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Background and mo'va'on 

• Oct 2011 NASA CCE workshop (Alexandria, VA) 

• cancellation of DESDynI lidar motivated Pol‐InSAR 

side meeting 

• lack of US experience with Pol‐InSAR (peer‐

reviewed papers and data) 

• great worry of temporal decorrelation 

• Radar missions with Pol‐InSAR capabilities 

• JAXA/ALOS‐2 (L‐band) 

• ESA/BIOMASS (P‐band) 

• ESA/SENTINEL‐1 (C‐band) 

• DLR/TERRASAR‐X (X‐band) 
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Objec'ves and outline 
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• Objectives 

• to design a method for extracting canopy height and structure from radar data  

• using single‐baseline interferometry and 

• robust against temporal decorrelation 

• Outline of the talk 

• what is Pol‐InSAR 

• new physical model of temporal decorrelation 

• RMoG model 

• canopy height estimation with JPL/UAVSAR data 

• conclusions 



What is Pol‐InSAR? 

4/18 Jet Propulsion Laboratory, California Institute of Technology 

ForestSAT 2012  •  Corvallis, OR  •  September 2012 

• Radar technique  
• proposed 15 years ago (Treuhaft, 1996; Cloude, 
1998) 

• Basic idea 
• polarimetry “sees” different scattering mechanisms 

• interferometry associates the 3D location to a 
scattering mechanism 

• coherent combinations of polarization give 

continuous set of complex correlations 

• Applications 
• canopy height estimation 

• vegetation parameters, vertical structure, biomass 
estimation 

Pol In SAR 

interferometry 
polarimetry 



Canopy height from Pol‐InSAR… does it work? 
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• Peer‐reviewed publications 
• Treuhaft, 1996 

• Cloude, 1997; Cloude 1998 

• Treuhaft, 2000 

• Papathanassiou, 2001 

• Tabb, 2002 

• Cloude, 2003 

• Mette, 2004 

• Colin, 2005 

• Ballester‐Berman, 2005 

• Papathanassiou, 2005 

• Cloude, 2006 

• Ballester‐Berman, 2007 

• Lopez‐Sanchez, 2007 

• Neumann, 2008 

• Ferro‐Famil, 2008 

• Garestier, 2009 

• Haijnsek, 2009 

• Lavalle, 2010 

• Garestier, 2010 

• Lopez‐Martinez, 2010 

• Tebaldini, 2010 

• Lavalle, 2011 

1996 

2011 
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Temporal decorrela'on model 
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Temporal decorrela'on model 
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M. Lavalle, M. Simard and S. Hensley, “A temporal decorrelation model for polarimetric radar interferometers”, IEEE TGRS 2011. 
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Fig. 4:Temporal coherence versus ground-to-volume ratioµ. For a fixed radar wavelength,µchanges with the polarization.

Large values ofµcorrespond to higher correlation because the scatterer motion at ground is smaller than the motion in the

canopy. Fixed values of the model are⇤=0.23 m, = 45 deg,⇥e=0.3 dB m
1,hv= 15 m,⇧g= 1 cm,hr= 15 m.

B. Dependence on wave polarization

We use the RVOG model to see how polarization affects temporal decorrelation. This model is an extension of the

random volume model with the scattering contribution from an underlying dielectric surface located atz=zg[13].

The structure function, valid within the intervalzg⇥z⇥zg+hv, becomes

⌃gv(z)=⌃v(z)+gexp
2⌅e
cos⇤

hv

⇥

⇥(z zg), (15)

where⇥(z zg)is the Dirac’s delta located at the ground referencez=zgand gis the effective attenuated

backscatter per unit length of the ground, which accounts for direct-ground and ground-canopy interactions.

The temporal coherence model is obtained by solving (8) using (15) and (9) and may be written as

tgv
=
µ tg

+ tv

µ+1
(16)

where the real positive parameterµis the effective ground-to-volume scattering ratio defined as

µ=
⌥0dg+⌥

0
gv

v

cos⇤

2⌅e

⇤

1 exp
2⌅e
cos⇤

hv

⇥⌅, (17)

where⌥0dgand⌥
0
gvare the total average backscatter of the direct-ground and double-bounce returns, respectively.

Sinceµchanges with the wave polarization, the model (16) can be used to study radar data acquired with arbitrary

polarization.

In Fig. 4, the temporal coherence is plotted against the ground-to-volume ratioµfor various levels of canopy

motion. All curves increase monotonically withµbecause the motion standard deviation increases from the ground

(high values ofµ) to the top of the canopy (low values ofµ) according to (9). For a given value ofµ, the

coherence is lower if the differential motion is larger. For very large values ofµ, all curves approach the fixed
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A. Dependence on structural parameters

The dependence of temporal decorrelation on structural parameters, such forest height, can be examined using a

basic model of a forest canopy, namely the random volume model [13]. The forest is modeled as a layer of uniform

and randomly distributed scatterers that extend betweenzgandzg+hv, wherehvis the thickness of the layer. The

structure function is an exponential function in the intervalzg<z⇥zg+hv, and may be written as

⌃v(z)=vexp

⇧
2⇤e
cos⇥

(z zg hv)

⌃

, (11)

where vis the average backscatter per unit length of the volume layer and⇤eis the mean wave extinction coefficient

in the canopy.

The temporal coherence associated with a random volume is obtained by solving (8) using (11) and (9), and may

be written as

tv
= tg

p1

 
e(p1+p3)hv 1

⌦

(p1+p3)e
p1hv 1

⇥, (12)

where

tg
= exp

⌥
1

2

⇤
4⇧

⌅

⌅2
⌥2g (13)

is the ground-level temporal coherence, and

p1=
2⇤e
cos⇥

, p3=
⌥2

2hr

⇤
4⇧

⌅

⌅2
. (14)

Eq. (12) is a model of temporal decorrelation that applies to forest canopies when the scattering contribution from

the underlying ground is negligible. The temporal decorrelation changes with the height of the canopy layerhvand

the wave extinction⇤e. If ⌥
2=0, thenp3=0, andtv

reduces to the exponential model published in [4].

In Fig. 3 the temporal coherence (12) is plotted against the differential motion ⌥for different values of forest

height and extinction. The model parameters are set to⌅=0.23 m,⇥= 45 deg,⇤e=0.3 dB m
1,hv= 15 m,

⌥g=1cmandhr= 15 m. The values of radar wavelength and look angle are typical for an airborne radar, whereas

the wave extinction is taken from literature [14]. The motion standard deviation at the ground-level is calculated

using (12) withhv=0and tv
=

tg
=0.87. This value of temporal coherence is chosen as an example to

illustrate the model. Note that, in [4, Fig. 8], it is shown that any value between 0.7 and 1 is reasonable for the

ground-level coherence caused by random motion at moderate temporal baseline.

All curves in Fig. 3 start from a fixed value of ground-level decorrelation (
tg
=0.87). Then they decrease

monotonically with the differential motion, expressing a lower correlation induced by a larger motion variance. For

a given value of differential motion, the temporal coherence is lower if the extinction is lower and the canopy layer

is taller. This follows from the expression (9) of the motion variance, which states that the scatterers located at

the upper part of the canopy experience a larger motion than those located at the bottom. As an example,1 cm

of motion standard deviation at ground-level and3.5 cmof motion standard deviation at top of the canopy are

sufficient to reduce the coherence to0.3at L–band in the presence of15 mhigh canopies.

June 30, 2011 DRAFT

temporal function structure function 

Jet Propulsion Laboratory, California Institute of Technology 

temporal coherence 



Temporal decorrela'on model 
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• physical model (no empirical parameters) 

• closed‐form expression  temporal decorrelation depends on 
vegetation structure (e.g. canopy height) 

M. Lavalle, M. Simard and S. Hensley, “A temporal decorrelation model for polarimetric radar interferometers”, IEEE TGRS 2011. 

Jet Propulsion Laboratory, California Institute of Technology 

new property n. 1 



Valida'on of temporal decorrela'on model 
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validation of dependence of temporal 
decorrelation on canopy height 

M. Lavalle, M. Simard and S. Hensley, “A temporal decorrelation model for polarimetric radar interferometers”, IEEE TGRS 2011. 

JPL/UAVSAR L‐band airborne radar 
HV temporal coherence map 

zero spatial baseline 
45 min temporal baseline 

Laurentides, Quebec 

lidar canopy height (LVIS)  radar coherence (UAVSAR) 

Jet Propulsion Laboratory, California Institute of Technology 



Temporal decorrela'on model 
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temporal decorrelation is 
sensitive to wave polarization 

Jet Propulsion Laboratory, California Institute of Technology 

ground‐to‐volume scattering ratio 

ForestSAT 2012  •  Corvallis, OR  •  September 2012 

new property n. 2 



Valida'on of temporal decorrela'on model 
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validation of dependence of temporal 
correlation on wave polarization 

M. Lavalle, M. Simard and S. Hensley, “A temporal decorrelation model for polarimetric radar interferometers”, IEEE TGRS 2011. 

JPL/UAVSAR L‐band airborne radar 
HV temporal coherence map 

zero spatial baseline 
45 min temporal baseline 

Laurentides, Quebec 

optimized high coherence  HV coherence 
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Canopy height es'ma'on 
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Temporal‐volume decorrela'on model 
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• Closed‐form temporal‐volume coherence model 

• New model: RMoG (random motion over ground) model 

• 4 structural + 2 temporal = 6 model parameters 

Jet Propulsion Laboratory, California Institute of Technology 

M. Lavalle and S. Hensley, “Repeat‐pass polarimetric SAR interferometry”, IEEE TGRS 2011 (in review). 





Error and uncertainty 
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• Numerical simulations 

• UAVSAR radar parameters 

• large range of values for forest parameters and 

temporal parameters 

• random noise added simulated data 

• Canopy height error 

• RVoG model: RMSE 70% of total height 

• RMoG model: RMSE 20% of total height 

previous approach (RVoG) 

new approach (RMoG) 



Canopy height from Pol‐InSAR UAVSAR data 
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Harvard Forest, MA 

Canopy‐dominated coherence 

Ground‐dominated coherence 

Estimated ground topography 

Estimated canopy height 
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Es'ma'on of temporal parameters 

Dynamic motion of scattering 
elements at ground 

Dynamic motion of scattering 
elements in the canopy 

Effects of the wind on 2‐day interval UAVSAR data 
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Comparison UAVSAR 'me series and weather data 

effects of the rain 

Coherence, precipitation and wind data in Harvard Forest, MA 



Conclusions 
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• Designed a new temporal decorrelation model that explains new properties of 

temporal decorrelation  

• Model validated with L‐band JPL/UAVSAR airborne data over boreal forests in Québec 

• Proposed a model‐based method to tackle the effects of temporal decorrelation (RMSE 

20%). Method has been validated with the JPL/UAVSAR data over Harvard Forest, MA 

• Attractive avenue for estimating forest parameters using single‐baseline, repeat‐pass 

polarimetric interferometry 
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