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ABSTRACT
Off-nadir radiometry can provide useful information about ground cover conditions, including

vegetation structure parameters. It is hypothesized that remote sensing from multiple viewing

angles could provide leaf area index (LAI) for coastal marshes. This poster introduces a study

that focuses on possible methods of retrieving LAI using field measurements in the field and

potentially space-based instruments.  Three components of this effort are described.

INTRODUCTION
Marshes play an important role in coastal hydrology, geochemical cycling, erosion control, and

provide essential habitat for many coastal flora and fauna. However, coastal marshes are

affected by invasive species, sea-level rise, fire, and other natural and anthropogenic

disturbances. Efforts have been made to assess and monitor these landscapes to understand their

vital processes and to aid in management. However, traversing marshes can be quite difficult,

making large-scale, in situ evaluation challenging.  Remote sensing techniques offer an efficient

approach to quantify changes in marsh vegetation.

Leaf area index (LAI), defined as the ratio of one-sided leaf area to unit of ground area, can be

used to tie vegetation structure to photosynthesis and radiation absorption.  To understand how

LAI can be retrieved for marsh vegetation using multi-angle remotes sensing, this study has

three main components: 1) ground data, 2) satellite data, and 3) retrieval methods.

The ground data component of this study involves at least one field campaign, the first of which was

done from September to October of 2007. Measurements were taken in the Blackwater National

Wildlife Refuge, which is part of the Chesapeake Marshland National Wildlife Refuge Complex

under management of the U.S. Fish and Wildlife Service. The region is mostly covered by

monospecific canopies of grass, sedge, and rush. The landscape has moderate to high saline

conditions (10-15 ppt) and is heavily broken up by ponds and channels, with significant signs of

inundation from sea level rise (Kearney et al 1998, Rogers 2004).

During three trips, thousands of hyperspectral reflectance mesurements (450-900 nm) were

collected along a 1.6 km segment of Maple Dam Road (on the map to the left: from the red

rectangle to the Blackwater River at Shorter’s Wharf).  Collects were taken at nadir, ±45°, and at

60° in the backscatter direction (pointing northward up the road).  On the first two trips,

measurements were taken with an ASD Hand Held spectrometer with 23° and 10° IFOV and 68 ms

integration time while the vehicle moved at about 10 mph.  GPS readings were taken with a Garmin

Etrex receiver at the starting and stopping points.  This spectrometer was suspended over the marsh

with a 3.6 m boom.
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2 SATELLITE DATA

1 GROUND DATA

3 RETRIEVAL METHODS

In this component of the study, a method to retrieve marsh LAI is developed from the multi-

angular data collected. Statistical analysis may be used to find a functional relationship between

the sampled BRDF (satellite and ground measurements) and LAI.  However, it is more

promising to invert a canopy reflectance model that is dependent primarily on LAI (Qi et al

1995). More recent work by Tang et al (2007) produced LAI to an accuracy of 82% by

integrating over a mean gap probability based on kernel models and a directional normalized

difference vegetation index (NDVI).  Given the relatively high reflectance of vegetation to water

in the NIR, away from specular reflectance directions, finding the mean gap probability from the

multiple views may be possible by assuming a black background (Ross 1981; Campbell and

Norman 1989). Inversion of radiative transfer models, including models such as the Scatter by

Arbitrarily Inclined Leaves (SAIL) model (Verhoef 1984) or the New Advanced Discrete Model

(NADIM) (Gobron et all 1997) have been shown to be effective for other types of land cover,

and may also work for the marsh.  The chosen approach is to run these models in the forward

direction over many LAI values, given sun angle, leaf optical and orientation properties. These

runs will be used to build look-up tables for the model.  An inversion of the model is done by

seeking the table entry that minimizes the square error of canopy reflectance.

Sensitivity analysis will also be done to identify key parameters and noise sources. The

augmented methodology will then be parameterized using ground data available from this and

other studies. Plant reflectance and transmittance for two dominant marsh species that can be

used in the model parameterization have been provided by the USGS (Ramsey and Rangoonwala

2004; 2005).  Soil and water samples were taken from the study site to obtain their spectra as

needed.  BRDF data of marsh vegetation taken by Schill et al (2004) will be used to

independently test and verify the retrieval methodology.  Given its lower noise level, the ASTER

3B data will be used to validate the model in the forward direction.  The in situ LAI data will be

used to validate the retrieval in the inverse direction with satellite (e.g., CHRIS) and ground data

as input.

When scaling up to the course resolution of spaceborne instruments, the presence of open water

within a pixel must also be accounted for, in addition to the effect of water within the canopy.

Sufficiently large bodies of water (i.e., width several times the canopy height), could

significantly alter the BRDF within a pixel. When the BRDF is strongly influence by open water,

a spectral unmixing scheme off-nadir might improve retrieval of LAI from the vegetation

component of the signal.  This step will require more bands and careful atmospheric correction.
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2.b CHRIS Proba
The Compact High Resolution Imaging Spectometer (CHRIS)

aboard the Project for On-Board Autonomy (Proba) is a

programmable spectroradiometer that has high spatial (17-20

m at nadir) and spectral resolution (18 bands for visible to NIR

for mode 3a) (Barnsley et al, 2004).  Twelve acquisitions over

the Blackwater Marsh National Wildlife Refuge and a second

site about 20 km SE were obtained, however, only four would

determined suitable or use in the study (three over the

Blackwater Marsh itself).  Mode 3a was selected for these

acquisitions because of the high gain settings would be useful

for the lower reflectance common to marshland.  The five

nominal viewing angles are nadir, ±36°, and ±55°.

Artist rendition of the NASA Terra spacecraft in orbit. Courtesy of NASA.

This component of the study evaluates multi-angular imagery

from spaceborne instruments with relatively high spatial

resolution (15-20 m at nadir), specifically the Advanced

Spaceborne Thermal Emission and Reflection Radiometer

(ASTER) aboard the NASA spacecraft Terra or the Compact

High Resolution Imaging Spectometer (CHRIS) aboard the

Project for On-Board Autonomy (Proba) for applicability to

LAI retrieval over coastal marsh systems.

2.a Terra ASTER
The ASTER instrument was launched in 1999 aboard the

NASA Terra spacecraft.  ASTER has 14 bands covering the

range from visible to the thermal infrared.  There are two visible

bands and a pair of stereographic near-infrared (NIR) bands

with about 15 meters resolution at nadir.  One of the

stereographic bands points at nadir (3N) and the other looks

backwards (3B) at 27.4°.

One ASTER scene was collected over the Blackwater Marsh

National Wildlife Refuge on 4 September 2007. This will be

used in this study primarily to validate retrieval methods (can a

model predict 3B and 3N given ground LAI?) and geolocation

the CHRIS data.  However, because marsh landscape is

relatively flat, the stereographic bands might also provide

valuable information about LAI.  To test this hypothesis, the

ASTER  data  will  be  compared  to  radiometric measurements

made on the ground (within a few hours of the overpass) and

LAI measurements that were made within two weeks of the

scene.  The ground data was taken along Maple Dam Road (see

map above).

Additional work will be needed to reduce sources of noise.

Although the atmospheric reflectance is low in the NIR, some

contribution to the vegetation bi-directional reflectance

distribution function (BRDF) can be expected and so

atmospheric effect should be removed.  This can be done using

the field radiometry or a radiative transfer model.  In addition,

spatial distribution of ponds and other bodies of water in a pixel

could reduce variation in the vegetation BRDF (see description

for component 3 of this study).

Figure 1 shows the difference in radiance relative to nadir in the

ASTER scene. The image matches the gold rectangle in the map

above.  An increase in radiance with viewing angle is expected

for this kind of cover (Sandmeier et al, 1999). Areas with a

dense pond and channel distribution show lower increases off

nadir than higher elevations heavily populated by common reed

(Phagmites communis). Water shows a decrease (blue) from

reduced specular reflection in the nadir view.

FIGURE 1 - Radiance difference  between ASTER 3N and 3B
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Artist rendition of the Proba

spacecraft. Courtesy of ESA.

Atmospheric correction of the data is being done using algorithms  developed  by  Luis Guanter

(Guanter et al. 2004). Geolocation is being of the data is being done using image to image

registration with the ASTER image described above.  USGS photo quads are also available to

supplement geolocation is necessary.  Data will be compared to ground measurements taken

during September and October 2007.

Having samples of the vegetation BRDF sampled at more viewing angles will afford more

options to retrieve vegetation structure information.  Although, very few acquisitions had  the

study site in all five views because of pointing drift, clouds, or processing error, at least two

were close enough to ground measurements to be useful.  The availability of hyperspectral data

for these views also opens opportunities to explore spectral effects across the BRDF, especially

in the presence of water.

FIGURE 2 - At-sensor radiance for four nominal viewing angles of CHRIS Proba on 1 Sept 2007.

4 Sept 2007
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Figure 2 shows also an increase in the vegetation BRDF at 780 nm (band 15) with increasing viewing angle.  The image matches the region within the gold rectangle in the map found a the top of the

poster.  Again, low plants over more broken landscape shows a smaller effect than the taller, higher elevation grasses. The view at 55° was incorrectly processed and excluded.

On the third trip, an Ocean Optics USB2000+ spectrometer was used.  This instrument was

configured with a 100 µm aperture and  L2  collection  lens, and was set for a 2  ms  integration

time and a 50 sample average. The USB2000+ was equipped with a 15° aperture Gershun tube

attached to a 500 µm multi-mode optical cable suspended 5.3 m from the road with more

sophisticated rigging.   The vehicle again moved at about 10 mph, while GPS readings were

sampled continuously every second.  In all runs, a Spectralon white reference was used to

calibrate reflectance.

LAI measurements were taken every 1/10 of a mile, once in September and once in early

October. A LICOR LAI-2000 was used with a 90° reticle with the opening directed to the  left

or right of the user. The measurements were taken in the late afternoon to avoid direct sunlight.

Likewise the wand was aligned in the direction of the sun (low on the horizon) so that the

reticle would occluded it.  The scheme for each LAI measurement involved one reference

measurement taken above the canopy for every four samples taken below.

Data was co-registered using GPS data and matching features in the transects and performing a

linear spline.  Further refinement in positioning the data is expected from match features from

transects extracted from USGS quads images and from the ASTER satellite imagery.  Co-

registered data can then be better geolocated and associated with a relative azimuth angle.

Then data must be interpolated to the same geolocated reference grid for comparison and

model inversion.
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Transect

FIGURE 3 - Shown are NIR measurements made at three viewing

angles along the transect during 4 Sept 2007.
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