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Interferometric Coherence

1. Background:

The interferometric coherence is defined as:
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where 
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denote the first and the second complex SAR images.

It is possible to factor the coherence as (refs):
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The decorrelation due to processing includes the effect of image registration, and bias due to estimation of the coherence module. 

· if the registration is not perfect, the coherence is reduced, and the coherence lost is more important on terrains with relief,

· if the number of independent samples used in the estimation (i.e. window size) is insufficient, the coherence in the lower range(i.e. [0,0.4]) will be increased (refs).

The decorrelation due to geometry concerns mainly the interferometric baseline. The coherence decreases with the baseline . This effect is in general corrected ininterferometric processing software by "spectral shift filtering" to normalise the coherence based on the responses of stable surface.

The two remaining sources of decorrelation are related to the water, soil and vegetation surface characteristics.

The volume decorrelation characterises the modification of the wave path inside the canopy between the two acquisitions, and in a lesser extent, the related changes in scattering mechanisms. This effect is caused by the change in the incidence angle, and is very small at C band compared to the temporal decorrelation. (it relative importance increases at lower frequencies- more important penetration-and in single pass interferometry).

The temporal decorrelation is caused by the movements of the scatterers between two acquisitions. At C band, the scatterers are needles, leaves , twigs and small branches, which are highly sensitive  to wind effect.

For different forest stands, the  coherence declines  with the increase of the proportion of the leaves, needles, small branches etc..in the  stands. Indirectly, the coherence declines as a fiunction of the biomass or "growing stock volume". As the volume or biomass increases, the degree of coherence drops to reach a saturation level which is typical of dense vegetation .

2. Experimental results

---Here selected figs of  SIBERIA coherence versus growing stock volume --different causes of disturbances (GTC, GEC, slope, meteo, registration etc..)

The decrease of coherence with increasing growing stock volume is observed in all cases.  At a first approximation, a typical curve with associated uncertainties can be derived to fit with the database.

---Here the centres for ML

The overall accuracy  may be acceptable, but the border effect between different frames remains visible in some cases. This occured between two adjacent scenes for which the ranges of coherence differ and  the curves  show differences in their shape and  slope .

For biomass retrieval, the coherence should be corrected from the processing, geometry effects before to look at the relationships with vegetation parameters.

Since most effects reduce the coherence, the approach consists in chosing a typical curve as a curve with low coherence at high biomass level (typically noise level , coherence 
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 for >200 m3/ha), and normalise  the coherence of scenes with high coherence.

 The impact of different sources of variability  was assessed, using a coherent model developed at CESBIO ( Floury et al, 1998, Floury, 1999). In this model, the backscattered electric field is calculated for each pixel by summing coherently the fields backscattered from the individual scatterers in the pixel. The Monte Carlo approach is used to simulate a sufficient number of realisations to allow the calculation of the backscattering coefficient and the determination of speckle distributions. The Integral Equation Model is used for  inclusion of the ground surface.

Using the model, the degree of coherence of multi-pass interferometric data has been simulated as a function of forest parameters and acquisition and environment conditions. The model simulations have been used to study  the effect of soil moisture in the relative soil backscatter contribution for different tree densities .
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Figure 1 : Simulations of interferometric data by using the coherent model. (a) interferometric degree of coherence for multi-temporal interferometric acquisitions, 100m baseline, 10 realisationss. 38 year old maritime pines. C-band, VV polarisation, 23° incidence angle, b) estimated height for different soil backscatter. (FORGET THE RIGHT  HS fig., I will take it out)

Fig.1 (a) shows model simulation in two cases: in the first case, the soil surface is assumed to have high backscatter (high roughness and moisture) (
[image: image7.wmf]s

°=-5 dB), in the second, low soil backscatter (low roughness/moisture or attenuated by understory vegetation) (
[image: image8.wmf]s

°= -10 dB). In natural forest condition, e.g. in Siberia, it is expected that the inter-site variation of the soil backscatter is mainly due to frame to frame variation of soil moisture rather than  to the effect of surface roughness and underlying vegetation. 

Depending on the  strength of the soil signal, the slope of the coherence vs biomass curve may vary. The sensitivity to biomass is higher for high ground contribution (e.g. wet soil). A wet or rough soil surface (as observed in winter), having a strong backscatter, will lead to a slow decrease of coherence with biomass. The optimal condition for biomass inversion will be high surface backscatter and small change between acquisitions. Rain, and frost between the acquisitions will result in a significant lost of the coherence. The resulting inversion is very site specific as the soil conditions and the meteorological parameters (rain, freezing, ..) must be taken into account.

The other important point is the saturation level, or the coherence of high biomass forest. Since the coherence is more an indicator of the attenuation from the canopy than of its scattering, the saturation point does not depend on the same mechanisms as for intensity, and saturation may occur later in favorable cases. 

3. Biomass inversion

The information content of the  coherence is related to the presence of the vegetation expressed by its biomass, percent cover, or the vegetation volume. The relationships are disturbed by the effect of meteorological conditions, soil conditions, if we exclude the effect of acquisition geometry (baseline), and that of the coherence processing .

The coherence can be expressed as (ref)

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where I is the backscatter intensity from the forested scene and I
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 is the backscatter intensity from  the ground level (backscatter from ground surface attenuated by the canopy), 
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is the intensity of dense vegetation, 
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  and 
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 INCORPORER Equation.3  [image: image14.wmf]V

 are the coherence of bare soil and of the dense vegetation.
If  the coherence of the dense vegetation is low (of the order of the noise level given by the estimator), 
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<<1, and if there is no change in the coherence of bare ground, 
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where 
[image: image20.wmf]S

I

0

 is the intensity backscattered by the ground level and A is the attenuation by the canopy.

A can be expressed as :
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Since the attenuation is related to the vegetation volume, to retrieve forest volume could be possible from attenuation. It becomes equivalent to normalise coherence from  the effect of the soil backscatter.  In physical terms, attenuation would be better biomass discriminator than the coherence itseft.

Two approaches are possible:

1) To assume that backscatter of the ground surface under the forest is close to that of the clearcut or open areas, then to normalise the coherence by the ratio between the intensity or backscattering coefficient over the forest and that of the clearcut/open area by supervised method,

2) To proceed to the classification using ML method with the statistics of typical curves in the first step.

In the second step, to use the classification results and the image stacks to proceed as follows:

· to estimate 
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 using  ERS backscatter coefficient of clearcut or low biomass class (0-20 m3/ha), identified in the classification result

· for each pixel, to multiply the coherence by the ratio beween the ERS intensity related to that pixel and the 
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In a third step, proceed to ML classification with the attenuation values with JERS intensity. The centres could be refined

In the fourth step, apply ICP.

We are testing the second method. 

If it works, the method presents several advantages:

- unsupervised

- physically based (good for papers)

-use coherence, ERS intensity and JERS intensity

We have learned from the database( radar versus forest data) and coherence-JERS scatter plots that:

1) the no coherence surfaces (water) has a coherence around 0.16 (bias for null coherence)

2) the dynamic range in a scene can be affected by disturbing factors: rain between the tandem pairs, misregistration in GEC images,

3) the relationship between coherence and growing stock volume in the data base can be affected by : 

· misregistration between forest polygons and coherence image, especially in mountainous areas ( for high volume forest, it might go to higher coherence if a polygon is registered on an open area, for lower volume, the confusion may go to lower coherence: the result could be anything)

· loss of coherence  due to weather ..(the lower volume part of the curve has lower coherence)

· forest polygon data not updated for recent clearcut and fire  (outlier points higher than the general  curves)

· different surface types of 0 - 20 m3/ha: clearcut more or less recent, bare surfaces, surfaces with bushes of a cetain volume not accounted for in forest measurement  
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Simulated Coherence
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