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SMAP Science Objectives JPLU

Jet Propulsion Laboratory
California Institute of Technology

“* Provide high-resolution, frequent-revisit global maps of soil moisture and
freeze/thaw state to enable science and applications users to:

Model Simulation of SMAP Soil Moisture & Freeze/Thaw Data

0 Understand processes that link
the terrestrial water, energy and
carbon cycles

o Estimate global water and energy
fluxes at the land surface

o Quantify net carbon flux in boreal .
landscapes S TEimAIw ST ATSIOMID] * e

o Enhance weather and climate Regions (white) are where accurate soil moisture estimates will be
made (accuracy limited by dense vegetatip, topography, show/ice)

forecast skill ————= =
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o Develop improved flood prediction >
and drought monitoring capability

The SMAP mission has not been formally approved by NASA. The decision {0 proccTtmmar arc rinooic winiioi Coca Grit t1e Cutipicuwv or
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



SMAP Measurement Architecture JPL
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« To meet requirement for 3-day revisit time at AM local time:
= 1000 km swath at 685 km dawn/dusk sun-synchronous orbit.

« For wide measurement swath of combined L-Band active and passive
measurement at near constant incidence angle:

= Conically scanning reflector antenna.

* To achieve passive
resolution of 40 km

and and active

resolution of 3 km:

= 6 meter aperture
antenna

= 13 rpm rotation
rate

= Real-aperture
radiometer

= Synthetic-aperture
radar processing

not occur until the completion of
information purposes only.
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SMAP Mission Concept: Spatial Resolutiom &

California Institute of Technology

Radar (synthetic aperture)

* Resolution pixel defined as intersection
between range and Doppler “slices.”

* Azimuth elongation occurs for higher
radar squint angles.

36 km

F m Radiometer (real aperture)

h Resolution defined as root-area

of elliptical footprint on surface.
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* Along-track spacing determined
by rotation rate of antenna
(30% required).
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Swath
+ Altitude
+ Resolution
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The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not occur until the completion of
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



SMAP Radar Measurement _JPL
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H-Pol and V-Pol Xmit pulses
L | L] * Hand V pol signals are transmitted near-
triolifdiv:hol actioes simultaneously at two different frequencies.

* Echoes are received simultaneously in co-pol, cross-
pol and noise-only channels.

* Downlinked samples are processed into calibrated
time-ordered single-look data.

+ Single-look data are resampled on 1 km grid and
averaged up to 3 km resolution for more precise
measurements.
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The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not occur until the completion of
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



Radar Co-Pol Radiometric Error JPL
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LZ'SR“‘E}: 18218 (calculated for lowest
sledtleiny © sO_HH or sO_VV of -25 dB)

1-sigma
Total Kpc L:i-cl:glsitg;gﬁoﬁpr L3-Instr-477: Post-Launch Long-
AIIoca;i(I;n: 0.8 Stability) RFI 0Aléllo(cj:;tion: Jﬁ)rcn;ti%il:ib(r)?g%nB
Allocation: 0.35 '

 Difference between NTE Kpc 0.8 dB 0.64 dB 0.58 dB
allocations/requirements at Kpr 0.35dB 0.35 dB 0.35 dB

L3/L4 and L2-SR requirement RF| 04 dB 04 dB 04 dB

Is "unencumbered” margin. Post Launch Cal 0.2 dB 0.2dB 0.2dB
* "True” margin is that , RSS Total Allocated  0.98dB  0.85dB  0.81dB

calculated agam_St CBE's from Requirement 1.0dB 1.0dB 1.0dB

subsystems. This evolves : -

with time (improved with time “Linear” Margin 0.02 dB 0.15dB 0.19dB
“RSS” Margin 0.19 dB 0.53 dB 0.59 dB

for Aquatrius).

The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not occur until the completion of
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



SMAP Radiometer MeasuremenfPL

California Institute of Technology

Solar
radiation

lonospheric Faraday rotation

The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not occur until the completion of
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



Key Science L2 to Core L3s JPL
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L2-SR-45 : The L1B_TB brightness temperatures shall have mean uncertainty from
all sources (excluding rain) of 1.3 K or less (1-sigma) in the H and V channels,
computed by binning fore- and aft-look samples into 30 km x 30 km grid cells.

L3-Instr-TBD L3-Instr-232 L3-Instr-169 L3-Instr-599 L3-Instr-507 L3-Instr-685
Atmospheric Antenna Pattern NEAT 0.65 K Long Term RFI 0.3 K Antenna Temperature
Correction : 0.1 K Correction : 0.6 K Drift 0.4 K Calibration 0.5 K
« Difference between Antenna Pattern Correction 0.6 K 0.35K
allocations at L3 and L2- NEAT 0.65 K 0.51K
SR performance Antenna Temperature Calibration 0.5K 04K
requirement is RFI 0.3K 017K
“unencumbered” margin. Long Term Drift 04K 04K
e “Performance margin” Atmospheric Correction 0.1K 0.1K
carried against L4, RSS Total 1.1K 0.86 K
computed using CBE’s Requirement 13K 13K
Margin (Unencumbered RSS) 06K 09 K
Margin (Unencumbered Linear) 0.2K 0.44 K

The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not occur until the completion of
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.
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SMAP Instrument Concept JPL

Jet Propulsion Laboratory
California Institute of Technology

Antenna Subsystem
— Deployable mesh antenna, boom
— Shared L-Band feed horn

Radar Electronics Subsystem
— Includes RF interface from
despun to spun side
Radiometer Electronics
Subsystem
— Includes diplexers to separate
radar and radiometer frequencies
Spin Subsystem

— Includes BAPTA, slip rings, and
RF rotary joint

ly approved by NASA. The decision to proceed with the mission will not occur until the completion of

the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



SMAP Mission Concept: Data Collection <JPL
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 Radiometer and radar are operated
continuously in a synchronous

V-Pol and H-Pol Xmit pulses fashion.

« Radar transmits two polarizations in
i1l [f quick succession at approx 2850
Hz.
* Radiometer samples in-between
H-Pol and V-Pol echoes transmit events.

e SAR can be commanded to two
output data rates:

« High rate samples for SAR imagery.

* Low rate mode for real aperture
data.

« Radiometer can be commanded to
two output data rates

* High rate for RFI mitigation
*  Low rate for RFI quiet areas

* Instrument rates commanded by S/C
via look-up table in order to
maximize science collection.

_ Radiometer (and |:| High-Res Radar

TheBMERas sBR@adag Yot been formally approved by NASA. The decision to proceed with the mission will not occur until the completion of
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



« Radiometer

— Provided by GSFC

— Leverages off Aquarius
radiometer design

— Includes RFI mitigation
(spectral filtering)

— 1400-1427 MHz

— Polarizations: V, H, 3
& 4t Stokes

— 1.3K accuracy

— 40 km resolution

— 4 Mbps data rate

Instrument Overview JPL

Jet Propulsion Laboratory
California Institute of Technology

Radiometer is
spun-side mounted
to reduce losses

Radar is fixed-mounted
to reduce spun inertia

« Radar
— Provided by JPL

— Leverages off past JPL
L-band science radar designs

— 1MHz chirps tunable over
1217-1298 MHz

— Polarizations: VV, HH, HV

— 500 W SSPA (11% duty cycle)
— 3 km spatial resolution

— 40 Mbps data rate

« Common 6m spinning Reflector

— Spin Assembly and Reflector/Boom
Assembly derived from heritage designs
— RBA provided by NGAS-Astro
— BAPTA provided by Boeing

— Spun Structure & Thermal from JPL
— Conically scanning at 13 rpm
— Constant incidence angle of 40-deg

The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not occur until the completion of
the National Environmental Policy Act (NEPA) process. Material in this document related to SMAP is for information purposes only.



Instrument System Block Diagram JPL
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Instrument Development Status ~ JPL

California Institute of Technology

* Instrument subsystems in
detailed design phase.

» Instrument electronics
engineering models in full
development.
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