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Advanced	
  Very	
  High	
  Resolution	
  Radiometer	
  (AVHRR)	
  

•  NDVI3g	
  data	
  set	
  

•  8	
  x	
  8	
  km2	
  pixels	
  (spatial	
  resolution)	
  

•  15-­‐day	
  max	
  NDVI	
  temporal	
  composites	
  (2	
  per	
  month)	
  

•  July	
  1981	
  to	
  December	
  2013	
  (32.5	
  year	
  long)	
  

•  Inter-­‐sensor	
  calibration	
  

•  Minimal	
  atmospheric	
  correction	
  

•  Residual	
  corruption	
  effects	
  likely	
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Greening	
  North:	
  The	
  Northern	
  Lands	
  

The	
  Arctic	
  and	
  Boreal	
  regions	
  
(26.02	
  million	
  km2)	
  

(Xu	
  et	
  al.,	
  2013)	
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Greening	
  North:	
  Amplitude	
  &	
  Growing	
  Season	
  

(1981	
  to	
  1994)	
  

(Updated	
  from	
  Myneni	
  et	
  al.,	
  1997)	
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Greening	
  North:	
  Amplitude	
  &	
  Growing	
  Season	
  
(1981	
  to	
  1999)	
  

(Zhou	
  et	
  al.,	
  2001)	
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Greening	
  North:	
  Spatial	
  Pattern	
  
(1981	
  to	
  2012)	
  

(Xu	
  et	
  al.,	
  2013)	
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Greening	
  North:	
  The	
  Temperature	
  Connection	
  

Trends	
  did	
  not	
  oppose	
  in	
  75%	
  of	
  the	
  study	
  area	
  

Warming	
  did	
  not	
  promote	
  browning	
  	
  

Cooling	
  did	
  not	
  promote	
  greening	
  

(Xu	
  et	
  al.,	
  2013)	
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Greening	
  North:	
  Photographic	
  Evidence	
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Greening	
  Earth:	
  Growing	
  Season	
  

•  Use	
  NDVI	
  thresholds	
  to	
  deWine	
  the	
  start/end	
  of	
  growing	
  season	
  	
  
•  Use	
  ground	
  freeze/thaw	
  data	
  to	
  reWine	
  the	
  NDVI	
  thresholds	
  deWinitions	
  

96%	
  of	
  the	
  pixels	
  have	
  one	
  growing	
  season	
  per	
  year	
  (=12	
  consecutive	
  months)	
  
24.4%	
  of	
  the	
  pixels	
  have	
  a	
  growing	
  season	
  that	
  span	
  two	
  calendar	
  years	
  

(Meyfroidt	
  et	
  al.,	
  2015	
  in	
  preparation)	
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Greening	
  Earth:	
  Growing	
  Season	
  Integrated	
  Vegetation	
  Index	
  (GSIVI)	
  

Comparison	
  between	
  GSIVI	
  and	
  GPP	
  (Beer	
  et	
  al.,	
  Science,	
  2010)	
  for	
  IGBP	
  vegetation	
  types	
  
(left	
  panel)	
  and	
  83	
  terrestrial	
  eco-­‐systems	
  of	
  the	
  world	
  (Olson	
  et	
  al.,	
  2001)	
  for	
  the	
  period	
  
1998	
  to	
  2005	
  
	
  
The	
  GPP	
  is	
  a	
  global	
  gridded	
  data	
  set	
  derived	
  from	
  Wlux	
  tower	
  measurements	
  and	
  
ancillary	
  data	
  with	
  machine	
  learning	
  tools	
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y	
  =	
  76.02x	
  +	
  70.97	
  
R²	
  =	
  0.94	
  

y	
  =	
  90.77x	
  +	
  58.55	
  
R²	
  =	
  0.97	
  

(Meyfroidt	
  et	
  al.,	
  2015	
  in	
  preparation)	
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Greening	
  Earth:	
  Spatial	
  Patterns	
  

Annual	
  Gross	
  Productivity	
  =	
  Growing	
  Season	
  Integrated	
  Vegetation	
  Index	
  
Statistically	
  signiWicant	
  (p<0.1)	
  based	
  on	
  Vogelsang’s	
  t-­‐PS_T	
  test	
  

(Meyfroidt	
  et	
  al.,	
  2015	
  in	
  preparation)	
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Greening	
  Earth:	
  By	
  Vegetation	
  Types	
  

A	
  greening	
  trend	
  of	
  2.8	
  to	
  5.1%	
  per	
  decade	
  is	
  seen	
  in	
  all	
  vegetation	
  types	
  

(Meyfroidt	
  et	
  al.,	
  2015	
  in	
  preparation)	
  

15	
  



Greening	
  Earth:	
  Two	
  Statistical	
  Methods	
  
Vogelsang	
  

Mann-­‐Kendall	
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Greening	
  Earth:	
  Three	
  Data	
  Sets	
  

Three	
  semi-­‐independent	
  satellite	
  data	
  sets	
  show	
  abundance	
  of	
  positive	
  LAI	
  trends	
  

(Zhu	
  et	
  al.,	
  2015	
  in	
  review)	
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Greening	
  Earth:	
  Simulation	
  by	
  Veg	
  Models	
  

Dynamic	
  vegetation	
  models	
  forced	
  with	
  observed	
  CO2,	
  N-­‐deposition,	
  climate	
  and	
  land	
  
cover	
  changes	
  (blue)	
  reproduce	
  the	
  observations	
  (red)	
  

(Zhu	
  et	
  al.,	
  2015	
  in	
  review)	
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Greening	
  Earth:	
  Some	
  Reasons	
  

(Meyfroidt	
  et	
  al.,	
  2015)	
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Greening	
  Earth:	
  Simulation	
  by	
  Climate	
  Models	
  

Leaf	
  Area	
  Index	
  (LAI)	
  trends	
  in	
  coupled	
  climate	
  models	
  forced	
  with	
  natural	
  
variations	
  only	
  (middle	
  panel)	
  and	
  with	
  both	
  natural	
  and	
  anthropogenic	
  forcings	
  
(right	
  panel).	
  	
  
	
  
Observations	
  in	
  left	
  panel.	
  
	
  
Anthropogenic	
  forcings	
  are	
  required	
  to	
  simulate	
  observed	
  trends	
  in	
  LAI	
  

(Mao	
  et	
  al.,	
  2015	
  in	
  preparation)	
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Greener	
  Sahel	
  

NDVI3g	
  Trends	
  1981	
  to	
  2011	
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Greener	
  China	
  

23	
  



Greener	
  Australia	
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Trends	
  in	
  Terrestrial	
  Carbon	
  Fluxes	
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(Submitted	
  to	
  Nature	
  Geoscience)	
  



Greening	
  Trend:	
  Carbon	
  Connection	
  

A	
  greener	
  Earth	
  could	
  also	
  be	
  a	
  increasing	
  land	
  sink	
  

(Ballantyne	
  et	
  al.,	
  2012)	
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Greening	
  Earth	
  as	
  Bene]it	
  of	
  CO2	
  Increase	
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THE	
  AUSTRALIAN	
  
Global	
  warming:	
  evidence	
  high	
  CO2	
  levels	
  good	
  for	
  crops,	
  oceans	
  
MATT	
  RIDLEY	
  THE	
  TIMES	
  OCTOBER	
  19,	
  2015	
  11:02AM	
  
Patrick	
  Moore,	
  a	
  founder	
  of	
  Greenpeace,	
  said	
  in	
  a	
  lecture	
  last	
  week	
  that	
  we	
  should	
  
“celebrate	
  carbon	
  dioxide”.	
  Picture:	
  Thinkstock	
  Source:	
  Supplied	
  
France’s	
  leading	
  television	
  weather	
  forecaster,	
  Philippe	
  Verdier,	
  was	
  taken	
  off	
  air	
  last	
  
week	
  for	
  wri'ng	
  that	
  there	
  are	
  “posi've	
  consequences”	
  of	
  climate	
  change.	
  Freeman	
  
Dyson,	
  professor	
  emeritus	
  of	
  mathema'cal	
  physics	
  and	
  astrophysics	
  at	
  the	
  Ins'tute	
  of	
  
Advanced	
  Study	
  in	
  Princeton,	
  declared	
  last	
  week	
  that	
  the	
  non-­‐clima'c	
  effects	
  of	
  carbon	
  
dioxide	
  are	
  “enormously	
  beneficial”.	
  Patrick	
  Moore,	
  a	
  founder	
  of	
  Greenpeace,	
  said	
  in	
  a	
  
lecture	
  last	
  week	
  that	
  we	
  should	
  “celebrate	
  carbon	
  dioxide”.	
  
Are	
  these	
  three	
  prominent	
  but	
  very	
  different	
  people	
  right?	
  Should	
  we	
  at	
  least	
  consider	
  
seriously,	
  before	
  we	
  go	
  into	
  a	
  massive	
  interna`onal	
  nego`a`on	
  based	
  on	
  the	
  assump`on	
  
that	
  carbon	
  dioxide	
  is	
  bad,	
  whether	
  we	
  might	
  be	
  mistaken?	
  Most	
  poli`cians	
  today	
  consider	
  
such	
  a	
  view	
  to	
  be	
  so	
  beyond	
  the	
  pale	
  as	
  to	
  be	
  mad	
  or	
  possibly	
  criminal.	
  
Yet	
  the	
  benefits	
  of	
  carbon	
  dioxide	
  emissions	
  are	
  not	
  even	
  controversial	
  in	
  scien`fic	
  circles.	
  
As	
  Richard	
  Becs	
  of	
  the	
  Met	
  Office	
  tweeted	
  last	
  week,	
  the	
  “CO2	
  fer`lisa`on	
  effect”	
  -­‐	
  the	
  fact	
  
that	
  rising	
  emissions	
  are	
  making	
  plants	
  grow	
  becer	
  -­‐	
  is	
  not	
  news	
  and	
  is	
  discussed	
  in	
  the	
  
reports	
  of	
  the	
  Intergovernmental	
  Panel	
  on	
  Climate	
  Change.	
  The	
  satellite	
  data	
  show	
  that	
  
there	
  has	
  been	
  roughly	
  a	
  14	
  per	
  cent	
  increase	
  in	
  the	
  amount	
  of	
  green	
  vegeta`on	
  on	
  the	
  
planet	
  since	
  1982,	
  that	
  this	
  has	
  happened	
  in	
  all	
  ecosystems,	
  but	
  especially	
  in	
  arid	
  tropical	
  
areas,	
  and	
  that	
  it	
  is	
  in	
  large	
  part	
  due	
  to	
  man-­‐made	
  carbon	
  dioxide	
  emissions.	
  



Greening	
  Earth:	
  Pushback	
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Greening	
  Earth:	
  Correct	
  Perspective	
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