
Reliability	  of	  model	  outputs:	  	  

Cluster	  analysis	  of	  Plateau	  climate:	  	  
	  

Preliminary	  Results	  from	  TiP	  project:	  Bridging	  Timescales	  of	  Tibetan	  Plateau	  Environmental	  
Change	  with	  ECHAM	  and	  REMO	  simulaCon	  

Jingmin	  Li	  (jingmin.li@uni-‐tuebingen.de),	  SebasCan	  Mutz	  &	  Todd	  Ehlers	  	  	  Department	  of	  Geosciences,	  University	  of	  Tuebingen,	  Germany	  
ChrisCan	  Steger	  &	  Heiko	  Paeth	  	  University	  of	  Wuerzburg,	  Germany	  

	  Lide	  Tian	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (ITP_CAS,	  China)	  	  	  	  
	  Christopher	  Poulsen	  	  	  (University	  of	  Michigan,	  USA)	  	  
	  MarAn	  Werner	  	  	  	  	  	  	  	  	  	  	  	  	  (Alfred-‐wegener-‐InsAtut,	  Bremenhaven,	  Germany)	  

MoCvaCon	  and	  objecCves	  

MoCvaCon:	  there	  are	  difficulAes	  in	  interpolaAng	  and	  
comparing	  observed	  δ18O	  data,	  because:	  
	  	  	  
1.  Significant	  paAal	  variability	  in	  δ18O	  is	  present	  in	  

modern	  and	  geologic	  archives	  

2.  Similar	  large	  temporal	  variability	  is	  documented.	  

	  	  
ObjecCves	  of	  this	  study	  are	  to	  answer:	  
	  
1.	  What	  is	  the	  variability	  in	  modern	  and	  paleo	  Tibetan	  

Plateau	  climate	  and	  precipitaAon	  δ18O?	  	  
	  
2.	  What	  are	  the	  geologic	  and	  atmospheric	  drivers	  for	  

this	  variability?	  

SimulaCons:	  

o  Climate	  modeling	  and	  proxy	  data	  predicAon	  over	  different	  
Amescales	  (Last	  Glacial	  maximum,	  Middle	  Holocene,	  Modern)	  

o  Climate	  modeling	  and	  proxy	  data	  predicAon	  for	  different	  
geologic	  situaAon.	  	  

	  

Methods	  
	  

Atmospheric	  General	  CirculaCon	  Model:	  	  
	  
Global	  Atmospheric	  CirculaAon	  Model:	  ECHAM5-‐iso:	  
o  T63	  resoluAon	  (~250x250	  km),	  19	  verAcal	  levels.	  
o  	  	  Isotope	  tracking	  capability	  
	  
Regional	  Atmospheric	  CirculaAon	  Model:	  	  REMO	  
o  Nested	  within	  global	  model	  
o  high	  resoluAon	  (~55x55	  km),	  27	  verAcal	  levels	  	  
	  

[McGuffie	  and	  Henderson-‐Sellers	  (2005)]	  

Results	  of	  modern	  day	  simulaCon	  

In	  collaboraCon	  with:	  
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Summary	  of	  first	  year	  results	  

Model	  calibraAon	  to	  modern	  climate	  successful	  
o  Difference	  between	  model	  and	  observaAons	  is	  within	  the	  variability	  of	  different	  
observaAonal	  data	  sets	  

Cluster	  analysis	  results	  from	  regional	  model	  
o  Cluster	  (PCA)	  analysis	  approach	  successfully	  documents	  different	  regions	  with	  similar	  
surface	  temperature	  and	  precipitaAon	  characterisAcs	  

Predicted	  δ18O	  demonstrates	  
o Winter	  season	  δ18O	  appears	  to	  be	  most	  strongly	  controlled	  by	  temperature	  
o  Summer	  season	  δ18O	  is	  correlated	  with	  precipitaAon	  

Paleoclimate	  simulaAons	  are	  currently	  being	  set	  up	  and	  run,	  emphasizing:	  
o  Last	  glacial	  maximum	  and	  Mid-‐Holocene	  climate	  and	  δ18O	  
o  Influence	  of	  plateau	  elevaAon	  on	  climate	  over	  geologic	  Amescales	  
	  
	  

Model	  performance	  

Difference	  between	  observaAonal	  data	  sets	  is	  as	  large	  or	  larger	  than	  model	  fit	  to	  data.	  
	  	  

Summer	  pacern	  in	  precipitaAon	  δ18O	  is	  correlated	  with	  precipitaAon	  
	  	  

Seasonal	  variability	  in	  modern	  precipitaCon	  δ18O:	  	  

Winter	  pacern	  in	  precipitaAon	  δ18O	  is	  correlated	  with	  near	  surface	  temperature	  
	  	  

Cluster	  analysis	  documents	  different	  climatology	  in	  the	  Plateau	  Region.	  
	  

Fundamentals	  of	  δ18O	  :	  
	  
δ18O	  is	  a	  measure	  of	  raAo	  of	  stable	  isotope	  18O:16O	  .	  
It	  is	  commonly	  used	  as	  a	  proxy	  for	  temperature	  in	  
geochemistry,	  paleoclimatology	  and	  
paleoceanography.	  	  The	  definiAon	  is,	  in	  per	  mil	  
	  	  

Compila(on	  of	  Tibetan	  proxy	  δ18O	  	  data:	  	  	  
2371	  measurements	  over	  the	  last	  22	  years	  

Data	  from	  [Kent-‐Corson	  et	  al.	  (2009)]	  
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Clusters	  (colors)	  define	  regions	  with	  similar	  seasonal	  variaAons	  in	  temperature	  and	  precipitaAon.	  
	  

Different	  Climatology	  in	  the	  Plateau	  Region	  
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	  	  	  	  	  	  	  Cluster	  analysis	  is	  a	  staAsAcal	  data	  analysis	  method	  which	  groups	  a	  set	  of	  objects	  in	  such	  a	  way	  that	  
objects	  in	  the	  same	  group	  are	  more	  similar	  to	  each	  other	  than	  to	  those	  in	  other	  groups.	  Here	  the	  
regions	  with	  similar	  climatology	  are	  grouped	  into	  one	  cluster	  [fovell	  and	  Fovell	  (1993)].	  

	  

	  	  	  	  	  	  	  The	  reliability	  of	  the	  simulaAon	  results	  has	  been	  determined	  with	  the	  aid	  of	  ERA40	  and	  NCEP	  re-‐	  analysis	  
datasets.	  For	  each	  month,	  a	  30	  year	  mean	  of	  a	  model	  output	  variable	  was	  compared	  to	  its	  re-‐analysis	  
equivalent.	  	  The	  degree	  of	  agreement	  is	  represented	  by	  January	  value.	  

December	  δ18O	  	  (per	  mil)	   December	  	  Temperature	  (degree	  C)	  

July	  δ18O	  (per	  mil)	   July	  	  precipitaAon	  (mm/day)	  

	  	  	  	  	  	  	  Clear	  seasonal	  variability	  was	  found	  in	  modern	  precipitaAon	  δ18O.	  	  To	  understand	  what	  are	  the	  atmospheric	  	  
drives	  for	  this	  variability,	  δ18O	  distribuAon	  were	  compared	  with	  temperature	  and	  precipitaAon,	  similar	  
pacerns	  were	  selected	  and	  shown	  below.	  

Another	  staAsAcal	  analysis	  method	  (MulAple	  regression	  analysis)	  [Storch	  and	  Zwiers.	  (1999)]	  has	  been	  
applied	  to	  discover	  correlaAons	  between	  δ18O	  and	  its	  atmospheric	  drives	  (temperature,	  precipitaAon,	  
topography	  and	  vapor	  sources),	  the	  results	  will	  be	  published	  later.	  
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Four  complete  ~40 year  ECHAM5  simulations  have  been  run  thus  far.  Three  ECHAM5 
simulations serve as cross-reference material  in addition to the ECHAM5 simulations of the 
WCRP CMIP3 multi-model dataset of the PCMDI. Simulations two, three and four were set up 
with default constant modern-day boundary conditions. The fourth ECHAM5 simulation was 
run with an enabled isotope output module (Hoffmann et al., 1998) and represents the control 
run for future palaeo-climate simulations.

The plausibility  of  the output  of  all  four  simulations has been determined with  the aid  of  
ERA40 and NCEP re- analysis datasets. For each month, a 30 year mean of a model output 
variable was compared  to  its re-analysis  equivalent.  The  differences  were  graphically 
depicted. The chosen variables,  including surface temperatures, large-scale and convective 
precipitation  and  wind  speed,  are  in  good  agreement  with  their  respective  re-analysis 
equivalents. The general degree of (dis)similarity of model and re-analysis data is reasonably 
well represented by January values and does not show significantly greater discrepancies 
than those obtained by a comparison of ERA40 and NCEP data (fig.1).

Fig.1  Difference in 30  year January  global  surface temperatures  means between  ECHAM5-wiso simulation and 
NCEP re-analyses (top left)  and between NCEP- and ERA40 re-analyses (bottom left); and difference in 30 year 
January  global  precipitation means between  ECHAM5-wiso  simulation  and  NCEP re-analyses  (top  right)  and 
between NCEP- and ERA40 re-analyses (bottom right).


