
 

 

Short	
  Course	
  on	
  
	
  

Reconstruction	
  of	
  the	
  Asian	
  monsoon	
  system:	
  
New	
  approaches	
  and	
  techniques	
  

	
  
	
  
Overview	
  
	
  
The	
   present	
   day	
   water	
   resource	
   in-­‐
frastructure	
  and	
  the	
  contingency	
  planning	
   in	
  
Monsoon	
   Asia,	
   as	
   informed	
   by	
   instrumental	
  
observations,	
  does	
  not	
  take	
  into	
  account	
  the	
  
possibility	
   of	
   large	
   scale	
   changes	
   in	
  
precipitation	
  and/or	
  spatiotemporal	
  patterns.	
  
A	
   longer-­‐term	
   assessment	
   of	
   monsoon	
  
variability	
   is	
   crucial	
   to	
   identify	
   the	
   full	
  
frequency	
   spectrum	
   of	
   monsoon	
   behavior.	
  
This	
   should	
   be	
   developed	
   from	
   a	
   spatially	
  
expansive	
   network	
   of	
   precipitation,	
  
circulation,	
   and	
   drought	
   sensitive	
   proxy	
  
records,	
   spanning	
   the	
   last	
   several	
   centuries	
   to	
   millennia,	
   at	
   resolutions	
   comparable	
   to	
   the	
   instrumental	
  
record.	
   Clearly,	
   proxy	
   data	
   from	
   a	
   large	
   number	
   of	
   (well-­‐dated)	
   samples	
   from	
   various	
   locations	
   in	
   the	
  
continental	
   environments	
   in	
   India	
   are	
   required	
   to	
   confidently	
   reconstruct	
   the	
   southwest	
   monsoon	
  
variability.	
  	
  
	
  
Speleothems	
  have	
  proven	
  to	
  be	
  valuable	
  multi-­‐proxy	
  high-­‐resolution	
  climate	
  archives,	
  providing	
  access	
  to	
  
paleoclimate	
  records	
  on	
  timescales	
  ranging	
  from	
  seasonal	
  to	
  millennial.	
  They	
  provide:	
  

• the	
  opportunity	
   to	
   trace	
   the	
   leads	
   and	
   lags	
   of	
   global	
   climate	
   events	
   as	
  well	
   as	
   detailed	
   seasonal	
  
rainfall	
   or	
   temperature	
   records	
   (due	
   to	
   the	
   extremely	
   high	
   precision	
   of	
   Uranium-­‐series	
   dating	
  
methods).	
  

• the	
   opportunity	
   for	
   continental	
   and	
   inter-­‐continental	
   comparisons	
   between	
   spatially-­‐separated	
  
speleothem	
  records,	
  as	
  well	
  as	
  with	
  other	
  palaeoclimate	
  archives.	
  	
  

• high	
   quality	
   calibration	
   data	
   for	
   climate	
   reconstructions	
   and	
   thereby	
   increase	
   the	
   reliability	
   of	
  
future	
  climate	
  models.	
  	
  
	
  

Recent	
   cave	
  monitoring	
   and	
   laboratory	
   experiments	
   and	
  modeling	
   efforts	
  have	
  paved	
   the	
  way	
   for	
  more	
  
quantitative,	
   nuanced	
   interpretations	
   of	
   speleothem	
   time-­‐series,	
   thus	
   increasing	
   the	
   reliability	
   of	
  
speleothem-­‐based	
  paleo-­‐climate	
  reconstructions.	
  
	
  

The	
   last	
  decade	
  and	
  a	
  half	
  has	
   seen	
  a	
  proliferation	
  
of	
   large	
   number	
   of	
   high	
   quality	
   absolute-­‐dated	
  
speleothem	
   oxygen	
   isotope	
   (δ18O)	
   records	
   from	
  
monsoonal	
   regions	
   both	
   north	
   and	
   south	
   of	
   the	
  
equator.	
   These	
   records	
   provide	
   a	
   remarkably	
  
coherent	
  depiction	
  of	
  how	
  the	
  monsoon	
  systems	
  of	
  
Asia-­‐Australia,	
   Africa,	
   and	
   the	
   Americas	
   vary	
   on	
  
millennial	
   and	
   orbital	
   timescales.	
   In	
   contrast,	
   far	
  
fewer	
   efforts	
   have	
   been	
   made	
   toward	
   using	
  
speleothems	
   to	
   reconstruct	
   monsoon	
   variability	
  

over	
  the	
  last	
  few	
  millennia	
  on	
  societal	
  relevant	
  timescales	
  (e.g.	
  sub-­‐annual	
  to	
  multi	
  decadal).	
  This	
  is	
  due	
  in	
  
part,	
   to	
  difficulty	
   in	
  extracting	
  meaningful	
  climate	
   information	
  from	
  a	
  rather	
  small	
   range	
   in	
  δ18O	
  values	
  (~	
  



 

 

2.0	
  ‰),	
  which	
   is	
   typical	
   of	
   the	
  most	
   late	
  Holocene	
   records	
   from	
  monsoonal	
   locations.	
  Nonetheless,	
  with	
  
proper	
   site/cave/sample	
   selection	
   combined	
   with	
   deeper	
   integration	
   of	
   modern	
   dynamical	
   climate	
  
processes	
   and	
   application	
   of	
   simulated	
   oxygen	
   isotope	
   data	
   in	
   precipitation	
   from	
   isotope-­‐enabled	
   GCM,	
  
significant	
   strides	
   have	
   been	
   made	
   in	
   better	
   characterization	
   and	
   dynamical	
   understanding	
   of	
   monsoon	
  
variability	
   over	
   the	
   South	
   Asia	
   and	
   elsewhere.	
   The	
   isotope-­‐enabled	
   GCMs	
   in	
   particular	
   are	
   increasingly	
  
being	
  used	
  to	
  aid	
  the	
  interpretation	
  of	
  speleothem	
  δ18O	
  records.	
  	
  
	
  
There	
  is	
  very	
  little	
  expertise	
  available	
  in	
  India	
  to	
  handle	
  the	
  speleothem	
  analysis	
  although	
  potential	
  deposits	
  
are	
  spread	
  in	
  different	
  parts	
  of	
  India.	
  A	
  part	
  of	
  the	
  reason	
  is	
  the	
  lack	
  of	
  specialized	
  analytical	
  facilities	
  such	
  
as	
   U-­‐series	
   dating	
   facilities	
   in	
   India.	
   This	
   course	
   will	
   highlight	
   the	
   challenges,	
   caveats,	
   and	
   promises	
   of	
  
speleothem-­‐based	
  approach	
  to	
  reconstructing	
  the	
   Indian/Asian	
  summer	
  monsoon	
  variability	
  over	
   the	
   last	
  
few	
  millennia	
  on	
  societal	
  relevant	
  timescales	
  at	
  resolutions	
  that	
  are	
  comparable	
  to	
  the	
  instrumental	
  record.	
  	
  
	
  
Objectives	
  	
  
	
  
The	
  primary	
  objectives	
  of	
  the	
  course	
  are	
  as	
  follows:	
  
i) Expose	
  the	
  participants	
  to	
  fundamental	
  concepts	
  in	
  global	
  climate	
  change	
  	
  
ii) Train	
  the	
  participants	
  with	
  field	
  methods	
  for	
  sample/data	
  collection	
  for	
  paleoclimatic	
  research	
  with	
  spe-­‐

cial	
  reference	
  to	
  continental	
  archives	
  
iii) Making	
  participants	
  aware	
  of	
  the	
  critical	
  issues	
  in	
  paleoclimatic	
  research	
  in	
  terms	
  of	
  analytical	
  methods	
  

and	
  data	
  interpretation	
  
iv) Capacity	
  building	
  for	
   improving	
  paleoclimatic	
  research	
   in	
  the	
  country	
  and	
  developing	
  collaborative	
  pro-­‐

jects	
  amongst	
  the	
  Indian	
  and	
  overseas	
  researchers	
  
	
  
	
  

Course	
  details	
  
	
  
Module	
  1:	
  Fundamentals	
  of	
  global	
  climate	
  change	
  
	
  
Lecture	
  1:	
  Climate	
  system	
  and	
  interactions,	
  climate	
  forcings,	
  feedbacks	
  and	
  sensitivity	
  

Lecture	
  2:	
  Historical	
  scale	
  climate	
  change	
  

Lecture	
  3:	
  Climate	
  archives	
  and	
  proxies	
  

Lecture	
  4:	
  The	
  Asian	
  Monsoon	
  System-­‐Part	
  I-­‐	
  A	
  Modern	
  Perspective	
  

Lecture	
  5:	
  The	
  Asian	
  Monsoon	
  System-­‐Part	
  II-­‐	
  Drivers	
  and	
  Timescales	
  of	
  Monsoon	
  Variability	
  

	
  
Break	
  /	
  Examination	
  for	
  students	
  	
  	
  	
  	
  
	
  
Module	
  2:	
  Continental	
  archives	
  and	
  proxies	
  for	
  paleoclimate	
  reconstruction	
  
	
  
Lecture	
  6:	
  Continental	
  carbonate	
  facies	
  

Lecture	
  7:	
  Carbonate	
  petrography	
  and	
  isotopic	
  characterisation	
  

Lecture	
   8:	
   Speleothem-­‐Based	
   Reconstruction	
   of	
   Asian	
   monsoon-­‐Part	
   I:	
   Oxygen	
   Isotopes	
   in	
  
Precipitation	
  	
  

Lecture	
   9:	
   	
   Speleothem-­‐Based	
   Reconstruction	
   of	
   Asian	
  Monsoon-­‐Part	
   II:Deciphering	
   Signal	
   from	
  
Noise	
  in	
  speleothem	
  proxy	
  records	
  

Lecture	
  10:	
  Case	
  Studies:	
  Speleothem	
  records	
  from	
  India	
  and	
  Mega	
  droughts	
  

Lecture	
  11:	
  Case	
  Studies:	
  Speleothem-­‐Based	
  Investigation	
  of	
  Global	
  Teleconnections	
  

Break	
  /	
  Examination	
  for	
  students	
  	
  	
  	
  	
  



 

 

	
  
Module	
  3:	
  Field	
  and	
  analytical	
  methods	
  
	
  
Lecture	
   12:	
   Chronology	
   of	
   sedimentary	
   archives	
   including	
   carbonates	
   –	
   OSL	
   dating	
   of	
   sands,	
  

radiocarbon	
  dating	
  of	
  organic	
  matter	
  	
  

Lecture	
  13:	
  U-­‐series	
  dating	
  of	
  carbonates	
  

Lecture	
  14:	
  Modern	
  analytical	
  methods	
  -­‐	
  New	
  Advances	
  and	
  Techniques	
  	
  

Lecture	
   15:	
   Statistical	
   analysis	
   of	
   climate	
   time	
   series-­‐	
   Part	
   I-­‐	
   Age	
   Models	
   and	
   Chronologic	
  
Uncertainties	
  

Lecture	
  16:	
  Statistical	
  analysis	
  of	
  climate	
  time	
  series-­‐	
  Part	
  II-­‐Spectral	
  Analysis	
  of	
  Unevenly	
  spaced	
  
proxy	
  data	
  

Break	
  /	
  Examination	
  for	
  students	
  	
  	
  	
  	
  
	
  
Module	
  4:	
  Field	
  workshop	
  (2	
  days)	
  
	
  
A	
   field	
   workshop	
   will	
   be	
   conducted	
   for	
   the	
   participants	
   to	
   expose	
   them	
   to	
   field	
  mapping	
   and	
   sampling	
  
methods	
  including	
  trenching,	
  logging,	
  and	
  drilling.	
  
	
  
Break	
  /	
  Examination	
  for	
  students	
  	
  	
  	
  	
  
	
  
Teaching	
  Faculty	
  
	
  
Dr.	
  Ashish	
  Sinha	
  is	
  the	
  Chair	
  at	
  the	
  Department	
  of	
  Earth	
  Sciences	
  at	
  California	
  State	
  University,	
  Dominguez	
  
Hills.	
  Dr.	
  Sinha’s	
  research	
  centers	
  on	
  climate	
  change	
  with	
  a	
  particular	
  focus	
  on	
  high-­‐fidelity	
  reconstruction	
  
of	
  precipitation	
  patterns	
  in	
  tropical	
  and	
  monsoonal	
  locations	
  over	
  the	
  past	
  several	
  millennia.	
  His	
  research	
  is	
  
a	
   central	
   component	
   of	
   a	
   larger	
   collaborative	
   effort	
   among	
   several	
   domestic	
   and	
   international	
   research	
  
institutions	
  that	
  seek	
  to	
  quantify	
  earth’s	
  natural	
  climate	
  variability	
  and	
  learn	
  how	
  climate	
  system	
  respond	
  
to	
  changes	
  in	
  boundary	
  conditions.	
  To	
  this	
  end,	
  Dr.	
  Sinha	
  and	
  his	
  colleagues	
  use	
  stable	
  isotope	
  geochemis-­‐
try	
   of	
   cave-­‐calcite	
   deposits	
   (speleothems)	
   to	
   generate	
   instrumentally-­‐calibrated	
   and	
   absolute-­‐dated	
   rec-­‐
ords	
   from	
   sites	
   across	
   the	
   tropical/subtropical	
   regions	
   and	
  provide	
   vital	
   tests	
   for	
   the	
   state-­‐of-­‐the-­‐art	
   cli-­‐
mate	
  models,	
  thereby	
  improving	
  confidence	
  in	
  predictions	
  of	
  future	
  climate	
  change.	
  	
  
	
  
Dr.	
  S	
  K	
  Tandon	
  is	
  a	
  well-­‐know	
  sedimentologist	
  and	
  has	
  worked	
  on	
  carbonate	
  systems	
  for	
  more	
  than	
  3	
  dec-­‐
ades.	
  He	
   is	
  currently	
  based	
  at	
   IIT	
  Kanpur	
  and	
  has	
  been	
   involved	
   in	
  paleoclimatic	
  research	
  using	
  fluvial	
  ar-­‐
chives	
  in	
  several	
  parts	
  of	
  India	
  notably	
  in	
  Rajasthan	
  and	
  Ganga	
  plains.	
  His	
  major	
  contribution	
  so	
  far	
  has	
  be-­‐
en	
  to	
  understand	
  the	
  response	
  of	
  the	
  river	
  systems	
  to	
  long-­‐	
  and	
  short-­‐term	
  climate	
  change	
  using	
  sedimen-­‐
tary	
  archives	
  in	
  western	
  India.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
Dr.	
  Rajiv	
  Sinha	
  is	
  a	
  Professor	
  and	
  Head	
  of	
  the	
  Department	
  of	
  Earth	
  Sciences	
  at	
  IIT	
  Kanpur.	
  He	
  has	
  worked	
  
on	
   the	
   Quaternary	
   history	
   of	
   the	
   Gangetic	
   rivers	
   for	
   over	
   two	
   decades	
   emphasizing	
   on	
   development	
   of	
  
stratigraphic	
  framework	
  and	
  landscape	
  evolution	
  using	
  cliff	
  sections	
  and	
  drill	
  cores.	
  Integrating	
  sedimentol-­‐
ogy,	
   oxygen	
   isotope	
   composition	
   of	
   carbonates	
   and	
   sediment	
   mineralogy	
   and	
   geochemistry,	
   he	
   recon-­‐
structed	
  the	
  paleoclimatic	
  history	
  of	
  the	
  alluvial	
  plains	
  of	
  the	
  Ganga	
  for	
  the	
  last	
  100	
  Ka.	
  Some	
  of	
  his	
  other	
  
significant	
   contributions	
   include	
   Late	
  Quaternary	
   paleoclimatic	
   reconstruction	
   of	
   the	
   saline	
   lakes	
   in	
   Thar	
  
desert	
  and	
  Antarctica	
  using	
  a	
  multi-­‐proxy	
  approach.	
  	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  



 

 

Who	
  can	
  attend?	
  

• Researchers	
   and	
   scientists	
   in	
   academic	
   institutions	
   and	
   research	
   laboratories	
   pursuing	
   climate	
  
change	
  research	
  

• Student	
   at	
   all	
   levels	
   (BTech/MSc/MTech/PhD)	
   or	
   Faculty	
   from	
   reputed	
   academic	
   institutions	
   and	
  
technical	
  institutions.	
  	
  

Registration	
  Fees	
  
	
  
Category	
   All	
   modules	
   (without	
  

field	
  workshop)	
  
All	
  	
  modules	
  	
  
(with	
  field	
  workshop)	
  

Industry/Research	
  Organizations	
   Rs.	
  20000/-­‐	
  	
  	
   Rs.	
  30000/-­‐	
  
Academic	
  Institutions	
   NA	
   Rs.	
  10000/-­‐	
  

The	
  above	
  fee	
  includes	
  all	
  instructional	
  materials,	
  computer	
  use	
  for	
  tutorials	
  and	
  24	
  hr	
  free	
  internet	
  facility.	
  	
  
The	
  participants	
  will	
  be	
  provided	
  with	
  single	
  bedded	
  accommodation	
  on	
  payment	
  basis.	
  

Tentative	
  Course	
  Schedule:	
  October	
  17-­‐30,	
  2016	
  
	
  

Day	
   Forenoon	
  session	
   Afternoon	
  session	
  
1	
   Inaugural	
   Lecture	
  1	
   Lab	
  visits	
   Lab	
  visits	
  
2	
   Lecture	
  2	
   Lecture	
  3	
   Hands-­‐on:	
  

stratigraphic	
  
logging	
  

Lab	
  visits	
  

3	
   Lecture	
  4	
   Lecture	
  5	
   Exercises	
  on	
  statistical	
  data	
  
4	
   Lecture	
  6	
   Lecture	
  7	
   Lab:	
  Carbonate	
  petrography	
  
5	
   Lecture	
  8	
   Lecture	
  9	
   Lab:	
  analysis	
  of	
  stable	
  isotope	
  data	
  
6	
   Lecture	
  10	
   Lecture	
  11	
   Lab:	
   analysis	
   of	
   speleothem	
   based	
  

paleoclimatic	
  data	
  
7	
   Lecture	
  12	
   Lecture	
  13	
   Panel	
   discussion:	
   Holocene	
   high	
  

resolution	
  records	
  of	
  India	
  
8	
   Lecture	
  14	
   Lecture	
  15	
   Exercises	
  on	
  statistical	
  data	
  
9	
   Panel	
  Discussion	
   Report	
  writing	
  
10	
   Exam	
   	
   Report	
  submission	
  
11	
   	
   Depart	
  for	
  field	
  work	
  
12	
   Field	
  work	
  in	
  Chitrakoot	
  area	
  
13	
  
14	
  
	
  

Return	
  from	
  field	
  work	
  

	
  

Course	
  Coordinator	
  
	
  
Professor	
  Rajiv	
  Sinha	
  
Department	
  of	
  Earth	
  Sciences,	
  IIT	
  Kanpur,	
  Kanpur	
  208016	
  
Ph.	
  +91-­‐512-­‐2597317	
  (W),	
  2598218	
  (H);	
  Fax.	
  +91-­‐512-­‐2597395,	
  2590260	
  
Email:	
  rsinha@iitk.ac.in	
  


