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ABSTRACT

Sekar B 2006. Reconstruction of past climate of Indian subcontinent for the last 40 ka BP based on
multi proxy data and correlation with global data~a review. The Palaeobotanist 55(1-3): 97-113.

The contribution attempts to reconstruct the past climate of different regions of the Indian
subcontinent for the last 40 ka before present (BP) on the basis of '“C dating, chemical analysis, pollen
analytical studies and carbon isotope analysis(8*C). A correlation of data from India with other global
sites is also attempted. Review of the published data shows heterogeneous climatic conditions in different
parts of India. The climate in highland regtons of India especially in Ladakh, Jammu & Kashmir (J & K) and
neighbouring areas was alternating from dry arid to brief ameliorations during the last 31.4 ka BP (Beyond
Calibration Range (BCR) ). The climate in the Gangetic plain, representing humid and subtropical climate
zone, was alternating from warm humid to cool humid primarily due to changes in SW monsoon in the
region during the last 40.0 ka BP (BCR). The climate in arid zones in western India especially Rajasthan and
parts of Gujarat was predominantly arid with a brief wet and humid climate during the above period. In
semi arid zone in Nilgiris and Palni Hill regions of south India the climate was alternating from moist humid
to dry arid phase. One of the tropical wet and dry climatic zones of India namely Orissa was experiencing
predominantly wet and occasional dry climate. The beginning of the Holocene warming and onset of
humid phase was suggested in several climatic regions of India during 11.4-7.6 ka Cal BP. Amelioration of
climate was observed in different regions during 2.0 ka Cal BP as well as during the present time. It is
inferred from several proxy data from diversified climatic and geographical region.

Key-words—Palaeoclimate, Multiproxy data, Indian sub-continent, Global correlation.
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INTRODUCTION

N efforts to understand the natural variability of

earth’s climate system and the potential for
delineating natural variability in anticipated future climate
change, palaeoclimate data can play a key role by
extending the baseline of environmental and climatic
observations. The major events of the Quaternary
Period in India are neotectonism, climate changes and
human evolution and culture. These events have left their
indelible imprints in a variety of materials which are
preserved in rocks of geological past. Though these
events are categorised stratigraphically as Pleistocene,
Holocene, etc. the contemporaneity of events and the
cause and effect relationships during these periods can
be understood only in terms of absolute ages following
radiocarbon, luminescence, U-Th series decay like
techniques. The radiocarbon dating method has
contributed significantly in interpreting the data based
on pollen analysis, stable isotope variations or variations
in elemental concentrations in sediment profile for
palaeoclimatic events reliably up to 40 ka BP (BCR).
The chronology built up using "*C ages has been most
widely applied and compared because of the ubiquitous
distribution of “C in all living matter both on land and
sea and standardisation of measurement techniques.
Birbal Sahni Institute of Palaecobotany (BSIP)
radiocarbon laboratory has been providing '*C dates

for most of the palaeoclimatic research in India for the
last 30 years. Still there is insufficiency in palaeoclimatic
data from different climatic regions of India for the last
40 ka BP (BCR). In this contribution the past climatic
changes of India for the last 40.0 ka BP (BCR) have
been reconstructed on the basis of available data on
"C dating, pollen analysis and chemical analysis of lake
and coastal sediments of different regions (Fig. I). These
data are correlated with proxy climatic data from
different regions of the world which have similar
monsoon and climatic system as India.

PRESENT DAY CLIMATIC SCENARIO OF
INDIA

The Indian subcontinent lies between latitudes 8°4'
and 37°6' N. It experiences tropical monsoon climate.
Monsoon is associated with winds which stresses the
air masses blowing in the region. Climatically, the Indian
subcontinent is a part of the larger monsoon region
which includes Thailand, Southern China, Northern
Australia and the lands near Eastern Horn of Africa.
The latitude, relief features and sea primarily influence
present day climate of India. The plateau of Tibet which
separates Southern Asia from Central Asiaactsasa
great transverse relief barrier. In winter, cold dry winds
blowing from Central Asia are reversed north-west over
China and Japan and from north or north-east over
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South-East Asia. In summer, the Himalayan wall
reverses the pole-ward wind direction both on the
surface and upper troposphere. In the peninsular part
of India the relief features such as the Vindhyan mountain
system, Eastern and Western Ghats and the Aravallis
in the north-west play an important role in bringing
variation in the distribution of rainfall. It is not only the
monsoon reversal of air flow that marks the monsoon
type of climate but the monsoon effect is associated
with wet condition due to their passage through the
Indian ocean. The southern part of India lies near the
equator and remains hot almost throughout the year
and there is practically no winter season. India
experiences varied and sharp climatic diversity in

contrast to other part of Asia. Climatologically India
canbe divided into six main regions namely Highland,
Humid Subtropical, Semi-Arid, Arid, Tropical Wet and
Dry and Tropical Wet (Fig. 2). .

PALAEOCLIMATIC SCENARIO OF INDIA
SINCE 40 Ka BP

The diverse climate in different regions of India is
controlled mainly by factors like differing monsoon
activity, latitude, altitude and proximity to ocean. The
following broad conclusions can be drawn on the basis
of analysis of multi proxy climatic data from different
climatic regions.
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HIGHLAND REGIONS

The overall climatic conditions of the highland
regions were alternating from dry arid to brief
ameliorations in climate during the last 31.4 ka BP
(BCR). This has been derived from elemental, mineral
content variations and palynological studies of lake
sediment cores from these regions by several workers
(Fig. 3). The climate was mostly cold and dry and during

31.4-30.4 ka BP (BCR) in Ladakh and Tibet. Pollen
analytical study of Tsokar lake, Ladakh has shown that
the area was festooned with Artemisia, member of
Asteraceae, Chenopodiaceae, etc., denoting the
prevalence of dry alpine steppe growing under cold
and dry climate (Bhattacharyya, 1989). Variations in
elemental concentration of Na, K, Mg, Fe, Mn, Co
and Znin allogenic fraction of above lake sediment cores
have also shown a similar deterioration of climate
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SEKAR—RECONSTRUCTION OF PAST CLIMATE OF INDIAN SUBCONTINENT 101

(Sekar, 2000; Sekar et al., 1994). The same trend of
aridity is also seen in Tibetan plateau also during this
period (Yanet al., 1999).

Again the climate was deteriorating in most parts
of Ladakh, J & K and Central Higher Himalaya
whereas climate at North Eastern Tibetan plateau was
ameliorating during 28.0 ka BP (BCR)-23.6 ka Cal
BP. In region around Ladakh, J & K alpine steppe
elements substantially improved at the cost of Juniperus
forest. Lithologically also the formation of thick clay
layers indicate permafrost conditions leading to cold
and dry environment in highlands (Meher-Homji &
Gupta, 1999). Studies on varve sedimentation record
at Garbyang Basin, Central Higher Himalaya reveal
overall dry climatic condition during 23.6 ka Cal BP
(Juyal et al., 2004). Research work on loess deposition
and soil formation at Alaknanda and Pindar river basins
shows drier and dustier climate due to weak South West
monsoon in these regions (Pant ez al., 2005). However,
North-Eastern Tibetan plateau had grass land and
meadow vegetation indicating wet climate (Yanet al,
1999) around this period.

During 23.6-14.9 ka Cal BP climate was
ameliorating in Ladakh, J & K (Bhattacharyya, 1989)
and Central Higher Himalaya (Pant et al., 2005)
whereas Tibetan plateau experienced intense dry climate
(Yanetal., 1999). The same trend of amelioration in
climate in Tsokar lake (Ladakh), J & K was also
inferred during 22.4-19.6 ka Cal BP on the basis of
variation of chemical data (Sekar, 2000; Sekar et al.,
1994). Loess deposition and soii formation studies on
Alaknanda and Pindar river basins, Central Higher
Himalaya have revealed a drier and dustier climate due
to weak SW monsoon during 14.1-10.2 ka Cal BP
(Pant et al., 2005).

The beginning of the Holocene was marked by
warming and onset of humid phase during 10.2-8.6 ka
Cal BP. The same trend is also observed in Tibet (Yan
et al., 1999), Central Higher Himalaya and Garhwal
Higher Himalaya. Loess deposition and soil formation
studies on Alaknanda and Pindar river basins have also
shown facilitation of pedogenesis of loess due to stronger
SW monsoon during 10.2-4.5 ka Cal BP (Pant et al.,
2005). Marshy and meadow vegetation followed by

“darkconifer islet was reported in North-Eastern Tibet

(Yanet al,, 1999). But Phadtare (2000) has reported
the dominance of evergreen oak (Quercus
semecarpifolia), alder (Alnus) and grasses in the pollen
record from alpine peat at Dokriani Glacier, Garhwal
Higher Himalaya which reflect a cold, wet climate with
moderate monsoon precipitation. Vegetation was
progressively dominated by conifers, indicating
ameliorated climate with stronger monsoon around 8.6-
5.7 ka Cal BP. Climate was predominantly dry arid in
Central Higher Himalaya and Trans Himalaya (Mazari
etal., 1996) whereas in Eastern (Chauhan, 1995) and
Kumaon Himalayas (Gupta & Khandelwal, 1982) there
was primarily amelioration of climate during 5.7-2.0
ka Cal BP. But loess deposition and soil formation
studies on Alaknanda and Pindar river basins have
shown dry and dustier climate due to weaker SW
monsoon during 4.5-0.9 ka Cal BP (Pant et al., 2005).
Vegetation was transformed into a marsh and sub-alpine
with scattered islets of dark conifer in Tibet (Yan et al.,
1999) during 4.5 ka Cal BP. Phadtare (2000) has also
reported a sharp decrease in temperature and rain fall
at 4.5-3.8 ka Cal BP in Garhwal Higher Himalaya
representing the weakest monsoon event of the
Holocene record. However, amelioration of climate was
reported in Garhwal (Sharma et al., 2000) and Eastern
Himalayas (Chauhan & Sharma, 1996) during the last
2.0 ka Cal BP. Same trend of the ameliorating climate
isalso seen in Tibet during last 2.0 ka Cal BP (Yan et
al., 1999). High resolution pollen and diatom evidences
from a peat deposit in the Pinder Valley have also shown
a synchronous and abrupt ecosystem turnover towards
wetter state in the last two centuries that exceeded
changes recorded over the last three mullennia (Ruhland
etal.,2006). The above data sets indicate changing
pattern of climate in the highland regions of India over
the last 40 ka BP (BCR) (Fig. 4).

HUMID AND SUBTROPICAL CLIMATE
ZONE

The climate in the Gangetic belt, representing humid
and subtropical climate zone, was alternating from warm
humid to cool hurnid primarily due to changes in SW
monsoon during the last 40.0 ka BP (BCR) (Fig. 5).
Sedimentological studies carried out at southern
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Fig. 4—Reconstruction of climate in highland regions of India and Tibet.

Gangetic plain have shown that the above region
experienced warm and humid climate during 15.6-13.0,
6.8-4.5 and 4.5-2.0 ka Cal BP and cool humid climate
during 13.1-10.0 and 8.9-6.8 ka Cal BP (Rajagopalan,
1992; Srivastava et al., 2003). Vegetation pattern
around Mansarovar lake, Lalitpur, Uttar Pradesh

2.6-1.31 ka Cal BP probably due to warm and humid
climatic conditions . Arboreals declined sharply due to
anthropogenic pressure later (Farooqui et al., 2003).
The above data sets indicate the pattern of climate

fluctuation in the humid and subtropical climatic regions
of India over the last 40 ka BP (BCR)(Fig. 6).

reveals emergence and abundance of arboreals during

Ageand Calibrated  Sample investigation area Material/'*C/ other Climatic Reference
Range age (ka cal dating method/ inferences
(ka BP) BP) Climatic Proxy
13.0-11.0 15.6-13.0 Southern Ganga plain Calcareous sediment/  Warm & humid Srivastava et al.,
Conventional sedi- climate due to 2003
mentologieal studies reestablishment of
SW monsoon
11.1-89 13.1-10.0 -do- -do Cool humid -do-
8.0-6.0 89-6.8 Gangetic plain Sediment/Conventional A humid phase Rajagopalan, 1992
carbonate materials Srivastava et al.,
2003
6.0-5.0 6.8-4.5 -do- Sediment/Conventional Increased aridity Rajagopalan, 1992,
Gangetic alluvium due to weaker SW Srivastava et al.,
monsoon 2003
4.0-2.0 4520 ~-do- -do- Dry phase Rajagopalan, 1992
2514 2.6-1.31 Lalitpur, U.P. Sediment/Conventional Warm & humid Farooqui et al.,
pollen climate, abundance 2003

of arboreal pollen

Fig. 5—Climatic records of humid and subtropical climate zones.
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Fig. 6 — Reconstruction of climate in humid and subtropical
zones.

ARID CLIMATE ZONE

The climate in western India especially in Rajasthan
and Guyjarat is predominantly arid with a brief wet and
humid climate during the last 40 ka BP (BCR) (Fig. 7).
Studies on the Quaternary climate change in the desert
regions of Gujarat and Rajasthan (Allchin et al., 1978)
have revealed a dry phase prior to 40 ka BP (BCR)
and a wet phase after 40 ka BP (BCR). Palynological
data from Didwana salt lake, Rajasthan indicate a
steppe vegetation between 23.6-15.6 ka Cal BP which
reflect towards a weaker summer monsoon, a higher
winter precipitation and hyper-arid conditions than at
present (Singh ef al.,,1990). Onset of fluvio-aeolian
sedimentation after 30 ka BP (BCR) and initiation ofa
regionally extent aeolian sedimentation during 23.6-13.0
ka Cal BP at southern margin of Thar Desert have also
indicated overall dry climatic condition (Juyal et al.,
2006). The rapid reduction of terrigenous matter at 16.0
ka Cal BP in the core 74K L has reflected a reduction
of dust from Arabia paralleling a general increase of
humidity in the peninsula. The same transition was
reflected in East African Lake levels and global
atmospheric methane levels due to similar monsoon
forcing (Butzer ef al., 1972; Sirocko et al., 1996)
during 17.9-14.9 ka Cal BP. The Younger Dryas is

barely observable in the record of up-welling (Ba) with
an increase of terrigenous matter, at similar proportions
of glacial times. It was either derived from Persian Gulf
area or from Pakistan side by strong northeast-
monsoon winds around 14.5 ka Cal BP. This inference
is based on studies of deep-sea sediments from Arabian
sea. During the transitional period from glacial to post-
glacial conditions, the slow solar forcing seems to have
induced very rapid changes in local climate over the
Arabian sea. This is inferred on the basis of high
resolution record of oxygen isotopes, carbonates and
'*C dating (Sirocko et al., 1996). Didwana Salt lake,
Rajasthan, changed to permanent fresh water condition
during 10.2-6.8 ka Cal BP (Singh ef al., 1990).
Sirocko et al. (1996) has shown humid climate in
coastal regions around Rajasthan and Gujarat during
9.9-8.6 ka Cal BP on the basis of oxygen isotopes and
carbonate studies. Wet climate in Didwana, Rajasthan
has been observed by Sekar et al. (1997a, b) on the
basis of pollen and chemical studies of lake sediment
cores during 9.0-7.2 ka Cal BP. Deotare et al. (2004)
has also suggested fresh water condition at Bap-Malar
and Kanod, Rajasthan on the basis of multi proxy study
during 8.9-6.3 ka Cal BP. The vegetation around the
above region changed to savanna grass land around
8.3 ka Cal BP in which Prosopis cineraria formed the
bulk of the tree vegetation. The presence of good
number of pollen of this taxon is indicative of increase
in summer and rise of winter precipitation during the
mid-Holocene while their decline during the late
Holocene seem to be in harmony with the declining lake
level (Singh et al., 1990). Enzel et al. (1999) has shown
wet climate due to south western monsoon rains at
Lukaransar, Rajasthan on the basis of multi proxy study
around 7.3-5.5 ka Cal BP. But climate around Didwana
lake and areas around Arabian sea changed to dry arid
during 6.8-5.2 ka Cal BP (Sekar ef al.,, 1997a, b;
Sirocko et al., 1996). Luckge et al. (2001) has also
observed onset of aridification around Arbian sea on
the basis of geochemical evidence during 3.2-2.2 ka
Cal BP and summer monsoon and high precipitation
around 2.2-1.4 ka Cal BP. The above data sets indicate
the fluctuation in the climate in the arid climatic zones of
India over the last 40 ka BP (BCR) (Fig. 8).
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Fig. 8—Reconstruction of climate in arid zones.

SEMI ARID CLIMATE ZONE

The climate around Nilgiris and Palni Hill regions
of south India were alternating from moist humid to dry
arid phase during the last 40 ka BP (BCR) (Fig.9). The
measurement of carbon isotope variations in peat
samples has revealed moist climatic conditions during
40.0-28.0 ka BP (BCR) in regions around Nilgiris
(Geeta et al., 1997; Sukumar et al., 1993). An arid
phase been inferred in the above region from the
predominance of C4 vegetation and is supported by
data indicating weak summer monsoon (Geeta ef a!.,
1997; Sukumar et al., 1993) during 28.5 ka BP
(BCR)-20.2 ka Cal BP. Reversion to moist climate is
observed around 20.2 ka Cal BP in the above region.
Bera et al. (1997) has observed warm humid climate
during 25.0 ka BP (BCR) and 11.4-5.7 ka Cal BP
around Marian Shola, Palni Hills, Tamil Nadu on the
basis of pollen study. The chemical and pollen studies
(Sekar & Bera, 1999) denote alternating climate from
cool humid during 21.4-20.1,19.3-16.2,6.3-5.0 and
3.5 ka Cal BP to warm and moist during the intervening
periods around Berijam lake, Palni Hills. The

ARABIAN SEA

radiocarbon dates and the Holocene sea level curve
worked out for Marakkanam, Tamil Nadu indicate a
gradual and slow sea level rise since 10.36-0.83 ka
Cal BP indicating gradual amelioration of climate in that
region (Hameed et al., 2006). A less humid climate
since 4.5-2.2 ka Cal BP has been observed from a
study of two marine cores from inner shelf off Karwar,
Karnataka, western India on the basis of decrease in
pollen of evergreen trees and mangrove taxa, increase
in pollen of savanna taxa and 8"*C values of sedimentary
organic matter (Caratini et al., 1994). On the basis of
d P*C value of -17'/., in peat deposits moist phase was
found in Nilgiris area, south India during 2.0 ka Cal BP
(Geeta et al. 1997, Sukumar et al., 1993). The
instrumental data in the rainfall reconstruction shows
an increasing trend over coastal and north-interior
Karnataka from 1.9-1.98 ka Cal BP and a dry period
between 1.9-1.93 ka Cal BP which is clearly recorded
as reduced width of layers and enriched level of $'*0
in the speleothem during this time span (Yadavaer al.,
2004). The above data sets show the pattern of climate
change in the semi arid regions during the last 40 ka BP
(BCR) (Fig. 10).
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Fig. 10—Reconstruction of climate in semi arid zones.

TROPICAL WET AND DRY CLIMATE
ZONES

The climate of this zone is characterised by
predominantly wet and occasional dry climate. There
was an amelioration of climate during 30.4-28.0 ka BP
(BCR) in Chilka lake, Orissa (Fig. 11). The sediments
during this period were enriched with the seeds of
Carex and Potamogeton marking the expansion of
lake margins. The total vegetation scenario suggests a
drastic change from cold and dry to warm and humid
environment with greater discharge of melt water (Gupta
& Khandelwal, 1992). But Chauhan and Suneethi
(2001) have observed that region around Bay of Bengal
experienced deterioration of climate during 17.9-15.6
and 13.5 ka Cal BP on the basis of sedimentological
study.

Succession of vegetation from grass land to shrub-
savannas, tree-savannas, tropical deciduous forest and
establishment of sal forest in Bastua, Sidhi, Madhya
Pradesh has been observed through pollen study
(Chauhan, 1995) during 8.9, 7.6-5.7,5.2-3.3 and 1.1
ka Cal BP respectively whereas the above region was
experiencing cold and dry climate during 11.4-9.6 ka
Cal BP. Peat formation and submergence of forest in

NILGIRIS

Bengal Basin have been recorded during 7.6-5.7 ka
Cal BP (Gupta, 1981). Geochemical and palynological
studies of a core from Jagmotha swamp, northeastem
Madhya Pradesh indicate a cool and dry climate
between 6.8-5.7 ka Cal BP representing a tree savanna
type vegetation. It is followed by warm and moist
climate between 5.7-3.2 ka Cal BP indicated by mixed
deciduous forests in the region. Climate improved
further between 3.2-1.1 ka Cal BP as evidenced by
the advent of Sal tree (Shorea) in the forest (Yadav et
al., 2006). Based on the correlation of %, with
instrumental rainfall and historical records, palaeorainfall
conditions have been reconstructed in terms of rainfall
variations in the past 3.7 ka Cal BP. Aridity upto 2.5
ka Cal BP has been documented in the 3.7 ka TK profile
which is in tune with inferences made using records from
Rajasthan lakes, Nilgiri peat deposits and a western
Arabian sea sediment core (Sekar & Rajagopalan,
1997a, b; Sukumar et al., 1993). From2.5to 1.55 ka
Cal BP, conditions have tumed slightly humid while 2.5
ka Cal BP onwards, rainfall seems to have a crude cycle
of ~1,000 years and increased towards the Present
with progressively higher amplitude fluctuations
(Shankar et al., 2006).
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Ageand Calibrated Investigated Material/'¥C/ other Climatic inference Reference
Range age(ka area dating method/
(kaBP) CalBP) Climatic Proxy
30.0-280 BCR Nalabana Island, Sediment/Conventional ~ Vegetation changed Gupta &
Chilka lake, Orissa  mangrove vegetation drastically fromcold & dry ~ Khandelwal, 1992
to warm & humid
environment
150-13.0 179-156 Bay of Bengal, Sediment/Conventional Reversal to variable climate  Chauhan &
India sedimentological study Suneethi, 2001
11.5 13.5 -do- Sediment/Conventional  Arid climatic conditions -do-
clay mineral assemblage,
etc.
10.0-87 11496 Bastua, Sidhi, M.P. Sediment/Conventional Cold dry climate Chauhan, 1995
pollen study
8.0 89 -do- Sediment/Conventional/  Amelioration of climate -do-
Succession of grass lands
by shrub savannas
7050  7.8-57 Bengal Basin Sediment/Conventional ~ Submergence of forest Gupta, 1981
pollen study
6.7-5.0 7657 Bastua, Sidhi, M.P. Sediment/Conventional Transformation of shrub Chauhan, 1995
pollen analysis to tree savanna
4.5-3.1 52-33 -do- -do- Tropical deciduous forest -do-
12 1.1 -do- -do- Establishment of Sal forest -do-
046029 05-03 Paradip, Orissa Sediment/Conventional  Stable landscape conditions  Sekareral., 1992
chemical data
0.29 03 -do- -do- Unstable landscape -do-
conditions
Fig. 1 1—Climatic records of tropical wet and dry climate zones.

Ameliorating climate and stable landscape
conditions were found in Paradip, Orissa during 2.0 ka
Cal BP on the basis of chemical data (Sekar et al.,
1992). The above data sets indicate the pattern of
fluctuation of climate in the tropical wet and arid climatic
regions during the last 40 ka BP (BCR)( Fig. 12).

CONCLUSION

On the basis of the multiproxy data, the
palaeoclimatic reconstruction of Indian subcontinent
demonstrates that climate was different in different
regions in India. The overall climatic conditions of the
highland regions were alternating from dry arid to brief
ameliordtions. The climate in the Gangetic plain was
alternating from warm humid to cool humid primanly
due to changes in SW monsoon in the region during the
last 40.0 ka BP (BCR). The arid climate zone especially

in Rajasthan and parts of Gujarat in western India was
predominantly arid with a brief wet and humid period.
The semi arid climatic zone around Nilgiris and Palni
Hill regions of south India, climate was alternating from
moist humid to dry arid phase. The tropical wet and
dry climatic zone around Orissa was characterised by
predominantly wet and occasional dry climate. The
beginning of the Holocene warming and onset of humid
phase was observed in several climatic regions during
11.4-7.6 ka Cal BP. Again ameliorating condition
appeared during 2.0 ka Cal BP as well as in present
time covering larger part of India as evidenced from
analyses of several proxy data from diversified climatic
and geographical regions. The above conclusions are
in broad agreement with climatic records of global sites
having similar climatic system. However, there is still
meagre data available for some of the climatic zones
like tropical wet zone as compared to other zones.
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Fig. 12—Reconstruction of climate in tropical wet and dry zones.

Further work in data-deficient areas will throw more
light towards refining the past climatic scenario of India
on both temporal and spatial aspect.
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