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Abstract— EcoSAR is a new synthetic aperture radar (SAR)
instrument being developed at the NASA/ Goddard Space Flight
Center (GSFC) for the polarimetric and interferometric
measurements of ecosystem structure and biomass. The
instrument uses a phased-array beamforming architecture and
supports full polarimetric measurements and single pass
interferometry. This Instrument development is part of NASA’s
Earth Science Technology Office Instrument Incubator
Program (ESTO IIP).

1. INTRODUCTION

Climate change constitutes the greatest environmental
problem of this century and is destined to significantly impact
all societies. Quantifying the carbon (C) cycle accurately is the
most important element in understanding climate change and
its consequences, yet our current C estimates vary
greatly[1][2]. In effect, forests store 85% of terrestrial
biomass, yet the amount of C contained in the Earths biomass
is not known to even one significant figure, with estimates
ranging from 385 to 650 10" g carbon [3][4]. Moreover, in the
past 60 years, the Arctic has been one of the fastest warming
regions on Earth [5]. As warming occurs, permafrost soils
containing over 1,670 billion tons (Pg) of carbon -twice the
amount of C stored in the atmosphere- are thawing and
degrading with little understanding of the spatial extent of
degradation and the amount of carbon dioxide (CO,) and
methane (CH,) being released[6][7]. Both Terrestrial Carbon
storage and Pan-Arctic permafrost thaw need be quantified
accurately, regularly, and at large scales to account for
changes from both natural and human-induced disturbances.
These needs have been stressed by both the
Intergovernmental Panel on Climate Change [8] and the
National Reserch Council Decadal Survey [9].

In this paper we introduce the EcoSAR instrument, an
airborne Polarimetric and "single pass" Interferometric P-
band Synthetic Aperture Radar (SAR) instrument for the
measurement of measurements of terrestrial ecosystem
structure, biomass, and permafrost.

EcoSAR's P-band measurements can penetrate vegetation
structure and sense the entire canopy volume and woody
density. Such measurements provide the unique capability of
mapping the forest cover, disturbance from deforestation and
degradation, forest recovery, wetland inundation, and
aboveground biomass. EcoSAR’s wavelength of is also
desirable  for several critically important science
measurements of permafrost. The EcoSAR InSAR
measurements of arctic soils will allow the modeling of the
thickness of the ‘active layer’, which in turn can be used to
estimate methane emissions into the atmosphere [10] and
assess other hazards related to permafrost thawing [11].

II.  INSTRUMENT DESCRIPTION

The EcoSAR instrument is an airborne Digital
Beamforming SAR [12] [13] that operates at a center
frequency of 435 MHz (P-band) and uses a reconfigurable
architecture to select and adjust important parameters
including number of beams, beam direction, pulse duration,
signal bandwidth, and waveform type, among others. Table I
lists some of the main characteristics of the EcoSAR
instrument.

TABLE L ECOSAR MAIN CHARACTERISTICS
Center Frequency | 435 MHz Pulse Length 1 usec—50 usec
6 MHz - Array Peak Power
Bandwidth 200 MHz /polarization 40 Watts
HH,HV,
Polarization VH,VV PRF 100 Hz - 10 KHz
Polarization
Isolation > 30 dB Swath 4 km *
Noise Equivalent Finest Range
Go -41dB * Resolution 0.75 m
Total ~ Number Single Look Azimuth
Channels 36 Resolution 0.5 m
Interferometric
baseline 25m Vertical Accuracy <5m
Antenna size (2) 3mx 1.2m | Antenna element Stack patch

* from 8km altitude, 35 ° incidence angle
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Figure 1. EcoSAR will employ advanced technology and techniques in
order to enable polarimetric and interferometric measurements of biomass
and ecosystem structure.

EcoSAR employs a multi-channel architecture, including a
highly capable multi-channel digital waveform generator and
data acquisition/processor system, and two dual-polarization
phased-array antennas. The instrument is designed to fly on
board of a P3 aircraft with the antennas mounted under the
wings forming an interferometric baseline of 25 m [Fig. 1].
This architecture allows considerable measurement flexibility
such as post processing synthesis of multiple beams,
simultaneous measurement over both sides of the flight track,
and variable incidence angle [14].

EcoSAR features a fully programmable bandwidth from 6
MHz to 200 MHz. This capability allows the adjustment of
the range resolution according to mission requirements in a
heavily used P-band environment. An operational mode with
5 m to 25 m resolution (6 MHz -30 MHz) is used as a nominal
mode for most areas, and a science mode with meter
resolution (up to 200 MHz) for selected sites.

III.  ARCHITECTURE

EcoSAR consists of three main subsystems: 1) The
wideband, dual-polarization array antennas, 2) The Radar
Electronics Unit (REU), and a Radar Digital Unit (RDU).

The antennas are based on a stacked patch design that
permits polarimetric radar operation with bandwidths up to
200 MHz. Ten subarrays make up each ECOSAR antenna. The
antennas (see Fig. 2) are installed under the wing of the
aircraft using aircraft pylons.

Figure 2. The EcoSAR antennas support single pass interferometry and full
polarimetric operation with bandwidths up to 200 MHz.

The REU consists of 32 transmit/receive (T/R) modules
which reside in aircraft racks inside the aircraft fuselage. Each
T/R module featuress a 20-Watt solid state power amplifier
(SSPA), low noise e :
amplifier (LNA),
circulator, coupler, filters,
and control switches. The
T/R modules also include
closed loops for robust
calibration, dynamic beam
control and adaptive
waveform generation. The
transmit path was designed
accounting for dynamic
range, impedance
matching and signal levels.
The receive path was
designed in a similar
fashion but noise figure
and out-of-band rejection
had to be considered. The
T/R modules are installed
on a aircraft racks for
operation on the fuselage
of a P3 aircraft, as shown
in Fig 3.

Figure 3. EcoSAR aircraft rack
containing 16 transceivers.

The RDU features a
FPGA-based programmable digital waveform synthesizers
system with 32 time-synchronous and phase-locked digital
waveform generators (with independent amplitude and phase
control), and a reconfigurable data acquisition and real-time
processor with 32 independent receive channels, as illustrated
in Fig 4. The waveform synthesizers and data acquisition
processor are controlled by custom Graphical Unit Interface
which performs real-time configuration, monitoring, and data
archiving.
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Figure 4. EcoSAR's Radar digital Unit digital consisting of a waveform
generator, data acquisiton, and processor system.

IV. CONCLUDING REMARKS

EcoSAR's digital beamforming, polarimetric, and "single
pass" interferometric operation makes this system a first of its
kind, providing unprecedented two- and three-dimensional
fine scale measurements of terrestrial ecosystem structure and
biomass. These measurements directly support science
requirements for the study of the carbon cycle and its
relationship to climate change, recommended by the National



Science Foundation’s Decadal Survey (2007) and highlighted
in NASA’s Plan for a Climate-Centric Architecture (2010).

REFERENCES

[1] Canadell, J. G., Ciais, P., Cox, P., & Heimann, M. (2004). Quantifying,
understanding and managing the carbon cycle in the next decades.
Climatic Change, 67(2-3), 147-160.

[2] Le Toan et al, 2004 Le Toan, T., Quegan, S., Woodward, 1., Lomas,
M., Delbart, N., & Picard, G. (2004). Relating radar remote sensing of

biomass to modelling of forest carbon budgets. Climatic Change, 67(2-
3), 379-402.

[3] Houghton, R. A, Hall, F. G., & Goetz, S. J. (2009). Importance of
biomass in the global carbon cycle, Journal of Geophysical Research,
Biogeosciences VOL. 114, GOOEO3. doi:10.1029/2009JG000935.

[4] Pan, Y., Birdsey, R. A., Fang, J., Houghton, R., Kauppi, P. E., Kurz, W.
A., ... & Hayes, D. (2011). A large and persistent carbon sink in the
world’s forests. Science, 333(6045), 988-993

[5] ACIA (Arctic climate impact assessment). Cambridge: Cambridge
University Press, 2005.

[6] Schuur EAG, Abbott BW, Bowden WB, Brovkin V, Camill V,
Canadell JG, Chanton JP, Chapin III FS, Christensen TR, Ciais P,
Crosby BT, Czimezik CI, Grosse G, Harden J, Hayes DJ, Hugelius G,
Jastrow JD, Jones JB, Kleinen T, Koven CD, Krinner G, Kuhry P,
Lawrence DM, McGuire AD, Natali SM, O'Donnell JA, Ping CL, Riley
WIJ, Rinke A, Romanovsky VE, Sannel ABK, Schidel C, Schaefer K,
Sky J, Subin ZM, Tarnocai C, Turetsky MR, Waldrop MP, Walter
Anthony KM, Wickland KP, Wilson CJ, Zimov SA. (2013) Expert

[11]

[12]

[13]

[14]

assessment of vulnerability of permafrost carbon to climate change,
Climatic Change 119:359-374, DOI 10.1007/s10584-013-0730-7.

Randall, D. A., Wood, R. A., Bony, S., Colman, R., Fichefet, T., Fyfe,
J., & Taylor, K. E. (2007). Climate models and their evaluation.
Climate change, 323.

Intergovermental Panel on Global Change
http://www.climatechange2013.org/

2007 National Research Council report on decadal survey.
http://www.nap.edu

Lui et al, 2012 Liu, L., Schaefer, K., Zhang, T., & Wabhr, J. (2012).
Estimating 1992-2000 average active layer thickness on the Alaskan
North Slope from remotely sensed surface subsidence. Journal of
Geophysical Research: Earth Surface (2003-2012), 117(F1).

Kéab, A. (2008). Remote sensing of permafrost- related problems
and hazards. Permafrost and Periglacial Processes, 19(2), 107-
136Kéib, 2008.

Rincon,R, T. Fatoyinbo, G. Sun, K. J. Ranson, M. Perrine, M.
Deshpande, Q. Bonds, 2011, The EcoSAR P-band SAR Synthetic
Aperture Radar, Proc. IEEE Int. Geosci. Rem. Sens. Symp., July 25-
29,2011, Vancouver, Canada.

Fatoyinbo T., R. Rincon, G. Sun, K. J. Ranson, 2011, EcoSAR: A P-
band Digital Beamforming Polarimetric Interferemetric SAR
Instrument to Measure Ecosystem Structure and Biomass, Proc. IEEE
Int. Geosci. Rem. Sens. Symp., July 25-29, 2011, Vancouver, Canada.

Rincon, R. F.; Vega, M. A.; Buenfil, M.; Geist, A.; Hilliard, L.;
Racette, P.; 2011A, "NASA's LBand Digital Beamforming Synthetic
Aperture Radar," Geoscience and Remote Sensing, IEEE Transactions
on, vol.49,  no.10,  pp.3622-3628, Oct. 2011 doi:
10.1109/TGRS.2011.2157971



