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Overview	
  

•  Key	
  issues	
  highlighted	
  from	
  the	
  
perspec2ve	
  of	
  observed	
  changes	
  in	
  
the	
  climate	
  system	
  

•  Based	
  on	
  this	
  perspec2ve	
  a	
  few	
  
observa2ons	
  are	
  made	
  about	
  future	
  
priori2es	
  related	
  to	
  understanding	
  
and	
  documen2ng	
  climate-­‐related	
  
changes.	
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Scien2fic	
  priori2es	
  have	
  been	
  strongly	
  influenced	
  
by	
  new	
  observing	
  and	
  data	
  systems	
  
•  1970s	
  	
   ̶	
  	
  Global	
  temperature	
  es2mates	
  land	
  only	
  and	
  
primarily	
  northern	
  hemisphere	
  annual	
  average	
  	
  

•  1980s	
  	
   ̶	
  	
  First	
  aEempts	
  at	
  construc2ng	
  a	
  truly	
  global	
  
mean	
  temperature	
  index,	
  but	
  driven	
  largely	
  by	
  
subjec2ve	
  assessments	
  of	
  data	
  biases	
  

Evolu2on	
  of	
  Career	
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•  1990s	
  	
   ̶	
  	
  Objec2ve	
  methods	
  for	
  assessing	
  2me-­‐
dependent	
  biases	
  of	
  global	
  temperatures	
  

•  Maximum	
  and	
  minimum	
  temperatures	
  	
  
–  Data	
  Rescue	
  projects	
  provide	
  much	
  more	
  data	
  

–  Paleoclimate	
  data	
  enable	
  hemispheric	
  assessment	
  of	
  long-­‐
term	
  changes	
  by	
  year	
  

–  Global	
  Climate	
  Observing	
  System	
  	
  
and	
  the	
  concept	
  of	
  Essen2al	
  Climate	
  	
  
Variables	
  

–  IPCC	
  and	
  Na2onal	
  Climate	
  	
  
Assessments	
  require	
  integra2on	
  	
  
of	
  diverse	
  datasets	
  

Evolu2on	
  of	
  Career	
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•  21st	
  Century	
  	
   ̶	
  	
  Matura2on	
  of	
  “Climate	
  Data	
  Records”	
  e.g.,	
  
version	
  control,	
  R2O,	
  reproducability,	
  transparency,	
  
scien2fic	
  data	
  stewardship	
  
–  Daily	
  and	
  high	
  resolu2on	
  data	
  becomes	
  much	
  more	
  readily	
  available	
  
–  Understanding	
  extreme	
  events	
  becomes	
  a	
  key	
  scien2fic	
  priority	
  e,g.,	
  

BAMS	
  special	
  annual	
  report	
  on	
  AEribu2on	
  
–  State	
  of	
  the	
  Climate	
  Annual	
  Report	
  (250	
  authors,	
  60	
  countries)	
  
–  Reanalysis	
  becomes	
  commonly	
  available	
  enabling	
  considerable	
  

insight	
  into	
  changes	
  in	
  important	
  weather	
  and	
  climate	
  phenomena	
  
–  Fully	
  objec2ve	
  satellite-­‐derived	
  and	
  in-­‐situ	
  datasets	
  	
  

become	
  available	
  
•  Hurricane	
  intensity	
  
•  Precipita2on	
  extremes	
  
•  Sea	
  level	
  
•  Global	
  monthly	
  monitoring	
  including	
  droughts	
  

Evolu2on	
  of	
  Career	
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Ability	
  to	
  Explore	
  Changes	
  in	
  the	
  
Probability	
  of	
  Extremes	
  

CCSP SAP 3.3, 2008 
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Monthly	
  Global	
  Temperature	
  Data	
  
•  2001-­‐2011	
  compared	
  to	
  1951-­‐80	
  	
  

–  Doubled	
  likelihood	
  of	
  a	
  hot	
  month	
  (red	
  shading)	
  compared	
  to	
  1951-­‐80	
  (a)	
  
–  Almost	
  10%	
  chance	
  of	
  what	
  used	
  to	
  be	
  a	
  1	
  in	
  1000	
  year	
  event	
  (1951-­‐80)	
  (b)	
  

All Stations (Northern Hemisphere Land – Summer) 

Limited Stations (Northern Hemisphere Land – Summer) 

Based on Hansen, J. et al., 2012 
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Observed	
  Change	
  in	
  Daily	
  Very	
  Heavy	
  Precipita2on	
  
Heaviest	
  1%	
  during	
  1958	
  -­‐	
  2012	
  

updated from Karl 
et al. 2009 
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Poleward	
  Migra2on	
  of	
  Hurricane	
  Tracks	
  

Kossin, Emanuel and Vecchi, 
Nature 2014 

Northern Hemisphere 

Southern Hemisphere 

Difference 

Red = best track data 
Blue = HURSAT reanalysis 
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Current	
  State	
  of	
  Scien2fic	
  Knowledge	
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•  Sub-­‐daily	
  data	
  becoming	
  more	
  
relevant	
  and	
  prevalent	
  
– Hourly	
  data	
  for	
  extremes	
  

•  Clausius‒Clapeyron	
  rela2onships	
  at	
  
varying	
  2me	
  and	
  space	
  scales	
  as	
  
related	
  to	
  precipita2on	
  extremes	
  

•  Non-­‐normality	
  of	
  temperature	
  
extremes	
  and	
  its	
  implica2ons	
  

Evolu2on	
  of	
  Career	
  



12 August 2014 Progress	
  and	
  Prospects	
  of	
  the	
  Scien2fic	
  Priori2es	
  for	
  
Climate-­‐Related	
  Observa2ons,	
  Data,	
  and	
  Analysis	
  	
  	
  

Reprocessing	
  Radar	
  Data	
  

•  Higher	
  spa2al	
  and	
  temporal	
  resolu2on	
  (1	
  km,	
  5	
  minutes),	
  reduc2on	
  of	
  ar2facts	
  and	
  problems	
  
introduced	
  in	
  opera2onal	
  processing	
  	
  

•  Much	
  higher	
  volume	
  of	
  data.	
  Limited	
  by	
  I/O	
  versus	
  computa2onal	
  speed.	
  

Thunderstorm from 5/24/2008 over Northwest Kansas 

Original Corrected, Reprocessed 
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Key	
  factors,	
  discoveries,	
  and	
  influences	
  
•  WMO	
  
•  IPCC	
  (all	
  of	
  the	
  physical	
  climate	
  assessments)	
  
•  U.S.	
  Na2onal	
  Climate	
  Assessment	
  (all	
  three)	
  
•  Synthesis	
  and	
  Assessment	
  Products	
  (extremes	
  and	
  
tropospheric	
  temperatures)	
  

•  GCOS	
  and	
  UNFCC	
  (SBSTA)	
  
•  USGCRP	
  
•  AGCI	
  (extremes	
  workshop)	
  
•  Chair	
  of	
  USGCRP	
  
•  Failed	
  aEempt	
  to	
  execute	
  a	
  NOAA	
  Climate	
  Service	
  

Evolu2on	
  of	
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•  Big	
  data	
  has	
  enabled	
  improved	
  datasets	
  and	
  analysis	
  
•  The	
  impact	
  of	
  extreme	
  weather	
  and	
  climate	
  events	
  has	
  

inspired	
  far	
  more	
  requirements	
  for	
  data,	
  informa2on,	
  and	
  
analysis	
  of	
  predic2ve	
  capability	
  than	
  the	
  community	
  has	
  
been	
  able	
  to	
  deliver	
  

•  Expecta2ons	
  with	
  respect	
  to	
  	
  
downscaling	
  informa2on	
  (both	
  space	
  	
  
and	
  2me)	
  has	
  exceeded	
  our	
  ability	
  	
  
to	
  deliver	
  

Evolu2on	
  of	
  Global	
  Change	
  Research	
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Archive	
  and	
  Access	
  
Amazon	
  	
  

Kindle	
  Fire	
  
Total	
  Archive	
  Volume:	
  13.4	
  Petabytes	
  

Users download ~5 PB per year  
= 5 Billion Kindle Fire e-Books/year 
= 2,300 Kindle Fire e-Readers/day 

NCDC provides safe storage of 13.4 PB 
= 13.4 Billion Kindle Fire e-Books 
= 2.2 Million Kindle Fire e-Readers 

Total Data Delivered 

Note: all data types are vital for climate science, 
e.g. Paleoclimate data 
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By 2019, NOAA will hold over 40 Petabytes of 
environmental data, even with compression. 
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What	
  has	
  enabled	
  progress,	
  and	
  what	
  has	
  slowed	
  it?	
  	
  

•  Cheaper	
  data	
  storage	
  and	
  improved	
  capabili2es	
  for	
  data	
  
sharing	
  (Earth	
  System	
  Grid,	
  Global	
  Change	
  Informa2on	
  
System,	
  NOMADS,	
  etc.)	
  

•  Cloud	
  solu2ons	
  emerging	
  and	
  have	
  poten2al	
  
–  Reprocessed	
  all	
  AVHRR	
  SSTs	
  in	
  one	
  day	
  using	
  Cloud	
  versus	
  a	
  
few	
  years	
  in	
  the	
  1990s	
  

•  Difficulty	
  in	
  connec2ng	
  across	
  	
  
disciplines	
  and	
  ins2tu2ons	
  

Global	
  Change	
  Research	
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Cloud	
  Compu2ng	
  (Summer	
  2014)	
  
NOAA CDR Pathfinder SST v5.3 – 31 data years, 1.2 million AVHRR images 
Reprocessed in 1 day by 120 Amazon EC2 instances 
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What	
  lessons	
  will	
  you	
  draw	
  on	
  for	
  the	
  future?	
  	
  

•  New	
  science	
  capabili2es	
  for	
  monitoring,	
  
understanding,	
  and	
  predic2ng	
  global	
  change	
  will	
  
increasingly	
  be	
  provided	
  by	
  technological	
  
breakthroughs,	
  but	
  only	
  if	
  there	
  is	
  adequate	
  capacity	
  
to	
  assess	
  the	
  data,	
  informa2on,	
  and	
  knowledge	
  	
  

Global	
  Change	
  Research	
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The	
  Future	
  

Global	
  Change	
  Science	
  ‒	
  	
  
The	
  Next	
  10-­‐20	
  Years	
  
•  Temporal	
  gaps	
  and	
  observing	
  system	
  
homogeneity	
  

•  Maintaining	
  low-­‐medium	
  tech	
  observing	
  
systems	
  that	
  provide	
  long-­‐term	
  insights	
  

•  Seasonal	
  to	
  Decadal	
  Projec2ons	
  and	
  
Predic2ons	
  

•  Understanding	
  the	
  Water	
  Cycle	
  
•  Assessment/Science	
  a	
  growing	
  necessity	
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Impediments	
  and	
  Opportuni2es	
  
•  Developing	
  the	
  infrastructure	
  and	
  resources	
  
needed	
  to	
  provide	
  for	
  interdisciplinary	
  data	
  
sets	
  and	
  indicators	
  of	
  change	
  (peer-­‐reviewed,	
  
2mely,	
  and	
  interoperable	
  formats)	
  

•  Avoiding	
  observing	
  and	
  effec2ve	
  dat	
  system	
  
gaps	
  

•  Understanding	
  compound	
  uncertain2es	
  across	
  
disciplines	
  

The	
  Future	
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How	
  is	
  society's	
  need	
  for	
  informa2on	
  about	
  global	
  
change	
  evolving?	
  	
  
•  More	
  prac2cal	
  ques2ons	
  focusing	
  on	
  what	
  is	
  needed	
  
for	
  adapta2on	
  to	
  sustain	
  business	
  and	
  industry	
  in	
  a	
  
changing	
  climate	
  

What	
  do	
  you	
  see	
  as	
  the	
  cri2cal	
  role	
  for	
  science	
  moving	
  
forward?	
  	
  
•  Defining	
  our	
  certain2es	
  and	
  uncertain2es	
  	
  
related	
  to	
  what	
  we	
  know	
  and	
  what	
  we	
  can	
  	
  
predict	
  in	
  a	
  way	
  that	
  can	
  be	
  used	
  for	
  	
  
business,	
  industry	
  and	
  resource	
  managers	
  

Societal	
  Needs	
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Are	
  there	
  tradeoffs	
  between	
  fundamental	
  
science	
  and	
  its	
  applica2on,	
  and	
  if	
  so,	
  	
  
how	
  should	
  they	
  be	
  managed	
  effec2vely?	
  	
  
•  Danger	
  of	
  blurring	
  “swim	
  lanes”…	
  	
  	
  	
  
Most	
  appropriate	
  to	
  develop	
  a	
  	
  
new	
  cadre	
  of	
  scien2sts	
  who	
  bridge	
  	
  
the	
  science	
  and	
  applica2on	
  	
  
“valley	
  of	
  death”	
  

Societal	
  Needs	
  



24 August 2014 Progress	
  and	
  Prospects	
  of	
  the	
  Scien2fic	
  Priori2es	
  for	
  
Climate-­‐Related	
  Observa2ons,	
  Data,	
  and	
  Analysis	
  	
  	
  

How	
  do	
  you	
  see	
  AGCI’s	
  role	
  evolving	
  into	
  the	
  
next	
  25	
  years?	
  

•  There	
  is	
  an	
  unfilled	
  niche	
  in	
  bridging	
  the	
  divide	
  
between	
  research	
  and	
  opera2ons/applica2ons	
  

AGCI’s	
  Role	
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www.ncdc.noaa.gov	
  
www.climate.gov	
  
www.twiEer.com/NOAANCDC	
  

www.facebook.com/NOAANa2onalClima2cDataCenter	
  

NOAA’s	
  
Na2onal	
  Clima2c	
  

Data	
  Center	
  


