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ESE Capability/Technology Needs Assessment

SCIENCE THEME: LAND-COVER, LAND-USE AND GLOBAL PRODUCTIVITY (Janetos)
Sci. Theme
Earth System Quantity
 Physical Measurement
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Land Cover and Terrestrial Ecosystems


Moderate spatial resolution mapping of land cover/land use

- global coverage

- horizontal res. 0.5-1 km

- revisit time 1-2 days

Issues:

- This item needs more specificity as to the type and degree of differentiation  of “land cover/land use” that is desired.  For example, is it simply a yes/no for the presence of vegetation, or is information on the type, height, health, etc. of vegetation important.  Similarly what about differentiation of different non-vegie surfaces, e.g. urban vs natural, composition of rock, etc.

Multispectral reflectance of the surface under solar illumination as indicator of presence and general type of land cover:

- spectral resolution ~10 channels (0.45-2.3 µm) and 2-5 channels SWIR

- radiometric accuracy ~ 3%

- relative precision ~ 1%

- incoming solar flux and atmospheric transmission corrections at comparable reqs.

- bidirectional reflectance functions

Issues:
- What is the significance of “bidirectional reflectance functions” from a science perspective?
Current: Space-based VNIR multispectral filter radiometer: AVHRR

Future:  MODIS follow-on ; multiple spacecraft and/or instrument platform; Advanced GOES imager; NPOESS Imager options

Challenges:

- instrument miniaturization 

- avoid variable view angles through scan mirrors to avoid incidence angle dependence of polluted optical surface

- value of hyperspectral for atmospheric correction

- use frequent GEO observations to time-composite maps in cloudy areas

- better understanding needed of the relationship between optical properties and ecosystem characteristics
- compact WFOV optical design for pushbroom sensors  eliminating or minimizing the role of scanning mirrors (~ 500m IFOV)

- lightweight compact gimbal systems for instrument pointing

(req. <~ 0.4 mrad/1-2sec stability/jitter )

- accurate and stable on-board calibration (Spectral and Radiometric @ ~ 2% level)

- hyperspectral atmospheric correction

- on-board data storage, processing & reduction desirable

Issue: 

classification algorithms are in the realm of science.  How to implement

    the algorithms in an on-board system is new technology.
-no core activity in small instrument optics.  

-NMP EO-1 started work on SiC 15 deg FOV ( telescope mirrors only, no structure technology)

-Core 2.1.3 (GSFC) Wide FOV Spectrometer (Tucker) 

-UPN 404 supports JPL JPL ( Art Vaughan) for small and low-cost 

>ultra-wide-angle (up to 30o x 120o) imager (Spatial down to ~ 0,5mrad

- SBIR activity inv#1134 and fy97 Core Tech 2.1.3.4.6
-possible extension of MISR detector based cal, no current funded activity to make small enough for small instruments

-GSFC EO-1 bolt-on atmospheric corrector (Wedge Filter based)

-- Code S CISM (JPL) developing high-speed S/C computing

- JPL- Image segmentation and classificatiion algorithms for identifying separable regions of land cover/land use using both supervised (where multispectral baseline signatures are available) and unsupervised machine learning techniques.  Builds on current work applied to mapping of regions on solar surface at TRL 5. ( Turmon)

- SSTI- (LaRC) 

Algorithms and experiments for cloud detection & editing, data compression, image restoration (Was this on Lewis?)




High spatial resolution mapping of land cover/land use

- regional coverage acceptable

- horizontal res. 10-20 m

- revisit time 10-15 days

Issues:

- Shorter re-visit times for applications (e.g. agriculture)

- Need for knowledge of land surface composition and surface topography for productivity assessment?

- This item needs more specificity as to the type and degree of differentiation  of “land cover/land use” that is desired.  For example, is it simply a yes/no for the presence of vegetation, or is information on the type, height, health, etc. of vegetation important.  Similarly what about differentiation of different non-vegie surfaces, e.g. urban vs natural, composition of rock, etc.
Multispectral reflectance of the surface under solar illumination as indicator of presence and general type of land cover:

- spectral res. ~ 4 channels        (0.45-2.3 µm) & 2 channels SWIR

- radiometric accuracy ~ 5-10%

- relative precision ~ 1 - 2%

- atmospheric transmission corrections at comparable reqs.
Current: Landsat VNIR multispectral filter radiometer, various A/C instruments

Future: Landsat/ETM +, ASTER

Challenges:

- ability to achieve req’d S/N in much smaller instrument size/power 

- simpler on-board calibration complemented by calibration against Earth targets

-larger field of regard to balance revisit times

- better understanding needed of the relationship between optical properties and ecosystem characteristics
- compact WFOV optical design for pushbroom sensors  eliminating or minimizing the role of scanning mirrors(~ 20m IFOV w/ ~ 100 km FOV)

- sensitive, stable Vis/VNIR/SWIR detector arrays operating at or near room temp./ lower operating power, etc.; on-chip signal chain electronics 

- improved sensitivity, manufacturability and uniformity of thermal arrays

-Spectrally tunable TIR arrays

-reduced thermal array pixel size to enable reduction of size in TIR spectrometer approaches

- coolers

- stable, faster readout electronics 


-no current activity  ;same as above but higher resolution req’t.  

-NMP warm SWIR arrays on EO-1

-Core 2.1.2.1 (GSFC/Shu) High Temp SWIR/MWIR Arrays (may not be in ’98 plan)

-core 2.1.2.2 (JPL)Adv. Vis/IR Scientific Detector tech, Adv. CMOS Active Pixel Sensor ; Advanced CCDs

Core 2.1.2 (JPL) microthermopile uncooled IR detectors ; 2.1.2.1(JPL) QWIPs 

2.1.2.2(JPL) Si:BIBs (req. 10K coolers)

-no specific activity (requires expansion of ongoing activities)

--e.g., fy98 2.1.0.0.43 at ARC and 2.1.0.0.32 & 2.1.0.0.43 at

JPL
-Core (JPL) 2.3 Sorption Coolers

-Mechanical Coolers (SBIR

-Core (ARC) 2.3 Pulse Tube Coolers

-Core (GSFC) 2.3 Large Input Powr Coolers; Miniature 30K Cooler (w/ BASG); 4-6K vibfree Turbo-Brayton

- Industry Driven





 (CONT’d)

Multispectral reflectance of the surface under solar illumination as indicator of presence and general type of land cover:

- spectral res. ~ 4 channels        (0.45-2.3 µm) & 2 channels SWIR

- radiometric accuracy ~ 5-10%

- relative precision ~ 1 - 2%

- atmospheric transmission corrections at comparable reqs.
(CONT’d)

Current: Landsat VNIR multispectral filter radiometer, various A/C instruments

Future: Landsat/ETM +, ASTER

Challenges:

- ability to achieve req’d S/N in much smaller instrument size/power 

- simpler on-board calibration complemented by calibration against Earth targets

-larger field of regard to balance revisit times

- better understanding needed of the relationship between optical properties and ecosystem characteristics
- on-board data storage, processing & reduction mandatory

-adaptation of atmospheric processing algorithms to on-board techniques (e.g., neural nets, etc. ) to support on-board processing

-on-board processing techniques for real-time pattern matching vs. library spectra


-CISM(JPL)

-NMP (GSFC/Industry) Fiber Optic Data Bus for EO-1

-JPL - as above (image segmentaton and classification - Turmon)

-(JPL) - Automated cloud detection for analysis or editing (for New Millennium EO series, at TRL 3).  Also uses spectral signature classification.

- FY98 3.2.0.0.7 at JPL
-- Code S CISM (JPL) developing high-speed S/C computing

JPL- Image segmentation and classificatiion algorithms for identifying separable regions of land cover/land use using both supervised (where multispectral baseline signatures are available) and unsupervised machine learning techniques.  Builds on current work applied to mapping of regions on solar surface at TRL 5. ( Turmon)

.





Multispectral emissivity of the surface as an indicator of land surface composition & vegetation health & fuel loading for forest fire risk:

- 5 channels TIR

- radiometric accuracy 2%

- relative precision 1/2%

- atmospheric transmission corrections at comparable reqs.

Issues:

- Better understanding needed of the relationship between thermal/optical properties and ecosystem characteristics
Future: ASTER & follow-on; shorter re-visit times for agricultural applications 

Challenges:

- ability to achieve req’d S/N in much smaller instrument size/power 

- simpler on-board calibration complemented by calibration against Earth targets

- larger field of regard to balance revisit times

- science value to be demonstrated
-compact WFOV optical design for pushbroom sensors  eliminating or minimizing the role of scanning mirrors

- thermal IR detector arrays with improved sensitivity, manufacturability and uniformity

- efficient on-board coolers

- on board thermal IR calibration techniques

- stable, faster readout electronics 

- on-board data storage, processing & reduction mandatory
-no current activity ; same req’ts as  High Spatial Regional above.

-same as High spatial resolution mapping of land cover/land use

Regional

-same as above

-no current activity - may be industry lead

-as above

-as above



Spectral reflectance of the surface under solar illumination as a means to detailed identification of vegetation type & health, and land surface composition:

- same as above plus hyperspectral res. for vegetation species discrimination

- atmospheric transmission corrections at comparable precision

- angular, polarization dependence as additional discriminators?
Current: various A/C instruments 

Future:  High-resolution (spatial and spectral) VNIR, SWIR, TIR imaging spectrometer

Challenges:

- req’d S/N at acceptable instrument size/power 

- narrower spectral channels makes this more demanding

- quantitative calibration at same spectral res.

- better understanding needed of the relationship between optical properties and ecosystem characteristics
Same as above, plus

- compact imaging spectrometers emphasizing very low spectral and spatial distortion (< 1% of IFOV ~ 0.5m or spectral band width~0.1nm)

-

- high precision navigation and attitude control 

- on-board data storage, processing & reduction

- stable, faster readout electronics
-no current activity; req’ts exceed capability of tunable filters, etc. without extremely precise platform control

-NMP-EO-1 (JPL) binary optics approach to convex gratings; miniature grating imaging spectrometer module; does not achieve full stated distortion req’t..

-CISM (JPL) for interferometry and formation flying

-JPL - Onboard maneuver planning and execution fliight experiment for maintaining ground track (TOPEX Autonomous Maneuver Experiment - TAME, August 97, TRL 8, also being evaluated for New Millennium EO-1)

Contacts:  Tooraj Kia, Joseph Guinn

-JPL - Onboard fault monitors software generated automatically from spacecraft engineer specifications (New Millennium DS-1, TRL 7)

Contact:  Nicolas Rouquette

-as above ; probably most stressing req’t. of listed applications

also - FY98 1.3.0.0.8 at GSFC
-as above and requires instrument specific approaches (no specific activity)







-adaptation of atmospheric processing algorithms to on-board techniques (e.g., neural nets, etc. ) to support on-board processing

-on-board processing techniques for real-time pattern matching vs. library spectra
-no specific activity

FY98 3.2.0.0.7 at JPL is supportive
-(GSFC)automated channel optimization techniques to reduce data dimensionality - automated feature extraction using pretrained neural networks



Surface backscatter of microwave radiation illumination as a means to detailed identification of vegetation type & health, and land surface composition:  

Issues:

- Better understanding needed of the relationship between radioelectric cross section and ecosystem characteristics
Current: Space-based polarimetric SAR: SIR-C; Radarsat

Future:  LightSAR

Challenges:

- smaller instrument size with req’d spatial res. & sensitivity


- low mass antenna & structure

- low mass & power RF electronics
Code S Core 2.1.6.1  (JPL)  addresses mechanical aspects of inflatable structures, but may not address ultra light T/R module for inflatable antenna

  -Lightweight Panels

  -Inflatable Membrane Antennae

- Code S Core 2.1.6.2 (JPL) addresses low mass & low power RF electronics 

  -MEMS / MMIC


Issue:

Should canopy height be included for estimating biomass?
Laser backscatter from ground & vegetation top to determine canopy height & density:

- 
Future: ESSP/VCL, laser altimetry

Challenges:

-
- lasers 1 kHz @ 10 mJ pulse energy, 10 ns pulse length, 1E10 shots life, 10-35% wall plug efficiency

- absolute attitude knowledge of  1 arcsec using small systems

- low mass scanning system - short term

- no moving parts scanning (e.g. phased array) - far term
- low mass, large aperture optics (x3 smaller than current)

- onboard processing (3 Mb/s) per beam

- precision timing array detectors for multibeam systems
- Code Y (GSFC) addresses laser characteristics except efficiency issues- Check with Ken Lau
- leverage off FY98 2.2.0.0.4 Control for interferometer at JPL
- in implementation in VCL

- no current activity in phased array diode lasers

S (LaRC) light weight deployable lidar telecopes
- Code S CISM (JPL) developing high-speed S/C computing

- No current activity

Marine Ecosystems
Concentration of photosynthetic substance (as a proxy for biomass):

- coverage: global

- spatial resolution ~ 1 km

- revisit time ~ 1-5 days

Issues:

- Higher resolution & shorter revisit times for applications, e.g. fisheries

- In coastal zones:

  - local coverage

  - spatial resolution 10-30 m

  - revisit time 1- 5 days
Multispectral reflectance of the ocean surface under solar illumination to assess ocean color:

- spectral resolution ~ 5 channels (0.4-0.7 µm) + 1 TIR channel

- absolute accuracy ~ 3%

- relative precision ~ 1%
Current: multispectral VIS filter radiometer/imager: OCTS

Future: MODIS, MISR, ASTER, etc.

Challenges:

- instrument miniaturization

- optical design to minimize stray light from bright clouds against dark ocean background also, ringing off coastline transition

- pushbroom imaging spectrometry with high dynamic range and high SNR for dark targets

- better understanding needed of the relationship between optical properties and ecosystem characteristics
- compact WFOV optical design for pushbroom sensors  eliminating or minimizing the role of scanning mirrors --[same requirement as for global land cover except requires faster optics (lower f/no) of increased integ. Time /stability]

- accurate and stable on-board calibration

- on-board data storage, processing & reduction desirable

-Low scatter Optics
-See above ; need to tailor req’ts for higher throughput and low polarization

-see above in moderate spatial resolution/global land cover

-see above 

-(JPL) - Multispectral signature identification from trained classifiers.  Requires prior data.  Builds on molecular species identification capability for onboard UV spectral analysis of comets - at TRL 4.

Contact:  Paul Stolorz

-no specific activity several could be tailored


Issues:

- Is a strong component of (non global) in situ validation required until marine ecosystem models are better developed?
In situ measurement of light penetration, etc.
Current:  Measurement packages placed locally at shore, in buoys, or towed by ships

Future: More extensive use of self-contained measurement packages dropped from A/C?

Challenges:

- 
- small, low cost, low operating overhead, self contained packages including relevant instruments, GPS receiver and comm link
-  current activity (GPS is industry driven)


Issues:

- Should sea surface temperature for applications (e.g. fisheries) be included, or is it adequately covered under upper ocean circulation in SI Climate?

  - spatial res. 1-4 km

  - accuracy 1-2 K

  - revisit time 2x per day or more

  - coverage regional, primarily coastal

- Should ocean surface temperature in coastal zones (for biomass growth prediction) be included, or is it adequately covered under upper ocean circulation in SI Climate?

  - local coverage

  - spatial resolution 10-30 m

  - revisit Time 2x per day or more

  - accuracy 1-2 K
Ocean surface temperature from radiometry of thermal IR emission from the ocean:

- 8-12, or preferably split 10-12 µm window
Current: In-space TIR radiometer: NOAA/AVHRR

Future: MODIS, AIRS

Challenges:

- effective separation of signal & atmospheric effects


- uncooled IR detector with high sensitivity or thermal IR detector arrays with improved sensitivity, manufacturability and uniformity, and modest cooling reqs

- efficient on-board coolers, depending on detector

- stable, faster readout electronics 
-see above under High Spatial Res./Regional Land Cover

-see above under High Spatial Res./Regional Land Cover

-see above under High Spatial Res./Regional Land Cover

ESE Capability/Technology Needs Assessment

SCIENCE THEME:  SEASONAL-TO-INTERANNUAL CLIMATE VARIABILITY & PREDICTION (Bergman)
Sci. Theme
Earth System Quantity
 Physical Measurement
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Atmospheric Circulation


Global temperature & moisture profiles: 

- global coverage

- horizontal res. 50 km, 

- vertical res. 1 km 

- temp accuracy 1K

- moisture precision 10-20%

- revisit time 2x per day

(minimal reqs for initializing and verifying models)

Issues:

- Is there science value in better than 1 km vertical resolution? (GPS occultation will do better.)
Temperature & water content profile from spectrometry of outgoing IR thermal emission from the atmosphere and surface:

-  small IFOV for cloud discrimination/correction

- 3.7-15 µm (or 18 µm) at 1 cm-1 res.


Current: LEO IR spectrometer: NOAA/HIRS;

Future: EOS/AIRS and IMAS,  advanced FTS

Challenges:

- smaller instrument size to meet req’d sensitivity

- extension to 18 µm (?)
- higher operating temperature sensitive IR detectors

- high-performance, large 2D detector arrays to 15 µm (18 µm?)

- reduced detector pixel size retaining sensitivity & full well capacity

- compact optical systems

- precision scanning

- linear, narrow-band-pass adjustable filters

- efficient in-space coolers

- on-board data processing, reduction & storage
same as land cover req’ts.

-same as above with expanded wavelength range

-expanded req’t on thermal arrays (see above)

-as above with limitations on refractive apprioaches due to thermal IR use

- Code Y (LaRC)- WEB optical config.

-Industry Driven / SBIR supported

Code Y (LaRC)- stable lasers, digital signal processing for FTS

Code S (LaRC)- light weight structures & optics, actuators for FTS

-Core (GSFC) 2.1.3 linear etalon and wedge filter hyperspectral thermal emission limb sounder

-see above under land cover

-see above 

-(GSFC) automated channel optimization techniques to reduce data dimensionality 

JPL - as above (automated spectral signature classification - Stolorz)

- (GSFC) automated feature extraction using pretrained neural networks

- (JPL) - Automated cloud detection for analysis or editing (for New Millennium EO series, at TRL 3).  Also uses spectral signature classification.

- SSTI- (LaRC) 

Algorithms and experiments for cloud detection & editing, data compression, image restoration.



Temperature & water content profile from spectrometry of outgoing microwave thermal emission of the atmosphere and surface:

- 50 - 200 GHz range

- high spectral resolution ~1/1000

- 20-30 km IFOV, to work with IR sounder & to identify clouds & precipitation

Issues:

- Is there science value in extending frequency range to 450 GHz?
Current: LEO microwave sounder: NOAA/AMSU & MHS

Future: Integrated IR/µwave sounder; array microwave limb sounder

Challenges:

- higher frequency µwave channels for cloud diagnostics

- unlikely to be most cost effective approach for stratospheric temperature profiling for atmospheric circulation models - others, e.g. GPS occultation below, are much lower cost 


- sensitive uncooled µwave receivers

- multi-element, low-noise receivers to mm regime (200 Ghz)

- arrayed microwave receivers with associated MMIC advances: 30% instantaneous spectral BW, low noise, low cost 

- low-power spectrometers: 100 channels @ 5 GHz BW, 1 W

- mm wave array optics: 20-50 FOV equally spaced over +/- 30 degrees in azimuth


- partially addressed in Sub-mm program to include MMIC arrays Core 2.1.1 and also industry driven?

- Code S Core 2.1.1 (JPL) & Code Y IIP (JPL) IMAS development

Code Y (LaRC)- WEB optical config.

Code Y (LaRC)- stable lasers, digital signal processing for FTS

Code S (LaRC)- light weight structures & optics, actuators for FTS

-digital autocorellators in Core 2.1.1

- Code S Core 2.1.1 (JPL)

- Code Y IIP (JPL) IMAS development






Future: GEO sounder at higher frequency(IR and higher microwave frequency)

Challenges:

- Incorporate results of recent GEO study, e.g. what frequency? - Gary Parks


- multi-element, low-noise receivers to mm regime (200 Ghz)

- arrayed microwave receivers with associated MMIC advances: 30% instantaneous spectral BW, low noise, low cost 

- low-power spectrometers: 100 channels @ 5 GHz BW, 1 W

- mm wave array optics: 20-50 FOV equally spaced over +/- 30 degrees in azimuth
- Code S Core 2.1.1 (JPL) & Code Y IIP (JPL) IMAS

- Code S Core 2.1.1 (JPL) & Code Y IIP (JPL) IMAS

- Code S Core 2.1.1 (JPL)

- Code Y IIP (JPL) IMAS



Profile of index of refraction from effects on effective microwave path length to determine of water profile:

-
Current: GPS occultation detected by a space-based GPS receiver (GPS-Met)

Future: an array of space-based GPS receivers

Challenges:

- inherently rectangular footprint: horizontal res. may be limited to ~ 200x <1 km, vertical res. 1 km

- ability to reach lower troposphere
- small, cheap, high S/N GPS receivers

- global real-time navigation accuracy to 20 cm

- long-life GPS receivers for longer duration missions

- synthetic beam antennas

- low cost GPS satellite constellation
- Next generation GPS receivers developed under funding from Code Y R&A (JPL) and Code S Core (JPL) 

- System studies supported by IPO/DoD

- Code S Core (JPL) system design issues



Laser backscatter from atmosphere & absorption from water vapor to determine water profile:

-
Future: In-space Differential Absorption Lidar (DIAL) measurements of H2O, aerosols, and clouds in combination with passive temperature and moisture (HIRS/AIRS/IMAS) for improved vertical resolution of H2O in lower trop. (<0.5 km) and improved temperature accuracy (<1 K)

Challenges:

- system size & power

- lifetime/stability of laser sources

- large, light weight receiver systems

- system scanning
Small, efficient DIAL system including:

- small, rugged, stable laser sources with high-energy (>1J/pulse @ 10 Hz double-pulses), tunability (>80 pm across appropriate H2O absorption line in 940 nm region), laser wavelength locked to H2O line,  narrow linewidth (<0.25 pm), high spectral purity (>99.5%), pumping by conductively cooled diode lasers, and high overall power efficiency (>8%)

- high damage threshold optics (>1 GW/cm2)

- large, light-weight telescope system (>1 m dia)

- narrow optical filters (<50 MHz)  with rapid tuning (<400 microseconds), high transmission (>60%), and locked to laser wavelength

- high detector QE (>90% @ 940 nm, ns response

- scanning of DIAL system (+10 deg)
Code Y 2.5.1 (LaRC) developing high-power, tunable 940 nm Nd:Garnet laser, cooling may be industry driven or developed under DoE

DoE, LaRC is working conductive laser cooling techniques with industry

Code Y (LaRC)

Code Y (LaRC) deployable telescope technologies

Code Y (LaRC) in Core 2.1.5.1

Code Y (LaRC) Core 2.1.5.1 (Stadler)

Code Y (LaRC) Core 2.1.5.1



UV Rayleigh scattering from atmosphere in UV to measure temperature profile:

-
Future: In-space direct detection lidar in the UV

Challenges:

-
See UV Rayleigh scattering for vector wind profile below
See UV Rayleigh scattering for vector wind profile below.



Laser backscatter from atmosphere at oxygen A band to measure temperature profile:

-
Future: In-space Differential Absorption Lidar (DIAL) measurements at oxygen A band at 760 nm

Challenges:

-
See water vapor profile above, but at 760 nm 
- Ti:sapphire (760 nm) laser development not curently addressed


Frequent temperature & moisture profiles

- regional coverage

- horizontal res. 10-20 km

- vertical res.  1-2 km

- temp accuracy 1-2K

- revisit time 15-60 min.

Issues:

- Should coverage include “with hemispheric capability”?
Spectrometry of outgoing IR thermal emission of the atmosphere and surface to determine temperature & water profile:

-  small IFOV for cloud discrimination/correction

- 3.7-15 µm (or 18 µm) at 1 cm-1 res.

Issues:

- Suggested changes to req’ts.:

  - drop 18 µm

  - change to 2-0.54 cm-1 res
Current: GEO multispectral IR filter radiometer (GOES sounder) 

Future: high spectral resolution IR FTS, advanced GEO imager & IR sounder

Challenges:

- speed of coverage vs. spectral resolution trades

- small FOV

- very high data rates

- weight and power limitations at GEO

- 5 year lifetime for operation on GOES
- Fourier transform spectrometer

- higher operating temperature sensitive IR detectors

- high-performance, large 2D detector arrays to 15 µm (or 18 µm)

- reduced detector pixel size retaining sensitivity & full well capacity

- compact optical systems

- linear, narrow-band-pass adjustable filters

- efficient in-space coolers

- on-board data processing, reduction & storage

-on-board cloud editing
Core (LaRC) 2.1.3 FTS (Hinton)? Code Y (LaRC)- FTS WEB optical config.

Code Y (LaRC)- stable lasers, digital signal processing for FTS

Code S (LaRC)- light weight structures & optics, actuators for FTS

-as above with 18 µm cutoff

-as above with 18 µm cutoff

-expanded req’t on thermal arrays (see above)

-same as above

-same as above

-same as above

-same as above

-JPL - as above (cloud detection - Stolorz)

- LaRC - as above


Issues:

Should volcanic inputs to atmosphere be explicitly included as one of most significant perturbers of seasonal climates?  i.e. aerosol loading & optical depth (see reqs under long term climate section)  If so, make sure that the needed measurements are covered under volcanos in the natural hazards section






Vector wind profiles:

- global coverage 

- vertical res. 1-2 km(troposphere), 2-3 km (stratosphere)

- horizontal res. 300 km (tropo), 500 km (strato) 

- precision 3 m/s for each of 2 horizontal components

- revisit time 1 day

Issues:

- Should accuracy be 1 m/s?

- Should precision in PBL be much better yet?

)
Mie scattering of IR beam by tropospheric aerosols to determine velocity of air mass in which they reside:

-

Issues:

- Is only line-of-sight direction available?  (i.e not 2 components)
Future: Space-based coherent detection Doppler lidar

Challenges:

- ability to deliver homogeneous global and full atmospheric column coverage with no sizable systematic gaps despite large variations in atmospheric aerosol concentration
- lasers at 1.5 - 2.3 µm, with 8-10% wall plug efficiency, 2J pulse energy, 20 Hz rep rate, high spectral purity and 1E9 shot lifetime

- efficient heat extraction (up to 250 W) from laser

- range rate accuracy (<0.5MHz frequency drift/jitter over 10 msec) << wind velocity precision

- relatively light large, optical quality mirrors & scanning system

- high-damage-threshold optics

- heterodyne detection system including frequency agile LO (8-12 Ghz tunability range) 

- photomixers with 40-50% QE, and 8 GHz bandwidth
Code Y (LaRC) developing 2.0 µm lasers, 600mJ, 10Hz.  lasers.  Alternate approach of Raman or OPO down conversion of Nd:YAG to 1.5 µm not currently addressed.

Code y (LaRC)- conductive laser cooling techniques with industry

- S/C Technologies, miniature heat pipes, etc. not currently addressed by NASA, but may be industry driven or DoE supported

- < 0.5 Mhz jitter over 10 ms transmitter stability not currently addressed

Code S Origins (GSFC)  addressing large optics.  Code Y (GSFC) working HOE for large angle scanning.

Code Y (LaRC) & DOE?

Code S Core 2.1.5.1 (JPL) 

- industry already close to meeting specs



UV Rayleigh scattering by tropo air molecules & IR Mie scattering by tropo aerosols of IR beam to determine velocity of air mass in which they reside:

-
Future: Space-based incoherent (direct) detection Doppler lidar

Challenges:

- ability to extract accurate Doppler wind determination from broad Rayleigh backscatter spectrum


- 3 Joule laser oscillator & amplifier, with conversion efficiency >10% at ~ 1 µm, 20 Hz, single longitudinal mode (< 35 Mhz @ 1 µm), life > 1E9 shots

- reliable, high efficiency  doubling and tripling crystals

- photon counting detection system, 10-40% efficiency @ 1 µm

- Fabry-Perot etalon spectrometer (edge detection technique or equivalent fringe imaging and inversion algorithm)

- UV edge filters with 100 Mhz spectral resolution, 10 m aperture, 1 MHz tuning, and ability to correct for S/C motion 

- low mass 1m aperture scanning telescopes

- high-damage-threshold optics
Extension of Core Program and GSFC internal funds also supporting this development?

- industry driven?

Code Y 2.1.5 (GSFC-Kraniack)

Code Y 2.1.5 (GSFC) tunable etalon

Code Y 2.1.5.3.2 (GSFC) - is 10 m the right number?

Code Y (GSFC) HOE elements for large angle scanning

- Code Y (LaRC), DOE


Issues:

- Are diurnal wind patterns on regional to hemispheric scales an important science driver?
Cloud- and water-vapor tracked features in passive imagery

- <15 minute scene update rate

- <1 km location error

- multi-spectral windows and water vapor profiling
Future:  Advanced GOES Imager and IR Sounder

Challenges:
- rapid scans of hemisphere

- high data rate

- exact earth location
- data compression

- automated landmark registration

- automated wind algorithms

- ambiguity-tolerant atmospheric analysis



Stratospheric wind velocity profiles:

- global coverage 

- vertical res. 1-2 km (tropo), 2-3 km (strato)

- horizontal res. 300 km (tropo), 500 km (strato)

- precision 3 m/s for each of 2 horizontal components

- revisit time 1 day

Issues:

Should precision be 1 m/s?
Doppler shift of lines in thermal IR emission of molecules (only for high stratosphere where lines are sufficiently narrow) to determine their velocity:

-
Current: IR emission spectrometer: UARS/High Resolution Doppler Interferometer

Challenges:

-
(For more information contact Paul Hayes @ Ann Arbor (U of Mich.)




Geopotential height as pressure drivers for winds
Future: GPS occultation

Challenges:

- 
- small, cheap, high S/N GPS receivers

- global real-time navigation accuracy to 20 cm

- long-life GPS receivers for longer duration missions

- synthetic beam antennas

- low cost GPS satellite constellation
- Next generation GPS receivers developed under funding from Code Y R&A (JPL)and Code S Core (JPL)

- System studies supported by IPO/DoD 

- Code S Core (JPL) system design issues only

Upper Ocean Circulation


Sea surface temperature (for climate research & prediction):

- global coverage 

- spatial res. 50-100 km

- accuracy (with operational in situ calibration against buoy & ship data) 0.3-0.5 K

- revisit time 1-5 days

Issues:

Should this include  more stringent requirements s for applications (e.g. fisheries)

- spatial res. 1-4 km

- accuracy 1-2 K

- revisit time  2x per day or more

- coverage may be regional, primarily coastal
Radiometry of thermal IR emission from the ocean to determine surface temperature:

- 8-12, or preferably split 10-12 µm window

- removal of atmospheric effects to same precision (split window or separate sensors for water vapor and aerosol corrections)

- IFOV preferably small (1-4 km) to maximize chance to find cloud-free pixels
Current: In-space TIR radiometer : NOAA/AVHRR

Future: MODIS, AIRS

Challenges:

- better separation of signal & atmospheric effects


- increased number of spectral bands in compact instrument

- uncooled IR detector with high sensitivity

- compact, wide-scanning FOV optics

- thermal IR detector arrays with improved sensitivity, manufacturability and uniformity, and modest cooling reqs

- efficient on-board coolers, depending on detector

- on board thermal IR calibration techniques


-Core (GSFC) 2.1.3 thermal wedge spectrrometer

-as above

- fy98 2.1.0.0.43 at ARC and 2.1.0.0.32 & 2.1.0.0.43 at

JPL (requires insertion of specific req’ts.)

as above

as above

no current activity; possibly industry driven




Vector surface winds (or wind stress):

- global coverage

- spatial res. 50-100 km

- accuracy of 1-2 m/s (0.5 m/s precision preferable for models, but may not be feasible)

- revisit time 1 day
Modulation of microwave backscatter from ocean due to surface roughness (capillary waves on larger swells - good for moderate to strong, but not too strong winds):

-
Current: Space-based  multi-directional radar scatterometer: NSCAT

Future: Seawinds

Challenges:

- smaller size, mass and power for req’d performances
- smaller instrument size - primarily low mass & power RF electronics

- low-mass multiple-beam antenna of moderate gain

- steerable antenna

- synthetic beam antenna (long term)
- Low Mass Electronics in Code S Core 2.1.6.2 (JPL)

- Substantially same req’ts as other antenna technology in Code S Core 2.1.6.1 (JPL)

- Code S Core 2.1.6.1 (JPL)

- Code S Core 2.1.6.1 (JPL) -less driving req’t than current goals



Modulation of thermal microwave emission from ocean due to surface roughness

-
Current: Space-based passive microwave radiometry : SSM/I

Future: AMSR, Seawinds

Challenges:

-  feasibility of achieving the desired accuracy

- ability to extract vector direction
- lightweight mechanically steerable microwave antenna

- compact low-power electronics (MMICs, etc.) 
- Check need and Req’t
- Code S Core 2.1.6 (JPL)




Future: Bistatic GPS

Challenges:

- feasibility of bistatic GPS yet to be demonstrated
- synthetic beam antenna

- low cost constellations of GPS S/C)
Code S Core (JPL) 

Code Y- (LaRC)

- Code S Core (JPL)  system design studies only



Detection of surface current by interferometric SAR:

- accuracy (available) 10 cm/s

- spatial res. available few 100 m (within correlation time of small waves)
Future: along track interferometric L-band SAR in twin S/C configuration (vector ATI)

Challenges:

- modulation effects of large waves (associated with wind-induced inertial currents) on detected motion of small waves (associated with desired mean current) TBD

- in general, instantaneous surface current in open ocean is not representative of average current. Need to average over inertial oscillations to obtain scientifically meaningful data.
- formation flying for loose configuration keeping (formation flying), precise inter-S/C metrology (mm-level knowledge)

-on-board autonomy

NOTE: ALIGNMENT)

- low-mass, large-area antenna

- efficient high-power transmitter
- Code S Origins (JPL) laser metrology and formation flying for interferometry.  

-Code S Core 2.1.5 (JPL) diode laser stability (no 98$)

-- This activity is proceeding at reduced funding at JPL FY98 2.1.0.0.27 with

   another activity 2.1.0.0.28 under JPL Siamak Forouhar.  Other activities

   exist at GSFC, 2.1.0.0.12
-NMP DS-3 (JPL) formation flying 

JPL - Onboard autonomy architecture with capabilities for planning, resource management, execution and fault protection.  At TRL 7.  Joint work with ARC (B. Williams).Contact:  Steve Chien

JPL - Onboard autonomy for configuration keeping.  TOPEX flight experiment (TRL 9), New Millennium EO-1 and New Millennium DS-3 (TRL 4).

Contacts:  Tooraj Kia, Joseph Guinn, Kenneth Lau.

-Stablilized laser cavity metrology 

Code S Core 2.1.6 (JPL)

Code S Core 2.1.6 (JPL)




Ocean surface topography: 

- global ocean coverage

- horiz. res. 50-100 km

- revisit time 5-15 days

- accuracy 2 cm or better


Ocean surface height from precision satellite altimetry coupled with precise orbit determination:

- need to correct for effect of atmospheric water vapor on apparent microwave pathlength

- frequency accuracy to 1 part in 10 E10 (1 cm POD)
Current: Combination of space-borne radar altimeter & GPS: TOPEX/Poseidon

Future: Jason; NPOESS 

Challenges:

- higher sensitivity in smaller pckg

- improved correction of water vapor effects

- altimetry from polar sun-synchronous orbit

- feasibility of bistatic GPS to be demonstrated
- smaller, more accurate GPS receivers

- full sky field of view with good multipath rejection (POD < 1 cm)

- solid-state microwave radar altimeter technology @ ~ 35 GHz

- improved moisture sounder for accurate path length correction
- Next generation GPS receivers developed under funding from Code Y R&A (JPL) and Code S Core (JPL) 

- partial under Code S Core 2.1.6.2 (JPL) electronics miniaturization w/ appropriate frequencies (> 35 GHz needed

Need better req’ts.




Future: Bistatic GPS

Challenges:

- feasibility of bistatic GPS to be demonstrated
- synthetic beam antenna

- low cost constellations of GPS S/C)
Code S Core (JPL) studies

- Code S Core (JPL) system design studies only




Future: laser altimetry + GPS

Challenges:

- feasibility of bistatic GPS to be demonstrated
- see land use biomass req’ts., also need high pulse rate (≥ 1 kHz), and thus very high efficiency (≥ 10%)
- see canopy height altimeter under Land Cover

Global Hydrology/

Water Cycle 


Area/time averaged precipitation over land & ocean

- global coverage

- spatial res. 100 km or less

- time resolution ~ 1 day

- accuracy 20% of daily precip. total or 1 mm, whichever is smaller
Absorption and/or scattering by precipitating ice or liquid water in clouds of microwave thermal emission from the moist atmosphere or ocean below:

- IFOV ~ 1 km ideally to avoid partial beam filling by small-scale and widely scattered rainfall events

- time sampling interval ~ 3 hours or less to catch transient rain events
Current: In-space multi-frequency microwave radiometer: SSM/I

Future: AMSR, sub-mm radiometry, µwave interferometer, GEO µwave imager

Challenges:

- beam filling problem arising from small scale of precipitating clouds
- large, mechanically steerable microwave antenna (especially challenging at lower frequencies)

- compact low-power electronics (MMICs, etc.)

- arrays of receivers
- Check need and Req’t
- Code S Core 2.1.6.2 (JPL)

- Code S Core 2.1.1 (JPL)



Backscatter of microwave radiation by precipitating liquid water or ice particles:

- 
Future: In-space nadir-looking  rain radar: TRMM (nadir +/- 17¤)

Challenges:

- detection of weak signal close to large return from surface

- cost of constellation req’d for continuous global monitoring 
- low side-lobe radar system, 60-80 dB rejection

- electronically multi-frequency steerable radar antenna (18 - 35 GHz)

- low cost  constellations of S/C (cheapsats)
Airborne Demo done. Miniaturization wok in Core Program is applicable Code S Core 2.1.6

- not currently addressed at these frequencies- tailorable from Core 2.1.6.2 (JPL) activities

- generic, industry driven


Issues:

- Are continuous precipitation measurments over land and ocean to characterize the diurnal cycle important for science:

- regional to hemispheric coverage

- spatial resolution 10-20 km

- time resolution ~1 hr

- accuracy TBD% of rain rates greater than TBD mm/hr
Scattering of microwave thermal radiation by precipitating ice and water in clouds:

- IFOV <10 km to avoid beam filling

- 118 and 183 GHz  to distinguish regimes
Future:  GEO microwave imager

- LEO heritage

- EOS synergy

Challenges:
- small FOV at long wavelengths

- large antennas in GEO diurnal stress

- high spatial speed
- fast beam-scanning mechanism at GEO

- large deployable dish vs. very large thinned array, with thermally stable shape and high precsion surface during the daily cycle

- Incorporate results of  higher f GEO study 



Issues:

- Is the mapping of sensitive indicators of climate change (e.g. glaciers, playa extent, lake levels) important?

  - spatial 10-30 m

  - revisit 10-15 days

  - accuracy - variable
VIS-TIR multispectral reflectance & emission at moderate spatial resolutions to map climate sensitive features
Current: Landsat
Future: ASTER & follow ons

See Land cover 


Snow extent & water equivalent

- spatial res. 10-50 km

- revisit time 1-5 days

- accuracy ~ 1 cm water or better

- coverage global continents


Multispectral reflectance of snow fields under solar illumination to determine extent & grain size:

- 
Current: In-space Vis-SWIR multispectral imaging radiometer : AVHRR

Future: MODIS

Challenges:

- 
- compact WFOV optical designs for pushbroom sensors eliminating or minimizing the role of scanning mirrors

- accurate and stable on-board cal.

- on-board data storage, processing & reduction desirable
See Land Cover

-Core (CISM/JPL)

-(GSFC) automated georegistration using hybrid wavelet technqiues



Spectrometry of outgoing thermal microwave emission from snow fields (for extent, thickness & water equivalent):

- widely spaced frequency bands for ability to analyze different snow pack conditions
Current: In-space multifrequency microwave imaging to see through clouds: SSM/I

Future: AMSR, multifrequency, polarimetric radiometer

Challenges:

- achievement of desired spatial resolution in small package
- large, mechanically steerable microwave antenna (especially challenging at lower frequencies, will probably be C band at lowest)

- compact low-power electronics (MMICs, etc.)
- Check need and Req’t
- Code S Core 2.1.6 (JPL) Evolutionary from ongoing work, incl. industry



Microwave reflectivity of snow to determine water content, at least of top layer:

-
Future: X-band SAR

Challenges:

- feasibility of extracting total water content to be demonstrated
- low mass antenna & structure

- low mass, power RF electronics

- higher frequency systems (X-band)
- Code S Core 2.1.6 (JPL)

- Code S Core 2.1.6 (JPL)

- industry driven


Soil moisture

- horizontal res. 10 km or less (ideally 1 km)

- revisit time 1-2 days

- accuracy 10-20% of upper soil layer capacity (may be 1-5 cm water equivalent)

Issues:

- Is there science value in improved horizontal resolution (10-30 m instead of 1 km)?

- Is there need for topographical data for models, and if so, is it covered adequately elsewhere?
Single or multi frequency & polarization thermal microwave emission from moist versus dry soil:

- 
Future: In-space, single L-band or multi L- & S-band , dual polarization imaging radiometer: (single frequency, vertical/ horizontal polarization is probably minimal to discriminate effects of vegetation from those of soil moisture)

Challenges:

- antenna aperture of ≥10-20m to achieve req’d spatial res.

- achievement of multi frequency & polarization capability in small, affordable package

- feasibility of single frequency, single polarization instrument to discriminate  effects of vegetation from those of soil moisture (may also need single TIR channel to discriminate surface temp effects from dielectric effects)
Two competing approaches:

- large lightweight inflatable antenna for real aperture approach

- deployable antenna (thinned sparse array) and low power correlators for synthetic aperture approach utilizing an array of (1000’s of) receivers
- Code S Core (1.X.X.) inflatable (Mark Vincent will identify WBS)

- Code Y 2.1.1 (GSFC/STAR) in ’98, Code Y 2.1.1.3 (LaRC)

- Code S - (LaRC) - deployable lightweight antenna (1D & 2D)



Day-night thermal inertia of soil as an indicator of water content detected through change in day-night thermal IR emission: 

- 
Future: TIR imaging from space

Challenges:

-
-
-same as land cover



Backscattering of microwave radiation by moist soil:

- 
Current: In-space, side-looking multi-frequency polarimetric SAR: SIR-C

Future: LightSAR

Challenges:

- ability to separate out effects of soil roughness & vegetation canopy from desired soil moisture signal
- low mass antenna & structure (L-band) 

- low mass, power RF electronics

- multiple frequencies from the same antenna
- Code S Core 2.1.6 (JPL)

- Code S Core 2.1.6 (JPL)

- Code S Core 2.1.6 (JPL)



ESE Capability/Technology Needs Assessment

SCIENCE THEME: LONG-TERM CLIMATE: NATURAL VARIABILITY & CHANGE RESEARCH (Schiffer)
Sci. Theme
Earth System Quantity
 Physical Measurement
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Radiative Forcing Factors
Total solar irradiance:

- 0.3 - 100 µm or longer 

- revisit time 1 day

- precision ( relative accuracy and lifetime stability): 0.1 W/m2 or better
Broadband incoming solar flux at top of atmosphere:

-
Current: Space-based broadband absorption converted to heat equivalent: ACRIM

Challenges:

- accuracy & stability of on-board calibration
- spectrally flat and  stable radiation detector


-no activity  




Atmospheric aerosol profile and optical parameters:

- global coverage

- spatial res. 100-1000 km

- vertical res. 1 km

- revisit time 1-30 days

- accuracy 10% of optical depth in 1 km layers
Backscatter of IR laser beam by atmosphere revealing absorption due to stratospheric and tropospheric aerosols:

-
Future: In-space multifrequency lidar:

Challenges:

- req’d sensitivity at acceptable instrument size/power

- lifetime/stability of laser sources
- small, efficient system including efficient, stable laser sources 

- high damage threshold optics

- stable, narrow-band, tunable, affordable filters (~ 1% 
- small precision pointing system

 - reliable doubling crystal

- low mass solar panels and power conditioning
-See In-Space Multi-Frequency Lidar for backscatter from stratospheric and tropospheric aerosols (below)

Code Y (LaRC)

Code Y (LaRC)

Code Y (LaRC)

Code Y (LaRC)

NOTE: NOT CLEAR WHICH AREAS LaRC IS CLAIMING ACTIVITY IN FROM INPUT< PLEASE CLARIFY!

NMP/EO-1 demoing thin film solar cells (Industry/MAMS IPDT) 

- Code S Core 1.1 (where?)



Extinction of UV-VIS-NIR solar radiation at multiple wavelengths due to aerosols:


Current: In-space measurement of solar UV-VIS occultation: SAGE

Challenges:

- applicability to troposphere

- spatial/temporal res.

- miniturization
- long-life, stable UV detectors

- instrument/spacecraft autonomy
-Core 2.1.2..2 (JPL)  Delta DopedCCD -Nikzad

-CISM (JPL)


Issues:

- Should tropospheric aerosol profile, loading, & optical depth be included?

  - global coverage (land/ocean)

  - spatial res. 50 - 1000 km

  - vertical resolution - 100 m

  - revisit time 1-7 days

  - total optical depth accurate to 0.003 for t < 0.01, to 0.03 for t > 0.5*
  - Single scatter albedo (currently not measurable

* based on the Report of the NRC Panel on Aerosol Radiative Forcing and Climate Change (1996)
Profile of multiwavelength laser backscatter from atmosphere revealing absorption due to stratospheric and tropospheric aerosols

Issues:

- Is it “backscatter” or “absorption” due to aerosols that is detected?
Future: In-space multifrequency lidar:

Challenges:

- required sensitivity at acceptable instrument size/power

- lifetime/stability of laser sources

- scanning
- small, efficient laser transmitter system including efficient (10% wallplug at fundamental), stable, narrow-linewidth (10 Ghz @ 532 nm), conductively cooled  laser sources 

- high damage threshold non-linear optics (> 1 GW/cm2)

- stable, narrow-band, tunable, affordable filters (10 GHz FWHM, 90% transmittance)

- small precision laser boresighting system (10 urad)

- low mass solar panels and power conditioning

- VIS - NIR detectors: QE/F > 50% (QE= quantum efficiency, F=excess noise factor)

- scanning of large aperture (0.5-1 m)
Code Y (LaRC)

-Cooling addressed by DOE/Industry 

-heat pipe technology not addressed currently

-DOE

Code Y (LaRC) in Core 2.1.5.1

NMP/EO-1 demoing thin film solar cells (Industry/MAMS IPDT)



Backscatter and absorption of ~ 750 nm solar radiation by atmosphere revealing scattering and absorption due to aerosols

-
Future: In-space lidar at O2 -A band

Challenges:

- required sensitivity at acceptable instrument size/power

- lifetime/stability of laser sources

- scanning
- as above for lidar


req’ts need to be defined


Total atmospheric aerosol loading & optical depth

- global coverage

- spatial res. 50 - 100 km

- revisit time 1 day

- accuracy 10% of total optical depth or ~ 0.05


Backscatter of VNIR solar radiation by atmosphere revealing absorption due to aerosols:

- 

Issues:

- Is it absorption or scattering due to aerosols that is detected?
Current: In-space multispectral imager: AVHRR

Future: In-space multispectral and/or multidirectional imager: MODIS, MISR

Challenges: 

- miniaturization 

 - calibration
- compact optical system ultra-wide FOV

- smaller electronics packaging

- on-board data processing, reduction & storage

- on-board calibration -smaller size and higher accuracy
-see above Land Cover  moderate spatial Global coverage

Core (JPL ) CISM

CISM

same as land cover





Backscatter of UV solar radiation by atmosphere revealing absorption due to aerosols:

- 

Issues:

- Is it absorption or scattering due to aerosols that is detected?
Current: In-space UV multispectral imager: TOMS

Future: spectrometer/radiometer

Challenges:

- instrument size to achieve req’d sensitivity, spatial res. & FOV


- long life, high sensitivity VNIR-blind UV detector array

- long-life stable UV filters

- compact optical system wide FOV

- smaller electronic packaging

- onboard data processing, reduction & storage
-no current activity in 2. Core

same as above

-CISM



Multidirectional diffusion & depolarization of backscattered UV-Vis solar radiation

-
Current: in-space radiometer/polarimeter: POLDER Future: EOSP, MISR & follow ons

Challenges:

- ability to estimate aerosol altitude
- TBD



Issues:

- Is it important to measure changes in total aerosol loading and optical depth during the day?

- regional to hemispheric coverage

- spatial resolution 5-20 km

- revisit time <1/hr

- accuracy TBD%
Backscatter by aerosols of visible and VNIR solar radiation by atmosphere

- 0.5 km FOV to see between clouds

- 1-3% calibration
Future:  Advanced GEO Imager

- synergy with MODIS

Challenges:
- channel-to-channel registration

- polarization of optics

- reliable shortwave calibration

- high scan rates

- high data rates

- channel-to-channel registration

- robust in diurnal GEO environment
- fast downlink

- data compression

- calibration mechanisms

- channel registration algorithms
-need better req’ts statement to assess technology need

Cloud Radiation Feedback
Broadband Earth radiation budget: 

- global coverage

- horizontal res. 30 km

- revisit time 2x per day or better (need to resolve diurnal cycle, at least in climatological sense over a period of ~ 2 months)

- accuracy ~ 0.5 W/m2
Outgoing broadband radiances from the Earth (total spectrum & IR only):

-
Current: In-space broadband scanning radiometer: ERBE

Future: CERES

Challenges:

- Subdivide current two channels into more channels (TBR) 
- spectrally flat and superlatively stable radiation detector

- stable on-board calibration

- compact optics & electronics

- high sensitive broad band detector arrays (0.3—100 µm)
- Code Y (LaRC)

-need better req’ts statement to assess technology need


Global cloud cover  and properties, including optical depth and albedo, cloud top height:

- global coverage

- spatial res. 100-200 km

- temporal res. ~ 10-30 days (mean) but must resolve the diurnal cycle

- precision: cloud cover 1%

  cloud albedo 0.05

  cloud top temp. 1 K

Issues:

Is there science value to regional to hemispheric coverage (i.e. GEO implementation)
Backscattered solar radiation and thermal emission from clouds :

- IFOV ~ 1 km for threshold detection of cloudy pixels

- revisit time ~ 3 hr. to resolve diurnal changes
Current: In-space multispectral Vis-IR imaging radiometer: AVHRR, GOES-VISSR

Future: MODIS & follow ons, MISR, far IR spectrometer, advanced imager at GEO

Challenges:

- relaible operation during diurnal cycle at GEO

- GEO radiometric performance that is similar to LEO

- high data rates

- channel-to-channel registration

- calibration for VIS and VNIR

- LEO-GEO cross-correlation
- higher operating temp Vis-IR detector arrays

- efficient on-orbit coolers/radiators, esp. w.r.t. higher op temp detectors  (depending on detectors) 

- wide angle optics (no mechanical scanning if possible)

- on-board data processing, reduction & storage

- compact electronics

- low mass solar panels & power conditioning

- channel registration

- data compression

- fast downlink

- traceable calibration for all wavelengths
-ALL Same as Land Cover Requirements and approaches

NMP/EO-1 demoing thin film solar cells (Industry/MAMS IPDT)

-NMP EO-1 (Industry) Phased array x-band transmitter


Cloud profile & properties: including particle density and size, ice & water content, & inferred optical depth:

- optical depth accuracy 0.1

- ice water path accuracy 1 g/m2
- horizontal res. 1-10 km (one direction only may be sufficient for process studies)

- vertical res. 500 m

- revisit time 1 day

- global statistics needed but thin sampling may be sufficient

Issues:

- optical depth lesser of 10% or  0.1 for  > 0.01

- vertically resolved ice/water phase

- vertical res. 100 - 500 m

- Cirrus asymmetry parameter (currently not measurable
Backscatter of microwave beam by liquid & ice cloud particles

-

(Better understanding needed of the relationship between microwave scattering characteristics & cloud properties)
Future: In-space mm-wave (94 GHz) radar, possible Doppler measurement

Challenges:

- 
- on-board data processing, reduction & storage

- high power space-qualified 94 GHz amplifier tube 

- deployable (solid?) mm-wave antennas  (~ 2m)
- See CISM Activities

- Industry Driven (What Program supports?

_Industry Driven (DoD Spin-off



Multifrequency scattering & absorption by cloud ice particles of microwave emission from the moist air below (for characterization of ice particle density & size):

-
Future: Multi-frequency sub-mm (100-700 GHz) microwave radiometer, array microwave limb sounder

Challenges:

- improved diagnostics of cloud particle distribution and size
- low-mass, low-power 100-700 GHz radiometer circuitry

- deployable (solid?) mm-wave antennas

- low power spectrometer: 100 channels @ 5 GHz BW, I W

- arrayed microwave receivers with associated MMIC advances: 30% instantaneous spectral BW, low noise, low cost
- Code S Core 2.1.1 (JPL)

- industry driven

- Code S Core 2.1.1 (JPL)

- Code S Core 2.1.1 (JPL)



Multifrequency scattering & absorption by cloud ice particles of thermal IR emission from the moist air below (for characterization of ice particle density & size):

-
Future: Far IR FTS

Challenges:

- improved diagnostics of cloud particle distribution and size
- thermal IR detector arrays with improved sensitivity, manufacturability and uniformity

- efficient on-board coolers to 5K

- lightweight optics & optical system including actuators

- on-board digital signal processing

- on board thermal IR calibration techniques
See above under Land Cover

See above under Land Cover

Code Y (LaRC)- WEB FTS optical config.

Code S (LaRC)- light weight structures & optics, actuators for FTS

Code Y (LaRC)- stable lasers, digital signal processing for FTS

Code Y IIP (JPL) IMAS development

-no current activity possible extension of CISM activities

-no curretn activity ; Industry driven?



Backscatter and depolarization of UV-IR laser light by clouds:

-
Future: In-space, multiple wavelength lidar with radiometric and polarimetric capability:

Challenges:


- small, efficient system including efficient, stable laser sources 

- high damage threshold optics

- stable, narrow-band, tunable, filters

- reliable doubling/tripling crystal

- low-mass solar panels and power conditioning
-Similar to direct detection Doppler and Lidar



Backscatter of multiwavelength laser beam by atmosphere revealing backscattering due to stratospheric and tropospheric aerosols

- Backscatter and absorption of ~ 750 nm solar radiation by atmosphere revealing scattering and absorption due to aerosols:
Future: In-space multifrequency lidar, O2 A-band spectrometer
Challenges:

- same as lidars in Radiative Forcing Factors
- lidar: see Radiative Forcing Factors

- miniature A-band spectrometer


-See Previous

Ocean Circulation


Ocean surface topography and geopotential height:

- global ocean coverage

- horizontal res. 50-100 km

- revisit time 5-15 days

- accuracy 1-2 cm
High-precision mapping of Earth gravity field

-
Future: Precision satellite-to-satellite tracking (GRACE approach - combination of GPS receivers & precise inter-S/C metrology):

Challenges:

-
- precise inter-S/C metrology

- autonomous (loose) configuration keeping (formation flying)

- low cost S/C with GPS
Code Y GRACE (JPL) implementing microwave metrology; next generation optical approach not currently addressed, although Code S Origins developing related optical metrology and Code S Core 2.1.5 (JPL) addressing diode laser stability

- Code S Origins (JPL) laser metrology and formation flying for interferometry

-NMP DS-3

-(JPL), as above (autonomous configuration keeping - Kia, Guinn, Lau)

- Code S Core (JPL) system design issues



Ocean surface height from precision satellite altimetry coupled with precise orbit determination:

-


Current: Combination of space-borne radar altimeter & GPS: TOPEX/Poseidon

Future: Jason, NPOESS, laser altimetry

Challenges:

- GPS receiver size and sensitivity

- feasibility of similar precision mean-sea level altimetry from sun-synchronous orbit (eliminate aliasing by solar tidal components)


- smaller, more accurate GPS receivers

- full sky field of view with good multipath rejection (POD < 1 cm)

- solid-state microwave radar altimeter technology

- improved moisture sounder for accurate path length correction (20-30GHz)

- for laser altimetry, see reqs for land use biomass measurements, plus high pulse rate (≥ 1 kHz) and very high efficiency (≥ 10%)
- Next generation GPS receivers developed under funding from Code Y R&A (JPL) and Code S Core (JPL).

- 20-30 Ghz MMICs industry driven

- Need req’ts.
- See Land Cover 



Ocean surface height from timing of reflected vs direct GPS signal
Future: Bistatic GPS

Challenges:

- feasibility of bistatic GPS altimetry to be demonstrated
- synthetic beam antenna

- low cost constellations of GPS S/C)
Code S Core (JPL)low level funding

- Code S Core (JPL)  system design studies only

Code Y- (LaRC)


Ocean surface salinity: 

- global ocean coverage

- horizontal res. 100 km

- revisit time 1-2 days

- precision ~ 1 psu (practical salinity unit) or better
Thermal microwave emission from the ocean surface: 

- 1/10 degree precision on temperature measurement
Future: In-space multifrequency imaging radiometer:

Challenges:

- req’d spatial resolution implies minimum antenna aperture of 10 - 20 m

- multifrequency measurements with > 1 decade difference in frequency
- large, lightweight deplorable antenna

- multiple lightweight microwave radiometers (MMICs)

- common calibration methods with required 1/10 degree precision

- antenna surface precision to 1/100 wavelength
- industry driven SoA

- Code S Core 2.1.1 for high frequency, low frequency MMICs industry driven

- not currently addressed is there a need for new technology?

- not currently addressed - is there a need for new technology?


Sea ice extent & concentration, including sea ice age, thickness, salt content, melt ponds, albedo, velocity, leads, etc.:

- edge detection accuracy 1 km

- ice concentration accuracy 10%

- spatial res. 10-50 km

- revisit time 1-2 days

- complete coverage of polar oceans
Thermal microwave emission from ice vs water:


Current: In-space multi-frequency microwave radiometer/imager: SSM/I

Future: AMSR

Challenges:

- large antenna size req’d for desired spatial res.


- large, mechanically steerable microwave antenna (especially challenging at lower frequencies)

- compact, low-power electronics (MMICs, etc.)


- industry driven

- industry driven (low frequency)



Microwave backscatter from ice vs water:

-
Current: In-space microwave radar scatterometer: ERS/AMI, NSCAT, SAR

Future:  scatterometer, SAR

Challenges:

- antenna size req’d for desired footprint/res.


- smaller instrument size - primarily low mass & power RF electronics

- low-mass multiple-beam antenna of moderate gain

- steerable antenna

- synthetic beam antenna (long term)
- Low Mass Electronics in Code S Core 2.1.6.2 (JPL)

- Substantially same req’ts as other antenna technology in Code S Core 2.1.6.1 (JPL)

- Code S Core 2.1.6.1 (JPL)

- Code S Core 2.1.6.1 (JPL) -less driving req’t than current goals




Future: Bistatic GPS

Challenges:

- feasibility of bistatic GPS to be demonstrated
- synthetic beam antenna

- low cost constellations of S/C)
Code S Core (JPL) 

- Code S Core (JPL)system design studies

Ice Sheets & Glaciers


Ice sheet mass balance

Issue: is there valuable science in long-wavelength components available from single S/C implementation?
Time-dependent component of Earth’s gravity field on orbit:

-
Future: Precision satellite-to-satellite tracking (GRACE approach - combination of GPS receivers & precise inter-S/C metrology), or single S/C orbit monitoring by GPS (long wavelength components ~ 1000 km only)

Challenges:

- 
- precise inter-S/C metrology

- autonomous (loose) configuration keeping (formation flying)

- low cost S/C with GPS 

- small, low-cost, accurate (10 E-10 g over an orbit) accelerometers (for single S/C GPS approach)
Code Y GRACE (JPL) implementing microwave metrology; optical approach not currently addressed, although Code S Origins developing related optical metrology and Code S Core 2.1.5 (JPL) addressing diode laser stability

-(JPL), as above (autonomy architecture - Chien);  as above (autonomous configuration keeping - Kia, Guinn, Lau)

- Code S Origins (JPL) laser metrology and formation flying for interferometry

-NMP DS 3 (JPL) formation flying

- Code S Core (JPL) system design issues, Industry Driven implementation

- No current activity


Mapping of surface deformation & velocity:

- regional coverage

- horizontal res. 1-10 km

- revisit time 1 mo. - 1 yr.

- precision ~ 10 cm or better
Precision tracking of posted locations on ice surface:

-
Current: Ground-based GPS network

Challenges:

- 
- 

- smaller, cheaper, more accurate GPS receivers
- industry driven





Ice surface deformation and displacement from backscattered microwave radiation generated in space (successive SAR images):

-
Current: In-space interferometric SAR (repeat track): ERS/AMI

Future: LightSAR 

Challenges:

- frequent relook (3-8 days for L band)

- repeat orbit within 250m (L-band)

- precise orbit & attitude knowledge (GPS)
- lightweight radar antenna and structure

- low mass and power RF electronics

- precision orbit maintenance
Core 2.1.6 See Previous

Formation Flying. Interferometry Program is driving req’ts. With 3d autonomy from GPS



Ice surface height from time delay of backscattered laser beam:

-
Future: Space-based lidar altimetry: EOS/GLAS or Land Altimetry Mission

Challenges:

- 5-year on-orbit life

- required precision of pointing knowledge
- compact altimeter lidar system 

- efficient, stable laser sources: 4 ns pulse width, 100 mJ pulse energy, single spatial mode and ≤ 1 arcsec pointing jitter

- lightweight solar panels

- high precision pointing system, arcsec or better pointing knowledge

-
See Canopy Height under Land Cover

-100mJ @ short pulses not currently addressed


Issues:
Would it be valuable to extend record backwards in time using paleoclimate from geology?

- 30 m resolution
Surface spectral reflectance and emissivity, topography

- Vis/NIR for iron oxides, 1-2.5 µm for clays, 8-12 µm for silicates
Future: Landsat ETM+, ASTER & follow ons coupled with SAR



ESE Capability/Technology Needs Assessment

SCIENCE THEME: NATURAL HAZARDS RESEARCH & APPLICATIONS (Baltuck/Walter)
Sci. Theme
Earth System Quantity
 Physical Measurement
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Flood Characterization
Extent of flooded areas: 

- horizontal res. 10 m

- revisit time 1 day

- regional coverage sufficient

- accuracy discrimination wet/dry
Surface reflection of microwave radiation by water versus land:

-
Current: In-space polarimetric SAR: ERS/AMI, JERS, Radarsat

Future: LightSAR

Challenges:

-
- lightweight radar antenna and structure

- low mass & power RF electronics


See Soil Moisture and Ice vs. Water




Future: Bistatic GPS

Challenges:

- feasibility of bistatic GPS to be demonstrated
- synthetic beam antenna

- low cost constellations of S/C)
Code S Core (JPL) 

- Code S Core (JPL)  system design studies

Code Y- (LaRC)



Vis-IR surface reflectance of water versus land under solar illumination:

-
Current: In-space VNIR imaging radiometer: Landsat

Future: Landsat/ETM +, EOS/ASTER, commercial

Challenges:
Operational


Flood and Landslide Risk Assessment


Requires precipitation, soil moisture and snow water equivalent data (See Global Hydrological/Water Cycle above)






Land surface topography gradients:

- coverage: continents

- horizontal res. 10 m or better

- vertical accuracy 5 m or better

- global land coverage

- infrequent (one time?) mapping

Issues:

- What about larger scale measurements such as total snow accumulation in mountains?
Stereographic viewing of the Earth surface

-


Current: Stereo-photogrammetry using high-resolution VNIR images pairs generated by in-space panchromatic or multispectral imaging radiometer: Landsat, SPOT

Future: ASTER (@ 15 m, Commercial remote sensing satellite programs

Challenges:

-
Operational




Microwave interferometry of Earth surface:

- 
Future: Interferometric SAR: SRTM, LightSAR

Challenges:

- frequent relook (3-8 days)

- precise orbit & attitude knowledge (GPS)
- lightweight radar antenna and structure

- low mass and power RF electronics

- precision orbit maintenance
See Ice Surface Deformation

Core 2.1.6


Precision surface topography

- global land coverage

- horiz. res. ~1 km (transects only)

- precision ~ 1 cm

- one-time only mapping

Issues:

 - Should “Horizontal res.” be “Horizontal accuracy”?

- Should horizontal accuracy be 1m to 1 km?

- Should “Vertical precision” be “Vertical accuracy”?

- Should vertical accuracy be 1 cm to 100 m (and remove “precision” from title)?

- Should mapping be repeated after any major landslides or floods to assess new topography?
Land surface height from time delay of backscattered laser beam:

-
Future: ESSP/VCL lidar altimetry mission, EOS Land Altimetry Mission.  Lower vertical accuracy data can also be provided by stereo IR imaging.

Challenges:

- 
- compact altimeter lidar system including efficient, stable laser sources, high pulse rate (>1 kHz), and very high efficience (>10%)

- lightweight solar panels

- high precision pointing system, precision attitude knowledge

- GPS POD < 1 cm 

Issues:

- Should GPS POD be 10 cm instead of 1 cm?
See Canopy Lidar Land cover


Issues:

- Is there a requirement for knowledge of surface composition, geology, etc. in predicting risk for floods & landslides?  If so, is it covered adequately under Land Cover & Terrestrial Ecosystems?
Multispectral VIS/NIR/SWIR reflectance under solar illumination, & TIR emission, to determine surface composition:

-
Future: Multispectral VIS/NIR/SWIR/TIR

Challenges:

- 
-
-See Land Cover

Wildfire risk assessment
Requires detailed topographic data (See Flood & Landslide Risk Assessment), hydrological data (See Global Hydrological/Water Cycle) and information on the accumulation of combustible material (Land Cover and Terrestrial Ecosystems)

Issue:

- Is fuel loading (in addition to land cover type covered under land Cover & Terrestrial Ecosystems) necessary for fire risk assessment?



JPL - automated object/event recognition using trainable object recognizers.  Other applications (eg, volcanoes on Venus from MGN data) at TRL 7.

Contact:  Michael Burl

Issues:

- Should biomass burning monitoring be included here?
Issues:

- Should fire statistics be included?

  - rate of occurance, TBD fires/day/km2

  - size, intensity and duration, TBD units

  - horizontal res. ~TBD km

  - precison TBD

  - revisit time ~1 day, but requires dirunal cycle, day and night
Thermal infrared color temperature signature

- 11, 3.7 and 2.3 micron windows

- large dynamic range in shortwave IR ~400+K

- small IFOV to identify intense local fires
Current:  AVHRR, GOES Imager

Future:  MODIS; fire-sat proposals; advanced GEO Imager

Challenges:
-sufficient space-time resolution and dynamic range for very brief, intense events
- reliable fire-detection algorithms



Issues:

Should lightning statistics be included?

- rate of occurance

- horizontal res. ~10 km

- >95% true positives

- revisit time ~1 day, but requires resolution of convective outbreaks (<1 hr), day and night
Lightning strikes

- flashes in excited oxygen line
Current:  LIS
Future:  Lightning Mapper on TRMM; Lightning Mapper on GOES

Challenges:
- knowing cloud-to-ground fraction
- wide-angle, narrow-bandpass oxygen line filters

- millisecond 2-D Mega-pixel arrays

- on-board processing
-no specific activity

Industry Driven (Speed?)

CISM

Earthquake and Volcanic Eruption Risk Assessment


Land surface deformation and strain:

- horizontal res. ~ 10 km

- precision ~ 1 cm

- re-visit time 1 day

Issues:

- See comments on res/precision vs accuracy under floods/landslides

- Propose horizontal accuracy 15m to 10 km for science value

- Propose vertical accuracy of 1 cm to 1 km for science value
Precision tracking of posted stations on the earth surface:

-
Current: Ground-based GPS receiver network:

Challenges:

- cost
- smaller, cheaper, more accurate GPS receivers

- robust receiver packages for ballistic drop from A/C
- industry driven

- no current activity



Land surface deformation from successive radar images:

-


Current: In-space interferometric SAR (repeat track): ERS/AMI

Future: LightSAR, possible bistatic GPS

Challenges:

- frequent relook (3-8 days)

- repeat orbit within 250 m @ L-band

- precise orbit & attitude knowledge (GPS)

- feasibility of bistatic GPS to be demonstrated
- lightweight radar antenna and structure

- low mass and power RF electronics

- precision orbit maintenance

- GPS-based navigation system

- synthetic beam antenna (for bistatic GPS)

-automated processing


-See Ice Surface Deformation and Landslides

JPL - as above (autonomous maneuver experiment - Kia, Guinn)

-(JPL) - Quakefinder capability for change detection at subpixel resolution across image sequences.  Used to reconstruct ground movement of Landers quake from satellite-based images.  At TRL 6.

Contact:  Paul Stolorz



Land surface deformation from successive optical images:

-  VIS/NIR/SWIR/TIR

-  high spatial resolution
Future: ASTER & follow ons

Challenges:

-
- TIR reqs TBD
-(JPL) - Quakefinder capability for change detection at subpixel resolution across image sequences.  Used to reconstruct ground movement of Landers quake from satellite-based images.  At TRL 6.

Contact:  Paul Stolorz


Issues:

- Should this include geothermal mapping; volcanic eruption history;

volcanic eruption precursors. i.e., 

SO2 emission, enhanced geothermal activity?

- Volcanic eruption monitoring & mapping reqs:

   - 10-30m horizontal accuracy

   - local to regional coverage

   - 1-16 days 

Future: High spatial resolution multispectral TIR missions, ASTER & follow ons
Challenges:

-
- TIR reqs TBD


Volcanic Plumes
Extent of volcanic ash and particulate matter cloud 

- global coverage

- spatial resolution ~ 1km

- refresh time: 6 hours

Issues:

- Should this include requirement for < 1 hr after occurrence detection & notification to A/C & other public safety? 
Scattering of UV-VNIR solar radiation by plume particles:

-


Current: Space-borne UV-VNIR imaging radiometer: TOMS, AVHRR, GOES imager

Future: MODIS, NPOESS, aerosol and gas remote sensing from polar and geostationary orbit, including an advanced GEO Imager and  GEO IR sounder to detect total column rae gas amounts in realtime

Challenges: 

- TBR reduce refresh time to allow early detection of plume hazard
- smart sensors/algorithms to detect and initiate surveillance

- constant hemispheric surveillance ground system, automated
-Extension of Autonomy nd Processing 

-no known activity


Issues:

- Should this include composition of plume, e.g. SO2 abundances at 10m - 1 km spatial resolution?

- “spatial resolution” should be “accuracy”
Scattering & emission of thermal IR radiation by plume particles:

- adequate spectral resolution to identify spectral signatures


Future: ASTER & follow ons

Challenges: 

- 
smart sensors to detect and initiate surveillance
Extension of Autonomy nd Processing

(JPL) - as above (automated spectral signature classification and change detection - Stolorz)

Issues:

- Should severe storms be included as science driver under natural Hazards
Tornado, hurricane or  lightning characteristics, etc.
Continuous observation of cloud-to-cloud lightning strikes

- >90% efficiency, day and night

- ~10 km spatial resolution

- 1-5 minute repeat rate- use correlation between lightning and precipitation-convection
Future:  GEO Lighting Mapper on GOES

- LEO heritage

- EOS synergy (TRMM)

Challenges:
- rapid coverage of many FOV

- wide-angle, narrow bandpass differential radiometry
- wide-angle, narrow-bandpass filters

- millisecond 2-D Mega-pixel arrays

- on-board processing
-no specific activity

Industry Driven (Speed?); Core 2.1.3 (JPL) 

CISM/Autonomy


Hurricane assessment:

- Water vapor, temperature, and wind structure

- large-scale structure around hurricanes

-vertical resolution <0.5 km

- horizontal resolution <50 km
Laser backscatter from atmosphere & absorption from water vapor
Current:  airborne DIAL measurements of H2O, aerosols, & clouds and passive measurements of temperature and moisture with HIS on limited, long-range flights around hurricanes

Future:  UAV-based DIAL and HIS measurements on long-duration, long-range flights during critical hurricane monitoring periods

Challenges:
- system size & power efficiency

- rugged/stable laser sources

- small, efficient receiver systems
Small, efficient DIAL system including:

- small, rugged, stable laser sources with >100 mJ/pulse @ 10 Hz double-pulses, tunability  across appropriate H2O absorption line in 815 or 940 nm region, laser wavelength locked to H2O line,  narrow linewidth (<0.25 pm), and high spectral purity (>99.5%)

- light-weight telescope system (>35 cm dia) with high-optical efficiency
See Water Vapor profiling DIAL but requires lower mass and bettter efficiency to fit on UAV

-Potential applicability of other miniaturization efforts in electronics, etc. ??

same as Water Vapor Dial

-LaRC

Issues:

- Environmental Assessment, e.g. atmospheric pollution, soil degradation, water pollution
Issues:
- Surface composition, water distribution, water temperature, vegetation health & characteristics

VIS/NIR/SWIR/TIR/µwave scattering/ emission to determine characteristics of surface:

  - 1-100 m spatial accuracy
Challenges:

- high spatial & spectral resolution simultaneously in small package



ESE Capability/Technology Needs Assessment

SCIENCE THEME: ATMOSPHERIC CHEMISTRY & OZONE RESEARCH (Kaye)
Sci. Theme
Earth System Quantity
 Physical Measurement
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Solar UV Radiation
High precision, spectrally resolved monitoring of solar UV radiation: 

- absolute radiometric accuracy  3% UV; 1% consistency over a solar cycle

- spectral range 120-300 nm min.; 120-6000 nm preferred

- spectral resolution 1-2 nm

- revisit time 1 day (one hour observation minimum)
Direct detection of incoming solar radiation at top of atmosphere:

- 
Current: Grating spectrometer and EUV photometer: SOLSTICE

Challenges:

- elaborate calibration method based on repeated comparison with a set of stellar sources


- no specific technology gaps?


Stratospheric & Upper Tropospheric
Chemistry
Profiles of temperature, ozone, and other trace constituents (ClO, NO2, HCl, HF, CFCs, etc.): 
- global coverage

- horizontal res. 100-1000 km

- vertical res. 2-3 km stratosphere (may be ~ 5 km above the ozone peak) ~ 3 levels in troposphere

- revisit time 1 day

- ozone accuracy: 10%  precision 1% over a 10 year period

- temp. accuracy 2 K, precis. 1 K

- other constituent accuracy: 10-15%
IR emission spectra from trace chemical species:

-
Current: Limb-scanning or imaging thermal IR spectrometer or multispectral filter radiometer: UARS/CLAES

Future: EOS/HIRDLS and TES

Challenges:

- in-space calibration
- high performance TIR uncooled detectors or detector arrays

- high performance cooled IR detector arrays & cooler

- accurate and stable on-board calibration

- on-board data processing desirable
no specific activity; need more detailed req’ts.

-(GSFC) automated search image by content routines, wavelet techniques for georegistration

-(JPL) - as above (automated spectral signature classification - Stolorz)



IR absorption of solar radiation by trace chemical species:

-
Current: In-space IR solar occultation spectrometer-radiometer: ATMOS

Future: ESSP/CCOSM

Challenges:

- small, simple enough instruments to enable multi-S/C implementation for global coverage
- advanced spectrometer designs (FTS or grating)

- sensitive uncooled IR detectors

- S/C autonomy

- simple MO & data acquisition
Adv FTS Technologies- Code Y (LaRC) see above

-as above



Microwave emission spectra from trace chemical species for profile of temperature and trace constituents:

-
Current: Limb scanning or viewing space-borne microwave radiometer: UARS/MLS

Future: EOS/MLS, array MLS

Challenges:

- 
- arrayed microwave receivers with associated MMIC advances: 30% instantaneous spectral BW, low noise, low cost

- low power spectrometer: 100 channels @ 5 GHz BW, I W

- warmer operating temperature receivers & low noise electronics: 0.7 - 3 THz, 50 µW LO tunable over same range (HTS superconductor implementation)

- MMIC technology to 700 GHz

- broader range of tunability- Rm T receivers at 3 THz
- industry driven?

- Code S Core 2.1.1 (JPL)

- Planned in Code S Core 2.1.1 in ‘98  (JPL)

Code Y (LaRC)- 2.5 Thz LO

- Code S Core 2.1.1 (JPL)

- Code S Core 2.1.1 (JPL)



Backscatter of solar UV radiation by atmosphere revealing absorption due to trace chemical species:

-
Future: In-space limb-viewing UV radiometer/spectrometer

Challenges:

- 
- UV detector array

- long-life stable UV optics and detectors




Absorption of solar UV/Vis radiation:

-
Future: In-space UV/Vis solar occultation radiometer

Challenges:

- 
- long-life stable UV optics and detectors




Laser backscatter from atmosphere & absorption from ozone
Future:  In-space Differential Absorption Lidar (DIAL) simultaneous measurements of ozone, aerosols, & clouds 

Challenges:
- system size & power

- lifetime/stability of high-energy UV laser sources

- large, light weight deployable receiver systems


Small, efficient DIAL system including:

- small, rugged, stable laser sources with high-energy (>0.5J/pulse @ 10 Hz double-pulses), DIAL wavelengths near 305 and 315 nm with linewidth (<0.1 nm), high spectral purity (>99.5%), pumping by conductively cooled diode lasers, and high overall power efficiency (>2% to UV wavelengths)

- high damage threshold optics (>1 GW/cm2)

- large, light-weight deployable telescope system (>2.3 m effective diameter)

- narrow optical filters (<150 pm)  with high transmission (>80%)

-high detector quantum efficiency (>30% in UV)
- LaRC 2.1.5.1 same req’ts set as other Lidar

- Code Y (LaRC)

- Code S (LaRC)

- SBIR (LaRC)

-Tailor LaRC program?

- Code Y andSBIR (LaRC)


Total column ozone:

- global mapping

- horizontal res. 50 km

- revisit time 1 day (daytime only observation acceptable)

- accuracy ~ 2%

- precision ~ 1% per decade
Backscatter of solar UV by atmosphere revealing absorption due to trace ozone and other trace chemical species

-
Current: In-space nadir-viewing UV imaging radiometer/ spectrometer: TOMS, SBUV

Future: integrated limb/nadir backscatter UV sensor

Challenges:

- instrument size to achieve req’d sensitivity, spatial res. & FOV

- high data rate
- long-life, high-sensitivity VNIR-blind UV detector array

- long-life stable UV filter

- compact optical system with high spatial res. & very wide FOV

- smaller optical coupling system

- smaller electronic packaging

- on-board data processing, reduction & storage



Stratospheric aerosol loading/extinction, including aerosol density, particle size & chemical composition

- global coverage

- horizontal res. 100-1000 km

- vertical res. 1 km

- revisit time 1 day

- accuracy 10% of aerosol amount in 2-3 km layers


Absorption of UV solar radiation at several wavelengths by aerosol particles:

-


Current: In-space occultation of solar UV radiation: SAGE

Challenges:

- adequacy of spatial/temporal sampling?
- simple, lightweight instrument or sensorcraft

- long-life stable UV detectors

- S/C autonomy

- simple MO & data acquisition

- high resolution, deep well CCDs
Code Y NMP (LaRC)


Issues:

- Requirement for ionospheric role in ozone formation cycle?


Ionospheric ionization - total electron count

-


Future: Bistatic GPS

Challenges:

- feasibility of bistatic GPS yet to be demonstrated
- synthetic beam antenna

- low cost constellations of S/C)
Code S Core (JPL)low level funding only

- Code S Core (JPL) system design studies only

Lower Tropospheric Chemistry
Global distribution & total column amounts of ozone and other active chemical species:

- global coverage

- horizontal res. 30-100 km

- vertical res. 3-5 km free atmosphere; 0.5-1 km boundary layer

- revisit time 1 day (day & night observation preferred)

- accuracy: ozone 3%                 other constituents 10%


IR emission spectra from trace chemical species:

- high spectral res.
Future: In-space, high-spectral-resolution, nadir-looking IR spectrometer (e.g. FTIR, correlation spectroscopy, Fabry-Perot): EOS/TES; advanced GEO sounder

Challenges:

- improved/ simplified interferometer

- feasibility of extension to lower troposphere
- high-stability pointing 

- on-board data processing, reduction & storage (all, esp. FTIR)

- novel optical system transform spectrometers, e.g. no moving parts

- large-area IR arrays to 16.7 µm

- stable optical filters & sharper dichroic beamsplitters (FTIR)

- stable, affordable IR optical materials

- stable, longwave, broadband AR coatings

- smaller, more efficient coolers for 40 & 60 K
Code Y (LaRC)- Fabry Perot Interferometer for direct measurements of Trop. Ozone

Code Y (LaRC)- WEB FTS optical config.

Code Y (LaRC)- stable lasers, digital signal processing for FTS

Code S (LaRC)- light weight structures & optics, actuators for FTS\

Code Y (LaRC)- Large area arrays for GEO imaging of species





Backscatter of solar UV radiation by atmosphere revealing absorption due to trace ozone, other trace chemical species and aerosols:

-
Current: In-space UV imaging radiometer/spectrometer: TOMS

Future: integrated limb/nadir UV backscatter sensor

Challenges:

- instrument size to achieve req’d sensitivity , spatial res. & FOV

- high data rate

- feasibility of extension to lower troposphere
- long life, high sensitivity VNIR-blind UV detector array

- long-life stable UV filters

- compact optical system with high spatial res. & wide FOV

- smaller electronic packaging

- onboard data processing, reduction & storage






UV laser backscatter from atmosphere & absorption from ozone

-
Future:  In-space Differential Absorption Lidar (DIAL) simultaneous measurements of ozone, aerosols, & clouds 

Challenges:
- system size & power

- lifetime/stability of high-energy UV laser sources

- large, light weight deployable receiver systems

- is this feasible for LOWER troposphere?  (Upper tropo included with strato, above)
Small, efficient UV DIAL system including:

- small, rugged, stable laser sources with high-energy (>0.5J/pulse @ 10 Hz double-pulses), DIAL wavelengths near 305 and 315 nm with linewidth (<0.1 nm), high spectral purity (>99.5%), pumping by conductively cooled diode lasers, and high overall power efficiency (>2% to UV wavelengths)

- high damage threshold optics (>1 GW/cm2)

- large, light-weight deployable telescope system (>2.3 m effective diameter)

- narrow optical filters (<150 pm)  with high transmission (>80%)

- high detector quantum efficiency (>30% in UV) with ns response
NOTE:  These reqs are identical to stratosphere, should be more stringent.  

- Code Y (LaRC

- Code Y (LaRC)

-(LaRC) Code S (LaRC)

- SBIR (LaRC)

- SBIR and Code Y (LaRC)



Laser backscatter from atmosphere & absorption from water vapor

-
Future:  In-space Differential Absorption Lidar (DIAL) measurements of H2O, aerosols, and clouds in combination with passive temperature and moisture (HIRS/AIRS/IMAS) for improved vertical resolution of H2O in lower trop. (<0.5 km) and improved temperature accuracy (<1 K)

Challenges:
- system size & power

- lifetime/stability of laser sources

- large, light weight receiver systems

- system scanning

- is this feasible for LOWER troposphere?  (Upper tropo included with strato, above)
Small, efficient DIAL system including:

- small, rugged, stable laser sources with high-energy (>1J/pulse @ 10 Hz double-pulses), tunability (>80 pm across appropriate H2O absorption line in 940 nm region), laser wavelength locked to H2O line,  narrow linewidth (<0.25 pm), high spectral purity (>99.5%), pumping by conductively cooled diode lasers, and high overall power efficiency (>8%)

- high damage threshold optics (>1 GW/cm2)

- large, light-weight telescope system (>1 m dia)

- narrow optical filters (<50 MHz)  with rapid tuning (<400 microseconds), high transmission (>60%), and locked to laser wavelength

-high detector quantum efficiency (>90%)

- scanning of DIAL system (+10 deg)
(Repeat of water vapor profile)

- Code Y 2.5.1 (LaRC)

- Code Y (LaRC)

- SY (LaRC)- Depl;oyable Telescope funded by OSS Xcutting Program)

- Code Y (LaRC)

- Code Y (LaRC)?

- Code Y (LaRC)?



Measurement of lightning activity associated with NO2 production

-
Future: TRMM and GOES-OPQ

Challenges:
- relate LM rates to NO2
- wide-angle, narrow-bandpass oxygen line filters

- millisecond 2-D Mega-pixel arrays

- on-board processing




Direct physical/chemical detection of ozone:

-

(Not global - for validation and regional measurements)
Current: Balloon-borne “ozonesondes”

Challenges:

- small, accurate, lightweight

- not requiring collocated Dobson measurements for correction

- dynamic tracers
-



Frequent regional mapping of total ozone/aerosol amount and active chemical species in lower troposphere:


Backscatter of solar UV & Vis radiation by atmosphere revealing absorption due to trace ozone, other trace chemical species & aerosols:

-
Future: Geostationary ozone mapper 

Challenges:

- design of imaging monochromator to enable long term spectral stability in order to take advantage of GEO long observation times
- long-life, high-sensitivity VNIR-blind UV detector array

- long-life stable UV filters

- compact optical system with very high spatial res. & wide FOV

- smaller optical coupling system

- smaller electronic packaging
Code Y (LaRC)- Geo Express Pathfinder



Thermal to far IR emission spectra of plumes:

- plume composition and extent (e.g., SO2) 


Future: ASTER & follow ons, A/C or UAV TIR imaging spectrometer, long Stroke FTS or other far IR spectrometer 

Challenges:

- 





NIR absorption spectra of plumes:

- Plume composition and extent (e.g., SO2) derived measurement reqs.?

Note: Significant discussion on 
Future: A/C or UAV NIR imaging spectrometer: 

Challenges:

- long integration time

vs platform stability and jitter (non simultaneity of spectral acquisition
- better platform control




Measurement of weather activity effects on atmpsoheric chemistry

- derived measurment reqs
Current: POES and GOES

Future: NPOESS and advanced GOES
- use of operational weather data in experimental climate analysis





Future: A/C or UAV physical or chemical sensors: 

Challenges:

- response time to unexpected event




Source gases (including naturally occurring gases and industrially produced gases in lower atmosphere)
Direct measurement of physical/chemical properties of source gases (precursors) including trace organic compounds:


Current: Ground-based gas chromatograph and/or mass spectrometer

Challenges:

- sensitivity to an evolving mix of CFCs and their replacements

- reduced cost without compromise to data (esp. calibration) to enable affordable networks
- 



Tropospheric aerosol profile and chemical composition:

Issues:

- Is aerosol composition only available from in situ instruments?  These measurements should be listed


Backscatter and depolarization of laser NIR & UV light:    

(See:  Radiative Forcing Factors)
Future: In-space multifrequency lidar
Challenges:

- (see Radiative Forcing Factors)
- (see Radiative Forcing Factors)
see Radiative Forcing Factors

ESE Capability/Technology Needs Assessment

PROGRAMMATIC THEME: NOAA/IPO/NPOESS
Prog. Theme
Earth System Quantity
 Physical Measurement
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity








ESE Capability/Technology Needs Assessment

PROGRAMMATIC THEME: OTHER AGENCIES
Agency
Earth System Quantity
 Physical Measurement
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity








ESE Capability/Technology Needs Assessment

ARCHITECTURAL THEME: MULTI-PLATFORM COORDINATED MEASUREMENTS (Land, sea, air & space based)

Area
Requirement
 Function
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Operations
GPS-based precision positioning, pointing & timing
Spatial & temporal coregistration or knowledge of relative position & timing for coordinated measurements (georeferencing)
GPS receivers carried on relevant platforms
- small, low cost, low operations overhead GPS receivers
- industry driven


Constellation positions/attitudes initiation, reconfiguration & maintenance


Relative position and attitude placement & maintenance after launch, and subsequent accommodation of configuration changes for termination, replacement and/or reassignment of constellation elements
Multi-S/C launch on single LV, and/or assembly of S/C launched separately 

Note: studies needed to determine relative merits of master/slave or peer/peer architectures for different classes of measurements
-formation flying

- large orbit changes

- kW-scale power generation (electric propulsion) without destabilizing positioning/attitude control (also a large-aperture issue)

- high-energy-density propellants (chemical propulsion) for multiple maneuvers

- continuous position & attitude control over life of mission (especially challenging for S/C in different planes)

- micro IMU components (gyros, accelerometers, trackers)

- precision low impulse thrusters, precision reaction wheels

- end-to-end system modeling for global constellation control system development

- S/C & system autonomy

- on board processing for autonomous control system
-NMP DS-3 (JPL) formation flying

-ARC- Autonomous GNC (Williams)

NMP EO-1 (Industry) Pulse Plasma Thruster


Simplified ground operations for large constellations


Simultaneous operation of many S/C
Autonomy & automation on the ground and on the S/C
- navigation/operation data summarization rather than raw data transmission

- fault tolerance and graceful degradation of on board systems
Code Y (LaRC)- GAMS fleet

Communications
Inter-S/C high-data-rate communications
Control of coordinated measurement sequencing & control
Separate telecom system with system-optimized protocols
- new system/protocols optimized on mission-by-mission basis (unlikely implementation option)





Encoding of navigation sensor carrier - autonomous formation flying (AFF) sensor
- high-speed RF or optical cross links (most likely option far from commsat system)
-Code O (?) (JPL) Optical Comm (Lesh)




“Wireless LAN” hooked into commercial commsat system
- high-speed RF system compatible with commercial protocols (most likely option for near-Earth missions)


Data Fusion
Cross calibration


Fusion of data from similar or different measurements on separate platforms
Approaches incorporating ground and space targets, measurements & models of atmospheric impact on data, and self calibration.
TBD


ESE Capability/Technology Needs Assessment

ARCHITECTURAL THEME: MINIATURE, LOW-COST, LOW-POWER MISSIONS (Land, sea, air & space based)

Area
Requirement
 Function
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Power Systems
Suport Power requirements of multiple sytems and payloads in constraints of small spacecraft architectures


Advanced Batteries

Flywheels

Solar Arrays

Power Management & Distribution
Low Weight, High energy Storage, High DOD

Alternate high efficiency energy storage

High Efficiency, lightweight Solar Arrays
60 W-hr/kg, 30,000 cycles

<90% effiecient, 1-2kw ES+AC

>20% efficient @ 50 W/kg


Space Environmental Effects
Lightweight, Low Volume approaches to Platform Resistance to Natural Environments concistent with Small Spacecraft
Atomic Oxygen Resistant Materials

Function in orbits as low as 250 km


Propulsion
Alternative Approaches to Orbit Insertion and Maintenance requirements


Orbit Maintenance
Electric Propulsion

Chemical Propulsion
Low Power propulsion for SmallSat insertion/control/deorbit

--PPT

-Hall

Low-cost “Green “ monoprop system

330-350Isp miniature bi-prop

Microsystems


ESE Capability/Technology Needs Assessment

ARCHITECTURAL THEME: DATA INTENSIVE MEASUREMENTS
Area
Requirement
 Function
Implementation Option
System Req’ts/Challenges
Tech. Dev. Activity

Data Collection & Preprocessing
High data rates from large arrays, large numbers of spectral channels, high sampling frequencies and/or many instruments

- 10-100 Gbit of data per orbit per instrument
Signal readout (& conversion to digital form for analog sensors)
Fast readout & A to D conversion
- fast, stable readout electronics

- efficient heat extraction from electronics




Signal preparation for downlink
On board data preprocessing to reduce demands on down link bandwidth
- rad hard processors, storage (modified commercial systems where possible to leverage commercial investment)

- smart data compression algorithms with minimal loss

-  fault tolerance & graceful degradation built into H/W & S/W

- autonomous queing & selection of optimal data stream
CISM (JPL)

Data Distribution & Archiving
Large capacity down links

- 10’s of Gbit/s continuous (SAR currently generating terabyte/week)
Transfer data to ground systems
Separate NASA telecom system
- continued use of S, X & Ka band to NASA receiver network (may be financially beneficial in short term)





“Wireless LAN” hooked into commercial commsat system to leverage commercial investment
- high-speed RF or optical system  compatible with commercial protocols (most likely option for long term, once cost is low enough)
Code O (?) (JPL) Optical Comm (Lesh)


Versatile, high-capacity ground data system


Transfer desired data to users
Follow recommendations of Biennial Review EOSDIS study
TBD (telecon July 7)


Science Extraction
Manipulation of huge database(s)


Transformation of data into useful science products, and testing of science models
Commercial digitial processor systems where possible to leverage commercial investment
- database definition for versatile access

- system robustness with advanced QA S/W



Presentation in high-information-density modes


Aid to scientific interpretation 
Use of visual input to maximize human assessment capabilities
- advanced data display & visualization approaches


ESE Capability/Technology Needs Assessment

DEFINITION & FORMAT OF COLUMN DATA
Science Theme
Earth System Quantity
Physical Measurement
Implementation Option
System Req’ts/Challenges
Technology Development Activity

DEFINITION:

Priority area within the science theme

FORMAT:

Theme title


DEFINITION:

Key biogeochemical quantity and relevant information requirements expressed as quantitatively as possible

FORMAT:

Quantity description (role in addressing key science issues):

- requirement 1

- requirement 2

- etc.
DEFINITION:

Physical phenomenon/signal to be detected and quantitative measurement requirements derived from the science requirements. 

Note:  There may multiple measurements approaches to determine the desired Earth system quantity

FORMAT:

Measurement description:

- derived requirement 1

- derived requirement 2

- etc.
DEFINITION:

Implementation approach including platform & instrument system used to detect the signal.  

Note:  There may be multiple implementation options including  various ground, air & space platforms

FORMAT:

Option description:

- challenge 1

- challenge 2

- etc.
DEFINITION:

Required instrument, platform, & ground data system capabilities not currently available and/or affordable, including quantitative performance metrics

FORMAT:

- capability need 1

- capability need 2

- etc.
DEFINITION:

Technology development activity with a brief description of  detailed requirements targeted to be met and/or performance metrics.  Include the developing organization,  and  applicability  or differences from MTPE needs as listed, current funding/funding limitations and schedules as appropriate/available.

FORMAT:

TBD
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