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Background: Radar 
Radar	
  uses	
  microwaves:	
  
•  Wavelengths	
  of	
  mm	
  

to	
  meters	
  
•  Frequencies	
  of	
  1-­‐14	
  

GHz	
  well-­‐suited	
  to	
  soil	
  
and	
  vegeta=on	
  
monitoring	
  

•  Independent	
  of	
  solar	
  
illumina=on	
  

•  Independent	
  of	
  cloud	
  
cover	
  

=>	
  Reliable	
  data	
  

Steele-­‐Dunne	
  et	
  al.	
  (Remote	
  Sensing,	
  2017)	
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Radars	
  are	
  ac#ve	
  sensors	
  

Transmit	
  &	
  Receive	
  

Background: Radar 

•  A	
  radar	
  instrument	
  transmits	
  a	
  microwave	
  pulse	
  and	
  
receives	
  the	
  backscaHered	
  signal.	
  	
  

•  The	
  backscaHered	
  signal	
  is	
  influenced	
  by	
  system	
  
characteris=cs	
  e.g.	
  frequency,	
  polariza=on,	
  incidence	
  
angle	
  etc..	
  	
  	
  

•  It	
  is	
  also	
  influenced	
  by	
  the	
  dielectric	
  proper=es	
  and	
  
structure/geometry	
  of	
  the	
  surface.	
  	
  

	
  
This	
  sensi=vity	
  to	
  dielectric	
  proper=es	
  and	
  structure	
  is	
  
what	
  makes	
  radar	
  useful	
  for	
  monitoring	
  vegeta=on.	
  	
  

Konings,	
  Rao	
  &	
  Steele-­‐Dunne	
  (	
  New	
  Phytologist,	
  2019)	
  



4 Konings,	
  Rao	
  &	
  Steele-­‐Dunne,	
  New	
  Phytologist	
  (2019)	
  

Radar & Vegetation 

•  The	
  dielectric	
  constant	
  of	
  vegeta=on	
  
cons=tuents	
  is	
  primarily	
  sensi=ve	
  to	
  
their	
  water	
  content.	
  	
  

	
  
•  Radar	
  is	
  influenced	
  by	
  the	
  amount	
  of	
  

water	
  in	
  the	
  vegeta=on	
  and	
  where	
  it	
  
is	
  stored.	
  	
  

=>	
  Radar	
  observa=ons	
  reveal	
  dynamics	
  
of	
  water	
  storage	
  in	
  vegeta=on.	
  	
  



5 Konings,	
  Rao	
  &	
  Steele-­‐Dunne,	
  New	
  Phytologist	
  (2019)	
  

Radar & Vegetation 
•  Spaceborne	
  scaHerometers	
  provide	
  

coarse	
  resolu=on	
  imagery	
  

•  Synthe=c	
  Aperture	
  Radar	
  (SAR)	
  provides	
  
finer	
  scale	
  resolu=on	
  imagery	
  	
  

•  Both	
  have	
  been	
  used	
  for	
  a	
  wide	
  range	
  of	
  
applica=ons	
  related	
  to	
  vegeta=on	
  	
  

Improvements	
  in	
  temporal	
  and	
  spa=al	
  
resolu=on	
  s=mulates	
  new	
  applica=ons	
  
monitoring	
  faster	
  dynamics	
  e.g.	
  water	
  stress	
  
response.	
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ERS-­‐1	
  
ERS-­‐2	
  

Metop-­‐A	
  

Metop-­‐B	
  

Metop-­‐C	
  

Metop-­‐SG-­‐B	
  

1990	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2000	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2010	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2020	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2030	
  

Spaceborne Radar: ASCAT 
The	
  Advanced	
  ScaHerometer	
  is	
  part	
  
of	
  a	
  series	
  of	
  opera=onal	
  
instruments	
  since	
  1991,	
  and	
  
planned	
  beyond	
  2030.	
  
=>	
  Poten=al	
  climate	
  data	
  record	
  

[Steele-­‐Dunne	
  et	
  al.	
  (RSE,	
  2019)]	
  



7 [Steele-­‐Dunne	
  et	
  al.	
  (RSE,	
  2019)]	
  

ASCAT Dynamic Vegetation Parameters (DVP)  

•  ASCAT	
  Dynamic	
  Vegeta=on	
  Parameters	
  (DVP)	
  refer	
  to	
  the	
  slope	
  and	
  
curvature	
  of	
  the	
  2nd	
  order	
  polynomial	
  describing	
  backscaHer	
  as	
  a	
  func=on	
  of	
  
incidence	
  angle.	
  	
  

•  They	
  are	
  used	
  in	
  the	
  TU	
  Vienna	
  Soil	
  Moisture	
  Retrieval	
  algorithm	
  to	
  account	
  
for	
  the	
  effect	
  of	
  vegeta=on.	
  	
  

•  These	
  can	
  now	
  be	
  es=mated	
  dynamically	
  providing	
  new	
  insight	
  into	
  
vegeta=on	
  water	
  dynamics	
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Phenology	
   Interannual	
  
	
  variability	
  

Diurnal	
  	
  
differences	
  

[Steele-­‐Dunne	
  et	
  al.	
  (RSE,	
  2019)]	
  

ASCAT DVP in North American Grasslands 

•  Red	
  lines	
  are	
  start	
  of	
  
growing	
  season.	
  	
  

•  Green	
  lines	
  are	
  biomass	
  
peak.	
  

=>	
  Seasonal	
  change	
  in	
  
vegeta=on	
  density	
  

•  Curve	
  for	
  max	
  biomass	
  
period	
  in	
  each	
  year.	
  	
  

•  Red	
  curve	
  is	
  most	
  severe	
  
drought.	
  	
  

•  Ver=cal	
  offset	
  due	
  to	
  dry	
  
soil	
  moisture	
  

•  Curve	
  rota=on	
  due	
  to	
  
drought	
  effect	
  on	
  
vegeta=on.	
  

•  Strong	
  posi=ve	
  anomaly	
  
observed	
  indicates	
  influence	
  of	
  
2012	
  drought	
  on	
  Nebraska	
  
Sandhills.	
  	
  

•  Rota=on	
  of	
  curve	
  corresponds	
  
to	
  change	
  in	
  ver=cal	
  distribu=on	
  
of	
  moisture	
  between	
  morning	
  
and	
  evening	
  overpasses.	
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Petchiappan	
  et	
  al.	
  (in	
  prep.)	
  

Backscatter is related to  
moisture availability 

Slope follows moisture demand 

Curvature is related to vegetation 
phenology 

Diurnal differences influenced by 
moisture demand & availability 

ASCAT DVP in Amazon Region 

hRps://mee=ngorganizer.copernicus.org/EGU2020/EGU2020-­‐11398.html	
  



10 
Khabbazan	
  et	
  al.	
  2019	
  

Spaceborne SAR: Sentinel-1 

•  ESA’s	
  Sen=nel-­‐1	
  mission	
  
provides	
  imagery	
  every	
  1-­‐2	
  
days	
  in	
  the	
  Netherlands.	
  We	
  
can	
  monitor	
  crop	
  
development	
  like	
  never	
  
before.	
  

•  Radar	
  provides	
  a	
  new	
  
perspec=ve	
  on	
  the	
  impact	
  
of	
  drought	
  on	
  vegeta=on	
  
water	
  content.	
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Rapid Plant Water Dynamics 

hRps://mee=ngorganizer.copernicus.org/EGU2020/EGU2020-­‐13128.html	
  

Our	
  latest	
  field	
  experiments	
  demonstrate	
  the	
  sensi=vity	
  of	
  sub-­‐daily	
  radar	
  
backscaHer	
  to	
  surface	
  and	
  internal	
  vegeta=on	
  water	
  content	
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Commercial	
  
constella4ons	
  

Hydroterra:	
  Geosynchronous	
  Radar	
  

ESA	
  Earth	
  Explorer	
  10	
  
Candidates	
  

Harmony:	
  Mul4-­‐sta4c	
  SAR	
  	
  

NISAR	
  	
  
(L-­‐	
  &	
  S-­‐Band)	
  

ESA	
  –	
  Copernicus	
  
High	
  Priority	
  
Candidate	
  Missions:	
  
ROSE-­‐L	
  

Future Opportunities 
•  Planned	
  and	
  candidate	
  missions	
  will	
  provide	
  new	
  perspec=ves	
  

on	
  vegeta=on.	
  	
  
•  Sub-­‐daily	
  SAR	
  will	
  allow	
  global	
  monitoring	
  of	
  rapid	
  vegeta=on	
  

water	
  dynamics	
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Future Challenges 
•  Key	
  challenge	
  is	
  to	
  represent	
  

vegeta=on	
  as	
  a	
  living,	
  dynamic	
  
scaHering	
  medium	
  in	
  microwave	
  
models.	
  

•  Address	
  mismatch	
  in	
  modeled	
  
states	
  &	
  parameters	
  between	
  
hydrology/physiology	
  models	
  and	
  
microwave	
  modeling	
  models.	
  	
  

•  Improved	
  process	
  understanding	
  
of	
  water	
  transport	
  in	
  vegeta=on	
  
and	
  its	
  influence	
  on	
  backscaHer	
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Conclusions 
•  Radar	
  observables	
  are	
  sensi=ve	
  to	
  water	
  content	
  of	
  vegeta=on.	
  	
  

•  Current	
  spaceborne	
  scaHerometer	
  and	
  SAR	
  missions	
  provide	
  insight	
  into	
  
vegeta=on	
  water	
  dynamics.	
  	
  

•  Radar	
  can	
  sense	
  sub-­‐daily	
  changes	
  in	
  surface	
  and	
  internal	
  vegeta=on	
  water	
  
content.	
  	
  

•  Planned	
  and	
  candidate	
  SAR	
  missions	
  provide	
  exci=ng	
  new	
  perspec=ves	
  on	
  
vegeta=on,	
  par=cularly	
  sub-­‐daily	
  processes.	
  	
  

•  Key	
  challenge	
  is	
  to	
  reconcile	
  hydrology/plant	
  physiological	
  understanding	
  
of	
  vegeta=on	
  water	
  dynamics	
  with	
  radia=ve	
  transfer	
  modeling.	
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