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Abstract Eart h Expl orers are the backbone of the scien
Planet Programme, providing an important contribution to the global endeavor of undiegsta

the Earth system. The Agency prepatiecte candidates fothe 7" Earth Explorer Core mission

for which parallel Phase A activities have been performed by industrial téanwg the three

candidate missions proposed for the selection prd@ieseas carrying a Pband SAR for global

observation of above ground biomass and associated geophysical parameters as a pricrary obje

tive has been selected for implementatBimmasshas been defined in detail through two parallel

and competing industridhaseA studies and many complementary science and technolody stu

ies. This paper will give an overview of the Biomass mission and detailed information ofythe pa

load and observation principle to achieve the scientific objectives.
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1. Introduction

The European Space Agency damethe Bdskbine @& the sciénceE x p
and research el ement of eBcBphodiding bniimportarg coftribationet P
to the global endeawo of understanding the Ba system. The Agency has prepared threeieand
dates for the next Earth Explorer Core mission with thediselecing the 7th mission in 2013 to
be launched in the 2020 timefranm@ut of threecompetingcandidate missiondBiomass was e
lected in May 203 for implementation. Biomas=ariesa Rband SARin order to fulfill its primary
objective ofglobal observatiasn of aboveground biomass and associated geophyserahpeters.

2. Biomass

The most important environmental challenge in the early 21st casttmyimprove our unde
standing of global change and how it will affect the Earth system and the feedbacks withs the sy
tem. This is important so that societies can predict, mitigate and adapt to any likely ifhpacts

The carbon cycle is fundamental the functioning of Earth, and involves many intermeshed
processes in which terrestrial processes play a crucial role through cgthka and respiration
associated with vegetation growth, and emissions from disturbance caused by both natusal proces
es,such as wildfires and langse change through human activities. However, the status, dynamics
and evolution of the terrestrial biosphere are the least understood anchosstdio elements in the
carbon cycle.

Biomass will address one of the most funéatal questions in our understanding of the land
component in the Earth system, namely the status and the dynamics of forests, as represented by the
distribution of biomass and how itésolving[2].
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Biomass will be implemented as aBndpolarimetric,interferometricSynthetic Aperture B
dar (SAR) mission. It will exploit the unique sensitivity cbBnd SAR together with advances r
trieval methods to measure forest biomass, height and disturbance across the entire biomass range
every six months. The selution and accuracy of the Biomass data products will be compatible
with the needs of international reporting on carbon stocks and terrestrial carbon models. In addition,
Bi omass wi l | provide the first oppBbabdovae-t y t «
length. The data are also expected to be used for monitoring glacier and ice sheet velopities, ma
ping subsurface geology in deserts and mapping the topography of forest floors. Additidral pro
ucts and applications are likely to emerge andvaduated during the life of the mission

3. Biomass objective andDbservation requirements

The greatest uncertainties in the global carbon cycle relate to the estimate of carbon gioxide u
take by land. The primary scientific objectivestloé Biomassmission[3] areto determine the di
tribution of aboveground biomassn t h e wo r |tan@easurémual €rmtgss inghis dtock
over the period of the mission.

Biomass will provide global maps of forest biomass stocks at a spatial resolution in thef order
4 ha,about once/twice a year over thike of the fiveyear mission. These maps will greathg-i
prove on existing forest inventories and- give
est resources.

Biomass will also provide spatiathgsolvel maps of biomass change, which can be linked to
disturbance, degradation, lande change, forest growth and spread. In addition, the full resolution
of the instrument of around 0.25 ha will be used to detect deforestation; linking this to the coarser
redlution maps of biomass will allow associated carbon loss to be estimated at scales eemmens
rate with the processes of lande change.

The Biomass observation requirements have been derived feserhtgh level objectives.

Table 1.Biomass observatiorequirements

Parameter Requirement

Instrument type P-band full polarimetric SAR

Centre fequency 435 MHz (Rband)

Bandwidth ¢ 6 MHz (ITU allocation)

Incidence angle (near) Threshold: 23; Target: 25
Crosspolarisation ratio 025 dB (t hrdBggobay! d)
Spatial res.y 4 looks) ¢ 60 m (acrossrack)® 50 m (alongtrack)
Noise equivalens0 Threshold:¢ i 27 dB; Target¢i 30 dB
Total ambguity ratio 220dB

Radiometric stalbity 0.5 dB RMS

Abs. radometric bias 1.0dB

Dynamic range 30dB

9(
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4. Observation principle

Addressing the primary science objectives requires repeated measurenfergstbfomass at
temporal and spatial scales that are compatible with the needs of nationabriegeand carbon
flux calculations. The only economicaliyable way of providing this information is lsatellite
remote sensing. Twoombinedmeasuremenwill be achieved during Biomass missiaemotly
sensed estimates of forest charadtesselated to biomass afm situ measurements of foresobi
mass forcalibration and Viadation[4, 5].

The remote sensing component of Bioma#kbe based om Rband polarimetric SAR rssion
with controlled interorbit distances (baselines) between successive revisits to the same site. At each
acquisition, the radar iwmeasure the scattering matrix, from which the backscatteringiceefis
(equivalent to radar intensity) will be derived in each of the different linear polarisation @mbin
tions, i.e. HH, VV, HV & VH (where H and V stand for horizontal and verticahgmitted ander-
ceived), and the intecthannel complex correlation. For interferometric image pairs, the system will
provide the complex interferometric correlation (coherence) between the images at eaclodinear p
larisation. Polarimetric interferometric AR (PolInNSAR) coherence and Polarimetric SAR
(PolSAR) backscatter observations provide independent, complementary information that can be
combined to give robust, consistent and accurate retrieval of big6jass addition tomography
tedhniques[7] involving a multibaseline polarimetric SAR acquisition will be used to complete the
knowledge of the vertical structure of the forest.

PoISAR PolInSAR Tomo SAR
(SAR Polarimetry) (Polarimetric SAR Interferometry) (SAR Tomography)

Height

Figure 1. Biomass Observation principle based on three complementary techniques

By exploiting hese capabilities through a dedicated strategy, Biomass will build up a unique
achive of information about the worl dbés fores:
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5. Mission Concepts

The technical description of the Biomass mission is derived from the preparatory adiivities
Phase A level and shows how candidate implementation concepts can respond to the seientific r
guirements. The system description is mainly based on the results of the work performed during two
paallel Phase A system studies by two industrial consddtby EADS Astrium Ltd. and Thales
Alenia Space Italy. Consequently, two implementation concepts, marked A and B, are described in
what follows.

The main architectural elementstbe mission are shown in Fig. Zhe space segmentrae
prises a single spacraft carrying a#and SAR, operating in stripmap mode in a f@@ar, Sun
synchronous quasircular frozen orbit at an altitude of %372 km, depending on the different
mission phases. The orbit is designed to enable rgasatinterferometric acepitions throughout
the missionbés |Iife and to minimise the I mpact
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Figure 2. Biomass mission architecture.

The baseline Vega launcher will inject the satellite into its target orbit. Compatibility of the
satellite with backp launchers such @SLV and Antares has also been ensured. Tlesiom is
designed to exploit acquisitions made at dawn/dusk, i.e. 06:00/18:00 local time (atdtoe)etu
minimise the adverse influence of the ionosphere on the radar signal. The @&AdReddlivered to
the Kiruna ground station via an-band radio downlink. Auxiliary data, which are required to
guantify the characteristics of the propagation path of the radar signal, are used in-tirerehd
system calibation and processing of tH@AR data. The Biomass mission will last five years and
comprise a tomographic phas#h a durationup to1 yearfollowed by theinterferometric phase,
characterisetdy an orbit repeat period of Hays.
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6. Mission analysis

The orbit requirements can be subded into interferometric baseline requirements and orbit
maintenance requirements. The interferometric baseline requirements are expressed in terms of a
baselineB to be maintained at the equator between any orbit of cycle n and the corresponding orbit
of cyclen + 1. The baseline requirement is different for the nominal and the tomographic phases
and is a function of the critical baseliBe. In the nominal phase, the threshaduirement is foB
to be less than 60% @&fc, with a goal of 40%. In the tmographic phase it igguired thatB = Bc/3.

Ground track i
Cycle n Ground track i

Cycle n+1

Orbit i
Cycle n

OrbiNgeight h

Orbit i
Cycle

Baseline B
(exaggerated)

Figure 3. Observation geometry with interferometric baseline

The strategy for meeting the interferometric baseline requirement is based on the selection of
an orbit with a 0c o ndifrbetivderesdccedsive drhitad cycle$ iB éhosannoo u n
match the interferometric baseline requirement. In practice, the baseline is achieved by flying the
satellite in an orbit where the altitude is slightly higher or lower than that of the exact repeating o
bit. Because of this small drift, the resulting orbit will havquasirepeat cycleof 17 daysfor the
nominal phase

The operational sequence for the mission using the observation concept is as follows:

1 Operate for 3 x 3 repeat cycles in the tomographitt (major cycle);

1 Perform an orbit raising manoeuvre to produce a differential ground track drift relative
to thetomographic orbit;

1 Perform an orbit lowering manoeuvre to return to theogmagphic orbit;

This sequence is repeateshtinuously througbut mission.The cowrage buileup for the do-
servaion concept is shown in Fig.
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Figure 4. Coverage strategy

7. Satellite Concept

The satellite configuration is strongly constrained by the accommodation of the verynarge a
tenma reflector inside the Vega launcher which two potential implementation options exist (ide
tified as Concept A and Concept.B)he large antenna must be folded for launch agalayed in
orbit to form a 12 m large stable aperture throughout the m&son | i f e . nliguratioroo¥ e r a |
Concept A is shen in Fig.5 and is compatible with commerciaff-the-shelf refletors from the
US manufacturers Harris Corporation (HC) and Northrop Grumman (NG). For Concept & the r
flector is illuminated by a 3x2rey of cavitybacked circular microstrip radiators, which is mbun
ed onto to th&Y wall of the satellite at the lower end (not visible in the figures).

The overall configuration of Concept B, based only on the NG reflector, is shown i&. Fig.
Here, thereflector is illuminated by a deployable 2x2 array of microstrip patch radiators, which is
mourted on the spacecraft top face by means of a supporting structure
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Figure 5. Satellite configuration

8. Payload Concept

The SAR will goerate in a stripmap mode with a swath illuminated by a single antenna beam,
i.e. an imaging configuration similar to that of the ER3 SAR. Global coverage is obtained by
the interleavedtsapmap operations amortree complementary swaths as descripediouslyin
paragraph 5The beam rpointing is performed through a roll manoeuvre of the spacecraft, as there
is ample time over the poles for such operations. This solution using the spacecratft rolling-was pr
ferred over the possibility of atFonic beam switching due to its simplicity. Both concepts are able
to operate usinghedoublebaseline interferometnnodeshown in Fig. 4

Both concepts use a singdéfset reflector antenna system consisting of a feed array and a large
deployable mesh reflemt with a circular projected aperture diameter of 1122 m. The selected
single offset reflector geometry is characterised by a relatively short focal length in ordei-to min
mise the distance between the spacecraft and the reflector, thereby redecimgntnt of inertia
of the satellite. Because of this short focal length, the reflector, when illuminated by a lireearly p
larised spherical wave from the feed, would produce a significant-podas radiation (1215 dB
below the cepolar peak gain) in itmain beam, which has the form of a differencttgra (narrow
null along the principal elevation plane). To comply with the cpmarisation ratio requirement, a
pre-compensation technique is then implemented at the level of the feed. The feed arayssak
of stacked circular patches for Concept A and of stacked square patchesdept@. Stacking of
the patches is necessary to achieve a sufficient bandwidth at the level of the feed subsystem (>10
MHz). The feed assembly is made of multilayer sanbwtructure, consisting of metallised carbon
or Kevlarfibre-reinforced plastic sheets and Kevlar honeycomb or Rohacell foam core, thus ligh
weight. Concept A uses three pairs of radiators with tapered excitation in elevation, whereas only
two pairs of adiators with equal excitation are used for Concept B.

9t



Héliereet at A New mission selected for the 7th Earth Explorer Mission

Figure 6. Feed array consisting of 3x2 stacked circular patches andrhodgited on the satellite for Concept A (left);

Deployable feed array consisting of 2x2 stacked gpatches on a support structure for Concept B (right)

The radio frequency and digital electronics of the Biomass SAR instrument use well
established technologies thanks to the low radar frequency (UHF band) and narrow system ban
width (6 MHz). However, tie combination of the low frequency and high peak RF power increases
the risk of multipaction. Therefore, a number of specific-retirement activities were undertaken
and specific measures were implemented in the radardrahtesign.

9. International Telecommunication Union

A secondary spectrum allocation for active sensing from space exists between 432 to 438 MHz.
The hternational Telecommunication Union (ITU) constraints (IRURS.12661, 2003 see §])
imposed on a spacebornebBnd SAR can be divideinto technical constraints and operational
constraints. The technical constraints for-add spaceborne SAR are the emitted signatl-ban
width of 6 MHz maximum, centred on 435 MHz, and the Power Flux Density (PFD) on the Earth
surface, as listed in Tab The 6 MHz badwidth limits the range resolution at the 25° incidence
angle to ~60 m, whereas the PFD limits the maximum peak and average emitted power by the radar.
Both constraints have to be met by the system design and therefore limit theftrsplece for p-
timising the performance.

Table 2.1TU Power Flux Density constraints for a spacebormfd SAR
Value [W/(m2 Hz)]

Maximum peak PFD on Earth surface from antenna +itdia 1140 dB
Maximum mean PFD on Earth surface from antenna ‘hahie 1150 dB
Maximum mean PFD on Earth surface from first antennalsioe 1170 dB

The operation of Biomass requires coordination with the US Air Force (USAF), whieh is r
sponsible for the a@ration of the ten Space Objects Tracking Radars (SOTR) listed in thR ITU
RS.12601. The restriction on the SAR to operate only outside the SOTR radar coveragm-area i
poses a large reduction of the biomass areas of interest for the mission. &reioml scenarios
shown in Fig. 6 has then been derived from this restriction and remains still compatible with the
achievement of the Biomass scientific objectives.
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Figure 6. Biomass acquisition plan limited by the \$pace ObjestTracking RadafRed = Primary objective coverage
mask, Yellow = Secondary objective coverage mask)

10. System performance

Fig. 7summarizes the maj@iomasssystem performance figures. Batbncepts meet the+
quirements within the goal and threshold rarfger all incidence angles, the instrument noise lies
below the-27 dB threshold derived from the science requiremeitghe system pdormance at
level 1b have assessed and show good compliance regardinguhliements

Figure 7. System performance at Level 1b
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