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0.1   DOCUMENT REVIEW STATUS 

Version 2.5 is a draft version of a US User Requirements Document is being used to determine the US user community needs for ocean observations  from earth orbit (plus other observations which are compatible with ocean oriented instruments). These needs are then being  transferred into requirements for a satellite mission study.

Reviewers are asked to suggest additions and  corrections  to the draft requirements ( known as Environmental Data Requirements (EDRs)). The document contains  a priority table for the requirements. It is asked that the reviewers, review it and send in suggestions if it does not  reflect their priorities correctly. Along with the basic requirements, this document also contains justifications for those requirements. It is most important that those justification be as complete as possible. Therefore any additional suggested justifications would be most appreciated.  Suggestions received by April 1st will be incorporated into Version 3.0. 

1.0 INTRODUCTION AND PURPOSE


1.1 Purpose of Ocean Observer User Requirements Document

This document serves to provide the US user requirements for an ocean observing satellite mission study (the “Ocean Observer Study”).  These requirements are in the form of specifications for environmental parameters to be measured (also called Environmental Data Requirements or EDRs).  Even though ocean measurements are the priority, it is recognized that most remote sensing instruments have utility beyond the parameters they were primarily designed to measure.  Thus, appropriate land surface, cryospheric, hydrologic, and atmospheric  measurement requirements are included.  Emphasis is also on parameters derivable from active microwave instruments; however, all ocean parameters are included, even those requiring passive microwave or visible and IR sensors.  All possible land and atmospheric parameters have not been included - only those derived from active microwave instrumentation.  Requirements for parameters measured by visible and IR and passive microwave instruments will, for the most part, be met by the National Polar Orbiting Environmental Satellite System (NPOESS) instruments already under study by the Integrated Program Office (IPO); i.e., VIIRS and CIMIS.   

The first section of this document reviews the process used to develop the requirements. Also included is a listing of the priority of each EDR  broken down by organization. Sections 2-6 provide EDR tables for ocean, cryospheric, hydrologic, land, and atmospheric requirements, respectively.  Each EDR begins with  a parameter definition.  This is followed by a table of specifications, an EDR explanation, and finally a justification  for the parameter and its specifications. Initial EDR specifications came from the NPOESS Integrated Operational Requirements Document (IORD-1a) and proposed Navy/NOAA changes to the ocean parameter specifications given in that document (proposed IORD-2). Definitions of the specification categories are given in Appendix A (Note particularly that Measurement Accuracy is bias, Measurement Precision is standard deviation, and Measurement Uncertainty is root-mean-square (RMS) error). Appendix B contains a table of recommendations of primary and secondary sensor type for each EDR. . Appendix C contains a table of Synthetic Aperture Radar (SAR) instrument capabilities recommended for each EDR that  may require a SAR instrument.  And, finally, Appendix D contains a listing of the EDR Team membership.

1.1 Organization Priorities

This section lists Environmental Data Requirement (EDR) priorities for a number of organizations.  In these tables 

  H = High, M=Medium, L=Low

  (#) = Priority within category 

  NR = No requirement

  *= Can be achieved by Visible and Infrared Sensor (VIIRS)

If two numbers in a column:  1st is global at 1.0 km, 2nd is regional at 0.75km
	
	ORGANIZATION PRIORITY FOR OCEAN OBSERVER ALTIMETER EDR APPLICATIONS
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	PRIORITY
	
	
	
	
	
	
	

	EDR 
	EDR Title
	DOC
	USDA
	NSF
	DoD
	DOI
	DOT
	FEMA
	EPA
	Academia

	2.3a
	Sea Surface Height
	H
	
	
	
	
	
	
	
	H

	2.3b
	Sea Surface Height Coastal
	H(3)
	
	
	
	
	
	H(2)
	
	

	2.4a
	Ocean Wave Characteristics – H1/3
	H
	
	
	
	
	
	M
	
	L

	2.16a
	Open Ocean Currents
	H
	
	
	
	
	
	
	
	H

	3.4
	Sea Ice Freeboard
	H
	
	
	
	
	
	
	
	H


	
	ORGANIZATION PRIORITY FOR OCEAN OBSERVER SAR EDR APPLICATIONS
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	PRIORITY
	
	
	
	
	
	
	

	EDR 
	EDR Title
	DOC
	USDA
	NSF
	DoD
	DOI
	DOT
	FEMA
	EPA
	Academia

	2.1b
	Regional Sea Surface Winds
	H (2)
	
	
	
	
	
	M(2)
	
	H

	2.2b
	Regional Sea Surface Wind Stress
	L
	
	
	
	
	
	L
	
	H

	2.4b
	Wave Characteristics. - Wave Direction/Length
	M
	
	
	
	
	
	M(2)
	
	M

	2.5c
	High Resolution All Weather Imagery
	H (1)
	
	
	
	H
	
	M(1)
	
	H

	2.6
	Oil Spill Location
	H (5)
	
	
	
	h
	
	M(1)
	
	L

	2.7
	Vessel Positions
	M
	
	
	
	NR
	
	L
	
	NR

	2.8
	Bathymetery
	L
	
	
	
	M
	
	H(4)
	
	M

	2.16
	Currents
	H (3)
	
	
	
	NR
	
	M(2)
	
	H

	2.18
	Surf Conditions
	NR
	
	
	
	
	
	H(5)
	
	L


ORGANIZATION PRIORITY FOR OCEAN OBSERVER SAR EDR APPLICATIONS
	
	
	PRIORITY
	
	
	
	
	
	
	

	EDR 
	EDR Title
	DOC
	USDA
	NSF
	DoD
	DOI
	DOT
	FEMA
	EPA
	Academia

	2.19
	Mesoscale Ocean Features
	H (4)
	
	
	
	
	
	L
	
	M

	
	
	
	
	
	
	
	
	
	
	

	3.1
	Sea & Lake Ice Conc./Type/Motion/Edge Location
	H (1)
	
	
	
	
	
	L
	
	H

	3.2
	Ice of Land Origin (Icebergs)
	?
	
	
	
	
	
	L
	
	M

	3.5
	River Ice Location/Condition
	H (3)
	M
	M
	
	
	
	H(4)
	
	L

	3.6
	Glacier Monitoring
	NR
	
	
	
	
	
	L
	
	H

	3.7
	Continental Ice Sheet Melt Zone
	NR
	
	
	
	
	
	L
	
	

	3.8
	Ice-Sheet Motion
	
	
	
	
	
	
	
	
	H

	3.9
	Ice Sheet Grounding Line Position
	
	
	
	
	
	
	
	
	H

	
	
	
	
	
	
	
	
	
	
	

	4.1
	Flood Mapping
	H (3)
	H
	H
	
	H
	
	H(1)
	
	H

	4.2
	Snow Water Equivalent Mapping
	H
	H
	H
	
	H
	
	H(3)
	
	M

	4.3a
	 Soil Moisture (Surface) (FEMA/DoD/DOC)
	M
	H
	H
	
	
	
	H(2)
	
	H

	4.3b
	 Regional Soil Moisture (FEMA/DoD/DOC)
	
	H
	H
	
	
	
	
	
	

	4.4
	Coastal Wetland Mapping
	M
	M
	M
	
	H
	
	M(3)
	
	H

	
	
	
	
	
	
	
	
	
	
	

	5.1
	Land Surface Topography
	NR
	H
	H
	
	H
	
	H(3)
	
	H

	5.2
	Land Surface Deformation
	NR
	
	
	
	H
	
	H(2)
	
	H

	5.3
	Land Surface Freeze/Thaw State
	NR
	H
	H
	
	
	
	-
	
	H

	
	
	
	
	
	
	
	
	
	
	

	5.4
	Vegetation Classification/Biomass
	NR
	H
	H
	
	
	
	H(3)
	
	H

	5.5
	Coastal Change
	M
	
	
	
	
	
	H(4)
	
	

	
	
	
	
	
	
	
	
	
	
	

	6.1
	Mesoscale Atmospheric Features

	H (4)
	M
	M
	
	
	
	H(5)
	
	H

	6.2
	Microscale Atmospheric features
	
	H
	H
	
	
	
	
	
	M

	
	ORGANIZATION PRIORITY FOR OCEAN OBSERVER SCATTEROMETER EDR APPLICATIONS
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	PRIORITY
	
	
	
	
	
	
	

	EDR
	EDR Title
	DOC
	USDA
	NSF
	DoD
	DOI
	DOT
	FEMA
	EPA
	Academia

	2.1a
	Global Sea Surface Vector Winds
	H (1)
	
	
	
	
	
	
	
	H(1)

	2.2a
	Global Sea Surface Wind Stress
	M
	
	
	
	
	
	
	
	H(2)

	2.8
	Shoal Location
	H(3)
	
	
	H(3)
	
	
	
	
	

	3.1
	Ice Concentration/Age/Motion/Edge Location
	H (2)
	
	
	
	
	
	
	
	H



ORGANIZATION PRIORITY FOR OCEAN OBSERVER VIS/IR EDR APPLICATIONS
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	PRIORITY
	
	
	
	
	
	
	

	EDR 
	EDR Title
	DOC
	USDA
	NSF
	DoD
	DOI
	DOT
	FEMA
	EPA
	Academia

	2.5a
	High Resolution Weather Impacted Imagery
	M,M
	
	
	M,M
	
	
	
	
	L

	2.5d
	Coastal Ocean Imagery
	H (2)
	
	
	M
	
	
	
	
	L

	2.9a
	Ocean Color
	H (1)*, H(1)
	
	
	H(2)*, H(1)
	H(1)
	
	
	
	H

	2.9b
	Coastal Ocean Color
	H(1)
	
	
	H(1)
	
	
	
	
	H

	2.10a
	Chlorophyll
	H (2)*, H(1)
	
	
	H (3)*, H(1)
	H(1)
	
	
	
	H



ORGANIZATION PRIORITY FOR OCEAN OBSERVER VIS/IR EDR APPLICATIONS
	
	
	
	Priority
	
	
	
	
	
	
	

	EDR
	EDR Title
	DOC
	USDA
	NSF
	DoD
	DOI
	DOT
	FEMA
	EPA
	Academia

	2.10b
	Coastal Chlorophyll
	H(1)
	
	
	H(1)
	
	
	
	
	H

	2.11a
	Ocean Optical Properties
	H (2)*, H(1)
	
	
	H(1)*, H(1)
	H(2)
	
	
	
	H

	2.11b
	Coastal Ocean Optical Properties
	H(1)
	
	
	H(1)
	
	
	
	
	H

	2.12
	Bioluminescence
	L
	
	
	H(3)
	
	
	
	
	M

	2.13
	Littoral Sediment Transport
	L
	
	
	M
	H(1)
	
	
	
	L

	2.14a
	Sea Surface Temperature
	H (2)*, H(1)
	
	
	H(1)*, H(1)
	
	
	M
	
	H

	2.14c
	Coastal SST
	H(1)
	
	
	H(1)
	
	
	
	
	H

	2.16
	Currents
	H(2)*
	
	
	H(2)*
	H(1)
	
	
	
	L

	3.1
	Ice Concentration/Age/Motion/Edge Location
	
	
	
	
	
	
	
	
	H

	3.3
	Ice Surface Temperature
	M
	
	
	M
	
	
	
	
	H

	4.1
	Flood Location
	
	H
	H
	
	H(2)
	
	H(1)
	
	L

	5.4
	Vegetation Classification/Biomass
	M*
	H
	H
	M*
	H(2)
	
	H(2)
	
	H


2.0 OCEAN REQUIREMENTS
2.1a  Global Sea Surface Winds (Speed and Direction)  (DoD/DOC/Academia).  Measure of atmospheric wind speed/direction at the sea/atmosphere interface (10 meter height neutral stability winds) in clear sky and cloudy conditions, for integrated rainfall rates less than 2 mm/hr/km2.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Cell Size
	20 km


	1 km



	b. Mapping Uncertainty1
	5 km
	0.5 km

	c.  Measurement Range
	3 to 35 m/s, 0 to 360o
	1 to 50 m/s, 0 to 360o

	d. Measurement Uncertainty

     1.  Speed1

     2. Direction2     
	greater of 2 m/s or 10%;

20( for wind speed > 5 m/s

25( for wind speeds 3-5 m/s
	greater of 1 m/s or 10%;

10o

	e.  Refresh
	6 hours
	1 hour

	f.   Long Term Stability
	0.5 m/sec/decade
	-

	g.  Latency
	90 minutes
	15 minutes

	h.  Geographic Coverage
	Global Ice-free Ocean
	Global Ice-free Ocean

	i.  Orbit Constraints
	-
	-


1 NOTE:  Not more than 25% of the wind speed uncertainty should be attributed to a wind speed bias (i.e., no more than 6.25% of the square of the RMS error should be due to the bias).

2NOTE:  Direction uncertainty is to be applied to the unique chosen ambiguity.

Explanation:  Global Sea Surface Winds  (Speed and Direction) (DoD/DOC).  
These are measurements of ocean surface wind speed day and night under all weather conditions except in the presence of integrated rainfall rates greater than 2 mm/hr/km2 (only 5% of the ocean has rainfall rates greater than 2 mm/hr/km2).  Operational requirements for NOAA's short-term forecasting and warning responsibilities require knowledge of the ocean surface winds in adverse weather conditions as well as clear sky conditions. The wind retrieval measurement performance requirements are to be levied on the 10 meter height neutral stability winds (i.e., the wind that would be measured by an anemometer at a height of 10 meters).  Under conditions of significant non-neutral boundary layer stratification, the 10 meter neutral stability winds may differ measurably from the winds that would be directly measured by an array of anemometers at a 10 meter height.  

A measurement range of 3 to 35 m/s will include not only gale and storm force winds, but also hurricane force winds, each of which are important wind speed thresholds for issuing warnings and forecasts.  

Constraining biases to 25% of the measurement uncertainty allows these winds to be used for climate purposes where large biases are often worse than large variance.  Wind measuring instruments often measure wind direction with one or more ambiguities or uncertainties in direction. To insure useful direction information, the measurement uncertainty specifications for direction must be applied to the unique chosen ambiguity (i.e., that direction chosen as the most likely of the possible directions).  The closest ambiguity to the ground truth wind direction should not be used for validation of the wind direction unless the total number of ambiguities is restricted to 4 or less.

The long-term stability is required to use these wind estimates for climate studies.  A change of 0.5 m/sec refers to change over the life of the mission (approximately 15 years) and should not be interpreted to mean a stability of .033 m/sec per year.


Justification:  Global Sea Surface Winds (Speed and Direction) (DoD/DOC/Academia).  

(USAF) As stated in AWS Report (Air Weather Service, _____), wind speed and direction at the specified values are needed as inputs to prepare tropical cyclone warnings, to derive sea state, and for use in ship and aircraft routing, flight safety, and other operations, such as NBC dispersions.


(USN) Navy Requirements Review (U.S. Navy, _____) concluded skill in sea surface wave forecasting depends heavily on the skill of predicting sea surface winds.  At 20 km horizontal increments and 6 hours refresh, sea surface winds from a polar-orbiting weather satellite with a measurement accuracy of +2 m/s or + 10% (whichever is higher) will yield open ocean wave heights within an error of 10-20% and wave energy within 20-50%.  This provides wind and wave data within the critical/narrow values for Precision Guided Munitions (i.e., Tomahawk), amphibious landing craft operations, naval facilities located in low lying coastal areas (i.e., hurricane/flooding) and aircraft safety and recovery during aircraft carrier flight operations.


(DOC) DOC requires a horizontal resolution of 25 km, based on operational experience and our projected requirements for future numerical weather prediction models.  (See citation summary, below.)  DOC requires sufficient accuracy and sensitivity to allow retrieval of the ocean surface wind speed to +/- 2 m/s or 10%, whichever is greater, and carries a wind direction attribute objective of +/-20 degrees, to meet the modeling requirements of the National Meteorological Center. These values are based on conclusions from the following citations:  O’Brien, James J. et al., “Scientific Opportunities Using Satellite Wind Stress Measurements over the Ocean, Report of the Satellite Surface Stress Working Group,” NASA Technical Report, 1982; Burpee, Richard A., Memorandum: Military requirements for Defense Environmental Satellites, MJCS 154-86, 1986; Hooper, Nancy and John W. Sherman III, 1986, Temporal and Spatial Analysis of Civil Marine Satellite Requirements, NOAA Technical Report NESDIS 16, U.S. Department of Commerce; Jet Propulsion Laboratory, Ocean Services User Needs Assessment, Tech. Report, NOAA, 1984; Sullivan, Kathryn (chairperson), 1993, NOAA-DOD-NASA Tri-Agency Polar Requirements Summary, NOAA.)


Earth climate operational forecasting and research is constrained by the accuracy, precision, and stability requirements for vector winds at the surface. The wind speed controls surface flux of heat and moisture across the air-sea interface. Key dynamical quantities for ocean circulation are: 1) Surface wind stress:  (=(acD|v|v  for air density (a,  drag coefficient  cD, and vector wind v ; and 2) wind stress curl:  curlz(=(((y/(x )-(((x/(y )


2.1b  Coastal Sea Surface Winds  (Speed and Direction) (DOC/Academia).  Measure of atmospheric wind speed/direction at the sea/atmosphere interface (10 meter height neutral stability winds) in clear sky and cloudy conditions, for integrated rainfall rates less than 2 km*mm/hr.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Cell Size

Minimum distance to shore
	1 km

1 km
	300 m

300 m

	b. Mapping Uncertainty


	1 km
	300 m



	c.  Measurement Range
	3 to 35 m/s, 0 to 360o
	2 to 50 m/s, 0 to 360o

	d. Measurement Uncertainty

     1.  Speed1

     2. Direction2

a.  Regional

	greater of 2 m/s or 10%;

TBD
	greater of 1 m/s or 10%;

10o

	e. Refresh
	6 hours
	2 hours

	f. Long Term Stability
	-
	-

	g. Latency
	2 hours
	1 hour

	h.  Coverage

Regional
	U.S. EEZ up to coast and in lakes, bays and estuaries; selected open ocean regions worldwide not to exceed 30 minutes each orbit
	U.S. EEZ up to coast and in lakes, bays and estuaries; selected open ocean regions worldwide not to exceed 30 minutes each orbit 

	i. Orbit Constraints
	-
	=


1 NOTE:  Not more than 25% of the wind speed uncertainty should be attributed to a wind speed bias (i.e., no more than 6.25% of the square of the RMS error should be due to the bias).

2NOTE:  Direction uncertainty is to be applied to the unique chosen ambiguity.


Explanation:  Coastal  Sea Surface Winds (Speed and Direction) (DOC)


High-resolution all-weather winds are required regionally (predominantly in coastal areas). These winds shall  be available up to the coast and in bays and estuaries.  Coverage of the U.S. coasts, particularly coastal Alaska and selected off-shore regions (such as the Bering Sea) is required.  Coverage is also required in selected areas worldwide to respond to tactical requirements in the littoral zone.  It is not anticipated that the volume of coverage at regional resolution will require coverage during more than 30 minutes each orbit (i.e., less than one third of each orbit); however, coverage of multiple regions globally within the coverage region of each orbit will be normally required. 

Justification:  Coastal  Sea Surface Winds (Speed and Direction) (DOC).

The regional wind requirement is from the NWS Alaska Region. Recent experience with an experimental coastal wind product in Alaska waters (verified by ship observations) shows that there are 50 knot wind gradients over spatial scales of 5-10 km in critical coastal areas like Shelikof Strait and along the coastal mountain barrier in the northeast Gulf of Alaska.  Measurements must be made up to the coast, around islands, and in bays and estuaries to capture the gradients that exist.  High resolution winds are also needed in areas of low pressure systems to accurately forecast height and direction of high surf events.  Many significant weather episodes are produced by small perturbations in normal conditions.  These must be detected in order to forecast their impact. 

Another user of regional mesoscale winds is the mesoscale modeling community.  In recent years, the horizontal resolution of regional mesoscale numerical weather prediction models has increased to operational grids of 12 km with nested grids of 4 km.  At these resolutions, it is possible to resolve the terrain-forced flows responsible for the large wind gradients mentioned above.  In addition to such products as the coastal wind product mentioned above, regional, high resolution coastal winds are critical for the verification of data for the initialization and data assimilation process.

2.2a  Global Sea Surface Wind Stress (DOC/DoD/Academia).  The frictional stress of the wind acting on the sea surface, causing it to move as a wind-drift current, and causing the formation of waves.  The requirements below apply under both clear and cloudy conditions.

	Systems Capabilities
	Thresholds
	Objectives

	a. a. Horizontal Cell Size


	20 km
	1 km

	b. Mapping Uncertainty
	5 km
	1 km

	c.  Measurement Range
	0 to 3 N/m2
	0 to 10 N/m2

	d.  Measurement Precision
	0.02 N/m2
	0.01 N/m2

	e.  Measurement Accuracy
	 0.02 N/m2
	0.01 N/m2

	e. f.  Refresh


	6 hours
	1 hour

	g. Long-Term Stability
	-
	-

	h. Latency
	90 minutes
	15 minutes

	i. Geographic Coverage
	Global Ice-free Ocean
	Global Ice-free g. Ocean

	j. Orbit Constraints
	-
	-



Explanation:  Global Sea Surface Wind Stress (DOC/DoD):

Sea Surface Wind Stress is a parameter derived from Sea Surface Wind Speed and Direction as well as air-sea temperature difference.


Justification: Global Sea Surface Wind Stress (DOC/DoD):
(USN) Navy Requirements Review concluded surface wind stress from a polar-orbiting satellite is needed to construct quality analyses of ocean currents.  Skill in surface sea surface wind stress analysis depends heavily on the skill of predicting sea surface winds.  Navy Requirements Review concluded the finer the resolution, or cell size, the closer one can come to the littoral region for special studies of upwelling and other near-shore ocean events and the less data are lost.  For this reason, the horizontal resolution is 20 km and mapping uncertainty 7 km that falls within the grid resolution for planned global and regional meteorological/oceanographic models (i.e., 50 km).


(DOC) DOC regards this EDR as a derived parameter, resulting from sea surface wind measurements of the relative thresholds detailed in the Sea Surface Wind Speed EDR.

2.2b  Coastal Sea Surface Wind Stress (DOC/DoD/Academia).  The frictional stress of the wind acting on the sea surface, causing it to move as a wind-drift current, and causing the formation of waves.  The requirements below apply under both clear and cloudy conditions.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Cell Size

Minimum Distance to Shore
	1 km

1 km
	300 m

300 m

	b.   Mapping Uncertainty


	1 km


	300 m



	c.  Measurement Range
	0 to 3 N/m2, 0-360o
	0 to 10 N/m2, 0-360o

	b. Measurement Precision

Speed

      Direction
	0.02 N/m2

TBD
	0.01 N/m2

TBD

	c. Measurement Accuracy

Speed

Direction
	0.02 N/m2

TBD
	0.01N/m2

TBD

	f. Refresh

      
	6 hours


	2 hours



	Long-Term Stability
	-
	-

	Latency
	2 hours
	1 hour

	Geographic Coverage
	U.S. EEZ up to coast and in lakes, bays and estuaries; selected open ocean regions worldwide not to exceed 30 minutes each orbit
	U.S. EEZ up to coast and in lakes, bays and estuaries; selected open ocean regions worldwide not to exceed 30 minutes each orbit

	Orbit Constraints
	-
	-



Explanation: Coastal  Sea Surface Wind Stress (DOC/DoD):

Sea Surface Wind Stress is a parameter derived from Sea Surface Wind Speed and Direction as well as air-sea temperature difference.


Justification: Coastal Sea Surface Wind Stress (DOC/DoD):
(USN) Navy Requirements Review concluded surface wind stress from a polar-orbiting satellite is needed to construct quality analyses of ocean currents.  Skill in surface sea surface wind stress analysis depends heavily on the skill of predicting sea surface winds.  Navy Requirements Review concluded the finer the resolution, or cell size, the closer one can come to the littoral region for special studies of upwelling and other near-shore ocean events and the less data are lost.  


(DOC) DOC regards this EDR as a derived parameter, resulting from sea surface wind measurements of the relative thresholds detailed in the Sea Surface Wind Speed EDR.

2.3a Sea Surface Height (DOC/DOD/Academia/DOT) - Sea surface height is the topography of the ocean surface with respect to the Earth’s reference ellipsoid defined in a well-maintained terrestrial reference frame.  Its variability is associated with mesoscale, basin scale, and global scale (DOC only) ocean phenomena.  Coastal sea level variability is required for estimation of tidal sea level variations and tidal current variations.  The requirements below apply under both clear and cloudy conditions.   For definitions of systems capabilities, see 1.1 Glossary.

OOS  Sea Surface Height EDR(DOC/DOD/Academia) 
Systems Capabilities
Threshold
Objective
a.  Horizontal Resolution

1. Satellite Nadir Resolution

a. Coastal Scale
2 km
100 m

b. Mesoscale
15 km
2 km

c. Basin Scale
15 km
2 km 

d. Global Scale
15 km
2 km

2. Horizontal Reporting Interval

a. Coastal Scale
0.5 km
50m

b. Mesoscale
1 km
0.2 km

c. Basin Scale
1 km
0.2 km

d. Global Scale
1 km
0.2 km

3. Closest Point to Shore

a. Coastal Scale
2 km
10 m

b. Mesoscale
20 km
3 km

c. Basin Scale
20 km
3 km

d. Global Scale
20 km
20 km

b.  Measurement Precision
3cm
2 cm

c. Measurement Accuracy

1. Coastal Scale
6 cm
4 cm

2.  Mesoscale
6 cm
4cm

            3.  Basin Scale
2 cm
1 cm 

            4. Global Scale
1 cm
0.5 cm

d. Sampling Repeat Period (may be different from satellite repeat period)

1. Coastal Scale
10 day
3 hour

2. Mesoscale
10 – 35 day
1 day

3. Basin Scale
10 – 35 day
1 day 

4. Global Scale
10 day *
10 day *

Note: * Reflects the Topex/ Poseidon orbit. 

e. Equatorial Track Spacing

1. Coastal Scale
10 km
100 m

2. Mesoscale
< 165 km
15 km

3. Basin Scale
315 km
15 km

4. Global Scale
315 km*
315 km*


f.   Timeliness     



1. Coastal Scale
24 hours
1 hour

2. Mesoscale
24 hours
3 hours

3. Basin Scale
3 days
2 days 

4. Global Scale
3 months
2 months

g.  Geographic Coverage

1.   Coastal Scale
660 S to 660  N
850 S to 850  N 

2.   Mesoscale
660 S to 660  N
850 S to 850  N

2. Basin Scale
660 S to 660  N
850 S to 850  N

3. Global Scale
660 S to 660  N *
660 S to 660  N
 *


h.  Long Term Stability

(after calibration)

1. Coastal Scale
1 cm/yr
1 cm/yr

2. Mesoscale
1 cm/yr
1 cm/yr 

3. Basin Scale
1 mm/yr
0.5 mm/yr 

           4.   Global Scale
1 mm/yr
0.5 mm/yr


Explanation/Justification (Sea Surface Height DOC/DOD):

(A) Coastal Ocean

      (DOC)  Coastal sea level variability is required for estimation of both tidal and subtidal sea level and current variations.  The sea level observations are needed as close to shore as possible to provide data in coastal areas near the entrances to estuaries and harbors where features with small spatial scales are found.  These data can be used to provide estimates of tidal constituent amplitudes and phases which can then be analyzed in inverse solutions to provide sea level and current variations associated with the tides.  This information can be compared with the same tidal estimates obtained from coastal water level observations from National Ocean Service (NOS) gauges.  Operational products are expected to use the altimeter-derived sea level variations as open ocean boundary conditions for NOS estuarine nowcast and forecast

model-based systems.  In addition, sea surface heights for large inland lakes (e.g., Great

Lakes) are required for circulation studies and operational services such as lake nowcasting

and forecasting.  Lake surface heights and other measurements are required in fine spatial scales (several km) and temporal resolution (< 1 day).  Operational services such as the forecasting system at NOAA's Great Lakes Environmental Research Laboratory and Ohio State University requires lake elevation changes as input to their operational modeling effort (“The Great Lakes Forecasting System” Coastal Ocean Prediction,  CRC Press, 1996.).

      (DOD)  Coastal sea level variability is required for estimation of tidal sea level variations and tidal current variations.  The sea level data are needed as close to shore as possible to provide data in coastal areas that contain features with small spatial scales.  The sea surface height data are used to provide estimates of tidal constituent amplitudes and phases.  These data are then used in inverse solutions to provide the sea level and current variations associated with the tides.  Operational products in the near future are expected to use the sea level variations across critical straits such as the Taiwan Strait or Korea Strait between Korea and Japan.  These straits are critical choke points for controlling the circulation and ocean environment throughout the east Asian Marginal Seas region.  Sea surface height information across these straits will be used to constrain numerical models.

 (B)  Mesoscale Ocean.

       (DOC) Mesoscale sea surface height is associated with eddies and western boundary currents having length scales up to a few hundred km and time scales of days to weeks.  Examples off the US coast are the Gulf Stream, the Loop Current in the Gulf of Mexico, rings/eddies formed by these currents, and eddies of the California Current system.  NOAA programs such as NCEP’s Coastal Ocean Forecast System presently assimilate a variety of ocean data, including sea surface height from satellites.  The National Hurricane Center also takes advantage of sea surface height data to help in the estimation and forecast of hurricane intensity.  For applications such as these, timeliness is critical, with observations required with no more than a 24-hour delay.  Absolute accuracy of the sea surface height measurement (i.e. radial orbit determination) is less important because the data can be high-pass filtered to reveal the mesoscale features of interest.  This requirement, derived from NOAA’s goal of advancing short-term warning and forecasts services, is described in the publications: “National Ocean Partnership project advances real-time coastal ocean forecasting”, EOS Trans. AGU, 81 (14), 145-150, 2000,  “Controls on hurricane intensity”, Nature, 40, 665-669, 1999, and “Towards an operational nowcast/forecast system for the U.S. East Coast”, Modern Approaches to Data Assimilation in Ocean Modeling, Elsevier Oceanography Series, 61, 347-376, 1996.
     (DOD)  Mesoscale sea surface height variations associated with eddies and current meanders are the major contributors to ocean temperature changes.  The thermocline shifts correlated to the surface pressure changes dramatically alter the ocean environment within which the Navy must operate.  In addition, the mesoscale field is a large contributor to the ocean currents.  Because the mesoscale field is chaotic, not directly related to the wind field, and thus not predictable far in advance, continuous observations of the mesoscale field are required to monitor the environment that may impact Navy acoustic operations for Anti Submarine Warfare (ASW) and prediction of mine drift trajectories.  Operational systems are presently in place within the Naval Oceanographic Office to exploit available altimeter data streams.  The operational systems provide daily observations to numerical model systems that in turn feed information to the Navy fleet.  Timeliness is essential for these operational products.  In line with the DOC requirements, radial orbit accuracy is of secondary concern for the mesoscale products.  The majority of the orbit solution errors are removed through post processing at the Navy operational centers.  The Navy mesoscale requirements are outlined in the document “Navy Altimeter Data Requirements”, Naval Research Laboratory, NRL/FR/7320—99-9696, November, 1999, 20 pp.

     (C)  Basin Scale Ocean.

     (DOC) Basin scale sea surface height is associated with large-scale ocean circulation having length scales of a few thousand km and time scales of weeks to months.  An example is the El Nino Southern Oscillation which affects seasonal rainfall and temperatures in the US.  Sea surface height variations observed by satellites are presently assimilated by NOAA/NCEP into ocean models which form the basis for long-range forecasts of weather and climate.  These forecasts are updated weekly, so delays in data delivery of 2-3 days can be tolerated.  Absolute accuracy is of paramount importance, however, as changes in sea surface height of <5 cm can be indications of significant changes in subsurface temperature and salinity.  Other basin scale variations of interest include the Pacific Decadal Oscillation and the North Atlantic Oscillation, both of which are related to interannual and interdecadal patterns of climate change.  This requirement, derived from NOAA’s goal of implementing seasonal to interannual climate forecasts, is described in the publication: “Use of Topex/Poseidon sea level data for ocean analyses and ENSO prediction: Some early results”. J. Climate, 13, 216‑231, 2000.

     (DOD)  For Navy applications, the basin scale ocean circulation influences the ocean environment through two processes.  First, large-scale events such as El Nino significantly alter the background ocean temperature field.  These shifts from climatology must be accounted for in environmental prediction systems.  Second, the major ocean circulation gyres provide the energy upon which the mesoscale field feeds.  For the mesoscale field to develop properly within ocean circulation models, the energy must be transferred from the large-scale circulation to the mesoscale.  Correctly constraining the basin scale ocean circulation is a requirement to accurate prediction of the whole ocean environment for the Navy.

     (D)  Global Scale Ocean.  (DOC) Global scale sea surface height variability has planetary length scales and time scales of years to decades.   Studies analyzing tide gauge data indicate that the 20th century sea level rise is 1-2 mm per year, but it is not known whether this rise is accelerating in response to global warming.  Such a determination can be obtained only from satellites, which afford complete sampling of the global oceans.  Because of the obvious consequences of global sea level rise, measurement of this parameter is considered by NOAA to be an operational responsibility.   Timeliness is of little importance, but monitoring global sea level with an accuracy of 1 mm per year will require the highest levels of accuracy, including long-term calibration.  This requirement, derived from NOAA’s goal of predicting and assessing decadal to centennial change, is described in the 1997 Workshop Report: “Climate Measurements Requirements for NPOESS.  Also see "Variations in global mean sea level associated with the 1997‑1998 ENSO event: Implications for measuring long term sea level change”, Geophys. Res. Lett., 26(19), 3005‑3008, 1999. 

 2.4a.  Ocean Wave Characteristics – Significant Wave Height (DoD/DOC/Academia).
  The height of ocean 

waves expressed as significant wave height (i.e., the average height of the highest 1/3 of the waves 

in a horizontal cell size). The requirements below apply under both clear and cloudy conditions. 

 Note:  Refresh requirement is to provide observations along the satellite nadir-track of any satellite carrying an altimeter.  

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	     Nadir, along track
	2.5-20 km (Seastate Dependent)
	2.5 km

	b.  Mapping Uncertainty
	2 km
	0.25 km

	c.  Measurement Range (Height)
	0.1 to 30 m
	0.0 to 30 m

	d.  Measurement Precision

     (Height)
	0.2 m or 10%, whichever is greater
	0.1 m or 10%, whichever is greater

	e.  Measurement Accuracy 

     (Height)
	0.2 m
	0.2 m

	f.  Refresh
	As Available from Altimetry
	As Available from Altimetry 

	g. Long-Term Stability
	N/A
	N/A

	h. Latency 
	90 minutes 
	15 minutes 

	i. Geographic Coverage
	Global ice-free ocean and Great Lakes
	Global ice-free ocean and Great Lakes



Explanation:  Ocean Wave Characteristics – Significant Wave Height (DoD/DOC):

Significant wave height (h1/3) is a important parameter for identifying areas of high waves which threaten saftety at sea.  Climatologically it is important as an environmental parameter of interest during the design of structures in contact with the water.  It has been shown to be very useful as an input to high resolution coupled ocean-atmosphere models.  A recent paper by Powers and Soelinga (?) showed that coupling a wind wave model to the MM5 forecast model over Lake Erie dramatically affected the output, particularly downstream of the lake.  A the modeling community moves toward these “coupled models” it certainly follows that having ocean wave characteristics (both wind waves and swell) as well as spectral characteristics will be important for model validation, assimilation and initialization.


Justification Ocean Wave Characteristics – Significant Wave Height (DoD/DOC):


(USAF) Sea state condition data at the required values are required by Army Engineers as it affects site selection and the operations of port and beach facilities.  Threshold values are established in AWS Report.


(USN) Navy Requirements Review concluded the parameters of Sea Surface Winds, Sea Height/Topography and Ocean Currents have a direct effect on ocean wave characteristics.  This is reflected in the global (20 km) and regional horizontal resolution (0.5 km), and global (5 km) and regional mapping uncertainty (0.5 km).  The measurement accuracy (height +- 0.3 m, direction:  +- 10%) is attributed to sea surface wind errors (+-10%) that induce similar ocean wave height errors.  Thus, a + 10% error in ocean wave height with a measurement range of 0.5-30 m will roughly yield a measurement accuracy of + 0.3 m.


(USA) IAW FM 34-81-1, sea state condition knowledge is required by Army engineers as it affects site selection and the operations of port and beach facilities.


(DOC) Thresholds are consistent with DOC requirements for future forecast model improvements resulting from direct assimilation of wave measurements, described in NOAA Polar-Orbiting Satellite Requirements Study, DOC, 1990; and in Ocean-Atmosphere Observations Supporting Short-Term Climate Predictions, National Academy Press, 1994.

The measurement of significant wave height from space has been adequately demonstrated by a number of satellites.

Waveforem data is required to produce a Significant Wave Height EDR.  In order for this EDR to be received at the Tactical IDP, waveform data must either be used on board the satellite to calculate the EDR and transmit via HRD or waveform data must be transmitted for calculation of the EDR by the Tactical IDP.

2.4b.  Ocean Wave Characteristics - Ocean Wave Direction / Wavelength (DoD/DOC/Academia).  The direction

 and wavelength of ocean waves.   The requirements below apply under both clear and cloudy conditions.  Note1:  Refresh requirement is to provide observations along the satellite nadir-track of any satellite carrying an altimeter if an altimeter is used, or within the footprint of an Active Microwave scene, if applicable.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	2.5 – 20 km (Seastate dependent)
	2.5km

	b.  Mapping Uncertainty
	10 km
	5 km

	c.  Measurement Range
	
	

	     1.  Wavelength
	100-700 m
	50-700m

	     2.  Direction
	0 to 360o
	0 to 360o

	d.  Measurement Precision
	
	

	     1.  Wavelength
	10 m or 10%, whichever is greater
	5 m or 10%, whichever is greater

	     2.  Direction
	10o
	5o

	e.  Measurement Accuracy
	
	

	     1.  Wavelength
	10%
	5%

	     2.  Direction
	10o
	5o

	f.  Refresh
	See Note 1
	See Note 1

	
	
	

	h.  Latency
	2 hours
	1 hour

	i.  Geographic Coverage
	Global Ice-free Oceans
	Global Ice-free Oceans



Explanation: Ocean Wave Characteristics - Ocean Wave Direction / Wavelength (DoD/DOC)
(DOC/USN Ocean Observer Requirements Team) These pareameters were separated form the Significant Wave Height EDR as they cannot be readily measured with current technology, but remain a requirement for both DOC and DoD.


Justification: Ocean Wave Characteristics - Ocean Wave Direction / Wavelength (DoD/DOC)
(USAF) Sea state condition data at the required values are required by Army Engineers as it affects site selection and the operations of port and beach facilities.  Threshold values are established in AWS Report.


(USN) Navy Requirements Review concluded the parameters of Sea Surface Winds, Sea Height/Topography and Ocean Currents have a direct effect on ocean wave characteristics.  This is reflected in the global (20 km) and regional horizontal resolution (0.5 km), and global (5 km) and regional mapping uncertainty (0.5 km).  The measurement accuracy (height +- 0.3 m, direction:  +- 10%) is attributed to sea surface wind errors (+-10%) that induce similar ocean wave height errors.  Thus, a +- 10% error in ocean wave height with a measurement range of 0.5-30 m will roughly yield a measurement accuracy of +-0.3 m.

Commandant of the Marine Corps letter “Validation and Submission of Marine Corps Meteorology, Oceanography (METOC) and Mapping Charting and Geodesy (MC&G) Environmental Requirements” of 01 Aug 1996.


(USA) IAW FM 34-81-1, sea state condition knowledge is required by Army engineers as it affects site selection and the operations of port and beach facilities.


(DOC) Thresholds are consistent with DOC requirements for future forecast model improvements resulting from direct assimilation of wave measurements, described in NOAA Polar-Orbiting Satellite Requirements Study, DOC, 1990; and in Ocean-Atmosphere Observations Supporting Short-Term Climate Predictions, National Academy Press, 1994.

The measurement of significant wave height from space has been adequately demonstrated by a number of satellites.
2.5a High-Resolution (Weather Impacted) Imagery (DoD/DOC/Academia).  Specialized imagery at sufficient resolution to enable discernment of  environmental phenomena (by either manual analysis or automated algorithms)- from cloud types and elements (as defined in AFI 15-111, Vol. I) to planetary scale (107 m) weather patterns.  Imagery shall provide digital input through single bands and/or combinations of bands/channels, to remote sensing algorithms which produce other environmental measurements (see List 1 for a non-exclusive list of Critical Environmental phenomena characterized by High-Resolution Weather-Impacted Imagery) .

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	
	
	

	           (a) At nadir

           (b) Worst case
	0.4 km

0.8 km
	0.1 km

	           (c) Night-time visual
	2.6 km
	0.65 km

	b.  Mapping Accuracy

           (a) At nadir

           (b) Worst case
	1 km

3 km
	0.5 km

	c. Refresh (DoD) (for visible and IR bands)


	At any location:  a) the average revisit time will be 4 hours or less and the maximum revisit time will be 6 hours or less; b) at least 75% of the revisit times will be 4 hours or less.


	1 hour

	d.   Long-Term Stability
	-
	-

	e.   Latency
	90 minutes
	15 minutes

	f.   Geographic Coverage
	Global
	Global

	g.  Orbit Constraints
	-
	-


List 1

Environmental Measurements Derived from High-Resolution Weather-Impacted Imagery

Atmospheric Parameters


Cloud Parameters



Cloud Cover



Optical Thickness



Cloud Top Height



Cloud Top Temperature


Aerosol Particle Size


Atmospheric Suspended Matter


Earth Radiation Budget Parameters


Albedo


Absorbed Solar Radiation

Land Parameters


Soil Moisture


Land Surface Temperature


Vegetation Index


Snow Cover


Surface Type

Ocean Parameters


Sea Surface Temperature


Currents


Ice Surface Temperature


Littoral Sediment Transport


Net Heat Flux


Ocean Color


Chlorophyll


Ocean Optical Properties

Explanation: High-Resolution (Weather-Impacted) Imagery (DoD/DOC)

Included are imagery requirements for high resolution weather impacted imagery (i.e., visible and IR under clear conditions only). See List 1 for a non-exclusive list of other environmental parameters which depend on the above imagery for their measurement.   

Justification: High-Resolution (Weather-Impacted) Imagery (DoD/DOC) 

(USAF) Threshold values are those required for weather model inputs and to provide field forecasters with clarity required for adequate forecast accuracy as documented in AWS Report.  A global refresh threshold of 2 hours (1 hour objective) is essential to support the above requirements.  This 2-hour refresh requirement is driven by the need to provide data with sufficient timeliness to be used as input into Tactical Decision Aid software models.  Those models ultimately provide Precision Guided Munitions employment forecast products with the accuracy required by ACC/PACAF/USAFE (ACC/DR letter to AF/XOW, Dec 1991).  This imagery data is also used as input into the future Cloud Depiction and Forecast System-2 (CDFS-2) operated by the AFWA.  This two-hour requirement is based on hourly global analyses and forecasts to provide customer support.  Geostationary satellite data provide adequate imagery, albeit degraded compared to polar satellite resolution, for areas equatorward of 45 degrees at refresh rates varying between 5 minutes and one hour.  Data from these satellites are limited poleward of 45 degrees due to degradation in resolution, radiometric accuracy (caused by increased atmospheric slant path), geolocation of cloud features, and cloud identification.  These limitations make it necessary to use polar-orbiting satellite data poleward of 45 degrees and to supplement the global database equatorward of 45 degrees.  This latitude was selected based on the extent of coverage yielded by the location and spacing of the five geostationary satellites described by the World Meteorological Organization agreement of 1967.  This geostationary constellation results in gaps in quantitatively useful data poleward of 45 degrees.  The “Defense Meteorological Satellite Program (DMSP) Tactical Enhancement Analysis/Navy Final Report” (14 May 1993) illustrates significant cost savings based on a regional-scale conflict of a duration similar to Desert Storm, if 6 hour refresh is used with emphasis on E-O weapons.  Thunderstorms have lifetimes of approximately one hour or less, thus the objective, allowing the capability to forecast development, growth, speed, and decay of thunderstorms.  A cost-performance trade forces a refresh rate longer than one hour.

(USN) Navy Requirements Review concluded a 4 hour refresh is required to adequately represent the time scale of the weather having the most significant impact on Carrier strike, amphibious and special warfare operations.  It also concluded operations during the Persian Gulf and Bosnia conflicts demonstrated weather can change hourly.  Imagery provides the qualitative means of analyzing weather on the horizontal (1 km/global, 0.4/regional) and temporal scales ( 4 hours) having significant impact on mission planning, aircraft operation, weapon delivery/loadout and Battle Damage Assessment.


(DOC) Imagery thresholds are based on values required to support cloud properties, aerosol, and sea surface temperature products as validated in Aug, Sep, and Oct 1995, by NOAA Product Oversight Panels on Calibration, Oceans, Land, and Image-Cloud-Aerosol. The requirement for mapping accuracy of 1 km has been a stated requirement of the NOAA CoastWatch program for the last decade and is required to support mapping of Sea Surface Temperature digital imagery.
2.5b Low-Resolution All Weather Imagery (DoD/DOC/Academia).  Specialized imagery at sufficient resolution to enable discernment of  environmental phenomena under clear and cloudy conditions (see List 2 for a non-exclusive list of Critical Environmental phenomena characterized by Low-Resolution Imagery).

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Spatial Resolution
	
	

	     Global, Worst case
	40 km
	20 km

	b.  Mapping Accuracy

     Global, Worst case
	5 km
	3 km

	c.  Refresh


	At any location:  a) the average revisit time will be 4 hours or less and the maximum revisit time will be 6 hours or less; b) at least 75% of the revisit times will be 4 hours or less.


	1 hour

	d.  Long-Term Stability
	-
	-

	e.  Latency
	90 minutes
	15 minutes

	f.  Geographic Coverage
	Global
	Global

	g.  Orbit Constraints
	-
	-


List 2

Environmental Measurements Derived from Low-Resolution All-Weather Imagery

Land Parameters


Soil Moisture


Land Surface Temperature


Snow Cover


Surface Type

Ocean Parameters

Sea Surface Temperature

Explanation: Low-Resolution All-Weather Imagery (DoD/DOC)

Included are imagery requirements for low resolution all-weather imagery (i.e., passive microwave).  See List 2 for a non-exclusive list of other environmental parameters which depend on the above imagery for their measurement.   

Justification: Low-Resolution All-Weather Imagery (DoD/DOC) 

2.5c High Resolution All-Weather Imagery (DOC/DoD/Academia).  All weather day/night imagery of selected regions. Imagery must  allow discernment of environmental phenomena (by either manual analysis or automated algorithms) and provide digital input to remote sensing algorithms which produce other EDRs, (see List 3 for a non-exclusive list of critical environmental phenomena characterized by Imagery) .

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Spatial Resolution

1. Regional Scale

2. Littoral Scale

3.   Local Scale

b.   Swath Width

1. Regional Scale

2. Littoral Scale

3. Local Scale

b. Mapping Uncertainty

1. Regional Scale

2. Littoral Scale

3. Local Scale

c. Refresh

1. Regional Scale

2. Littoral Scale

3. Local Scale


	100 m (50 m pixels, 8-16 looks)

25 m (12.5 m pixels, 4-8 looks)

5 m (2.5 m pixels, 2-3 looks)

500 km

130 km

30 km

100 m

25 m

5 m

48 hours

24 hours

12 hours
	50 m (25 m pixels, 8-16 looks)

12.5 m (6.25 m pixels 4-8 looks)

0 m (0.5 m pixels 2-3 looks)

1000 km

200km

100 km

50 m

12.5 m

1 m

24 hours

12 hours

1 hours

	Radiometric Accuracy
	1.5 dB
	0.5 dB

	Long-Term Stability
	1.0 dB Absolute
	0.5 dB Absolute

	Timeliness
	2 hr
	1 hr

	Geographic Coverage
	30 min/orbit on-time.  Map ice-covered regions of globe and U.S. Coasts every 3 days.  Cover selected areas worldwide.  No data below 15 degrees incidence angle 
	1/2 orbit on-time Map ice-covered regions of globe and U.S. Coasts every 3 days.  Cover selected areas worldwide.  No data below 15 degrees incidence angle.

	Orbit Constraints
	Global Accessibility.  No hole at the pole.
	Global Accessibility.  No hole at the pole.

	Retasking
	2 hr
	1 hr


List 3

Environmental Measurements Derived from High Resolution All-Weather Imagery

Atmospheric Parameters


Mesoscale Atmospheric Features

Land Parameters


Flood Mapping


River Ice Location/Condition

Ocean Parameters


Sea and Lake Ice Concentration/Age/Motion/Edge Location


Regional Sea Surface Winds


Regional Sea Surface Wind Stress


Ocean Wave Characteristics - Wave Direction/Wavelength


Oil Spill Location


Vessel Positions


Ice of Land Origin (Icebergs)


Explanation:  High-Resolution All-Weather Imagery:

Included are imagery requirements for high-resolution all-weather backscatter imagery.

For High resolution (all weather imagery) image pixel spacing should be 1/2 the spatial resolution given.  Coverage of high resolution all-weather imagery includes: (1) regional scale areas which may be fairly large (but not global) and include all of the waters adjacent to the U.S. and all-ice covered ocean areas worldwide as well as the Great Lakes when ice covered, (2) littoral scale areas that include targeted areas (such as coastal areas) requiring higher-resolution coverage (e.g., a sea lion rookery area and protected waters), and (3) local scale areas that are typically focused targets that require coverage at the highest resolution (e.g., a barrier island modified by a hurricane). Local scale oil spill models and detection of volcanic bulging require local scale coverage at 5 m resolution. Refresh means possible refresh for a given target, not refresh for all possible locations (i.e., high resolution coverage of only a portion of the possible coverage area).


Justification: High-Resolution All-Weather Imagery
This is a new EDR for high resolution all-weather land and sea surface imagery.

High resolution all-weather imagery is required by the National Ice Center and NWS Alaska Region and useful to other users such as the U.S. Coast Guard and the Alaska Dept. of Fish and Game.  This requirement is based on experience with all-weather high resolution imagery which are essential for analysis of ice patterns of concentration, type, age, motion, and edge location as well as other derived parameters.  Regional-scale coverage is required  for wind determination, vessel detection and oil spill mapping, and for  land areas for flood mapping.  Coverage of coastal areas and selected land areas at coastal resolution is required for coastal fishery vessel detection, coastal oil spill and hazardous algal bloom mapping, flood mapping, and river ice breakup monitoring.  Coverage of selected limited areas at local scale is required for shoreline mapping in chronically cloud-covered areas.  

4.1.6.1.3d  Coastal Imagery (DoD/DOC/Academia/DOT) – Coastal coverage refers to the areal extent consistent with the US Exclusive Economic Zone (EEZ) which extends 370 km from shore Coastal coverage shall entail roughly 300 km swath coverage, but pertains to all coasts worldwide to support civil and military observations.  Specialized imagery at sufficient resolution to enable discernment of environmental phenomena (by either manual analysis or automated algorithms)- for oceanographic observations.  Imagery shall provide digital input to remote sensing algorithms which produce other environmental measurements Imagery shall provide digital input, through single bands and/or combinations of band/channels, to remote sensing algorithms which produce other environmental measurements, although this does not replace the explicit requirement for retrieval of individual parameters described elsewhere in this document.
	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	    1. Nadir
	0.1 km
	

	    2.Worst case
	0.2 km
	0.1 km

	b.  Mapping Uncertainty
	
	

	    1.Nadir
	0.1 km
	

	    2.Worst case
	0.2 km  
	0.1 km

	f.  Refresh
	12 hours
	6 hours 

	g. Long-Term Stability
	N/A
	-

	h. Latency
	2 hr
	1 hr

	i. Geographic Coverage    
	U.S. coastal areas and selected coastal areas and lakes worldwide
	Same as Threshold




List 4

Environmental Measurements Derived from Coastal Scale Visible/Infrared Imagery

Coastal Parameters


Soil Moisture


Land Surface Temperature


Vegetation Index


Snow Cover


Surface Type

Ocean Parameters


Coastal Ocean Color

Coastal Ocean Optical Properties

Coastal Chlorophyll

Bioluminescence Potential 

Coastal Sea Surface Temperature


Ice Surface Temperature


Sea and Lake Ice Concentration/Age/Motion/Edge Location

Explanation:  (High Resolution, All-Weather Imagery)

Justification:  (High Resolution, All-Weather Imagery) 
2.6 Oil Spill Location (DOC/DOI/DOT/EPA/Academia).  All-weather, day/night, high-resolution maps of oil spills on the ocean, on lakes, and on larger rivers.  Only regional coverage is required for selected monitoring areas.  Tasking must be rapid (24 hours or less) to respond to spills as they occur in U.S. waters and other regions of interest worldwide.  The threshold output product is a map indicating the location of oil on water.  The objective output product further distinguishes between biogenic and mineral oil.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size

1.Regional Scale

2. Coastal Scale

       3. Local Scale
	50 m (8-16 looks)

12.5  m (4-8 looks)

5 m (2-3 looks)
	25 m

6.25 m

0.5 m

	b.  Mapping Uncertainty

1. Regional Scale

2. Coastal Scale

3. Local Scale
	100 m

25 m

5 m 
	50 m

12.5 m

1 m

	d. Measurement Range

(within a wind speed range of 3-12 m/s)
	oil/no oil differentiation


	Oil/no oil and natural seep or spill / biogenic slick differentiation

	d.  Measurement Precision

1. Regional Scale

2. Coastal Scale

3. Local Scale
	50 m

12.5 m

2.5 m
	25 m

6.2 m

0.5 m

	e.  Measurement Accuracy
	70 % correctly detected
	90% correctly detected and classified

	f.   Refresh
	2 days
	3 hours

	Long-Term Stability
	±0.5 dB instrument to instrument
	±0.2 dB instrument to instrument

	Timeliness
	2 hrs
	1 hr

	Geographic Coverage
	Selected regions worldwide for monitoring or response
	Selected regions worldwide for monitoring or response

	Orbit Constraints
	-
	-



Explanation: Oil Spill Location (DOC/DOI):

These oil spill maps will be produced for selected areas (not global) on demand for assessing location, extent, and movement of anthropogenic spills and natural oil releases. 


Justification: Oil Spill Location (DOC/DOI):

These requirements were derived from two meetings with oil industry representatives with the goal of responding to oil spills on water under all weather conditions day or night.  Also, this measurement is needed to advance the oil spill modeling capability of the U.S. Minerals Management Service.  NOAA HAZMAT and the U.S. Coast Guard 

could make use of this measurement as well. The need is for synoptic coverage and temporal change of the extent of spills under poor weather conditions that prevent observation flights.

2.7  Vessel Positions (DOC/DOT).  Detection of fishing (and other) vessels in the open ocean and in coastal areas for management and enforcement under clear and cloudy conditions day and night.  This is a regional (e.g. the Bering Sea) and a coastal (e.g. the Aleutian Islands) requirement in U.S. waters and international waters where the U.S. has a management/enforcement interest.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Cell Size

1. Regional

2. Coastal
	50 m

5  m
	20 m

3 m

	b. Mapping Uncertainty

1. Regional 

2. Coastal
	100 m

25 m
	50 m

12.5 m

	c. Measurement Range

(Wind speed range TBD)
	Vessel/ no vessel
	Vessel/No Vessel, Vessel Length, vessel course and speed 

	d.  Measurement Precision
	TBD
	TBD

	e. Measurement Accuracy

(Probability of false alarm TBD)
	TBD
	TBD

	f. Refresh

1. Regional

2. Coastal
	24 hours

24 hours
	6 hours

6 hours

	Long-Term Stability
	
	

	Timeliness
	2 hr
	1 hr

	Geographic Coverage
	Selected coastal and open ocean regions worldwide
	Selected coastal and open ocean regions worldwide

	Orbit Constraints
	(Include middle of night pass)
	(Include middle of night pass)



Explanation: Vessel Positions (DOC/DOT):

This requirement  is for all-weather, day/night, high-resolution vessel positions in selected open ocean areas and coastal regions (i.e., not global) for fishing enforcement and management. 

Justification: Vessel Positions (DOC/DOT):
These requirements were derived from recent experience with determining vessel positions in Alaska for the National Weather Service, the National Marine Fisheries Service, the U.S. Coast Guard, and the Alaska Department of Fish and Game.  Vessel detection algorithms detect hard targets and then screen out ice and land targets leaving only ship targets.  Vessel positions are used to determine the synoptic extent of fishing fleets, to detect illegal fishing activities, to verify compliance with Vessel Monitoring Systems and to monitor activity in marine mammal protection areas.

2.8  Bathymetry (Deep Ocean and Near Shore) (DoD/Academia).  Vertical depth of water. Note:  Requires SAR/hyperspectral for coastal areas and next generation altimeter for deep ocean.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Coverage
	 
	

	     1.  Deep Ocean
	TBD
	200to 5000m

	     2.  Near shore
	0 to 10 m
	0 to 200 m, See Note 1

	b.  Horizontal Resolution
	
	

	     1.  Deep Ocean
	                10 km
	300 m

	     2.  Near shore
	100 m
	30 m

	c.  Vertical Cell Size

   Deep Ocean

   Near Shore
	TBD

1 m
	1 m

0.5 m

	d.  Mapping Uncertainty
	50 m
	10 m

	e.  Measurement Accuracy
	20%
	0.3 m

	f.  Refresh
	7 days
	48 hours

	g.  Latency
	6 hours
	4 hours

	h.  Geographic Coverage
	Selected areas
	Selected areas

	i.   Orbit Constratints
	Polar 10:30 –13:30
	Polar 10:30-13:30


Note 1: “near shore” means “outside of the surf zone."


Explanation:


Justification:

2.8a Marine Gravity Anomaly Measurement of variation in the pull of gravity on the ocean surface (geoid) relative to the ellipsoidal or best available global gravity model.
Systems Capabilities 



Thresholds 


Objectives
a. Horizontal resolution 


10 km



5 km

b. Mapping accuracy



5 km  



2 km

c. Measurement Range 


-150 m to 150 m

-400 m to 1000 m

d. Measurement Precision


30 mm per 10 km

10 mm per 10 km

e. Measurement Accuracy


3 mGal



1mGal

f. Refresh 




continuous improvement through averaging

g. Long-Term Stability                                   5 m                                          1 m

h. Timeliness




available in 12 mo.




i. Geographic Coverage


all ocean and inland lakes and littoral seas







(data within at least 5 km of coastlines)

j. Orbit Constraints



ground track spacing < 10 km  


Explanation 

Free-air gravity anomaly measurements are normally taken using an accelerometer mounted on a research vessel.  However, gravity anomaly can also be derived from dense measurements of the slope of the ocean surface relative to the ellipsoid or “best” available global geoid model. Ocean altimeter data collected during the non-repeat phases of the Geosat and ERS missions have provided nearly global coverage of the marine gravity field to an accuracy of 5-7 mGal
.  The basic measurement is the slope of the ocean surface relative to the reference ellipsoid. The along-track sampling must be less than 1 km to achieve high precision.  The largest error source is ranging noise due to ocean waves and swell; this can be reduced through averaging and sampling the oceans during calm periods.  A factor of 2 improvement can be achieved with 6 satellite-years of a Geosat-class altimeter. A low inclination orbit is optimal for gravity recovery in equatorial regions while a polar orbit could enhance gravity field recovery in polar regions.


Justification

The marine gravity field of the Earth is a fundamental measurement of our planet and is needed for many scientific applications.  Applications include: i) inertial navigation of submarines, ships, planes, and missiles; ii) precision orbit determination of geodetic and remote-sensing satellites, iii
) petroleum exploration; iv) marine geology, geophysics, and glaciology; v) predicting seafloor topography (see next EDR). 

2.8b Deep-ocean Bathymetry Measurements of the depth of the seafloor below sea level.
Systems Capabilities 



Thresholds 


Objectives
a.  Horizontal resolution                                10 km                                       5 km

b. Mapping accuracy



2 km 



1 km

c. Measurement Range 


-12000 to 0 m


-12000 to 0 m

d. Measurement Precision                              200 m                                      50 m

e. Measurement Accuracy


200 m



50 m

f. Refresh 




repeat tectonically active areas

g. Long-Term Stability


100 m 



10 m

h. Timeliness




-

i. Geographic Coverage


ocean depth > 200 m


j. Orbit Constraints



ground track spacing < 10 km
Explanation
Seafloor depth is usually measured with an echo sounder since direct measurement from space using electromagnetic waves is impossible.  Much of the seafloor remains uncharted because it would take about 125 ship-years to completely map the deep oceans using the latest multibeam echo-sounding technology. An indirect approach to estimating seafloor topography uses dense sea surface gravity anomaly measurements (see 2.8a Marine Gravity Anomaly) to interpolate the gaps in the ship soundings.  Over the 10 to 200 km wavelength band, seafloor topography is highly correlated with sea surface gravity anomaly and thus sparse soundings can be used to calibrate this ratio as well as to constrain the regional depth.


Justification

Detailed bathymetry is essential for understanding physical oceanography, biology, and marine geology.  Currents and tides are controlled by the overall shapes of the ocean basins as well as by the smaller sharp ocean ridges and seamounts.  Sea life is abundant where rapid changes in ocean depth deflect nutrient-rich water toward the surface.  Because erosion and sedimentation rates are low in the deep oceans, detailed bathymetry also reveals the mantle convection patterns, the plate boundaries, the cooling/subsidence of the oceanic lithosphere, the oceanic plateaus, and the distribution of off-ridge volcanoes.  Current global digital bathymetric maps of the deep ocean have a resolution between 2 and 20 km.  This resolution is worse than the topographic resolution of 2 km achieved by the recent Mars Global Surveyor mission.  Improved bathymetry would enhance interdisciplinary science such as enhancing the hydrodynamic modeling of ocean tides and tidal currents, improve tidal energy dissipation and our understanding of the mechanism of to maintain the large-scale “meridional overturning” (or thermohaline) circulation of the ocean.

2.9a  Ocean Color (DoD/DOC/Academia) – Ocean color is defined as the spectrum of water-leaving radiances (Lw), i.e. the portion of visible – near infrared light that is reflected out of the water column, excluding light reflected at the surface.  All geophysical quantities of interest, e.g., chlorophyll-a and ocean optical properties, are derived from these Lw values.  This EDR is required for clear daytime conditions only.  Water-leaving radiances are measured in mW cm-2 µm-1 sr-1.  Note: Operataional requiremetns are DoD/DOC, while Science requirements are DOC only and permit post-processing with additional ancillary data.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	    Nadir
	0.75 km
	

	    Worst case
	1.6 km
	0.1 km

	b.  Mapping Uncertainty
	
	

	    Nadir
	0.75 km
	

	    Worst case
	1.6 km
	0.1 km

	c.  Measurement Range
	0.01-1 mW cm-2 µm-1 sr-1 
	0.005-1 mW cm-2 µm-1 sr-1 

	d.  Measurement Precision

    1.Operational

    2. Science Quality
	5%

2%
	2%

1%

	e.  Measurement Accuracy

    1.Operational

    2. Science Quality
	10%

5%
	5%

3%

	f.  Refresh
	24 hours
	12 hours

	g. Long-Term Stability (Note 1)
	mW cm-2 m-1 sr-1 

443 nm: 0.50

555 nm: 0.25

865 nm:0.08
	mW cm-2 m-1 sr-1 

443 nm: 0.250

555 nm: 0.125

865 nm: 0.040

	g. Latency

3.      1. Operational

     2. Science Quality
	90 minutes

48 hours
	15 minutes

24 hours

	i. Geographic Coverage
	Global Ocean
	Global Ocean

	j.  Orbit Constraints
	Sun Sync. Within 1.5 hrs 

of local noon
	Sun Sync. Within 1.5 hrs 

of local noon


Note 1: Long-Term Stability is expressed for water leaving radienaces (i.e. data) at specific wavelengths.  These can be measured directly, if the specified band is available, or interpolated from related bands.



Explanation: Ocean Color (DoD/DOC):


Water-leaving radiances are necessary in order to estimate required EDRs, such as chlorophyll and ocean optical properties (2.10 and 2.11), to their stated accuracy.  


Justification: Ocean Color (DoD/DOC):

USN) Navy Requirements Review concluded ocean color from a polar orbiting weather satellite is needed to identify bioluminescence potential and locate such water-mass features as fronts and eddies for antisubmarine warfare operations, and observe changing optical conditions (turbidity) in coastal regions to predict electro-optical system performance. Ocean color will be used to complement sea surface temperature analysis where a horizontal resolution/mapping uncertainty of 2 km (global) and 0.25 km (regional) is needed to resolve ocean temperature structures (i.e., eddies and ocean fronts) on the scale of 4 km or less


(DOC) This EDR is derived from imagery and thresholds for horizontal resolution and mapping uncertainty are consistent with those specified under the Imagery EDR.  DOC requires observations to allow quantification of chlorophyll concentrations within a measurement range of 0.05 to 50 mg/m3 and a measurement accuracy of 30% to support coastal and fisheries management missions, as noted in the following documentation:  Hooper, N., and J. Sherman, III, 1986.  Temporal and Spatial Analyses of Civil Marine Satellite Requirements, NOAA Technical Report NESDIS 16, NOAA/NESDIS; Montgomery, D., R. Patton, S. McCandless, 1984.  Ocean Services User Needs Assessment, Volume 1:  Survey Results, Conclusions & Recommendations, Jet Propulsion Laboratory, Pasadena; and, NOAA Requirements for Support from Polar-Orbiting Satellites, NOAA, 1990.  The DOC minimum refresh requirement of 24 hours is based upon rate of change in measured phenomena and is minimally acceptable values for oceanic monitoring missions as cited in McClain, E., W. Pichel, A. Strong, and M. Weaks, 1992.  NOAA CoastWatch Ocean Color Prospectus:  A Cooperative Approach for Acquisition, Processing, Archiving, and Exchange of U.S. Coastal Ocean Color Data and Data Products, NOAA/NESDIS.


.  The resolution specified has been shown to be essential for imaging U. S. Coast Watch regions and similar coastal and continental shelf regions worldwide.  These Regions, which possess features with high gradients, demand higher resolution observations than the global resolution.  Derived parameters are required at this resolution for coastal dynamics (modeling), human health (red tide, pathogens), oil spill response, and fisheries management. Ocean color measurements and derived EDRs are required at the same resolution as SST Imagery
2.9b  Coastal Ocean Color (DoD/DOC/Academia) – Coastal coverage refers to the areal extent consistent with the U.S. Exclusive Economic Zone (EEZ) which extends 370  km from shore.  Coastal coverage shall entail roughly 300 km swath coverage, but pertains to all coasts worldwide to support civil and military observations. Ocean color is defined as the spectrum of water-leaving radiances (Lw), i.e. the portion of visible – near infrared light that is reflected out of the water column, excluding light reflected at the surface.  All geophysical quantities of interest, e.g., chlorophyll-a and ocean optical properties, are derived from these Lw values.  This EDR is required for clear daytime conditions only, for selected lakes, rivers, estuaries, bays, and other coastal regions that require higher resolution data.  Water-leaving radiances are measured in mW cm-2 µm-1 sr-1. Note: Operataional requiremetns are DoD/DOC, while Science requirements are DOC only and permit post-processing with additional ancillary data.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	    1. Nadir
	0.1 km
	

	    2. Worst case
	0.2 km
	0.1 km

	b.  Mapping Uncertainty
	
	

	    1. Nadir
	0.1 km
	

	    2. Worst case
	0.2 km  
	0.1 km

	c.  Measurement Range
	0.01-1 mW cm-2 µm-1 sr-1 
	0.005-1 mW cm-2 µm-1 sr-1 

	d.  Measurement Precision

    1.Operational

    2. Science Quality
	5%

2%
	2%

1%

	e.  Measurement Accuracy

    1.Operational

    2. Science Quality
	10%

5%
	5%

3%

	f.  Refresh
	48 hours
	s

	g. Long-Term Stability

(Note 1.)
	mW cm-2 m-1 sr-1 /decade

443 nm: 0.50

555 nm: 0.25

865 nm:0.08
	mW cm-2 m-1 sr-1 /decade

443 nm: 0.250

555 nm: 0.125

865 nm: 0.040

	h. Latency

1.Operational

2.Science Quality
	3 hours

48 hours
	1 hour

24 hours

	i. Geographic Coverage


	Selected coastal regions,

 rivers and lakes, U.S. and worldwide
	Selected coastal regions, rivers and lakes, U.S. and worldwide

	j.  Orbit Constraints
	Sun Sync. Within 1.5 hrs 

of local noon
	Sun Sync. Within 1.5 hrs 

of local noon


Note 1: Long-Term Stability is expressed for water leaving radienaces (i.e. data) at specific wavelengths.  These can be measured directly, if the specified band is available, or interpolated from related bands.



Explanation:  Coastal Ocean Color (DoD/DOC):


Water-leaving radiances are necessary in order to estimate required EDRs, such as chlorophyll and ocean optical properties (2.10 and 2.11), to their stated accuracy.  


Justification: Coastal Ocean Color (DoD/DOC):

Water-leaving radiances are the quantities measured by an ocean color sensor that are used to derive all of the other  ocean color EDRs, such as chlorophyll and ocean optical properties (2.10 and 2.11).  The coastal resolution specified has been shown to be essential for imaging lakes and rivers, and many typical coastal areas, bays and estuaries that have spatial scales of one to a few kilometers.  Lakes, rivers and coastal regions, which possess features with high gradients, demand higher resolution observations than the regional resolution.  Derived parameters are required at this resolution for coastal dynamics (modeling), human health (, drinking water quality, red tide, pathogens), oil spill response, aquaculture, and fisheries management.  Timeliness of products has been divided into two categories: operational and science quality.  Operational products will support near-real time applications and will contain the same parameters as the science quality records.  The objective is to produce operational products with the same accuracy and precision as the science quality products, however, this may not be feasible because the ancillary data fields necessary to achieve this level of accuracy may not be available in the time frame required to satisfy the operational timeliness requirement.  Ocean color measurements and derived EDRs are required at the same resolution as regional and coastal SST measurements.

The Navy is in the midst of a fundamental shift away from open ocean warfare on the sea towards joint operations from the sea.  To support that effort the Navy and Marine Corps need methods for determining shallow water bathymetry, topography, bottom type composition, detection of underwater hazards, water clarity and visibility1.  Visible radiation is the only electromagnetic tool that directly probes the water column, and so is key to naval systems for bathymetry, mine hunting, submarine detection, and submerged hazard detection.  The Navy needs dynamical models to forecast optical properties at resolutions of 100 m or better for the near coastal ocean. These models need Sea Surface Temperature (SST) at the same resolution to track the physical mixing processes that affect the optical properties.  A VNIR hyperspectral sensor with a co-registered SST sensor with 100 m or better spatial resolution is required to provide essential data for the development, initialization and updating of these models.  

NOAA is developing the Coastal Global Ocean Observing System (C-GOOS) to monitor the health of the coastal ocean, including providing warnings of harmful algal blooms,  assessing changes in water clarity, biodiversity and the growth of non-indigenous species.  A 100 m resolution hyperspectral sensor  with a  co-registered SST sensor will provide the synoptic view to complement the planned mooring and ship based measurements and give a coherent picture of the coastal ocean.  The 100 m resolution is 10 times that of the global ocean color imagers and sufficient to image red tides, fronts, bays, estuaries and other features of  concern for coastal management while still providing a broad 100 km wide swath along the coast.

2.10a  Chlorophyll (Academia/DOC/DoD) - The concentration of the phytoplankton pigment chlorophyll a, is calculated using water-leaving radiances (2.9).  This EDR is required under clear daytime conditions only. Chlorophyll a is measured in mg/m3. Note: Operataional requiremetns are DoD/DOC, while Science requirements are DOC only and permit post-processing with additional ancillary data

	Systems Capabilities
a.  Horizontal Cell Size
	Thresholds
	Objectives

	    1. Nadir
	0.75 km
	

	    2. Worst case
	1.6 km
	0.1 km

	b.  Mapping Uncertainty
	
	

	    1. Nadir
	0.75 km
	

	    2.  Worst case
	1.6 km
	0.1 km

	c.  Measurement Range
	0.01 to 50 mg/m3
	0.001-100 mg/m3

	d.  Measurement Precision

     1. Operational

     2. Science Quality
	20%

10%
	10%

5%

	e.  Measurement Accuracy

     1. Operational

     2. Science Quality
	40%

30 %
	20%

10%

	f.  Refresh
	24 hours
	12 hours

	g. Long-Term Stability (Note 1)
	mW cm-2 µm-1 sr-1 /decade

443 nm: 0.50

555 nm: 0.25

865 nm: 0.080
	mW cm-2 µm-1 sr-1 /decade

443 nm: 0.250

555 nm: 0.125

865 nm: 0.040

	h. Latency

1. Operational

      2. Science Quality
	90 minutes

48 hours
	15 minutes

24 hours

	i. Geographic Coverage


	Global Ocean


	Global Ocean



	j.  Orbit Constraints
	Sun Sync. Within 1.5 hrs 

of local noon
	Sun Sync. Within 1.5 hrs 

of local noon


Note 1: Long-Term Stability is expressed for water leaving radienaces (i.e. data) at specific wavelengths.  These can be measured directly, if the specified band is available, or interpolated from related bands.



Explanation: Chlorophyll:


Chlorophyll a represents the primary plant pigment used to absorb light and represents the commonly accepted estimate of phytoplankton biomass in biological investigations.


Justification: Chlorophyll:

(USN)  The optical property most frequently associated with ocean color data is K(490), the diffuse attenuation coefficient at a wavelength of 490 nm (nanometers).  Absorption by chlorophyll and other plant pigments is a major component of K(490), and variability in pigment concentration dominates variability in K(490) horizontally, vertically, and over time. Navy Requirements Review concluded a measurement range of chlorophyll concentration of 0.5-50 g/m3 (cubic meter) is required to calculated the extinction of solar radiation with depth as a function of chlorophyll concentration.  This allows water-mass differentiation as an operational tool. The measurement accuracy of +-30% is based on the analysis of historical ocean color data bases using the Coastal Zone Color Scanner (CZCS).

(DOC) Chlorophyll is required for determination of primary production and phytoplankton abundance. Chlorophyll measurements in highly eutrophic coastal waters require the proposed new level of precision to accommodate modeling requirements.  Satellite ocean color sensors and processing algorithms should ideally be capable of estimating chlorophyll a concentration over the range 0.01 to 50 mg/ m 3 .  This range would encompass highly eutrophic conditions and events like algal blooms, as well as the clearest oceanic waters found in extremely oligotrophic areas.  Recent data from the SeaWiFS ocean color sensor reveal a mean global deep-water chlorophyll a concentration of approximately 0.22 mg/m3 with a substantial portion of the global ocean with concentrations below 0.03 mg/m3.  These clearest waters and highly eutrophic areas represent bio-optical and ecological extremes and changes in their magnitude or a real distribution may provide very sensitive indicators of global change. 

2.10b  Coastal Chlorophyll (Academia/DoD/DOC) - Coastal coverage refers to the areal extent consistent with the U.S. Exclusive Economic Zone (EEZ) which extends 370  km from shore.  Coastal coverage shall entail roughly 300 km swath coverage, but pertains to all coasts worldwide to support civil and military observations. The concentration of the phytoplankton pigment chlorophyll a, is calculated using water-leaving radiances (2.9).  This EDR is required under clear daytime conditions only, for selected lakes, rivers, bays, estuaries, and other coastal regions that require high resolution data. Chlorophyll a is measured in mg/m3. Note: Operataional requiremetns are DoD/DOC, while Science requirements are DOC only and permit post-processing with additional ancillary data

	Systems Capabilities
a.  Horizontal Cell Size
	Thresholds
	Objectives

	    1. Nadir
	0.1 km
	

	    2. Worst case
	0.2 km
	0.1 km

	b.  Mapping Uncertainty
	
	

	     1.  Nadir
	0.1 km
	

	    2. Worst case
	0.2 km  
	0.1 km

	c.  Measurement Range
	0.01 to 50 mg/m3
	0.001-100 mg/m3

	d.  Measurement Precision

     1. Operational

     2. Science Quality
	20%

10%
	10%

5%

	e.  Measurement Accuracy

     1. Operational

     2. Science Quality
	40%

30 %
	20%

10%

	f.  Refresh
	24 hours
	12 hours

	g. Long-Term Stability (Note 1)
	 mW cm-2 µm-1 sr-1 /decade

443 nm: 0.50

555 nm: 0.25

865 nm:0.08
	mW cm-2 µm-1 sr-1 /decade

443 nm: 0.250

555 nm: 0.125

865 nm: 0.040

	h. Latency

1. Operational

      2.   Science Quality
	3 hours

48 hours
	1 hour

24 hours

	i. Geographic Coverage


	Selected coastal regions, rivers and lakes, U.S. and worldwide
	Selected coastal regions, rivers and lakes, U.S. and worldwide

	j.  Orbit Constraints
	Sun Sync. Within 1.5 hrs 

of local noon
	Sun Sync. Within 1.5 hrs 

of local noon


Note 1: Long-Term Stability is expressed for water leaving radienaces (i.e. data) at specific wavelengths.  These can be measured directly, if the specified band is available, or interpolated from related bands.



Explanation: Coastal Chlorophyll:


Chlorophyll a represents the primary plant pigment used to absorb light and represents the commonly accepted estimate of phytoplankton biomass in biological investigations.


Justification: Coastal Chlorophyll:


Chlorophyll is required for determination of primary production and phytoplankton abundance. Chlorophyll measurements in highly eutrophic coastal waters require the proposed new level of precision to accommodate modeling requirements. The coastal resolution specified has been shown to be essential for imaging lakes and rivers, and many typical coastal areas, bays and estuaries that have spatial scales of one to a few kilometers.  Lakes, rivers and coastal regions, which possess features with high gradients, demand higher resolution observations than the regional resolution.  Derived parameters are required at this resolution for coastal dynamics (modeling), human health (, drinking water quality, red tide, pathogens), oil spill response, aquaculture, and fisheries management.  Satellite ocean color sensors and processing algorithms should ideally be capable of estimating chlorophyll a concentration over the range 0.01 to 50 mg/ m 3 .  This range would encompass highly eutrophic conditions and events like algal blooms, as well as the clearest oceanic waters found in extremely oligotrophic areas.  Recent data from the SeaWiFS ocean color sensor reveal a mean global deep-water chlorophyll a concentration of approximately 0.22 mg/m3 with a substantial portion of the global ocean with concentrations below 0.03 mg/m3.  These clearest waters and highly eutrophic areas represent bio-optical and ecological extremes and changes in their magnitude or a real distribution may provide very sensitive indicators of global change. 

2.11a Ocean Optical Properties (DoD/DOC/Academia) – Chlorophyll fluorescence and the inherent optical properties of absorption and scattering of surface waters can be estimated from ocean color imagery.  Absorption and scattering are estimated at each measured visible wavelength, and all properties have units of inverse meters (m-1).  This EDR is required for clear daytime conditions only. Note: Operataional requiremetns are DoD/DOC, while Science requirements are DOC only and permit post-processing with additional ancillary data

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Cell Size
	Surface
	

	b.  Horizontal Cell Size
	
	

	    1.  Nadir
	0.75 km
	

	    2.  Worst case
	1.6 km
	0.1 km

	b.  Mapping Uncertainty
	
	

	    1. Nadir
	0.75 km
	

	    2. Worst case
	 1,6 km
	0.1 km

	a. Measurement Range

Absorption

Scattering

Chlorophyll fluorescence
	0.01- 10 m-l
0.01 - 50 m-l
N/A
	.005 - 20 m-l
0.005 - 75 m-l

Detectable signal in waters with chlorophyll from 0.1 to 50 mg/m3 at 1 km resolution


	e.  Measurement Precision

     1. Operational

     2. Science Quality
	30%

20%
	20%

10%

	f.  Measurement Accuracy

     1. Operational

     2. Science Quality
	40%

30 %
	30%

20%

	g.  Refresh
	48 hours
	12 hours

	h.  Long-Term Stability
	-
	-

	i. Latency

1. Operational

2. Science Quality
	90 minutes

48 hours
	15 minutes

24 hours

	j. Geographic Coverage
	Global Ocean


	Global Ocean



	k. Orbit Constraints
	Sun Sync. Within 1.5 hrs 

of local noon
	Sun Sync. Within 1.5 hrs 

of local noon



Explanation: Ocean Optical Properties (DoD/DOC);


Ocean optical properties derived from ocean color water-leaving radiances. The surface optical properties of total absorption (at) and total backscattering (bbt) at specific wavelengths can be determined from the remote sensing reflectance. Absorption and backscattering can be broken down into additional optical properties. Phytoplankton pigment absorption is used to calculate chlorophyll concentration.  Non-phytoplankton absorption (e.g. colored dissolved organic matter, detrital  absorption) is required for characterization of river plumes, as a surrogate for salinity, and for understanding of the water quality factors determining light availability (separating phytoplankton from detrital impacts).  Backscattering is used to calculate the amount of particulates in the water. The spectral properties of absorption and scattering combined are used to separate phytoplankton, detritus and inorganic particulate matter components in the water. 


The fluorescence line height (FLH) algorithm is a relative measure of the amount of radiance leaving the sea surface, which is a result of chlorophyll fluorescence.  By constructing a baseline using bands on either side of the fluorescence band, we can estimate the deviation from the amount of radiance expected for pure water that results from chlorophyll fluorescence.  This increase in radiance (centered at 683 nm for chlorophyll) has been noted for decades in measurements of the light field in the ocean.  This signal is generally weak, even in regions of high chlorophyll concentrations.  To measure fluorescence, the signal to noise ratio (SNR) must be increased for the fluorescence band and the adjacent “baseline” bands at 665 nm and 750 nm.  Typical SNR for these three bands must be in the range of 1200-1500 to make usable measurements of fluorescence in waters with chlorophyll levels as low as 0.5 mg/m3.  For lower chlorophyll waters, pixels must be averaged together in order to increase the effective SNR.  The fluorescence measurement itself is made at 678 nm as a compromise between measuring the fluorescence peak (683 nm) and the presence of an oxygen absorption band at 687 nm.

This EDR possesses the same spatial resolution and time constraints as ocean color and chlorophyll, and should be the same resolution as SST.


Justification: Ocean Optical Properties (DoD/DOC);
The surface optical properties of absorption (a; units: m-1), scattering 

(b, units: m-1), and backscattering (bb; units: m-1) at specific wavelengths of interest ( = 412, 443, 490, 520, 532, 555, 580, 600, 665, 680, 720,740, 760, and 870 nm) can be determined from ocean color water-leaving radiances.  These inherent optical properties are used to ascertain swimmer visibility and to predict laser performance for underwater imaging and attenuation.  They are also employed for detecting and characterizing river plumes, modeling the distribution of pollutants in coastal waters, estimating salinity, calculating sediment transport, calculating phytoplankton primary production, and evaluating seagrass and coral health.

Chlorophyll fluorescence is a measure of the light-harvesting pigments of phytoplankton.  The amount of fluorescence is a complicated function of light capture by chlorophyll and the rate of photosynthesis.  Much attention has focused on the use of fluorescence to estimate chlorophyll concentrations in the presence of suspended particulate and dissolved material, and to estimate primary productivity.  Measurements of chlorophyll fluorescence from space provide 1) an alternative to absorption-based chlorophyll algorithms which may fail in turbid and coastal waters, and 2) an estimate of the photosynthetic “health” of phytoplankton.

Ocean optical properties are needed to predict how equipment systems used by the Navy will perform in the coastal and shelf waters.  Real time and historical optical properties are needed for planning the deployment of E-O systems and for logistics during ocean exercises.  Navy systems include laser imaging systems and underwater camera systems, as well as diving operations.  Underwater detection and targeting systems are influenced by the water absorption of the light (distance from target) and blurring of a target caused by scattering. 

2.11b Coastal Ocean Optical Properties (DoD/DOC/Aacdemia) – - Coastal coverage refers to the areal extent consistent with the U.S. Exclusive Economic Zone (EEZ) which extends 370  km from shore.  Coastal coverage shall entail roughly 300 km swath coverage, but pertains to all coasts worldwide to support civil and military observations Chlorophyll fluorescence and the inherent optical properties of absorption and scattering of surface waters can be estimated from ocean color imagery.  Absorption and scattering are estimated at each measured visible wavelength, and all properties have units of inverse meters (m-1).  This EDR is required for clear daytime conditions only, for selected lakes, rivers, bays, estuaries, and other coastal regions that require high resolution data. Note: Operataional requiremetns are DoD/DOC, while Science requirements are DOC only and permit post-processing with additional ancillary data

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Cell Size
	Surface
	

	b.  Horizontal Cell Size
	
	

	    1. Nadir
	0.1 km
	

	    2. Worst case
	 0.2 km
	0.1 km

	b.  Mapping Uncertainty
	
	

	    1. Nadir
	0.1km
	

	    2. Worst case
	0.2 km  
	0.1 km

	b. Measurement Range

Absorption

Scattering

      Chlorophyll  

            fluorescence
	0.01- 10 m-l
0.02 - 50 m-l
Detectable signal in waters with chlorophyll from 0.15 to 50 mg/m3 at 1 km resolution
	.005 - 20 m-l
0.005 - 75 m-l

Detectable signal in waters with chlorophyll from 0.1 to 50 mg/m3 at 1 km resolution


	e.  Measurement Precision

     1. Operational

     2. Science Quality
	30%

20%
	20%

10%

	f.  Measurement Accuracy

     1. Operational

     2. Science Quality
	40%

30 %
	30%

20%

	g.  Refresh
	48 hours
	12 hours

	h. Long-Term Stability
	-
	-

	i. Timeliness

     1. Operational

     2. Science Quality
	3 hours

48 hours
	1 hour

24 hours

	j. Geographic Coverage


	Selected coastal regions, rivers and lakes, U.S. and worldwide
	Selected coastal regions, rivers and lakes, U.S. and worldwide

	k. Orbit Constraints
	Sun Sync. Within 1.5 hrs 

of local noon
	Sun Sync. Within 1.5 hrs 

of local noon



Explanation: Coastal Ocean Optical Properties (DoD/DOC);


Ocean optical properties derived from ocean color water-leaving radiances. The surface optical properties of total absorption (at) and total backscattering (bbt) at specific wavelengths can be determined from the remote sensing reflectance. Absorption and backscattering can be broken down into additional optical properties. Phytoplankton pigment absorption is used to calculate chlorophyll concentration.  Non-phytoplankton absorption (e.g. colored dissolved organic matter, detrital  absorption) is required for characterization of river plumes, as a surrogate for salinity, and for understanding of the water quality factors determining light availability (separating phytoplankton from detrital impacts).  Backscattering is used to calculate the amount of particulates in the water. The spectral properties of absorption and scattering combined are used to separate phytoplankton, detritus and inorganic particulate matter components in the water. 



The fluorescence line height (FLH) algorithm is a relative measure of the amount of radiance leaving the sea surface, which is a result of chlorophyll fluorescence.  By constructing a baseline using bands on either side of the fluorescence band, we can estimate the deviation from the amount of radiance expected for pure water that results from chlorophyll fluorescence.  This increase in radiance (centered at 683 nm for chlorophyll) has been noted for decades in measurements of the light field in the ocean.  This signal is generally weak, even in regions of high chlorophyll concentrations.  To measure fluorescence, the signal to noise ratio (SNR) must be increased for the fluorescence band and the adjacent “baseline” bands at 665 nm and 750 nm.  Typical SNR for these three bands must be in the range of 1200-1500 to make usable measurements of fluorescence in waters with chlorophyll levels as low as 0.5 mg/m3.  For lower chlorophyll waters, pixels must be averaged together in order to increase the effective SNR.  The fluorescence measurement itself is made at 678 nm as a compromise between measuring the fluorescence peak (683 nm) and the presence of an oxygen absorption band at 687 nm.

This EDR possesses the same spatial resolution and time constraints as ocean color and chlorophyll, and should be the same resolution as SST.


Justification: Coastal Ocean Optical Properties (DoD/DOC);
The surface optical properties of absorption (a; units: m-1), scattering 

(b, units: m-1), and backscattering (bb; units: m-1) at specific wavelengths ( = 412, 443, 490, 520, 532, 555, 580, 600, 665, 680, 720,740, 760, and 870 nm) can be determined from ocean color water-leaving radiances.  These inherent optical properties are used to ascertain swimmer visibility and to predict laser performance for underwater imaging and attenuation.  They are also employed for detecting and characterizing river plumes, modeling the distribution of pollutants in coastal waters, estimating salinity, calculating phytoplankton primary production, and evaluating seagrass and coral health.

Chlorophyll fluorescence is a measure of the light-harvesting pigments of phytoplankton.  The amount of fluorescence is a complicated function of light capture by chlorophyll and the rate of photosynthesis.  Much attention has focused on the use of fluorescence to estimate chlorophyll concentrations in the presence of suspended particulate and dissolved material, and to estimate primary productivity.  Measurements of chlorophyll fluorescence from space provide 1) an alternative to absorption-based chlorophyll algorithms which may fail in turbid and coastal waters, and 2) an estimate of the photosynthetic “health” of phytoplankton.

Ocean optical properties are needed to predict how equipment systems used by the Navy will perform in the coastal and shelf waters.  Real time and historical optical properties are needed for planning the deployment of E-O systems and for logistics during ocean exercises.  Navy systems include laser imaging systems and underwater camera systems, as well as diving operations.  Underwater detection and targeting systems are influenced by the water absorption of the light (distance from target) and blurring of a target caused by scattering. 

2.12 Bioluminescence Potential (DoD/Academia).  An estimate of the potential number of flashes generated by bioluminescent organisms present in sea water within a region.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Resolution
	
	

	    1. Nadir
	1.0 km
	

	    2.  Worst case
	2.4 km
	1.0 km

	b.  Mapping Uncertainty
	
	

	    1. Nadir
	1.0 km
	0.5 km

	    2. Worst case
	3 km  
	1.0 km

	c.  Measurement Accuracy
	-
	TBD

	d.  Refresh
	24
	12

	e. Long-Term Stability
	TBD
	TBD

	f. Latency
	3 hours
	1 hour

	g. Geographic Coverage
	Global
	Global

	h. Orbit Constraints
	-
	-



Explanation:


Bioluminescence potential represents the probability of eliciting a detectable flash of light by disturbing light-producing organisms within the ocean.  This potential results from a complex interplay between the abundance and taxonomic composition of organisms in the surface layer, ambient light level, sea surface temperature, and other factors.  


Justification:  High levels of bioluminescence can indicate the presence of boats, swimmers or other objects moving through the water.  To meet this requirement bioluminescence potential may be stated in broad categories (e.g. high, medium or low), hence no specific measurement accuracy is given.  

2.13  Littoral Sediment Transport (DoD)   - Deleted
2.14a  Sea Surface Temperature (SST) (DOC/DoD/Academia).  Sea surface temperature is defined as the temperature of the surface layer (upper 1 meter) of ocean water.  It has two major applications: 1) sea surface phenomenology, and 2) use in infrared cloud/no cloud decision for processed cloud data.  The requirements below apply only under clear conditions (unless specified otherwise).  This differs from Sea Surface Temperature Gradients by requiring less Measurement Uncertainty and allowing a larger Horizontal Cell Size.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	    Nadir,  clear

    Worst case, clear   
	1 km

 1.3 km 


	0.25km 



	b.  Mapping Accuracy
	
	

	      Nadir, clear

      Worst case, clear

      
	0 km 

1.3 km


	0.1 km



	c.  Measurement Range
	-2o to 40o C
	-2( to 40( C

	d. Measurement Precision
	0.2o C
	0.1( C

	e. Measurement Uncertainty
	0.5( C 
	0.1( C

	f.  Refresh
	6 hours
	3 hours 

	g. Long-Term Stability 
	0.1( C 
	-

	h. Latency
	90 minutes
	15 minutes

	i.  Geographic Coverage
	Global Ocean
	Global Ocean



	j. . Orbit Constraints
	Sun Sync Polar
	Sun Sync. Polar



Explanation: Sea Surface Temperature (SST) (DOC/DoD):

Justification: Sea Surface Temperature (SST) (DOC/DoD):  (USAF) The requirements for the stated thresholds are documented in AWS Report.


(USN) Navy Requirements Review concluded sea surface temperature details (i.e., frontal analysis) can be taken into proper consideration only by emerging high-resolution models using a polar-orbiting weather satellite. Horizontal resolutions of 4 km (global) and 1 km (regional) and a measurement accuracy of 0.5o C specify the resolution and accuracy needed.  In addition, these resolution and accuracy requirements are needed to bound detection and accuracy parameters for emerging shallow water antisubmarine warfare systems.


(DOC) A regional resolution of at least 3 km at nadir (global resolution) and 1 km (0.25 km Objective) (regional resolution) is required to support coastal management missions within DOC, as described by NOAA Requirements for Support from Polar Orbiting Satellites, NOAA, DOC, June 1990, and in NOAA-DOD-NASA Triagency Polar Requirements Summary, NOAA, 1993.  In order to be able to discern thermal details in bays and estuaries for analyses of  coastal dynamics, human health, ecosystem sustainability, and resource management, this high-resolution capability is key.

In addition to SST applications, imager channels useful for SST are also commonly used to characterize atmospheric aerosols.  Differential absorption of thermal IR radiation by silicate aerosols such as volcanic ash and windblown dust permits recognition of these contaminants, given a thermally uniform background.  Because volcanic ash is very hazardous to jet aircraft, recognition of ahs clouds either near airports or in air lanes is of great importance for public safety.

2.14b  Low Resolution All Weather Sea Surface Temperature (SST) (DOC/DoD/Academia).  Sea surface temperature is defined as the temperature of the surface layer (upper 1 meter) of ocean water. The requirements below apply for both clear and cloudy conditions.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	      Global, all weather
	40 km
	20 km

	b.  Mapping Accuracy
	
	

	     Global, all weather
	5 km
	3 km

	c.  Measurement Range
	-2o to 40o C
	-2( to 40( C

	c. Measurement Precision 

      Global, all weather
	0.3oC
	0.1oC

	d. Measurement Uncertainty

      Global, all weather
	1.0( C
	0.5( C

	f.  Refresh
	6 hours
	3 hours 

	g. Long-Term Stability
	TBD
	-

	h. Latency
	90 minutes
	15 minutes

	Geographic Coverage

     Global, all weather
	Global ocean
	Global ocean

	k. Orbit Constraints
	Sun Sync Polar
	Sun Sync. Polar



Explanation: Low Resolution All Weather Sea Surface Temperature (SST) (DOC/DoD).

These are all weather SST measurements regardless of cloud cover.


Justification: Low Resolution All Weather Sea Surface Temperature (SST) (DOC/DoD).

(DOC/USN Ocean Observer Team)  An all-weather SST is needed to provide updates for areas which are seasonally cloud covered.  Areas in the EEZ off the coast of Washington and Oregon coasts are not imaged with traditional satellite SST sensors for weeks at a time due to persistent stratus cloud cover, necessitating an all-weather solution.  Although the need to Absolute SST still exists for these areas, the all-weather capability of a Passive Microwave Sea Surface Temperature will still assist both civil and military applications. 

2.14c  Sea Surface Temperature (SST) Imagery (DOC/DoD/Academia).   Sea Surface Temperature gradients are defined as a mapped image with SST measurements at each map pixel, where its major application is in determining SST features.  This EDR lessens the importance of absolute accuracy, while seeking to take advantage of the highest possible Horizontal Cell Size resolution to identify SST differences.  This differs from Sea Surface Temperature  by allowing more Measurement Uncertainty while requiring a smaller Horizontal Cell Size.  The requirements below apply only under clear conditions (unless specified otherwise).   The intent is for this EDR to provide a mapped SST image to pair with coincident and collocated ocean color, chlorophyll, and ocean optical property imagery at 0.75 km resolution.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	      Nadir (SST Features)

      Worst case (SST Features) 
	.75 km

1.6 km
	0.1 Km

0.2 km

	b.  Mapping Accuracy
	
	

	      Nadir

      Worst case
	.75 km

1.6 km
	0.1 km

0.2 km

	c.  Measurement Range
	-2o to 40o C
	-2( to 40( C

	d. Measurement Precision
	0.3oC
	0.1oC

	e. Measurement Uncertainty
	0.7( C
	0.2( C

	f.  Refresh
	6 hours
	3 hours 

	g. Long-Term Stability 
	N/A
	-

	h. Latency
	90 minutes
	15  minutes

	
	
	



Explanation:  Sea Surface Temperature (SST) Imagery:  (DOC/DoD).


Justification: Sea Surface Temperature (SST) Imagery:  (DOC/DoD).

2.14d  Coastal Sea Surface Temperature (SST) (DOC/DoD/Academia). Coastal coverage refers to the areal extent consistent with the U.S. Exclusive Economic Zone (EEZ) which extends 370  km from shore.  Coastal coverage shall entail roughly 300 km swath coverage, but pertains to all coasts worldwide to support civil and military observations.  Sea surface temperature is defined as the temperature of the surface layer (upper 1 meter) of ocean water.  It has two major applications: 1) sea surface phenomenology, and 2) use in infrared cloud/no cloud decision for processed cloud data.  The requirements below apply only under clear conditions for selected lakes, rivers and coastal regions that require high resolution data.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	       1. Nadir

       2. Worst case
	0.1 km

0.2 km
	0.1 km

	b.  Mapping Accuracy
	
	

	       1. Nadir

       2. Worst case

      
	0.1 km

0.2 km
	0.1 km

	c.  Measurement Range
	-2o to 40o C
	-2( to 40( C

	d. Measurement Precision

     Coastal      
	0.4 oC
	0.1( C

	e. Measurement Uncertainty

    Coastal   
	0.7( C
	0.2( C

	f.  Refresh
	12 hours
	6 hours 

	g. Long-Term Stability
	TBD
	-

	h. Latency
	2 hr
	1 hr

	Geographic Coverage 

   
	U.S. coastal areas and selected coastal areas and lakes worldwide, coverage of up to 400 km at a time
	Same as Threshold with coverage of up to 1000 km at a time.



	k. Orbit Constraints
	Sun Sync Polar
	Sun Sync. Polar



Explanation: Coastal Sea Surface Temperature (SST) (DOC/DoD).

These are high-resolution measurements of SST in limited regions.  It is intended that at least the EEZ be covered every 12 hours.  This would require an instrument that can cover at least 400 km at a time and be steerable so that coastal and other targeted regions can be covered each pass.  An objective for coverage should be 1000 km.


Justification: Coastal Sea Surface Temperature (SST) (DOC/DoD).
SST measurements in bays, rivers, estuaries, lakes, and near shore regions when paired with coastal ocean color, chlorophyll, and optical properties allow analysis of the dynamics of coastal areas, for water quality monitoring, oil spill response, support to aquaculture, and fisheries management.  

High resolution sea surface temperatures are needed as input into Navy ocean circulation models that support operational exercise activities in littoral regions. Real time temperature and ocean circulation data are needed for planning the deployment of personnel and mission assets in specified regions that are often 1-2km in scale and characterized by changing ocean coastal dynamics. Navy activities supported by this high resolution data include swimmer delivery vehicle operations, autonomous underwater vehicle operations, and SEAL team operations.

In addition to determination of SST at resolutions appropriate for coastal work, the same channels  are useful in determination of soil moisture because of differences in the thermal inertial of wet and dry soils.

2.15  Net Heat Flux (DoD/Academia).  Refers to net surface flux over oceans (including ice covered) and the components of heat flux are longwave/shortwave radiation and latent heat flux, sensible heat flux.  This EDR is required under clear conditions only.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Sensing Depth
	N/A
	N/A

	b.  Horizontal Cell Size
	20 km
	5 km

	c.  Mapping Uncertainty
	7 km
	

	d.  Measurement Range
	0 to 1000 W/m2
	0 to 2000 W/m2

	e.   Measurement Precision
	5 W/m2
	1 W/m2

	f.   Measurement Accuracy
	10 W/m2
	1 W/m2

	g.   Refresh
	6 hours
	3 hours

	h.   Long-Term Stability
	-
	-

	i.   Latency
	24 hours
	6 hours

	j.   Geographic Coverage
	Global Oceans
	Global Oceans

	k.  Orbit Constraints
	-
	-



Explanation;


Justification:

(USN) Navy Requirements Review concluded knowledge of net heat flux is essential to the correct physical modeling of natural phenomena occurring at the air/sea interface for both numerical meteorological and oceanographic prediction models.  Horizontal resolutions of 20 km with a measurement range of 0-2000 W/m2, measurement accuracy of 10 W/m2 and a refresh of 6 hours specify the requirements needed for direct assimilation into global models to yield prognostic charts used to forecast mesoscale features in support of naval operations worldwide.

2.16a Open Ocean Currents (DoD/DOC/DOT). Large-scale movements of the surface waters of the ocean, driven by wind and the distribution of water density.  Currents are a vector quantity with both speed and direction, for all-weather conditions.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	
	

	     1. Global, worst case
	200 km
	20 km

	b.  Vertical Cell Size
	Average vector for 5 m layers
	Average vector for 1 m layers

	c.  Mapping Uncertainty
	1 km
	1 km

	d.  Measurement Range
	0 to 5 m/s, 0 to 360o
	0 to 5 m/s, 0 to 360o

	e.  Measurement Precision
	10% 
	10 %

	f.  Measurement Accuracy
	10% 
	10 %

	g.  Refresh
	20 days
	10 days

	Long-Term Stability
	
	

	Timeliness
	2 hours
	1 hour

	Geographic Coverage
	Global 
	Global

	Orbit Constraints
	> 66 degrees
	> 66 degrees



Explanation:


Justification:

2.16b Surface Currents (DoD/DOC/DOT) Large-scale movements of the surface waters of the ocean, driven by wind and the distribution of water density.  Currents are a vector quantity with both speed and direction.  This EDR is required under clear conditions only.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Coverage
	0 to 10 m
	0 to 30 m

	b.  Horizontal Cell Size
	1.3 km at nadir
	0.25 km

	c.  Vertical Cell Size
	Average vector for 5 m layers
	Average vector for 1 m layers

	d. Mapping Uncertainty
	1.3 km at nadir
	0.25 km

	e.  Measurement Range
	0 to 5 m/s, 0 to 360o
	0 to 5 m/s, 0 to 360o

	f.  Measurement Precision
	0.25 m/s, 15 o 
	0.1 m/s, 5o

	g.  Measurement Accuracy
	0.25 m/s, 15 o 
	0.1 m/s, 5o

	h.  Refresh
	12 hours
	6 hours

	i.  Long-Term Stability
	-
	-

	j.  Latency
	24 hours
	12 hours

	k.  Geographic Coverage
	Selected regions worldwide
	Selected regions worldwide

	l.  Orbit Constraints
	-
	-



Explanation:


Justification:

2.16c Littoral Currents (DoDDOT). Littoral scale, within 100 km of shore, motion of the water column driven by tidal, wind and density forcing.  The types of current that shall be measured are tidal, permanent, wave-induced, wind-induced, longshore and rip currents.  Currents are a vector quantity with both speed and direction.  This EDR is required under all weather and lighting conditions.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Coverage
	
	0 to 30 m

	b.  Horizontal Cell Size
	
	0.1 km

	c.  Vertical Cell Size
	
	Average vector for 1 m layers

	d.  Mapping Uncertainty 
	
	0.1 km

	e.  Measurement Range
	
	0 to 5 m/s, 0 to 360o

	f.  Measurement Precision
	
	0.128 m/s, 1o

	g.  Measurement Accuracy
	
	0.128 m/s, 1o

	h.  Refresh
	
	3 hours

	i.  Long-Term Stability
	-
	-

	j.  Latency 
	
	15  minutes

	k. Geographic Coverage
	Selected near-shore areas
	Selected near-shore areas

	j.  Orbit Constraints 
	-
	-



Explanation:  Littoral Currents (DoD)


Justification:  Littoral Currents (DoD)

(USN) As Naval forces continue to focus on Littoral operations, the need to monitor littoral currents increases, especially for Expeditionary Warfare, particularly Mine and Special Warfare.  This is especially true in denied areas which require all-weather sensing from satellite altitudes to maintain operational security.   Littoral currents must be accounted for in mine placement, lay-over and drift.  The damage incurred by two USN ships during the conflict against Iraq, and the loss of the ability of Naval forces to actualize its threat of a whole-scale amphibious landing, were the result of cheap, unsophisticated mines, whose motion could not be effectively tracked due to insufficient Littoral Current information.  The ability to insert Naval Special Forces and USMC Recon personnel is also effected by littoral currents.  The planning and execution of special operations can be made more effective is the travel time is accurately determined, rather than estimated due to the impact of intervening currents.

.2.17 Salinity (DoD/DOC/Academia).  A measure of the quantity of dissolved materials in sea water.  A formal definition is “the total amount of solid materials, in grams, contained in one kilogram of sea water, when all the carbonate has been converted to oxide, the bromine and iodine converted to chlorine, and all organic matter is completely oxidized.”  Traditional units of measurement are parts per thousand (ppt), by weight; however, today, a “practical salinity scale” based on the ratio of the electrical conductivity of a seawater sample to that of standard seawater at 35ppt is commonly used.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Coverage
	Surface
	0 to 300 m

	b.  Horizontal Resolution
	
	

	     1.  Global
	100 km
	25 km

	     2.  Regional
	10 km
	1 km

	c.  Vertical Cell Size
	
	

	     1.  Global
	N/A
	N/A

	     2.  Regional
	N/A
	N/A

	d.  Mapping Uncertainty
	
	

	     1.  Global
	50 km
	10 km

	     2.  Regional
	5 km
	0.5 km

	e.  Measurement Range
	Global: 32-38 ppt

Regional: 0-40 ppt
	Global: 32-38 ppt

Regional: 0 to 40 ppt

	f.  Measurement Precision
	Global: 0.2 ppt

Regional: 1.0 ppt
	Global: 0.1 ppt

Regional: 0.5 ppt

	g.  Measurement Accuracy
	
	

	     1.  Global
	0.1 ppt
	0.1 ppt

	     2.  Regional
	1.0 ppt
	0.5 ppt

	h.  Refresh
	14 days
	7 days

	i.  Long-term Stability
	-
	-

	j.  Latency
	90 minutes
	15 minutes

	i. Geographic Coverage

1. Global

2. Regional
	Global ocean

Selected regions worldwide
	Global ocean

Selected regions worldwide

	l. Orbit Constraints
	-
	-


Explanation: Salinity (DoD/DOC)

The principles, as well as technical challenges, of satellite remote sensing of sea surface salinity (SSS) using low microwave frequencies (1-3 GHz) are now well recognized. A Salinity Sea Ice Working Group (SSIWG) has been organized ad hoc to evaluate the technical and scientific merit of SSS remote sensing, as well as the added benefit to sea ice measurements in this frequency band. The explanation and justification herein derives from its work over the past 3 years. The SSIWG has conducted a critical evaluation of the scientific impact of the salinity remote sensing data at the anticipated resolution and accuracy as well as the various technical approaches and challenges associated with making radiometric measurements at 1.4 GHz, the preferred band for salinity. 

There has been a growing awareness among the research and operational oceanography communities of the important role that surface salinity variability plays in ocean and climate dynamics. The  primary motivation is that both short term circulation forecasts and climate scale predictions depend heavily on the salinity field and its variability. One of the major technical obstacles for working in this microwave band is the need for very large antenna structures in order to obtain high spatial resolution. Footprint size is inversely proportional to antenna aperture, and 10-20 m apertures are required for a ~10 km  footprint size, depending on orbit altitude. However, as described below, key questions can be addressed with data of much coarser resolution attainable with smaller antennae.  Indeed, NASA has already undertaken preliminary system studies for such a salinity satellite. Thus, we are now at a time when such systems are becoming affordable, the scientific and operational needs are becoming sufficiently compelling, and adequate technology is becoming available.


Justification: Salinity (DoD/DOC)

The SSIWG has recommended three broad primary scientific objectives for SSS remote sensing: 

     1. Improving seasonal to interannual [ENSO] climate predictions: 

     This involves the effective use of SSS data to initialize and improve the coupled climate forecast models, and to study and model the role of freshwater flux in the formation and maintenance of barrier layers and mixed layer heat budget in the tropics. 

     2. Improving ocean rainfall estimates and global hydrologic budgets: 

     Precipitation over the ocean is still poorly known and relates to both the hydrologic budget and to latent heating of the overlying atmosphere. The "ocean rain gauge" concept shows considerable promise in reducing uncertainties on the surface freshwater flux on climate time scales, given SSS observations, surface velocities and adequate mixed layer modeling. 

     3. Monitoring large scale salinity events: 

     This may include ice melt, major river runoff events, or monsoons. In particular, tracking interannual SSS variations in the Nordic Seas is vital to long time scale climate prediction and modeling. High latitude SSS variations influence the rate of oceanic convection and poleward heat transport. These measurements will also be the most technically challenging because of the SSS accuracy needed, and the relatively weaker radiometric signature at low sea temperature. 

Salinity signals are much stronger in the coastal ocean and marginal seas than in the open ocean in general, but the anticipated large footprint size will limit near shore applications of the data. The SSS data required for the three objectives listed above will lead to significant improvements in global models which, in turn, provide boundary conditions for nested regional and coastal  models. Thus, while observation of small-scale coastal structure may not be possible with a first generation salinity satellite, improvement in prediction of coastal variability is anticipated.

Many of the larger marginal seas which have strong SSS signals should be adequately resolved, such as the East China Sea,  Bay of Bengal, Gulf of Mexico and Coral Sea/Gulf of Papua.

To formulate specific requirements to meet the objectives described above, the following four problems were posed and associated accuracy, spatial and temporal requirements were developed:

     1. Barrier layer effects on tropical Pacific heat flux 

           0.2 psu

100 km
30 days

     2. Halosteric adjustment of heat storage from sea level 

           0.2 psu

200 km
14 days

     3. N. Atlantic thermohaline circulation 

           0.1 psu

100 km
30 days

     4. Surface freshwater flux balance 

           0.1 psu

300 km 
30 days

The North Atlantic thermohaline circulation and convection in the subpolar seas has the most demanding requirements, and is the most technically challenging because of the lower brightness/SSS ratio at low water temperatures. It thus defines the threshold requirements for global horizontal resolution and measurement precision. It’s lower demand on refresh rate permits more temporal averaging which should allow the measurement accuracy and precision requirements to be met.

2.18   Surf Conditions (DoD/Academia/DOT) This is a Navy requirement to support amphibious and special operations.  This is also useful for monitoring/predicting coastal erosion.   Characterize surf height, type and period/wavelength in all weather conditions.


a. Location of Surf Zone.  (DoD) This defines the location of the breaking waves and how far from shore the waves start to break.  The location of the surf zone should not change very rapidly, although it will depend on the sea state (thus an increasing sea state may increase wave height, thus increase the distance from shore of breaking waves) which can change on the scale of a few hours.  However, if one knows the surf zone location for the last 12 hours, it may still be a useable estimate.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Spatial

    Resolution
	
	

	    1. Cross-shore cell size
	0.025 km
	0.01 km

	    2. Along-shore cell size
	0.1 km
	0.1 km

	b. Mapping Uncertainty
	0.01 km
	0.001 km

	c. Measurement Range
	0-100 m
	0-100 m

	d. Measurement Precision
	10 m
	1 m

	e. Measurement Accuracy
	10 m
	1 m

	f. Refresh
	12 hours
	1 hour



b. Breaking Wave Height.  This defines the height of the breaking waves within the surf zone.  This will determine whether a landing is even possible and is an essential piece of information for the surf zone index

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Spatial

    Resolution
	
	

	    1. Cross-shore cell size
	0.025 km
	0.01 km

	    2. Along-shore cell size
	0.1 km
	0.01 km

	b. Mapping Uncertainty
	0.01 km
	0.001 km

	c. Measurement Range
	0-5 m
	0-5 m

	d. Measurement Precision
	0.5 m
	0.5 m

	e. Measurement Accuracy
	0.5 m
	0.5 m

	f. Refresh
	12 hours
	1 hour


c. Surf Zone Currents.  This defines the currents in the proximity of the surf zone and is necessary for amphibious operations during STOM (Ship To Objective Maneuver) operations.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Spatial

    Resolution
	
	

	    1. Cross-shore cell size
	0.025 km
	0.05 km

	    2. Along-shore cell size
	0.1 km
	0.05 km

	b. Mapping Uncertainty
	0.25 km
	0.001 km

	c. Measurement Range
	0-3 m/s
	0-3 m/s

	d. Measurement Precision
	0.25 m/s
	0.1 m/s

	e. Measurement Accuracy
	0.25 m/s
	0.1 m/s

	f. Refresh
	12 hours
	1 hour


d. Surf Zone Bathymetry.  This defines the depth of water in the proximity of the surf zone and allows commanders to determine which systems (surface and sub-surface) will be capable of operations in that area.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Spatial

    Resolution
	
	

	    1. Cross-shore cell size
	0.025 km
	0.001 km

	    2. Along-shore cell size
	0.1 km
	0.005 km

	b. Mapping Uncertainty
	0.025 km
	0.001 km

	c. Measurement Range
	0-5 m
	0-5 m

	d. Measurement Precision
	0.5 m
	0.1 m

	e. Measurement Accuracy
	0.5 m
	0.1 m

	f. Refresh
	1 week
	1 week


2.19  Mesoscale Ocean Features (DOC)

TBD

3.0 CRYOSPHERIC REQUIREMENTS

3.1 Sea and Lake Ice Concentration/Age/Motion/Edge Location(DOC/DoD/Academia).  Ice properties derived from imagery.  The requirements below apply under both clear and cloudy conditions for sea ice and ice in selected lakes (including the Great Lakes).  This is a regional requirement for ice covered oceans and lakes.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Coverage
	Ice Surface
	1 m

	b.  Horizontal Cell Size

Ice Concentration/ Age/Motion/Edge Location (all weather)
	0.1 km
	0.05 km

	c. Mapping Uncertainty
	0.1 km
	0.05 km

	d.  Measurement Range
	
	

	     1.  Ice Concentration
	10/10 to 10/10 (10-100%)
	0/10 to 10/10  (0-100%)

	     2.  Ice Type
	Ice Free, Young, First year, Multiyear
	Ice Free, Nilas, GreyWhite, Grey, White, First Year Medium, First Year Thick, Second Year,  and Multiyear; Smooth and Deformed Ice

	     3.  Ice Motion
	0 to 75 km/day
	0 to 75 km/day

	     4.  Edge Location
	 360 –900N and 500 to 800 S
	360 –900N and 500 to 800 S

	e.  Measurement Uncertainty
	
	

	     1.  Ice Concentration
	1/10 (i.e., 10%)
	5% increments

	     1.  Ice Type (probability of correct typing)
	85% 
	95% 

	     2.  Ice Motion 
	0.2 km/day
	 0.05 km/day

	     3.  Edge Location
	0.1 km
	0.1 km

	f.  Refresh
	24 hours
	 6 hours

	g. Long-Term Stability
	0.5 dB
	0.25dB

	     1. Ice Concentration
	1%
	-

	h. Noise Equivalent sigma 0

i.  Range of Incident angles


	-30 dB

25 to 55 °
	-32 dB

25 to 55 °

	j. Latency
	Less than 4 hours from image acquisition to product delivery 
	Onboard processing of a low resolution direct broadcast product

	k. Geographic Coverage
	All ice-covered regions of the global ocean and Great Lakes
	Same as Threshold

	Orbit Constraints
	Coverage of all ice-covered regions of the world – no hole at the pole
	Same as Threshold



Explanation; Sea and Lake Ice Concentration/Age/Motion/Edge Location(DOC/DoD);

Justification: Sea and Lake Ice Concentration/Age/Motion/Edge Location(DOC/DoD):
Current capabilities in the National Ice Center allow global sea ice analysis products to be produced to 0.5 km.  Navigation through ice (especially using electronic navigation systems) require the proposed resolution.  Ice type/thickness is the most important parameter for understanding the ability to navigate through ice.  Ice edge location is required for ice charting and for determining edge motion.  Ice motion is required for both the ice edge and the interior of the pack (for detection of leads useful for navigation). 

(DOC) Justification for thresholds presume this parameter is derived from high-resolution, all-weather  Imagery .  Requirements are based on:  a) mission; b) current state and expected evolution of relevant science disciplines and remote sensing technologies; c) planned or expected changes in organizations, mission emphasis or resources; and d) needs of non-NOAA clientele.  These requirements are documented in "NOAA Requirements for Support from Polar-Orbiting Satellites,” 1990, and previously in "Envirosat 2000 Report, NOAA Satellite Requirements Forecast", May 1985.  This document shows a requirement for at least 0.4 km horizontal resolution for ice coverage at nadir.  Since 1996, this EDR has been partially fulfilled by Canadian RADARSAT-1 imagery, providing 0.1 km horizontal cell size imagery for areas around Alaska and within the Great Lakes.  Besides providing smaller spatial resolution, radar imagery also provides the ability to collect imagery through all-weather and regardless of day-night conditions, both of which are issues in polar regions.  In areas where RADARSAT imagery is unavailable, imagery from other sensors are called upon to provide information. 


(DOC/USN) The recent creation of the Environmental Working Group (EWG) Sea Ice Atlas, which compiled 19 years of sea-ice concentration and extent, forms a short-term climatological signal to monitor Global Warming.  Use of all available sensors to continue monitoring polar ice conditions which is a key indicator, and potential driver, of global climate change is essential. 


(USN).  Arctic naval operations, in support of national and tactical tasking, are extremely dependent on sea ice age and ice motion  as are Antarctic operations.  When sea ice obtains a specific age/thickness, icebreaking support is mandatory to prevent vessel damage.  "Old" ice achieves significant tensile strength as it becomes compacted over time and salinity is lowered.  Similarly, submarine surfacing operations are highly dependent on sea ice concentration and ice cover thickness.  Further, ridging of "old" ice can result in ice keels penetrating to tens of meters below the sea surface, and pose a significant hazard to submarine navigation.  The marginal ice zone (zone of sea ice between open sea and inner ice pack) is subject to significant variability in response to oceanographic and atmospheric forcing.  Non-ice strengthened vessels risk damage if sea ice is advected into their operating area due to this forcing.  Further, there is significant National and international interest in the advection of radionuclides from Arctic waters into densely populated coastal regions.  Remotely sensed visual and infrared data are critical in assessing this threat.  A spatial resolution of at least 100 meters is required to extract sea ice features of sufficient detail to aid in ice analyses and drift estimates.  

. 

3.2 Ice of Land Origin (Icebergs) (DOT) – Detection of floating and grounded ice of land origin (i.e., icebergs) under clear and cloudy conditions.

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Spatial Resolution
	
	

	     1.  All Weather Regional
	10 m
	5 m

	c.  Mapping Uncertainty
	100m
	50m

	d.  Measurement Range
	TBD
	TBD

	e.  Measurement Uncertainty
	TBD
	TBD

	f.  Refresh
	24 hours
	12 hours

	g. Long-Term Stability
	
	

	h. Latency
	6 hours
	3 hours

	i.  Geographic Coverage
	N. Atlantic and enclosed seas adjacent to the N. Atlantic
	Same as Threshold

	j.  Orbit Constraints
	TBD
	TBD



Explanation;  (DOT) International Ice Patrol (IIP) monitors the distribution of icebergs in the northwest Atlantic Ocean and provides warnings to mariners.  IIP requires a wide-area, high-resolution sensor suite capable of detecting icebergs and providing the information in near real-time.  Cloudy and foggy conditions are present approximately 70% of the time, with wave heights up to 5 meters (excluding storm conditions).  As a result of these environmental conditions, the SAR is likely to be the most appropriate instrument for the measurements.  The ability to distinguish between icebergs and vessels in a target-rich environment is a critical requirement of IIP’s operation.  IIP tracks several thousand icebergs each year.  They range in size from very large (>200 m in length) to growlers (<15 m in length).  The smaller icebergs are most dangerous to mariners because they are difficult to detect in high sea states.


Justification:

(DOT)The primary motivations for the 10 m/5 m horizontal cell sizes are:  the desire to detect small icebergs, the ability to distinguish them from small vessels, and the need to estimate the iceberg sizes.  The challenge, of course, is to achieve this fine resolution over a wide area.  A short refresh time is essential in distinguishing between icebergs and vessels, as well as providing updated information to mariners.  The stringent timeliness requirement is essential to permit rapid product delivery.

The U. S. Coast Guard conducts the Ice Patrol in the North Atlantic under the provisions of the U. S. Code, Title 46, Sections 738, 738a through 738d, and the International Convention for the Safety of Life at Sea (SOLAS), 1974.

3.3 Ice Surface Temperature (DOC/DoD/Academia).  Temperature at the ice surface.  This EDR is required under clear conditions only.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Sensing Depth
	Ice Surface
	Ice Surface

	b. Horizontal Cell Size

     (Regional)
	1.0 km nadir, 

1.6 km (worst case)
	0.1 km

	b.  Mapping Uncertainty
	1.0  km (nadir), 

 1.6 km (worst case)
	0.1 km

	c.  Measurement Range
	213-2750K
	213-2930K (2m above ice)

	d.  Measurement Uncertainty
	1o K
	

	e.  Refresh
	24 hours
	12 hours

	f.   Long-Term Stability
	-
	-

	g. Latency
	90 minutes
	15 minutes

	h.  Geographic Coverage
	All ice-covered waters globally
	All ice-covered waters globally

	i.  Orbit Constraints
	-
	-



Explanation:


Justification:

(DOC/USN) Currently, sea ice (and freshwater ice) thickness-and hence, tensile strength, is estimated using frost degree data compilations from shore station temperature reports in middle and high latitudes.  Surface temperatures are not available in data sparse regions throughout the Arctic and Antarctic, making ice thickness estimations difficult and, potentially, inaccurate.  Remotely-sensed ice surface temperatures would be an invaluable daily, large scale, and reliable data set used to estimate sea ice growth and decay.  The temperature sensor shall be accurate to within 1 degree Celsius to ensure an accurate calculation of frost degree day information.

3.4 Ice Freeboard.(DOC/Academia)  Height of ice.  The requirements below apply under both clear and cloudy conditions for sea ice and ice in selected lakes (including the Great Lakes).  This is a regional requirement for ice covered oceans and lakes.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Coverage
	0-5 m above sea level
	0-5 m above sea level

	b.  Horizontal Cell Size

(all weather)
	 5.0 km
	1.0 km

	c. Vertical cell size
	0-5 m
	0-5 m

	d. Mapping Uncertainty
	0.2 km
	0.1 km

	e.  Measurement Range
	0-5 m
	0-5 m

	f.  Measurement Uncertainty
	5.0 cm
	1.0  cm

	g.  Refresh
	10 days
	5 days

	h. Long-Term Stability
	
	

	i. Latency
	
	

	j.  Geographic Coverage
	36oN- 90oN and 50oS- 80oS
	36oN- 90oN and 50oS- 80oS

	k. Orbit Constraints
	
	



Explanation:


Justification:

3.5 River Ice Location/Condition (Academia/DOC)

TBD
3.6 Glacier Volumetric Change (DOI/Academia/NSF).
Measure the change in the volume of glaciers.  Annual observations are required at the end of the ablation season (usually September) to determine the annual volumetric change.  A second observation at the end of the winter is preferred to separate the mass gained by winter accumulation from the mass lost by summer ablation.
	Systems Capabilities
	Thresholds
	Objectives

	c. Horizontal Cell Size
	10m
	2m

	b.  Mapping Uncertainty
	10m
	2m

	c.  Measurement Range
	0m to  4000m
	0m to  4000m

	d. Measurement Uncertainty
	2m
	0.2 m 

	f. Refresh
	Annually

September
	Biannually

April and September

	f.  Long Term Stability
	-
	-

	g. Latency
	2 months
	1 month

	h. Geographic Coverage
	Global
	Global

	i. Orbit Constraints
	-
	-



Explanation: Glacier Volumetric Change (DOI)
Mid-latitude glaciers are both a strong indicator of climate variation and an important hydrologic component of glacierized watersheds.  Glaciers provide an integrated response to changes in temperature and precipitation through changes in length and thickness.  Located in temperate climates, they will respond quickly to forecast global change scenarios.  Over the past century it has been estimated that melting of mid-latitude glaciers has raised sea level by 3 cm. Hydrologically, glaciers release water in the late summer long after the winter snowpack has melted.  They also act as inter-annual reservoirs, storing precipitation during cool wet periods, to be released in warm dry years.


Justification: Glacier Volumetric Change (DOI)

Repetitive measurements of glacier mass balance (volumetric change) on a seasonal or annual basis , are difficult to obtain because glaciers are located in remote and sometimes hostile environments.  Aircraft and in situ measurements are manpower-intensive and dangerous.  The DOI-USGS glacier mass balance observation program presently is based on in situ observations at three benchmark glaciers, one in Washington and two in Alaska, each in a different climate regime.  This program has resulted in a 40-year record of seasonal balances beginning in 1960.  Although this record is the longest in North America, it needs to be expanded to capture the full spatial variability of glacier behavior.  Satellite observations with sufficient precision can greatly expand the scope and utility of the glaciers for climate monitoring.  .  

3.7 Continental  Ice Sheet Melt Zones (Academia)

The surfaces of ice sheets can be divided into separate zones depending on the different amounts of accumulation and ablation.  

	Systems Capabilities
	Thresholds
	Objectives

	d. Horizontal Cell Size

1. Greenland and Antarctica 


	1000 m


	100 m



	b.  Mapping Uncertainty
	500 m
	50 m

	c.  Measurement Range
	0 –100%
	0 –100%

	d. Measurement Uncertainty 
	5%
	1%

	g. Refresh
	2 years
	1 year

	g.  Long Term Stability
	2% per decade
	1% per decade

	h.  Latency
	2 months
	1 month

	i.  Geographic Coverage
	Greenland and coastal Antarctica
	Greenland and coastal Antarctica 

	j.  Orbit Constraints
	Minimal polar data gap
	No polar data gap


Explanation: Continental Ice Sheet Melt Zones.  
The large range of ice-sheet surface elevations creates a variety of surface and near-surface conditions.  At the highest elevations, no summer melting occurs; the cold, dry snowpack slowly compress into ice as succeeding years accumulation is added.  At lower elevations, summer temperatures are warm enough to melt the surface snow, but the water percolates downward into the underlying snow pack and refreezes.  At still lower elevations, the amount of meltwater exceeds the snowpack’s ability to refreeze water soaking the snowpack with excess free water.  Finally, at the lowest elevations, the summer heat is sufficient to remove the entire snowpack from the previous year.  

These different zones express the climate experienced by the ice sheet.  By their location and their elevation, they record important climatic indices.  More importantly, the low surface slopes of the ice sheet cause very slight changes in integrated summer temperature to be converted to large horizontal shifts in zone boundaries.

Justification: Continental Ice Sheet Melt Zones.  
The remoteness of ice sheets and the value of the easily obtainable climatic record make this measurement important.  Various instruments have shown an ability to discriminate between these different zones which are distinct in their surface temperature and their subsurface structure.  Annual shifts of zone boundaries represent interannual variation of winter accumulation or summer ablation or both.

3.8 Ice-Sheet Motion (Academia).  

Measure surface speed of ice sheet and position of grounding line.  

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Cell Size

2. Greenland and Antarctica 


	1 km


	100 m



	b.  Mapping Uncertainty
	500 m
	50 m

	c.  Measurement Range
	50 to 1000 m/yr.
	0 to 3000 m/yr.

	d. Measurement Uncertainty

     1.  Speed
     2. Direction    
	greater of 5 m/yr. or 5%;

5o
	greater of 1 m/s or 1%;

1o

	e. Refresh
	2 years
	1 year

	f.  Long Term Stability
	10% per decade
	5% per decade

	g. Latency
	2 months
	1 month

	h.  Geographic Coverage
	Greenland and Antarctica
	Greenland, Antarctica and other large ice caps

	i.  Orbit Constraints
	Minimal polar data gap
	No polar data gap 


Explanation: Ice-Sheet Motion.  
Ice-sheet motion is a fundamental expression of ice-sheet dynamics.  Comparison of actual ice motion with calculations of “balance velocity” (derived as the along-flow integral of accumulation divided by local depth) is an excellent diagnostic of the local state of health of the ice sheet.  Visual clues of past flow, such as flowstripes, also can be compared with flow direction to identify regions where flow has changed. 

Ice sheets return enough ice to the oceans annually to raise sea level 8 mm.  This is offset by a nearly equivalent removal of water from the oceans to replenish the ice sheets through snowfall.  The balance of these two processes determines the ice-sheet mass balance and whether the ice sheet is shrinking and raising sea level, or growing and lowering sea level.  Presently, sea level is increasing at 1.8 mm/yr., but has changed much more rapidly in the recent past.  


Justification:  Ice-Sheet Motion.  

Collection of ice sheet data is expensive and often dangerous.  Satellites afford the best platforms to obtain routine and consistent measurements.  Through a combination of optical and radar imagery, the present motion field for much of the ice sheets has been obtained, but the need to monitor ice flow dictates this data set be continued.  Data coverage of the highest resolution sensors has left a large coverage gap centered on each pole.  

Changes in ice speed directly affect ice-discharge fluxes and ice-sheet mass balance.  Ice streams, the most rapid discharge conduits for ice sheets, have been documented to change speeds as rapidly as 2 % per year. Due to the slow response rate of much of the ice sheet, ice sheets are usually out of balance with current climate.  

3.9 Ice-Sheet Grounding Line Position (Academia).  The grounding line position marks the transition from grounded ice to floating ice.  

	Systems Capabilities
	Thresholds
	Objectives

	a. Horizontal Cell Size

3. Greenland and Antarctica 


	500 m


	100 m



	b.  Mapping Uncertainty
	100 m
	50 m

	c.  Measurement Range
	0 to 100 m.
	0 to 50 m/yr.

	d. Measurement Uncertainty 
	100 m
	50 m

	e. Refresh
	2 years
	1 year

	f. Long Term Stability
	200 m per decade
	100 m per decade

	g. Latency
	2 months
	1 month

	h. Geographic Coverage
	Coastlines of major outlets from Greenland and Antarctica
	Entire Coastlines of Greenland ,  Antarctica and large ice caps

	i. Orbit Constraints
	Minimal polar data gap
	No polar data gap


Explanation: Ice-Sheet Grounding Line Position.  
The perimeters of ice sheets tend to be the most dynamic areas.  As ice exits an ice sheet across a bed below sea level, eventually the ice becomes thin enough to float.  This transition defines the position of the grounding line.  Because the bed slope is generally slight, small changes in the ice thickness are converted to large horizontal shifts in grounding-line position.  Tidal fluctuations cause regular movements of the grounding line by varying local sea level, however these are not large enough to mask larger shifts in grounding line position that indicate trends in either thickening or thinning. 

Thickness changes at a grounding line can be caused by a change in the rate of ice discharging the ice sheet or by subglacial conditions.  Changes in discharge flux can result from changes in the dynamic conditions either upstream on the grounded ice (for example, a decrease in basal friction) or on the floating ice (for example, an increase in longitudinal stresses due to sudden grounding event on the floating ice shelf).  Substantial amounts of ice are typically melted at the grounding line.  Thus, changes in sub-ice-shelf circulation can rapidly modify the thickness, shifting the grounding-line position. To maximize the hinging at the grounding line, it is important to collect data at as large a tidal separation as possible.


Justification:  Ice-Sheet Grounding Line Position.  

Recent observations have resulted in large increases to the rate of sub-shelf melting and to an increase in the incidence of grounding-line migration.  It is important to identify the location and rate of such behavior to direct analyses aimed at determining the cause of this behavior.  For example, response to grounding-line retreat would be very different if it were caused by a reduction in ice-sheet discharge or by an increase in the circulation of warm water under the ice shelf. 

Grounding-line position is very difficult to measure as the thickness gradients are extremely subtle.  Tidal measurements can be made in-situ, but only over a limited area.  A regional decrease in dynamically-supported topography or other measurements sensitive to vertical displacement have proven most effective at detecting grounding lines.  Satellite observations offer the only reliable means to accomplish a routine mapping of grounding-line position.  

3.10   Sea Ice Characterization  (DOC/DoD). Sea ice properties derived from all-weather imagery.  

	Systems Capabilities
	Thresholds
	Objectives

	a.  Vertical Coverage
	Ice Surface
	Ice Surface

	b.  Horizontal Cell Size

Ice Concentration/ 
	20 km
	0.05 km

	c. Mapping Uncertainty
	5 km
	0.05 km

	d.  Measurement Range
	
	

	     1.  Ice Concentration
	1/10 to 10/10
	0/10 to 10/10

	     2.  Ice Age 
	Ice free, multiyear, all other ice
	Ice Free, Nilas, GreyWhite, Grey, White, First Year Medium, First Year Thick, Second Year,  and Multiyear; Smooth and Deformed Ice 

	e.  Measurement Uncertainty
	
	

	     1.  Ice Concentration
	1/10 (i.e., 10%)
	5%

	2. Ice Age (probability of 

          correct typing)
	70% 
	90% 

	f.  Refresh
	24 hours
	 6 hours

	g. Long-Term Stability
	
	

	     1. Ice Concentration
	1%
	-

	h. Latency
	6 hrs
	15  minutes

	i. Geographic Coverage
	All ice-covered regions of the global ocean
	Same as Threshold

	j. Orbit Constraints
	-
	-



Explanation:  Sea Ice Characterization


Justification:  Sea Ice Characterization

(USN) Sea ice must be monitored globally on a daily basis to permit ice edge delineation to protect mariners, support military operations and provide climatological information.  Use of all-weather imagery allows both ice analysts and automated ice algorithms to determine ice location to a gross scale whether conditions are cloudy or clear , thereby supporting a hemispheric daily product.  While this product is not satisfactory for precise operations, it is useful for ice forecast models  This product also serves to identify areas of  new ice, which due to its thin nature, often defies being observed using either visible or infrared imagery.

4.0 HYDROLOGIC REQUIREMENTS

4.1 Flood Mapping (DOI/DoD/FEMA/Academia):

All-weather, day/night, high-resolution maps of flood inundated areas.  Only regional coverage is required for selected monitoring areas.  Tasking must be rapid (24 hours or less) to respond to flooding events as they occur in U.S. and other regions of interest worldwide.  The refresh rate needs to be daily to monitor rapidly changing flood conditions.  The threshold output product is a map of flood inundated area.  The objective product is a map of water depth in the flooded area..  

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	25 – 100 m
	25 – 100 m

	b.  Mapping Uncertainty
	25 m
	10 m

	c.  Measurement Range
	flooded/not flooded
	flooded/not flooded and water depth

	d.  Measurement Precision
	25 m
	25 m

	e.  Measurement Accuracy
	TBD
	TBD

	f.   Refresh
	24 hours
	12 hours

	g.  Long-Term Stability
	5 m vertical
	30 cm vertical

	h.  Latency
	24 hours
	12 hours

	i.  Geographic Coverage
	Selected river basins worldwide
	Selected river basins worldwide

	j.  Orbit Constraints
	-
	-



Explanation: Flood Mapping (DOI):

These flood inundation and water depth maps will be produced for areas that are undergoing severe and extensive flooding. 


Justification: Flood Mapping (DOI):

These requirements were derived from flood mapping experience using Radarsat and ERS synthetic aperture radars to map flood inundated area.  These studies have shown that the pixel size of 25 meters is adequate for most flood mapping applications.  However, obtaining timely images at a reasonable cost has been a formidable problem.  This problem has been exacerbated by the fact that foreign governments operate these satellites.  It is expected that FEMA and NOAA would also find these products of great interest and utility.  The need is for synoptic coverage with daily or twice daily repeat coverage of flood inundated areas.  FEMA”s need is for floods greater than 100 meters in width.

4.2 Snow Water Equivalent Mapping  (DOI/Academia/DOT):
Over 30 percent of Earth’s land surface is covered seasonally by snow.  Seasonal snow is the major source of the fresh water over wide areas of the mid-latitudes. Measuring spatial distributed snow properties such as snow water equivalence (SWE) and wetness from space is a key component for improvement of hydrological modeling, predictions, flood prediction and water resource management. 

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	250 m (Mountain)/5 km (global)
	100 m(Mountain) /1 km (global)

	b.  Mapping Uncertainty
	0.25 pixel
	0.2 pixel

	c.  Measurement Range
	0 – 5 m
	0 – 5 m

	d.  Measurement Precision
	0.5 m
	0.1 m

	e.  Measurement Accuracy
	10% relative
	5% relative

	f.   Refresh
	7 days
	3 days

	g.  Long-Term Stability
	-
	-

	h. Latency
	 1 day
	               3 hours

	i.  Geographic Coverage
	regional
	regional

	j.  Orbit Constraints
	-
	-


Explanation:

Snow Water Equivalence is defined as the product of snow density and depth. It tells us how much water it can generate after snow is melted. Snow wetness is defined as the volumetric percentage of free liquid water in snow pack. It indicates if snow pack starts melting and melting status.

Justification:

The successful application of snow hydrology, especially for efforts of hydrological modeling, predictions, and other applications are heavily dependent on how well we can measure those properties from space.  Mapping snow water equivalence and snow wetness can be achieved by using dual-frequency (L band and X or Ku band) and dual-polarization (VV and HH). However, the current sensors and those planned for near future do not provide a capability for monitoring these important snow properties. 

4.3a Soil Moisture (Surface) (DoD/DOC/DOI/USDA/Academia). Soil moisture measurements are needed to derive trafficability information useful for support of the deployment of amphibious and ground forces.  Moisture in the soil within the zone of aeration, including water vapor present in soil pores.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Sensing Depth*
	Surface (skin layer:   -0.1 cm)
	Surface to –80 cm

	b.  Horizontal Cell Size
	
	

	     1.  Clear, nadir

     2.  Clear, worst case
	1 km

4 km
	2 km

	     3.  Cloudy, nadir

     4.  Cloudy, worst case
	40 km

50 km
	2 km

	c.  Vertical Sampling Interval
	Not Required
	 5 cm

	e. Mapping Accuracy, clear, nadir

f. Mapping Accuracy, cloudy 
	1 km

5 km
	 0.5 km

1 km

	e.  Measurement Uncertainty


	Bare soil, in regions with known soil types:  10 % (low HR)

20 % (high HR - clear skies)
	Surface:  1 %

80 cm column:  5 % 



	f. Measurement Range
	0-100 %
	0-100 %

	g.  Latency
	90 minutes
	30 minutes

	h.  Refresh
	8 hours
	3 hours

	i. Geographic Coverage
	
	

	j. Orbit Constraints
	
	


* Units are dimensionless and moisture refers to volumetric soil moisture.

Explanation (Soil Moisture):

Total liquid water in the soil or in a surface layer over soil.  The threshold requirement is to measure soil moisture within a thin layer at the surface for bare soil in regions with known soil types, as well as, soil moisture for vegetated terrain.  The objective is to measure a moisture profile for any soil, whether bare or not, and whether or not the soil type is known. Changes in superficial soil moisture affect the dielectric properties of the ground and can be detected remotely by active or passive microwave measurements.

Justification (Soil Moisture):


Soil moisture is a key parameter in numerous environmental studies, including hydrology, meteorology, and agriculture. It plays an important role in the interactions between the land surface and the atmosphere, as well as the partitioning of precipitation into runoff and ground water storage.  Changes in soil moisture over continents have a major impact on terrestrial life and human needs, as precipitation and evaporation govern the runoff of rainfall to the river system, the replenishment of water resources, and the amount of soil moisture available for plant growth. It is, therefore, an important variable in many hydrologic and agricultural investigations. 


In spite of its importance, soil moisture has not found a widespread application in the modeling of hydrological and biogeochemical processes and related ecosystem dynamics, in part because soil moisture is a difficult parameter to measure on a large area, cost-effective, and routine basis. The measurement of soil moisture is traditionally conducted on a point basis. Due to the difficulties in making systematic, spatial soil moisture measurements, there is a lack of understanding concerning the temporal and spatial variation of regional soil moisture, and how it varies with climate and land surface characteristics. Microwave remote sensing provides the most feasible technique to map spatially distributed soil moisture.


(USAF) Data at the specified threshold values are required to derive optical and infrared characteristics of the earth's surface for E-O weapon systems support, determining state of ground for trafficability forecasts and mine placement and detection, and as input to stream flow analysis (used for river crossing, dam volume capacity and Agriculture Meteorological (AGROMET) models) as stated in AWS Report.  The objective values are established by Army Field Manual 34-81-1, by FM 100-27/FM 4-61/AFM 2-50, and by the Concept Paper for US Army Tactical Weather and Environmental Data Requirements (Oct 91).


(USA) IAW Army FM 34-81-1, 23 Dec 92, Army FM 100-27, and the Concept Paper for US Army Tactical Weather and Environmental Data Requirements, Oct 91, measurements of soil moisture are required to assess the ability for movement of tanks, self-propelled artillery, and other tactical vehicles.  The skin layer of soil is determined to be 0.1 cm.  Moisture in the surface to 5 cm depth is important to determine surface traction.  Moisture at 5 to 10 cm depths impacts cross country vehicle speed.  Moisture in the 10 to 30 cm depth can impact trafficability when more than one tank is crossing the same terrain.  Trafficability of large scale operations is impacted with moisture in the 30 to 80 cm depth range.  Refresh rate must be sufficient to detect microscale to mesoscale weather features. 


(DOC) A National Centers for Environmental Prediction Scientific Assessment by K. Mitchell has determined the NCEP Eta model requires soil moisture to properly calculate the energy fluxes at the surface.  To support this model DOC requires measurements at the surface with a horizontal resolution of 50 km, mapping uncertainty of 3 km and measurement accuracy of (10 cm of water per one meter column of soil.  Short-term rainfall variability demands a refresh of 8 hours to avoid false characterization of surface moisture in model initialization, according to the NCEP Scientific Assessment.

4.3b Regional Soil Moisture (FEMA/DoD/DOC/USDA/Academia)

Total liquid water in the soil or in a surface layer over soil.  The threshold requirement is to measure soil moisture within a thin layer at the surface (0.1 cm) for bare soil in regions with known soil types, as well as, soil moisture for vegetated terrain.  The objective is to measure a moisture profile for any soil, whether bare or not, and whether or not the soil type is known.

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size
	1 km
	250 m

	b.  Vertical Cell Size
	Skin Layer
	5 cm

	c.  Vertical Reporting Interval
	N/A (single value reported)
	5 cm

	d.  Horizontal Coverage
	Land
	Land

	e.  Measurement Range (volumetric)
	0 – 50%
	0 – 50%

	f.  Measurement Uncertainty (volumetric)
	5 %
	4 %

	g.  Refresh
	3 days
	2 days

	h. Measurement Range
	0-30 cm/m
	0-30 cm/m


Explanation (Regional Soil Moisture):

Justification (Regional Soil Moisture):
4.4 Coastal Wetland Mapping

TBD FEMA/EPA

 SEQ CHAPTER \h \r 15.0  LAND REQUIREMENTS

5.1 Land Surface Topography (DOI/FEMA/Academia) Measurement of height of points on the earth above the reference ellipsoid defined within a well-maintained Terrestrial Reference System (ITRF) through forest canopies.
Systems Capabilities 



Thresholds 


Objectives
a. Horizontal resolution 


10m



5m

b. Mapping accuracy



5m 



2m

c. Measurement Range 


-500 m to 8000 m 

-500 m to 8000 m
d. Measurement Precision


2m



1m

e. Measurement Accuracy


4 m



2m

f. Refresh 



once 


rapid ad hoc 











tasking  

g. Long-Term Stability

1 m



5 cm

h. Latency




Available in 6 mo.

Available in 6 mo

i.  Geographic Coverage


Global land


Global land

j.  Orbit Constraints




-



-



Explanation: Land Surface Topography (DOI)

The topography of the earth is the height of the land above a specified reference ellipsoid defined within a well-maintained and accurate Terrestrial Reference Frame.  Space-based laser altimeters provide high vertical accuracy ( ~10 cm.) in unvegetated areas but the spatial resolution is generally poor (>200 m) due to the profile-type measurement and finite lifetime of the laser.  A SAR mission could provide much higher resolution and “see” through denser vegetation.  This measurement accuracy/resolution cannot be achieved with a singe spacecraft.  A tandem satellite mode is needed where the interferometric baseline is controlled at about 200 m and the satellites are separated by only a few minutes in time, or a satellite with at least two SAR antennas (i.e., stereo SAR).  Global land topography is required once at a vertical accuracy of better than 5 m and at 10-m postings, with repeat topography on demand for selected areas. A vertical precision of 2 m is needed for some applications. Within the flood plain itself, 30 cm accuracy RMSE is required.  In coastal areas of low relief, accuracy of 10 cm or less is required.

Justification: Land Surface Topography (DOI)

By 2008 digital elevation models derived from the recent SRTM mission should be available for most of the earth’s solid surface.  However, depending on the data policy, most of the regions under SRTM coverage except the United States as it stands now, could only have DEMs with the coarser resolution (i.e., 100 m).   The high-resolution SRTM data products (~30 m resolution) are adequate for the topographic needs of most interferometry projects.  More detailed topography is already being obtained (mostly by aerial surveys including LIDAR) for areas of high concern, such as urban areas and developed coastal regions.  Consequently, demands for topography through this proposed mission will most likely result from an event that produces sudden large local topographic changes, especially in a remote area.  Examples would be subsidence/uplift associated with an earthquake, or topographic changes produced by volcanic eruptions, or coastal erosion and/or landslides from very large storms.  The need for new topographic models would be triggered by the large scale and non-elastic nature of the vertical changes.  The desirability for rapid response, or need for coverage in e.g. the Aleutians,  will require all-weather capability.  Repeat requests for the same area would be rare. 

5.2 Land Surface Deformation (DOI/FEMA/Academia) Measurement of vector motion of points on the solid earth with respect to a well-defined Terrestrial Reference System (ITRF) on time scales ranging from days to decades in all weather and through vegetation. 

Systems Capabilities 



Thresholds 


Objectives
a. Horizontal resolution 


100m



25m

b. Mapping accuracy



4m 



1m

c. Measurement Range 


+/- 20m


+/- 100m

d. Measurement Precision


2mm



1mm

e. Measurement Accuracy


40 mm



20 mm

f. Refresh 




24 days 


2 days

g. Long-Term Stability


40 mm



20 mm

h. Latency




10-day revisit, 1-day

Same as 







processing (disaster)

  Threshold

i.  Geographic Coverage


Active plate boundaries,
Same as Thresh.







volcanoes, ice streams, 







aquifers

j.  Orbit Constraints



repeat within 250 m tube
Same as Thresh.

Explanation
The main measurement requirement is precise vector crustal deformation at fine scales over wide areas.  At present, only interferometric SAR technology produces adequate data for these investigations.  Thus a new InSAR (IFSAR) mission with the following characteristics is required. Monitoring the earthquake deformation cycle requires crustal displacement measurements in tectonically active areas at a precision of better than 2 mm (vector) over 300 km length scale at 100 m postings, daily to yearly; daily measurements of transients, precursors, and slow earthquakes, yearly measurements of strain accumulation over 300 km swaths.  An absolute accuracy of 40 mm is required. 

 Monitoring deformation and other changes at volcanoes requires knowing vertical displacements ranging from 1mm to tens of meters, over volcanic edifices and the surrounding areas, with horizontal resolutions of 1 m to 10 m, over areas 10 km to hundreds of km across.

Monitoring natural and human induced subsidence requires vertical displacement over selected aquifers and subsidence sites at a precision of 1 mm monthly and 10 mm weekly at 10’s of meters horizontal resolution, over 50-100 km wide scenes. 

The orbit of the spacecraft must be navigated to within a 200 m tube on every orbit to provide interferometric capability.  The orbit accuracy must be known to better than 40 mm to provide interferometric baselines.  The absolute mapping accuracy must be better than 4 m to remove residual topographic phase in areas of high topographic slope.


Justification
Spaceborne interferometric SAR (InSAR or IFSAR), offers a revolutionary new approach to measuring and monitoring crustal deformation.  InSAR (IFSAR) measurements, with cm-level accuracy at fine spatial resolution over swaths 100's of km in width, are now used in the analysis of earthquakes, interseismic creep, post-seismic rebound, deformation and other changes at volcanoes, plus groundwater and hydrocarbon fluid withdrawal.  While existing spacecraft have demonstrated the potential of this InSAR (IFSAR)  approach, an optimized mission, or series of missions, is needed to meet the science objectives as well at to enable new areas of research and technology. The four top science drivers in the area of InSAR applications are:

i) Earthquake deformation cycle TC \l2 "
earthquake hazard assessment and forecasting

earthquake cycle – co-seismic, post-seismic, inter-seismic

fault interactions

fault creep, fault creep depth

fault slip rates

strain rates

poro-elasticity and visco-elasticity

volcano/earthquake interactions



ii) Deformation and other changes at volcanoes
inflation and deflation of volcanoes in response to magma movement

permanent surface displacement (arching, subsidence, faulting)

emplacement of lava and pyroclastic flows, domes

determination of thickness/volume of flows, domes, etc


iii) Natural and human induced deformation TC \l2 "
subsidence over aquifers (natural and induced)

subsidence over oil and gas fields

mine subsidence and collapse

nuclear explosions and test-ban verification


iv) Surface processes and topography
fault morphology

slope stability and landslides

catastrophic erosional events

changes in area, volume of glaciers and ice sheets

 TC \l2 "
The long-term crustal dynamics objective is to monitor vector crustal deformation at cm-level accuracies on horizontal length scales ranging from 10’s of meters to 100’s of kilometers and over time scales ranging from days to decades.  Although a complete earthquake cycle spans hundreds of years, many scientists believe that a decade of monitoring the major active plate boundaries on the Earth will reveal the underlying physics of the earthquake cycle.  This understanding may lead to accurate earthquake forecasts and perhaps even short-term predictions - the “Holy Grail” of seismic hazard research.  

Similarly, monitoring changes at volcanoes, driven ultimately by the intrusion and eruption of magma, requires monitoring on timescales ranging from days to decades.  Preliminary InSAR studies at a few volcanoes have uncovered an unexpectedly wide range in behavior, demonstrating the revolutionary potential of this method for revealing the nature of volcanic and geothermal processes.  In addition, InSAR offers the prospect of better understanding the interactions between volcanism and seismicity.  

Another, and perhaps more economically relevant, objective is to monitor subsidence over aquifers on annual and decadal time scales.  Such measurements of vertical ground deformation could be used to monitor ground water reservoirs, especially in arid and remote parts of the world.  The ultimate objective would be to understand and predict ground water storage with the hope of improving groundwater management and assessing drought hazard.   These surface height measurements would complement the groundwater storage (mass) measurements to be made by the upcoming GRACE gravity mission.  Moreover, recent studies of  the Los Angeles Basin show that the small secular tectonic signals are masked by the  large vertical signals due to annual ground water storage fluctuations; thus the tectonic and aquifer objectives are interrelated. 

The shorter-term objectives of an optimized InSAR (IFSAR) mission are to:

a. 
Provide the baseline coverage (i.e. reference phase) of the position of crustal reflectors to be used for future interferometric analysis (years to decades).  The important fixed parameters are the radar frequency, and the satellite orbit. This baseline objective will not be achieved with current and planned missions.

! 
Provide measurements of crustal strain related to inter-seismic motions, fault interactions, fault creep and creep depth, fault slip and strain rates, estimates of poroelasticity and viscoelasticity, and volcano/earthquake interactions.

! 
Provide baseline and continuing monitoring of changes at active volcanoes, in order to build a base of pre-eruptive conditions at as many volcanoes as possible, and to capture changes during whatever eruptions might take place during the mission 

! 
Provide baseline measurements of natural and human induced deformation, including: subsidence over aquifers, subsidence over oil and gas fields, subsidence from production at geothermal fields, mine subsidence and collapse, and surface expressions from underground nuclear explosions for, among other uses, test-ban verification.


Provide measurements of other surface processes and topography, such as fault morphology, slope stability analysis and landslides, catastrophic erosional events, or significant changes in glaciers and icesheets.

5.3 Land Surface Freeze/Thaw State (FEMA/DoD/DOC/Academia) - Landscape freeze/thaw state determined at sufficient spatial resolution and temporal fidelity to enable discernment of temporal dynamics in seasonal freeze/thaw processes for application to monitoring of terrestrial productivity and snow hydrologic dynamics, and integration with weather forecast models. Applications include monitoring of seasonal and interannual thaw cycles for parameterizing the land surface in weather forecast models, quantification of vegetation growing season length and carbon flux dynamics, and monitoring boreal flooding for hydrological management. All-season, all-weather capability is a necessity; active microwave sensor is required. Thresholds for microwave products spatial accuracy need only match the level of performance of related MODIS products. Automated processing is required for near real-time meteorological applications.

	System Capabilities
	Thresholds
	Objectives

	Coverage
	All regions north of 40 degrees north latitude 

(pan-boreal coverage)
	All regions north of 30 degrees north latitude, and regions higher than 1000 m.

	Horizontal Resolution
	1 km
	250 meters 

	Refresh (Temporal revisit based on required temporal delineation of seasonal dynamics)
	48 hours
	12 hours

	Measurement accuracy (expressed as percent error of observed landscape freeze/thaw state)
	10%
	5%

	Measurement precision

(expressed as percent of dynamic variation between frozen and thawed states) 
	10% (corresponds to 0.5 dB over a 5 dB dynamic signal)
	10%

	Mapping accuracy (Geolocation accuracy)
	250m
	60m

	Long-Term Stability
	
	

	Timeliness
	
	

	Geographic Coverage
	
	

	Orbit Constraints
	
	



Explanation

Justification

5.4 Vegetation Classification/Biomass (DOC/DoD/DOI/USDA/FEMA/Academia).  Type and quantity (biomass) of terrestrial vegetation cover.  Vegetation type refers to form (e.g. grasses, shrub or tree), stem type (e.g. woody or herbaceous), foliar geometry (e.g. broad or needle leaf), leaf longevity (e.g. deciduous or evergreen) and may include a floristic designation of community type or dominant species; specifics vary by classification scheme, of which there are many.  Biomass is defined as the aboveground component only and is expressed on a dry-weight basis per unit area (Mg/ha). 

	Systems Capabilities
	Thresholds
	Objectives

	a.  Horizontal Cell Size

1.  Global scale

      2.  Regional scale

      3.  Local scale
	1 km

100 m

10 m
	250 m

30 m

5 m

	b. Mapping Accuracy
	50% of cell size
	25% of cell size

	c.  Measurement Accuracy

! Classification

! Biomass
	80% correct

20 Mg/ha
	90% correct

10 Mg/ha

	d.  Measurement Precision - Biomass
	10 Mg/ha
	5 Mg/ha

	e.  Measurement Uncertainty - Biomass
	20 Mg/ha
	10 Mg/ha

	f.  Measurement Range - Biomass
	0 – 100 Mg/ha
	0 – 500 Mg/ha

	g.  Revisit

! Global / Regional Scale

! Local Scale
	Annual

Semi-annual
	Semi-annual

Monthly

	h. Timeliness
	30 days
	10 days

	i. Long-Term Stability
	20 Mg/ha
	10 Mg/ha

	j. Geographic Coverage

1.  Global scale

      2.  Regional scale

      3.  Local scale
	Forested areas


	Vegetated areas



	k. Orbit Constraints
	Global accessibility
	Global accessibility


Explanation:

Vegetation type and quantity is needed by a variety of agencies and academia and at a range of spatial and temporal scales.  The primary uses of this information are: (1) to enhance understanding of the global carbon cycle through improved assessment of the current status of terrestrial carbon stocks, (2) to characterize dynamic changes in carbon pools, (3) to develop predictive capabilities that enhance local, regional and global mitigation and adaptation strategies to climate change and episodic perturbations, and (4) to inventory, assess and monitor renewable resources.  

Justification:

Horizontal cell size needs to be small enough to capture landscape patterns at the community-level for global- to regional-scale needs and at the stand- to plot-level for local-scale needs.  Classification accuracy standards vary by specific use, but should generally exceed 80%.  The accuracy for biomass measurements needs to be greater than the average annual net primary productivity of temperate forests, with measurement precision at half that level.  The most critical range of biomass is at the lower end (up to about 100 Mg/ha) that includes forest regeneration and recovery after disturbance as well as agriculture.  Global accessibility is required to cover vegetated areas.  Annual revisits at the global scale are required to measure changes in carbon stocks related to annual growth and disturbances.  More frequent, semi-annual to monthly, coverage at regional- to local-scales is required over specific subregions to support detailed assessment and monitoring as well as process-based scientific studies.

5.5 Coastal Change

TBD FEMA/EPA
6.0 ATMOSPHERIC REQUIREMENTS

6.1 Mesoscale Atmospheric Features (Academia/DoD/DOC).  This category includes phenomena such as polar mesoscale cyclones, tropical cyclones, mesoscale cellular convection, and land / sea breeze-type signatures.  In addition, this category includes mesoscale variability within synoptic scale cyclones such as cold and warm frontal locations, and horizontal wind variability in different sectors of the cyclone. These meteorological phenomena are made evident by the sea surface stress patterns they induce.

System Capabilities  (same as that for Coastal Sea Surface Wind Stress)

	Systems Capabilities
	Thresholds
	Objectives

	b. Horizontal Cell Size

      Distance to Shore
	1 km

1 km
	300 m

300 m

	b.   Mapping Uncertainty


	1 km


	300 m



	c.  Measurement Range
	0 to 3 N/m2, 0-360o
	0 to 10 N/m2, 0-360o

	d. Measurement Precision

Speed

      Direction
	0.02 N/m2

TBD
	0.01 N/m2

TBD

	e. Measurement Accuracy

Speed

Direction
	0.02 N/m2

TBD
	0.01N/m2

TBD

	g. Refresh

      
	6 hours


	1 hour



	h.   Long-Term Stability
	-
	-

	i.   Latency
	2 hours
	1 hour

	j.  Geographic Coverage
	Selected coastal and open ocean regions worldwide
	Selected coastal and open ocean regions worldwide

	k.  Orbit Constraints
	-
	-


Explanation:  Mesoscale Atmospheric Features:  These are the sea surface stress signatures of mesoscale atmospheric phenomena.  They often take on the form of the overlying cloud field.  However, recent research has shown the sea surface stress signatures of said phenomena to be much more detailed than their cloud counterparts, often revealing microscale attributes of the parent system.  Moreover, research has shown that the sea surface stress signatures of mesoscale meteorological phenomena can be present in the absence of any corresponding cloud signature.  The qualitative sea surface stress signatures of mesoscale atmospheric features can therefore be quite useful in their analysis and forecasting.  In addition, it is expected that the sea surface stress signatures of these phenomena can be converted to near-surface wind speed, adding a quantitative element for the marine forecaster.  If, in fact, wind speed fields can be derived for mesoscale atmospheric features, recent research shows that the microscale wind fluctuations embedded within mesoscale phenomena can be exploited to derive air-sea fluxes (see 6.2).

Justification:  Mesoscale Atmospheric Features:  See Chunchuzov, I., P. W. Vachon, and B. Ramsay, 2000:  Detection and characterization of polar mesoscale cyclones in RADARSAT synthetic aperture radar images of the Labrador Sea. Can. J. Rem. Sens., 26, 213-230; Renfrew, I. A., G. W. K. Moore, T. R. Holt, S. W. Chang, and P. Guest, 1999:  Mesoscale forecasting during a field program:  Meteorological support of the Labrador Sea Deep Convection Experiment.  Bull. Amer. Meteor. Soc., 80, 605-620; Katsoros, K. B., P. W Vachon, P. G. Black, P. P. Dodge, and E. W. Uhlhorn,  2000:  Wind fields from SAR: could they improve our understanding of storm dynamics?, Johns Hopkins APL Technical Digest, Laurel, MD, 21(1): 86-93; Beal, R. C., V. N. Kudryavtsev, D. R. Thompson, S. A. Grodsky, D. G. Tilley, V. A. Dulov, and H. C. Graber, 1997:  The influence of the marine atmospheric boundary layer on ERS-1 synthetic aperture radar imagery of the Gulf Stream.  J. Geophys. Res., 102, 5799-5814; Sikora, T. D., D. R. Thompson, and J. C. Bleidorn, 2000:  Testing the diagnosis of marine atmospheric boundary layer structure from synthetic aperture radar. Johns Hopkins University Applied Physics Laboratory Technical Digest, 21, 94-99; Young, G. S., T. D. Sikora, and N. S. Winstead, 2000: Inferring marine atmospheric boundary layer properties from spectral characteristics of satellite-borne SAR imagery. Mon. Wea. Rev., 128, 1506-1520; Sikora, T. D., K. S. Friedman, W. G. Pichel, and P. Clemente-Colon, Synthetic aperture radar as a tool for investigating polar mesoscale cyclones. Weather and Forecasting.  In press;  ; Babin, S. M., T. D. Sikora, and N. S. Winstead, Satellite synthetic aperture radar signatures of deep atmospheric convection over the Atlantic Ocean.  J. Appl. Meteorol.  In review.

6.2 Microscale Atmospheric Features (Academia/DoD/DOC).    This category includes atmospheric boundary layer phenomena such as cellular convection, roll vortices, katabatic flows, local rain fall rates, land breezes, local convergence zones, and gravity waves.  These meteorological phenomena are made evident by the sea surface stress patterns they induce.

System Capabilities  (high resolution, <300 m pixels)

	Systems Capabilities
	Thresholds
	Objectives

	c. Horizontal Cell Size

      Distance to Shore
	300 m

300 m
	100 m

100 m

	b.   Mapping Uncertainty


	300 m


	100 m



	c.  Measurement Range
	0 to 3 N/m2, 0-360o
	0 to 10 N/m2, 0-360o

	f. Measurement Precision

Speed

      Direction
	0.02 N/m2

TBD
	0.01 N/m2

TBD

	g. Measurement Accuracy

Speed

Direction
	0.02 N/m2

TBD
	0.01N/m2

TBD

	h. Refresh

      
	6 hours


	1 hour



	i.   Long-Term Stability
	-
	-

	j.  Timeliness
	
	

	k.  Geographic Coverage
	
	

	l.  Orbit Constraints
	
	


Explanation :  Microscale Atmospheric Features:  These are the sea surface stress signatures of microscale atmospheric phenomena.  They often take on the form of the overlying cloud field.  However, recent research has shown the sea surface stress signatures of said phenomena to be much more detailed than their cloud counterparts, often revealing very high-resolution attributes of the parent circulation.  Moreover, research has shown that the sea surface stress signatures of microscale meteorological phenomena can often be present in the absence of any corresponding cloud signature.  The presence of a field of any one phenomenon can aid the forecaster in determining a qualitative understanding of the stratification of the boundary layer and diagnosing existence of such processes as cold air out breaks, night-time drainage flows, and rainfall.  In addition, recent research has shown that the sea surface stress fields of microscale atmospheric features can be converted to near-surface wind speed.  These wind speed imagery can, in turn, be used to extract such quantities as the atmospheric boundary layer depth, Obukhov length, and buoyancy flux.  The implication is that the remotely sensed air-sea fluxes can compete with in situ-based flux estimates from buoys.  These remotely sensed flux estimates can therefore be used to verify and improve model estimates of the near-surface meteorology.

Justification:  Mesoscale Atmospheric Features:  see Thomson, R. E., P. W. Vachon, and G. A. Borstad, 1992:  Airborne synthetic aperture radar imagery of atmospheric gravity waves.  J. Geophys. Res., 97, 14249-14257; Sikora, T. D., G. S. Young, R. C. Beal, and J. B. Edson, 1995:  Use of ERS-1 synthetic aperture 
radar imagery of the sea surface in detecting the presence and structure of the convective
 marine atmospheric boundary layer.  Mon. Wea. Rev., 123, 3623-3632;  Mourad, P. D., 1996:  Inferring multiscale structure in atmospheric turbulence using satellite-based SAR imagery.  J. Geophys. Res., 101, 18433-18449; Sikora, T. D., G. S. Young, H. N. Shirer, and R. D. Chapman, 1997: Estimating convective 
atmospheric boundary layer depth from microwave radar imagery of the sea surface.  J. Appl. 
Meteorol., 36, 833-845; Beal, R. C., V. N. Kudryavtsev, D. R. Thompson, S. A. Grodsky, D. G. Tilley, V. A. Dulov, and H. C. Graber, 1997:  The influence of the marine atmospheric boundary layer on ERS-1 synthetic aperture radar imagery of the Gulf Stream.  J. Geophys. Res., 102, 5799-5814; Mourad, P. D., 1999: Footprints of atmospheric phenomena in synthetic aperture radar images of the ocean surface-A review. Air-Sea Exchange:  Physics, Chemistry, and Dynamics, G. L. Geernaert, Ed., Kluwer Academic Publishers, 269-290; Sikora, T. D., D. R. Thompson, and J. C. Bleidorn, 2000:  Testing the diagnosis of marine atmospheric boundary layer structure from synthetic aperture radar. Johns Hopkins University Applied Physics Laboratory Technical Digest, 21, 94-99; Young, G. S., T. D. Sikora, and N. S. Winstead, 2000: Inferring marine atmospheric boundary layer properties from spectral characteristics of satellite-borne SAR imagery. Mon. Wea. Rev., 128, 1506-1520; Winstead, N. S. and G. S. Young, 2000: Analysis of drainage flow exit jets over the Chesapeake Bay. Journal of                Applied Meteorology. In press; Winstead, N. S., T. D. Sikora, D. R. Thompson, and P. D. Mourad, Gravity waves can directly influence surface-layer wind stress in a convective boundary layer.   Mon. Wea. Rev. 
In review.

Winstead, N.S. and P.D. Mourad, 2000: Shallow Great Lake scale atmospheric thermal circulation imaged by synthetic aperture radar, Mon. Wea. Rev., 128, 3654-3663
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APPENDIX A – GLOSSARY

1.1 Glossary

Environmental Data Record (EDR)
Data record produced when an algorithm is used to convert Raw Data Records (RDRs) to geophysical parameters (including ancillary parameters, e.g., cloud clear radiation, etc.).

Global

Complete coverage of the appropriate portion of the earth’s surface (i.e., all ocean areas globally)

Horizontal Cell Size

For a parameter which is an estimate of the uniform spatial average of an environmental parameter over a square region of the earth’s surface or within a square layer of the atmosphere, the side length of this square region or layer.  (For a parameter which is an estimate of an environmental parameter at a point, the horizontal cell size is defined to be zero.)   For a reported parameter not of this type but which is defined for a square region of the earth’s surface or a square layer of the atmosphere (e.g., cloud cover, ice concentration, etc.), the side length of this square region.

Horizontal Spatial Resolution

For a scanning imager on a space-based platform, a specified band, and a specified nadir angle, one half of the wavelength corresponding to the earth surface spatial frequency at which the end-to-end system modulation transfer function (MTF) equals 0.5 on the in-track spatial frequency axis or cross-track spatial frequency axis, whichever is greater.  The in-track (cross-track) spatial frequency is the earth surface spatial frequency associated with the in-track (cross-track) direction.  (See definition of Modulation Transfer Function.) 

Local

Coverage at the highest resolution possible over a very limited region, usually for high-resolution mapping applications.

Long term stability (also “long term calibration”)

The maximum excursion of the short-term average measured value of a parameter under identical conditions over the mission duration.  The short-term average is the average of a sufficient number of successive measurements of the parameter under identical conditions such that the random error is negligible relative to the systematic error. The time duration associated with the short-term mean must be long enough to average out noise, but short enough so that meaningful trend analysis can be done over the mission life cycle.

Mapping Uncertainty

The maximum permissible error in geographic location of the measured data.

Measurement Accuracy
The systematic error, as specified by the difference between a measured or derived parameter and its true value, in the absence of random errors.
Measurement Precision
The uncertainty in a measured or derived parameter due only to random errors, specified as the standard deviation of a parameter.

Measurement Range
Parameter range over which measurement accuracy and precision must be maintained.

Measurement Uncertainty

The root-mean-square (RMS) of the measurement errors for an estimated parameter. 
Modulation Transfer Function (MTF) 

The magnitude of the Fourier transform of the end-to-end system point spread function (PSF).  The MTF is a function of two spatial frequencies associated with two orthogonal spatial directions, and is equal to one at the origin by virtue of the normalization condition on the PSF.

Objective
An operationally significant increment above the threshold.

Raw Data Record (RDR)
Full resolution digital sensor data, time referenced and earth located, with absolute radiometric and geometric calibration coefficients appended, but not applied, to the data.  Aggregates (sums or weighted averages) of detector samples are considered to be full resolution data if the aggregation is normally performed to meet resolution and other requirements.  Sensor data must be unprocessed with the following exceptions:  time delay and integration (TDI), detector array non-uniformity correction (i.e., offset and responsivity equalization), and data compression are allowed.  Lossy data compression is allowed only if the total measurement error is dominated by error sources other than the data compression algorithm.  All calibration data will be retained and communicated to the ground without lossy compression

Refresh
The specified refresh thresholds represent the maximum value of the local average revisit time over the set of all locations on the Earth’s surface; where the local average revisit time represents the average time interval between consecutive measurements of a parameter at a given location on the Earth’s surface over a time period required for the ground trace to repeat. 

Regional

Coverage of a portion of the Earth’s surface at higher resolution – up to half an orbit of data each orbit.

Revisit Time

The time interval between consecutive measurements of a parameter at the same location.

Satellite Nadir Resolution
Resolution along satellite’s nadir path.

Significant Wave Height

The height of a theoretical wave whose height and period are equal to the average height and period of the largest one-third of the actual waves that pass a fixed point in some time period.

Threshold
The minimum requirement below which utility of the system becomes questionable.

Timeliness
Elapsed time between initiation of measurement of the environmental data parameter and delivery of the EDR to the user site.

Vertical Cell Size
For a parameter which is an estimate of the uniform spatial average of an environmental parameter within a square layer of the atmosphere, the vertical thickness of this layer.

Vertical Coverage

The specified vertical region of interest where data are to be collected or information is to be provided.

(Incorporate these definitions in 1.1 Glossary.)

DEFINITIONS PERTAINING TO SEA  SURFACE HEIGHT

Horizontal Resolution    (For Sea Surface Height EDR)

     Cell Size.   Spatial separation between statistically independent height measurements.  Statistical dependence in the measurements is due to two effects: 1) overlap in the area used to derive height measurements;  2) smoothing of the raw measurements to reduce noise.  The resolution requirement is levied only on the height measurements, not on the resolution of the media corrections, e.g. the tropospheric correction resolution size can be substantially larger than the altimeter resolution size

     Posting.   The separation between reported height measurements.  Reported values need not be independent from posting to posting (this is governed by the measurement resolution).  As an example, the Topex altimeter pulse limited footprint can be as large as several km (depending on wave height), but the heights are reported every 0.1 s or approximately every 0.6 km.  Notice that the posted heights can exhibit a lower precision than the instrument performance, as long as they can be averaged to meet the performance requirement over an area given by the measurement resolution.

     Closest Point to Shore.   Distance from a coastline with smooth topography along a perpendicularly intersecting ground track.  Closest point is the distance at which 65% of the altimeter data is in fine track mode for satellite passes approaching land and 50% of the altimeter data is in fine track mode for satellite passes receding from land.  For coastal values, radiometric corrections are not required within 40 km of shore.

Measurement Precision
     For Sea Surface Height EDR: Defined as the standard deviation from a linear fit to the along-track posting values within the horizontal resolution cell.  Precision does not include measured range corrections for wet troposphere and ionosphere, model-based corrections (dry troposphere, tides), sea state bias, or radial orbit determination.

Measurement Accuracy
     For Sea Surface Height EDR:  Based on averaging over the horizontal resolution cell.  Accuracy includes instrument noise, wet and dry troposphere delays, ionosphere delay, tracker bias, skewness, and electromagnetic bias.  Accuracy excludes radial orbit determination.

Radial Orbit Determination
     Computed radial spacecraft position, as a function of time, with respect to the Earth’s reference ellipsoid defined in a well-maintained Terrestrial Reference System.  Error must be such that 95% of the specified error is concentrated at frequencies < 1 cycle per orbital revolution with only 5% of the specified error at higher frequencies.

Refresh    ( For Sea Surface Height EDR)

     Revisit Time.   The maximum time interval between consecutive measurements at the same location over the set of global observations.

     Equatorial Track Spacing.  The maximum distance along the equator between adjacent ascending sea surface height profiles after the Revisit Time.

     Cross-Track Coincidence.  Specifies the time window within which height data should be collected at the Equatorial Track Spacing for the purpose of computing sea height gradients perpendicular to the satellite track.

     Discussion:  Measurement of sea surface height variability requires an exact repeat orbit, i.e. the satellite nadir point must be no further than 1 km from the nominal reference ground track at all times.  For a single satellite altimeter system, Revisit Time is equal to the exact repeat period, and the Equatorial Track Spacing is then fixed by the satellite orbital period.  (For example, Geosat had a 17.05-day exact repeat and an orbital period of 6036 seconds, producing 244 revolutions per exact repeat and an Equatorial Track Spacing of ~165 km.)  However, a coordinated constellation of satellites could produce a variety of space/time sampling results for a given exact repeat period.  For example, two satellites, each with 20-day exact repeats, could be phased in time to produce a 10-day Revisit Time or phased in space to reduce the Equatorial Track Spacing by a factor of two.

Tidal Aliasing 

     Tidal aliasing is the error at specific frequencies created by regular sampling of sea surface height at intervals which are long compared to the tidal periods.   Value specified is the net allowable error after correction of the observations by an ocean tide model.  If the phrase “avoiding aliases” is included, then the sampling interval (refresh or exact repeat) must be chosen to avoid aliases at annual, semiannual, and zero frequencies while maximizing the difference between aliased periods of major diurnal and semidiurnal tidal constituencies (M2, S2, K1, O1, N2, P1, K2, and O2). (Parke et al., On the choice of orbits for an altimetric satellite to study ocean circulation and the tides, J. Geophys. Res., 92, 11693-11707, 1987).   Note that classical studies of orbits to minimize aliasing are based on assumptions of a single, nadir-looking altimeter.

Geographic Coverage
     Latitude limits within which global observations are required.

APPENDIX B:  EDR/Instrument Matrix

Care was taken in the IORD requirements not to specify the type of instrument required for each environmental measurement.  Since the instrument study teams and review teams tend to be instrument oriented, the following tables attempt to identify which type of instrument applies for each parameter.  These tables are just a guideline and are not intended to be a requirement or to constrain innovation in the system design in any way.  The first column after the Measurement is a statement of the maturity of the requirement in this requirements document, with the following code:


F= Final


M= Mature, only minor changes expected


R= Some review accomplished


C = Consolidation of requirements required



I=  Initial requirement, needs review


N= Little or no specification available


Q= Questionable parameter

The instrument columns indicate primary and secondary instruments for derivation of the EDR, with the following code:


X = Primary instrument


O = Secondary instrument

Sensor Guidelines for Environmental Measurements – Ocean Requirements

	Environmental Measurement
	Status
	Scatterometer
	Altimeter
	Synthetic Aperture Radar
	Moderate Res. Visible/

IR Imager
	High Res. Visible/

IR Imager
	Passive Micro-wave Radiom-eter

	Ocean Requirements
	
	
	
	
	
	
	

	    2.1a Global Sea Surface Winds

    2.1b Coastal Sea Surface Winds
	F

M
	X
	
	X
	
	
	X

	    2.2a  Global Sea Surface Wind Stress

    2.2b  Coastal Sea Surface Wind Stress
	F

M
	X
	
	X
	
	
	X

	    2.3  Sea Surface Height
	M
	
	X
	
	
	
	

	2.4a  Ocean Wave Characteristics –

           Significant Wave Height

2.4b Ocean Wave Characteristics –  

       Ocean Wave Direction/Wavelength
	M

M


	
	X
	O

X
	
	
	

	2.5a  High Resolution Weather   

      Impacted Imagery

    2.5b  Low Resolution All Weather

                 Imagery

    2.5c  High Resolution All Weather

                 Imagery

   2.5d  Coastal Imagery
	F

F

M

M
	
	
	X
	X
	X
	X



	2.6  Oil Spill Location
	M
	
	
	X
	O
	
	

	    2.7  Vessel Positions
	R
	
	
	X
	
	
	

	2.8 Bathymetry (Deep Ocean and Near

            Shore)
	R
	
	O
	O
	
	
	

	    29a  Ocean Color

    2.9b  Coastal Ocean Color
	M

R
	
	
	
	X


	X
	

	    2.10a Chlorophyll

    2.10b  Coastal Chlorophyll
	M

R
	
	
	
	X


	X
	

	    2.11a Ocean Optical Properties

    2.11b Coastal Ocean Optical Properties
	M

R
	
	
	
	X


	X
	

	    2.12 Bioluminescence Potential
	R
	
	
	
	X
	
	

	    2.13 Littoral Sediment Transport (Deleted)
	
	
	
	
	
	
	

	    2.14a Sea Surface Temperature

    2.14b Low Resolution All Weather SST

    2.14c SST Gradients

    2.14d Coastal SST
	F

R

R

R
	
	
	
	X

X
	X
	X

	    2.15 Net Heat Flux
	R
	
	
	
	X
	
	

	    2.16a  Open OceanCurrents

    2.16b  Surface Currents

    2.16c  Littoral Currents
	R

M

R
	
	X
	O

O

X
	X

X
	
	

	    2.17 Salinity
	R
	
	
	
	
	
	X

	    2.18  Surf Conditions
	R
	
	
	X
	
	
	

	    2.19  Ocean Mesoscale Features
	N
	
	X
	X
	X
	X
	O


Sensor Guidelines for Environmental Measurements – Cryospheric Requirements

	Environmental Measurement
	Status
	Scatterometer
	Altimeter
	Synthetic Aperture Radar
	ModerateRes.

Visible/

IR Imager
	High Res.

Visible/

IR

Imager
	Passive Micro-wave Radiom-eter

	Cryospheric Requirements
	
	
	
	
	
	
	

	    3.1 Ice Concentration/Age/Motion/   

              Edge Location
	F
	O
	O
	X
	O
	O
	X

	    3.2  Ice of Land Origin (Icebergs)
	R
	
	
	X
	
	
	

	    3.3  Ice Surface Temperature
	F
	
	
	
	X
	X
	

	     3.4 Sea Ice Freeboard
	R
	
	X
	
	
	
	

	     3.5 River Ice  Location/Condition
	N
	
	
	X
	
	
	

	     3.6 Glacier Volumetric Change
	R
	
	
	X
	
	
	

	     3.7 Continental Ice Sheet Melt Zone
	R
	
	
	X
	
	
	

	     3.8 Ice-Sheet Motion
	R
	
	
	X
	
	
	

	     3.9 Ice-Sheet Grounding Line Position
	R
	
	
	X
	
	
	


Sensor Guidelines for Environmental Measurements – Hydrologic  Requirements

	Environmental Measurement
	Status
	Scatterometer
	Altimeter
	Synthetic Aperture Radar
	ModerateRes.

Visible/

IR Imager
	High Res.

Visible/

IR

Imager
	Passive Micro-wave Radiom-eter

	Hydrologic Requirements
	
	
	
	
	
	
	

	    4.1 Flood Mapping
	R
	
	
	X
	O
	O
	X

	    4.2 Snow Water Equivalent Mapping
	R
	
	O
	X (Moun-tains)
	
	
	X

	    4.3a  Soil Moisture (Surface)
	R
	
	
	O
	
	
	X

	    4.3b  Regional Soil Moisture
	R
	
	
	X
	
	
	O

	    4.4 Coastal Wetland Mapping
	N
	
	
	X
	
	X
	


Sensor Guidelines for Environmental Measurements – Land Requirements

	Environmental Measurement
	
	Scatterometer
	Altimeter
	Synthetic Aperture Radar
	Moderate

Res.

Visible/

IR Imager
	High Res.

Visible/

IR

Imager
	Passive Micro-wave Radiom-eter

	Land Requirements
	
	
	
	
	
	
	

	    5.1 Land Surface Topography
	R
	
	
	X
	
	
	

	    5.2 Land Surface Deformation
	R
	
	
	X
	
	
	

	    5.3  Land Surface Freeze/Thaw State
	R
	
	
	X
	
	
	

	    5.4  Vegetation Classification/Biomass
	R
	
	
	X
	O
	O
	

	    5.5  Coastal Change
	N
	
	
	X
	
	O
	


Sensor Guidelines for Environmental Measurements – Atmospheric Requirements

	Environmental Measurement
	Status
	Scatterometer
	Altimeter
	Synthetic Aperture Radar
	Moderate Res.

Visible/

IR Imager
	High Res.

Visible/

IR

Imager
	Passive Micro-

wave Radiom-

eter

	Atmospheric Requirements
	
	
	
	
	
	
	

	   6.1 Mesoscale Atmospheric Features
	R
	
	
	X
	
	
	

	   6.2 Microscale Atmospheric Features
	R
	
	
	X
	
	
	


APPENDIX C:   SAR REQUIREMENTS

To aid the discussion of SAR configuration for the environmental parameters derived from this type of data, the following table attempts to map out the necessary and optimal SAR configuration for each applicable EDR.  This is a very rough draft, and needs correction and expansion to specific EDRs as well as an indication as which SAR characteristics are primary and secondary for each EDR.

SAR CHARACTERISTICS FOR OCEAN OBSERVER EDR APPLICATIONS






PAGE 1

	
	
	 FREQUENCY__
	______POLARIZATION______
	        INTERFEROMETRY          

	EDR #
	EDR Title
	X
	C
	L 
	P
	VV
	HH
	Dual 
	Cross
	Quad
	ATI
	CTI
	RPI

	2.1b
	Coastal Sea Surface Winds
	P
	P
	
	
	P
	S
	
	
	
	
	
	

	2.2b
	Coastal Sea Surface Wind Stress
	P
	P
	
	
	P
	S
	
	
	
	
	
	

	2.4b
	Wave Characteristics - Significant Wave Height
	
	
	P
	
	
	P
	
	
	
	
	
	

	2.4c
	Wave Characteristics. - Ocean Wave Direction/Wavelength
	
	S
	P
	
	
	P
	
	
	
	A
	
	

	2.5c
	High Resolution All Weather Imagery
	
	
	
	
	
	
	
	
	
	
	
	

	2.6
	Oil Spill Location
	P
	P
	A
	
	P
	S
	A
	
	
	
	
	

	2.7
	Vessel Positions
	P
	P
	S
	
	S
	P
	
	
	
	A
	
	

	2.8
	Bathymetry (Deep Ocean and Near Shore)
	
	A
	P
	P
	S
	P
	A
	
	
	P
	
	

	2.16a
	Open Ocean Currents
	P
	P
	P
	
	P
	S
	
	
	
	P*
	
	

	2.16b
	Surface Currents
	P
	P
	P
	
	P
	S
	
	
	
	P*
	
	

	2.16c
	Littoral Currents
	P
	P
	P
	
	P
	S
	
	
	
	P*
	
	

	2.18
	Surf Conditions
	P
	P
	S
	S
	S
	P
	
	A
	
	A
	
	

	2.19
	Ocean Mesoscale  Features (Fronts/Eddies)
	S
	P
	P
	S
	S
	P
	
	A
	
	
	
	


SAR CHARACTERISTICS FOR OCEAN OBSERVER EDR APPLICATIONS
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	 FREQUENCY__
	__________POLARIZATION____
	        INTERFEROMETRY          

	EDR #
	EDR Title
	X
	C
	L 
	P
	VV
	HH
	Dual 
	Cross
	Quad
	ATI
	CTI
	RPI

	3.1
	Sea Ice Concentration and Edge Location
	A
	P
	A
	
	P
	P
	
	A
	A
	
	A
	

	3.1
	Lake Ice Concentration/Type, Motion, and Edge Location
	P
	P
	
	
	P*
	P*
	
	P
	A
	
	
	

	3.1
	Sea Ice Type
	
	P
	A,S
	
	S
	P
	
	
	A
	
	
	

	3.1
	Sea Ice Motion
	
	P
	A
	
	
	P
	
	
	A
	
	
	

	3.2
	Ice of Land Origin (Icebergs)
	P
	P
	S
	
	S
	P
	
	
	
	
	
	

	3.5
	River Ice Location/Condition
	
	
	P
	
	
	
	
	
	
	
	
	

	3.6
	Glacier Volumetric Change
	A
	P
	S
	
	S
	P
	
	
	
	
	P
	S

	3.7
	Continental Ice Sheet Melt Zone
	
	P
	S
	
	S
	P
	
	
	
	
	
	

	3.8
	Ice-Sheet Motion
	
	S
	P
	
	S
	P
	s
	
	
	
	
	P

	3.9
	Ice-Sheet Grounding Line Position
	
	S
	P
	
	S
	P
	
	
	
	
	
	P

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4.1
	Flood Mapping
	
	A
	P
	A
	
	P
	A
	
	A
	
	
	

	4.2
	Snow  Water Equivalent Mapping
	P
	P
	P*
	
	
	
	
	
	P
	
	
	

	4.3a
	Soil Moisture ( Surface )
	
	A
	P
	A
	
	P
	P
	
	 
	
	
	

	4.3b
	Regional Soil Moisture
	
	A
	P
	A
	
	P
	P
	
	
	
	
	

	4.4
	Coastal Wetland Mapping
	A
	P
	
	
	
	P
	
	
	A
	
	
	P

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5.1
	Land Surface Topography
	S
	S
	P
	S
	
	
	
	
	P
	
	P
	

	5.2
	Land Surface Deformation
	
	A
	P
	
	
	P
	
	
	
	
	
	P*

	5.3
	Land Surface Freeze/Thaw State
	
	
	P
	S
	
	P
	
	
	
	
	
	

	5.4
	Vegetation Classification/Biomass
	
	A
	P
	A
	
	
	
	
	P 
	
	
	

	5.5
	Coastal Change
	
	P
	P
	
	
	
	
	
	A
	
	
	P


SAR CHARACTERISTICS FOR OCEAN OBSERVER EDR APPLICATIONS
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	 FREQUENCY__
	__________POLARIZATION____
	        INTERFEROMETRY          

	EDR #
	EDR Title
	X
	C
	L 
	P
	VV
	HH
	Dual 
	Cross
	Quad
	ATI
	CTI
	RPI

	6.1
	Mesoscale Atmospheric Features
	A
	P
	S
	 
	P
	
	
	
	 
	
	
	

	6.2 
	Microscale Atmospheric Features
	A
	P
	S
	
	P
	
	
	
	
	
	
	

	
	KEY:  P=Primary, S=Secondary, P*=Required
	
	
	
	
	
	
	
	
	
	
	
	

	
	          A= Additional Capability
	
	
	
	
	
	
	
	
	
	
	
	

	
	          Dual = VV & VH  or HH & HV
	
	
	
	
	
	
	
	
	
	
	
	

	
	          Quad = VV, VH, HH, and HV
	
	
	
	
	
	
	
	
	
	
	
	

	
	          Cross = HV or VH
	
	
	
	
	
	
	
	
	
	
	
	

	
	          ATI = Along Track Interferometry
	
	
	
	
	
	
	
	
	
	
	
	

	
	          CTI = Cross Track Interferometry
	
	
	
	
	
	
	
	
	
	
	
	

	
	          RPI = Repeat Path Interferometry
	
	
	
	
	
	
	
	
	
	
	
	


Notes on SAR Requirements Table:  3.1 Lake Ice requires VV and HH with phase in sync, and HV (or VH) 

     Sea ice priorities are (in increasing desirability): (1) C HH, (2) C HH & VV power, (3) C HH and VV with phase in sync, and (4) quad polarization  

APPENDIX D: EDR TEAM MEMBERSHIP
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