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Introduction

Climate change constitutes the greatest environmental problem of this century and is destined to significantly im-
pact all societies. Quantifying the carbon cycle is the most important element in understanding climate change
and its consequences, yet is poorly understood. Forests store 85% of terrestrial carbon, yet the amount of carbon
contained in the earth’s forests is not known to even one significant figure, ranging from 385 to 650 10'°g carbon
(Saugier et al. 2001, Goodale et al. 2002, Houghton et al. 2009). The National Research Council’s Decadal survey
prioritizes the need to accurately close the carbon budget. Terrestrial biomass (woody mass per unit area), €cosys-
tem structure (height and density) and extent need to be quantified on a global scale and with meaningful frequency
to account for changes from both natural and human-induced disturbances. This can only be done efficiently and
uniformily through remote sensing.

In this presentation, we will introduce the EcoSAR concept, an airborne Polarimetric and Interferometric P-band
Synthetic Aperture Radar (SAR) instrument, and it’s scientific objectives. EcCoSAR will provide two- and three-
dimensional fine scale measurements of terrestrial ecosystem structure and biomass. Synthetic Aperture Radar
(SAR) illuminates the vegetation with microwave energy at an angle that interacts with vegetation structure and
ground and senses the entire vegetation volume and density (i.e. biomass). P-Band SAR (0.3 - 1 GHz or 30 - 100
cm wavelength) measures forest biomass directly up to 200 Mg/ha (Megagrams per hectare) with +10% accuracy
because of the longer wavelengths and deeper penetration into the canopy, whereas L-band biomass measurements
saturate at a maximum of 140 Mg/ha (Mougin, 1999). Many tropical and temperate forests’ biomasses can reach
up to 600 Mg/ha, which cannot be measured with current SAR capabilities. Interferometric SAR (InSAR) and
Polarimetric InSAR (PolInSAR) are able to measure vegetation structure and biomass, without any saturation at
longer wavelengths.

Our EcoSAR instrument concept will provide P-band Polarimetric InNSAR data, which will quantify ecosystem
structure and biomass at high resolution and low error. The following figure shows NASA’s P3 aircraft with the
EcoSAR instrument and an example of an InSAR image of different ecosystems. The EcoSAR vegetation height
measurements will provide similar, but higher resolution and higher accuracy tree height measurements than Shut-
tle Radar Topography Mission derived mean tree heights (Fatoyinbo et al, 2008). EcoSAR will also be able to
measure permafrost depth and wetland extent.

The highly adaptable airborne EcoSAR system is critical for calibrating and validating the future DESDynl mis-
sion, as well as supporting science using existing and proposed international SAR missions such as the JAXA
ALOS/PALSAR and the European Space Agency’s BIOMASS mission.

2. Description of Proposed Technology

EcoSAR is a concept for a unique P-band Synthetic Aperture Radar instrument capable of providing unprecedented
two- and three-dimensional measurements of ecosystem structure. The system will employ digital beamforming
architecture, a highly capable digital waveform generator and receiver system, and advanced dual-polarization
array antennas with an interferometric baseline of 25 m on the NASA P3 aircraft (see Fig. 1). The end result will
be a first of its kind highly reconfigurable polarimetric and interferometric P-band SAR instrument deployable on
a proven platform and capable to accurately characterize ecosystems and quantify biomass.



EcoSAR will leverage the L-band Digital beamforming SAR (DBSAR) architecture developed at Goddard Space
Flight Center which demonstrated advanced digital beamforming SAR techniques for surface imaging and biomass
applications (Rincon et al., 2010), state-of-the art antenna structure design development, and recent advances in
digital waveform generation and data processing.

EcoSAR’s digital beamforming allows considerable measurement flexibility through dynamic beam control design
(Rincon, 2008 A and 2008B). Some benefits in ECOSAR’s digital beamforming include simultaneous measurement
over both sides of the track, variable incidence angle, and ambiguity suppression. ECOSAR’s digital beamform-
ing will also enable the synthesis of multiple transmit and receive antenna beams simultaneously permitting the
implementation of advanced imaging techniques.

EcoSAR will operate at a center frequency of 435 MHz (69 cm wavelength) and feature a fully programmable
bandwidth. An operational mode with medium resolution (6 MHz -30 MHz) will be used as a nominal mode in
frequency restricted areas, and a science mode with high resolution (up to 200 MHz) in authorized or remote areas.

Table 1: EcoSAR main characteristics

Center Frequency 435 MHz Pulse Length 1 usec — 50 usec
Maximum Bandwidth 200 MHz Array Peak Power 40 Watts
Polarization Full PRF 100 Hz — 10 KHz
Interferometric baseline | 25 m Swath 4 km *

Noise Equivalent ¢° -41dB * Finest Range Resolution 0.75 m

Total Number Channels | 36 Single Look Azimuth Resolution | 0.5 m

* from 8km altitude, 35 ° incidence angle

This concept will also demonstrate a new standard for digital beamforming SAR systems with unmatched rang-
ing performance, and mass and power attributes at least 10 percent lower than existing systems. The advanced
EcoSAR architecture can provide unprecedented SAR and InSAR imaging resolutions (to 1m or finer). For in-
stance, ECOSAR can support bandwidths up to 200 MHz, resulting in range resolutions at sub-meter scales (> 0.75
m).

Table 2: The EcoSAR measurements will benefit Ecosystems and biomass research

Parameter EcoSAR | DBSAR UAVSAR
Bandwidth (MHz) 200 20 80

Range Resolution 0.75 m 7.5 m 1.88 m
NESO -41 dB -40dB -53 dB
Single pass Interferometry | yes no no
Polarization Full Quad | Full Compact | Full Quad
Hybrid Polarity yes no no

EcoSAR concept is designed to fly on the NASA P3, which can accommodate other instruments, including DBSAR
and a lidar. This arrangement sets the stage for a future single-aircraft DESDynl simulator/validator.

References:

Fatoyinbo, T., M. Simard, R. A. Washington-Allen and H. H. Shugart. 2008. Landscape-scale extent, height,
biomass, and carbon estimation of Mozambique’s mangrove forests with Landsat ETM+ and Shuttle Radar To-
pography Mission elevation data. Journal of Geophysical Research 113, G02S06, doi: 10.1029/2007JG000551.

Saugier, B., J.Roy, and H.A. Mooney, 2001. Estimations of global terrestrial productivity: converging toward a
single number? Pages 543-557 in J. Roy, B. Saugier, and H.A. Mooney, editors. Terrestrial Global Productivity,
Academic Press, San Diego, California.

Goodale CL, Apps MJ, Birdsey RA, et al. 2002. Forest carbon sinks in the northern hemisphere. Ecological Ap-
plications, 12, 891-899.

Houghton, R.A., F.G. Hall, and S. J. Goetz, 2009. Importance of biomass in the global carbon cycle, VOL. 114,
GOOEO3

Proisy, C., E. Mougin, et al. (2000). "Interpretation of polarimetric radar signatures of mangrove forests." Remote



Sensing of Environment 71(1): 56-66.

Rincon, R, M. Vega, M. Buenfil, A. Geist, L. Hilliard, and P. Racette, 2010, DBSAR’s First Multimode Flight
Campaign, European Radar Conference, EUSAR 2010.

Rincon, R.F., "Reconfigurable L-band radar", 2008 A, Proceedings of the 5th European Radar Conference. EURAD
2008. vol., no., pp.104-107.

Rincon, R., “NASA’s Digital Beamforming Synthetic Aperture Radar”, 2008 B, IGARSS 2008 Proceedings,
Boston, Massachusetts, July 6-11.

Rosen, P. A., S. Hensley, 1. R. Joughin , F. K. Li, S. N. Madsen , E. Rodriguez , and R. M. Goldstein, 2000,
Proceedings of the IEEE, pp. 333- 382, v. 88.



