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ABSTRACT

This paper describes the first quantitative attempt to es-
timnate the vertical profile characteristics of forests from
multibaseline interferometric radar (1 NSAR) data. Inor-
der to calculate the accuracy with which vertical charac-
teristics can be estimated with INSAR, a simple, two-layer
(sucanopy and canopy) forest is assumed to be observed
by 4 baselines, most of which can be realized by current
airbornesystems. Calculations suggest that the height of
the subcanopy layer, the total height of the forest, andthe
altitude of theunderlying surface canbe estimated with
accuracies of 2-4 meters, withmultiple baselines at C-
band (wave length- 0.056 cm). Extinction coeflicients o f
eachlayer can be estimated with accuracies of 0.1 db/in.
Theest imat ion of height and ext inction parameters from
INSAR data is nonlinear, and accuracies therefore may
depend heavily on the actual characteristics of the ob-
served forest. Thispaper also discusses theapplication
of vertical profileinformationestimated from INS AR to
t heidentification of old-growth forests and their charac-
teristics of growth and productivity. Because old-growth
forests are characterized by layered vertical structures,
the subanopy and canopy characteristics discussed in this
paper may enable identification and monitoring of old-
growth stands, which int urn would facilitate ecosystemn
manageinent aud assessment of primary production ona
global scale.

The research described in this paper was carried out 1n part
by the Jet Propulsion Laboratory, California Institute of Tech-
nology.under contract with the National Aeronautics and Space
Administration

1. IN'I’'RODUCTION

For INSAR data taken over forests, theamplitude and
phase of the comnplex cross-correlation dependonthe ver-
ticalprofiles of scatterer density and scat tering amplitude.
As shown inthe next section, the cross-correlation can
be expressed as anintegral of functious of time profiles.
Changing the INSAR baseline changes this integral. This
paper beginsto answer the following question: What is
the accuracy of physical structure and scattering paramn-
eters estimated from a set of multibaseline INSAR mea-
suremnents ? A simple two-layer forest is treated iu which
the 6 est imated paramncters (as showrniin t he next sec-
tion)are 1) height-t o-base-of-canopy (hy,¢), 2) tot al for-
est. height (hv), 3) subcanopy extinction coefficient (dsc),
4) canopy ertinction coefficient (o¢),5) underlying sur-
face topography (zp), and G) the canopy to subcanopy ra-
tio of the product of the scatterer density and the squared
backscattering amplitude (R.). Fxpressions for t hLe cross-
correlation as a function of baseline aud the 6 parameters
are givenin t he next sect ion. A simulation using 4 base-
lines, which can effect ively be realized with current air-
borune systems, was performed and the derived parameter
accuracies are presentedinsection 3.Section d disc usses
the application of t hese results to theidenticationand
monitoring of old-growth forests.

INSAR CROSS-CORRELATION FOR
A TWO-LAYER FOREST

2. THE

In Appendix C, (C7) of [1], anexpression is derived for
t he INSAR cross-correlat ion resulting from observations
of a forest (volume scat tering only) with arbitrary profiles
of vert ical density and scattering amplit ude. The complex
cross- correlation < E(R)E (R;)> is proportional to:



where N is the number of independent looks. These stan-
dard deviations, which represent “speckle noise, ” i.c.the
random dist ribution of scatterers from look to look, with
small corrections for the loss of correlation amplitude due
to finiterange resolution [1], wereused to generate Monte
Carlo data, which were thenfed to a nonlinear least square
estimation procedure to extract distributions of the 6 pa-
rameters. Thermal noise, a small correction, wasnot in-
cluded. The table below snows themeand the standard
deviat ion of the profile parameters for 50 and 100 radar
looks, with the truth values for the simulation at the top
of each column. For a roughly 5-m square look size, 50
and 100 looks correspond approximately to 35-1nand 50-
m square resolution, respectively.

From t hetable, it canbe seen that, the height-to- basc-
of-canopy, the total forest height, and the underlying to-
pography were determined with accuracies o about 2-5
m, and the extinction coefficients of tile two layers were
determined at the 0.1-0.2 cl b/m level. The performancein
the table will be tested with TOPSAR data in the coming
year. lImprovements to the performance calculationin-
clude accounting for correlations in speckle noise between
baselines, accounting for the ground-trunk interaction and
including polarimetry, and improving on the Monte Carlo
nonlinear estimation procedure used here.

4. IDENTIFYING AND MONITORING
OLD-GROWTH FORESTS WITHI
INSAR-ESTIMATED VERTICAL PROFILES

T'he definition of “old growth” is based largely on for-
est structure rather thaun tree age: old-growth forests are
characterized by a multiple-story canopy that is struc-
turally complex [4]. The estimation of the subcanopy and
canopy parameters described in this paper inay enable
identification of forests with these structures. Identifi-
cation, classification, and characterization of old-growth
forests are particularly import autin t he Pacific Nort hwest
of the United States. Management activities inthe past
have emphasized clearcut harvesting, causing severe loss
in the

amount of old -growt h habi tat ag well as extensive frag-
mentation of these habitats. These changes have led to
significant declines in populations of animal species that
depend on habitats characteristic of old growth forests.
Negative impacts of past management practices on fish-
eries and other resources are also becoming increasiugly
clear.

Beyond basic classification, remote sensing offers the
only realistic tool for predicting primary production on a
global scale [5]. Measurements of the reflect ance of visi-
ble and near-infrared radiation have produced predictions
of primary productivity audtranspiration of vegetation.
However, algorithms based on reflected radiation signifi-
cantly underestimate t ranspiration and primary produc-
tion of old-growth st ands. This 1S because T he“conversion
efticicney,” or the amount of bioinass growth per unit of
abse 1 bed solar energy, decreases as forests age. With the
remotely sensed vertical structure information proposed
here, it may be possible to adjust algorithims to account
for age-related decline.
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(15) (25) (0.1) (0.3) (0) (2)
50 169+ 3.4 | 25.744.4 |  0.1140.09 0.294-().16 | -0.844.2 | 3.331.8
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