
which collectively showed a transition of the Ghaggar river from being
glacial-fed to rain-fed during the Mature Harappan phase (Chatterjee
and Ray, 2018). The Mature Phase gives way to the Late Harappan
phase (1900-1300 BC or 3850-3250 yr BP) which witnessed the brief
existence of the Cemetery H culture and introduction of Ochre
Coloured Pottery. This phase comprised of a gradual decline in trade,
settlement size, economy and material culture such as Harappan
pottery as well as site abandonment. The multiple urban centres begin
to collapse into fragmented rural networks and the earlier defining
elements of Harappan culture start to disappear including the use of
the script. The end of the Harappan phase was marked by the transition
from Bronze to Iron Age and was succeeded by the Painted Grey
Ware culture and other contemporary cultures across India including
various Megalithic cultures.
In central India, the isotopic data suggested that the period of
aridity intensified after 4.0 kyr BP and persisted until 1.7 kyr BP due
to a change in the seasonality of northern hemisphere insolation
(Ponton et al., 2012). The climate record from Lonar Lake in central
India indicates multiple drought events (during 4.6 to 3.9 and 1.4 to
0.6 kyr BP) based on the occurrence of evaporative (gaylussite)
minerals (Anoop et al., 2013a; Prasad et al., 2014) (Figure 2). The
absence of Gaylussite at 2 kyr BP suggests a relatively wet condition,
during which some of the sites in central India (e.g., Bhokardan,
Paithan, Ter, Bhon) show well flourished economic and cultural
growth (Deotare, 2006; Prasad et al., 2014). These data suggested
that there were symbiotic human and climate interaction that persisted
at least since last 4000 years. Several cultures in the Indian
subcontinent adapted their lifestyles according to drier climatic
conditions, e.g. rapid increase in rainwater harvesting structures (after
1.7 ka) in south India, Harappan settlement shift towards relatively
more wetter regions near the foothills of Himalaya or Ganges
watershed or adoption of low rainfall crop patterns (Madella and
Fuller, 2006; Ponton et al., 2012; Prasad et al., 2014).
The latter phase of the late Holocene is largely characterised by
two centennial-scale climate events (Medieval Climate Anomaly
(MCA) or Medieval Warm Period (MWP) during AD 900 to 1350
(1050 to 600 yr BP) and Little Ice Age (LIA) between AD 1500 and
1800 (450 to 150 yr BP) which have a strong control over the cultural
evolution of various civilisations in the Indian subcontinent (Madella
and Fuller, 2006; Vollweiler et al., 2006; Giosan et al., 2012; Dixit
and Tandon, 2016). This period witnessed the technological and
economic transition from the exploitation of copper, tin and bronze
to the beginning of the Iron Age coinciding with the second
urbanization (Singh, 2008). Although these events are well recorded
in several marine as well as terrestrial records, the spatial heterogeneity
in the timing and duration of these events suggest the interplay between
the varied contribution of moisture source, change in local sea surface
temperature and a link with various teleconnections (such as El Niño,
NAO) (Dixit and Tandon, 2016; Tiwari et al., 2009, 2011; Banerji et
al., 2017). In some of the climatic records from the Indian
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subcontinent, a warm period from 250 BC to AD 400 or 2200 to
1550 yr BP (called the Roman Warm Period (RWP)) is also reported,
however its timing and the duration are still debatable (Banerjee et
al., 2017; Kathayat et al., 2017). A study based on pollens from
Naychhudwari Bog in the NW Himalaya indicated that around 1.3 to
0.75 kyr BP (AD 650 to AD 1200) (equivalent to MWP) a warm and
moist condition prevailed in the region and thus was favorable for
local agricultural practices (Chauhan, 2006). The record is coeval
with other paleoclimate records from the NW Himalaya (Yadava and
Ramesh, 2005; Sinha et al., 2011) (Figure 2). Additionally, based on
the multiproxy data from mudflat sediments from Diu (western India),
Banerji et al., (2017) suggested that the climate in western India was
warm and humid during 3.2 and 2.6 kyr BP followed by aridity until
1.9 kyr BP and further reoccurrence of wet phase from 1.9 to 0.35
kyr BP (AD 50 to AD 1600), which is in line with the global RWP
and MWP events. The paleo-record from the Gangetic plains shows
a continuous decreasing trend of monsoon intensity punctuated with
several small-scale warm periods which correspond to the MWP
(Saxena et al., 2015) (Figure 2). However, the climate record from
southern India and central India shows contrasting behavior during
MWP and LIA with paleo-records from the Gangetic plains. The
climate records from southern India (Pookode Lake) and central India
(Lonar Lake) show drier conditions during MWP, whereas a warmer
and wetter climate is evident during LIA (Prasad et al., 2014; Veena
et al., 2014).
Furthermore, tree-ring based hydrological studies provide
evidence of past climate variability in terms of change in atmospheric
temperature and precipitation condition at the annual to decadal
timescale in the Himalaya region during the past millennium
(Bhattacharyya and Chaudhary, 2003; Singh and Yadav, 2005; Mann
et al., 2012; Borgaonkar et al., 2018). Based on the tree ring dataset,
Yadav et al., (2017) have reconstructed the paleohydrological
condition in NW Himalaya since AD 1439 (past 576 years) inferring
that the NW Himalaya witnessed long-term droughts during the 15th
to early 17th centuries, followed by the wettest period between 1984
and 2014. In another study from NE Himalaya, Bhattacharyya and
Chaudhary (2003) reconstructed decadal scale fluctuation since AD
1507 and found that the periods between 1801 and 1810 were the
coolest decades (-0.31°C), whereas the period between 1978 and 1987
was the warmest (+0.25°C).
Available paleoenvironmental data from the Late Holocene is not
abundant enough to link specific events with cultural change across
the subcontinent. While global events (e.g., aridification) have been
identified and used to explain the decline of the Harappan civilization,
it does not explain or demonstrates how other contemporary cultures
(Mesolithic, Neolithic and Chalcolithic) appear to thrive and survive
changing environments at different locations. For example, the late
Holocene is marked by (comparatively late) transitions in southern
India from the Mesolithic to the Neolithic, factors which are not fully
known but point to multiple processes leading to an indigenous agropastoral expression (Boivin et al., 2008). The Middle and Late
Holocene also witnessed a pan-Indian amalgamation of several
different populations with various cultures, technologies, subsistence
strategies and ecological adaptations. This critically affects how we
identify, classify and interpret such mixed records, and requires great
caution as many sites show complicated patterns of interactions
between hunter-gatherers, foragers, pastoralists, farmers and traders
throughout the entire Holocene (Morrison, 2007). Regarding the
decline of the Harappan civilization, recent work suggests that urban

settlements were thriving along a part of the Ghaggar-Hakra tract
where a major Himalayan river – the Sutlej – had shifted its course
much earlier, thus ruling out a causal link between perennial rivers
and human settlements.

Conclusions
Attempting to understand the link between Holocene
environmental change and cultural transitions in India has long been
hampered by various factors such as research bias, lack of preserved
scientific evidence, problematic chronometric data and the lack of
multidisciplinary methods at select archaeological sites. For example,
while Harappan sites and associated evidence continue to receive
steady funding and scientific attention, contemporary Chalcolithic
cultures in other parts of India remain poorly known. Critical broad
questions that still need to be addressed include: Which geographic,
temporal and cultural gaps need to be filled? How can we recognize
or pinpoint specific environmental factors as discrete causes of culture
change in Indian archaeology? Did pastoralism/early agriculture/
animal domestication develop indigenously in the subcontinent or
were these behaviors introduced at different times by incoming
groups? Why are the Neolithic phase and material culture (e.g., rock
engravings, polished axes) absent from large parts of the
subcontinent? How did various cultures respond or adapt to extreme
events such as droughts? How did Megalithic cultures appear and
spread throughout the subcontinent? Which factor played a greater
role in the extinction of specific faunal species (climate change or
human behavior)?
From a broad perspective, it may not be productive to seek a
single dominating factor that affected a significant change in or demise
of an entire culture or civilization (e.g., Mesolithic, Harappan) (e.g.,
Singh et al., 2017). Different factors must have affected different types
of populations in a geographically variable manner, especially
considering the large geographic boundaries of some entities such as
the Harappan civilization (see Sarkar et al., 2016; Petrie et al., 2017).
For instance, the factors that led to the decline of the Sorath Harappans
in Gujarat may have been different for their decline in the Punjab/
Haryana region, given the ecological, climatic and adaptive diversity
across the entire Harappan domain. The same probably applies to
contemporary and subsequent cultural groups including those leading
Mesolithic, Neolithic, Chalcolithic, Megalithic and/or Early Historic
lifestyles and subsistence strategies. What is required is a series of
projects targeting well-known archaeological sites and diverse proxies
from associated contexts for accurate and high-resolution
paleoenvironmental reconstructions. Archaeologists, geologists and
ecologists can work together to address and fill key geographic,
chronological and cultural gaps in our knowledge of the past.
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