
Figure	
  9.	
  The	
  mean	
  annual	
  EVI/NDVI	
  versus	
  the	
  mean	
  
annual	
  ET	
  in	
  coniferous	
  (le2	
  plot)	
  and	
  broadleaf	
  (right	
  
plot)	
  forests.	
  Following	
  Fig.	
  7	
  only	
  years	
  with	
  NDVI	
  <	
  
0.7	
  are	
  plo@ed	
  except	
  for	
  the	
  EVI	
  in	
  broadleaf	
  forests.	
  
Note	
  the	
  shi2	
  in	
  the	
  EVI-­‐ET	
  linear	
  relaEonship	
  in	
  
broadleaf	
  forests	
  with	
  NDVI	
  >	
  0.7	
  (red	
  circle).	
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2.	
  MODIS	
  VI	
  vs.	
  observed	
  ET/GPP	
  

Figure	
  3.	
  Per-­‐site	
  coefficients	
  
of	
  correlaEon	
  (R2)	
  from	
  the	
  
regression	
  of	
  ET	
  against	
  NDVI	
  
and	
  EVI.	
  The	
  average	
  R2	
  a2er	
  
regressing	
  each	
  year	
  
separately	
  is	
  presented.	
  Bars	
  
denote	
  ±1σ.	
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Figure	
  2.	
  Direct	
  
regressions	
  of	
  ET	
  and	
  
GPP	
  against	
  NDVI	
  and	
  
EVI	
  for	
  7	
  Simple	
  
(grasslands	
  and	
  
croplands)	
  and	
  9	
  
Complex	
  (evergreen	
  
coniferous	
  and	
  
broadleaf	
  forests)	
  
vegetaEon	
  sites.	
  A	
  
good	
  VIs–GPP	
  fit	
  in	
  
Simple	
  systems	
  
suggest	
  the	
  linkage	
  of	
  
VIs	
  to	
  biomass.	
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EsNmaNng	
   evapotranspiraNon	
   (ET)	
   in	
   space	
   and	
   Nme	
   is	
   essenNal	
   for	
  
understanding	
  the	
  terrestrial	
  water	
  cycle.	
  Remote	
  sensing	
  can	
  overcome	
  
the	
   spaNal	
   limitaNons	
   of	
   scarce	
   ET	
   field	
   measurements.	
   The	
   two	
  main	
  
approaches	
   to	
   derive	
   ET	
   from	
   satellite	
   data	
   are:	
   (i)	
   the	
   empirical	
  
approach	
  regressing	
  vegetaNon	
  indices	
  (VIs)	
  against	
  ET	
  from	
  flux	
  towers	
  
(Glenn	
   et	
   al.	
   2010),	
   and	
   (ii)	
   the	
   physical-­‐based	
   approach	
   using	
   land	
  
surface	
  temperature	
  to	
  solve	
  the	
  energy	
  balance	
  equaNon	
  (Kalma	
  et	
  al.	
  
2008).	
  The	
  advantage	
  of	
  the	
  VI	
  empirical	
  approach	
  is	
   in	
  that	
   it	
  does	
  not	
  
require	
  addiNonal	
  micrometeorological	
   informaNon,	
  which	
   is	
  difficult	
   to	
  
obtain.	
  However,	
  the	
  degree	
  of	
  success	
  of	
  this	
  approach	
  is	
  controversial	
  
(Yebra	
   et	
   al.	
   2013).	
   Moreover,	
   licle	
   acenNon	
   has	
   been	
   given	
   to	
  
understand	
  the	
  meaning	
  of	
  the	
  ET	
  –	
  VI	
  empirical	
  relaNonship.	
  	
  
We	
  examine	
  the	
  ET	
  –	
  VI	
  relaNonship	
  in	
  Simple	
  and	
  Complex	
  vegetaNon	
  

systems	
  separately	
  to	
  understand	
  (a)	
  its	
  biophysical	
  meaning,	
  and	
  (b)	
  the	
  
way	
  it	
  should	
  be	
  used.	
  

§  ET–	
  VI	
  correlaNons	
  are	
  shieed	
  by	
  ca.	
  2	
  weeks	
  in	
  Simple	
  
vegetaNon	
  systems	
  (grasslands	
  and	
  croplands)	
  due	
  to	
  
early	
  evaporaNon	
  not	
  contributed	
  by	
  vegetaNon	
  

§  NDVI	
  and	
  EVI	
  mostly	
  reflect	
  the	
  seasonal	
  growth	
  of	
  
grasses	
  in	
  “open”	
  forests	
  while	
  in	
  “closed”	
  forests	
  when	
  
NDVI	
  saturates	
  (NDVI	
  >	
  0.7)	
  EVI	
  becomes	
  more	
  sensiNve	
  
to	
  the	
  tree	
  phenology	
  

§  The	
  mean	
  annual	
  NDVI/EVI	
  and	
  annual	
  ET	
  in	
  evergreen	
  
Mediterranean	
  forests	
  show	
  high	
  correlaNons	
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1.	
  Sites	
  and	
  satellite	
  data	
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•  SpaEal	
  resoluEon	
  of	
  250	
  m	
  
•  Temporal	
  resoluEon	
  of	
  16	
  days	
  

NDVI	
  and	
  EVI	
  from	
  MODIS	
  

Simple	
  vegetaNon	
  systems	
  (grass/crop)	
   Complex	
  vegetaNon	
  systems	
  (grass	
  +	
  trees)	
  

Figure	
  1.	
  Flux	
  data	
  was	
  collected	
  from	
  7	
  Simple	
  (grasslands	
  and	
  croplands)	
  and	
  9	
  Complex	
  vegetaEon	
  
systems	
  (semiarid	
  and	
  Mediterranean	
  evergreen	
  forests).	
  The	
  NDVI	
  and	
  EVI	
  were	
  derived	
  from	
  MODIS.	
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  FOREST	
  

3.	
  Simple	
  vegetaNon	
  systems	
  

Figure	
  4.	
  NDVI	
  vs.	
  ET	
  (le2)	
  and	
  GPP	
  (right)	
  cross-­‐correlaEons	
  in	
  
grasslands	
  and	
  croplands.	
  ET	
  is	
  shi2ed	
  by	
  ca.	
  two	
  weeks	
  (lag	
  =	
  
-­‐1)	
  with	
  respect	
  to	
  NDVI	
  except	
  of	
  one	
  grassland	
  site.	
  NDVI	
  and	
  
GPP	
  have	
  no	
  shi2	
  (lag	
  =	
  0)	
  suggesEng	
  that	
  the	
  NDVI	
  –	
  ET	
  shi2	
  is	
  
caused	
  by	
  early	
  evaporaEon	
  (E)	
  not	
  contributed	
  by	
  vegetaEon.	
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Figure	
  5.	
  A	
  Jack-­‐Knife	
  cross-­‐validaEon	
  leaving	
  one	
  year	
  out	
  
using	
  the	
  empirical	
  ET-­‐VI	
  model	
  a2er	
  shi2ing	
  (Fig.	
  4),	
  in	
  four	
  
sites.	
  The	
  observed	
  ET	
  from	
  FLUXNET	
  and	
  the	
  MODIS’s	
  ET	
  
product	
  (MOD16A2)	
  are	
  presented	
  for	
  comparison.	
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Figure	
  10.	
  The	
  mean	
  
annual	
  ET	
  at	
  the	
  semiarid	
  
YaNr	
  pine	
  forest	
  for	
  the	
  
years	
  2001	
  –	
  2013	
  
esEmated	
  from	
  the	
  annual	
  	
  
average	
  of	
  NDVI	
  (Fig.	
  9).	
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4.	
  Complex	
  vegetaNon	
  systems	
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Figure	
  6.	
  Time	
  series	
  of	
  NDVI,	
  EVI	
  and	
  observed	
  ET	
  at	
  two	
  
Mediterranean	
  oak	
  forests	
  (IT-­‐Lec	
  and	
  IT-­‐Cpz)	
  and	
  two	
  
Mediterranean	
  pine	
  forests	
  (US-­‐Me2	
  and	
  ES-­‐ES)	
  showing	
  
different	
  seasonality,	
  which	
  can	
  explain	
  the	
  low	
  VI–ET	
  
correlaEons	
  in	
  the	
  Complex	
  vegetaEon	
  systems	
  (in	
  Fig.	
  2	
  and	
  
3).	
  Error	
  bars	
  are	
  ±1σ.	
  	
  

Figure	
  7.	
  The	
  Eming	
  of	
  
the	
  peak	
  in	
  NDVI,	
  EVI	
  
and	
  observed	
  ET	
  for	
  the	
  
9	
  Mediterranean	
  
evergreen	
  forests	
  
(Coniferous	
  and	
  
Broadleaf).	
  The	
  sites	
  are	
  
arranged	
  according	
  to	
  
their	
  mean	
  NDVI	
  (right	
  
axis)	
  in	
  ascending	
  order.	
  
The	
  sky	
  blue	
  background	
  
denotes	
  the	
  period	
  of	
  
the	
  rainy	
  season.	
  

Figure	
  8.	
  A	
  schemaEc	
  representaEon	
  of	
  the	
  annual	
  
change	
  in	
  foliage	
  cover	
  of	
  grasses	
  and	
  trees	
  in	
  an	
  
evergreen	
  Mediterranean	
  forest	
  and	
  the	
  
corresponding	
  sensiEviEes	
  of	
  NDVI	
  and	
  EVI	
  to	
  
detect	
  these	
  changes	
  following	
  Fig.	
  7.	
  The	
  ET	
  in	
  
forests	
  is	
  mostly	
  transpiraEon	
  (T)	
  from	
  trees	
  (Fig.	
  6).	
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