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	SUMMARY AND PURPOSE OF DOCUMENT

The document provides information on how the observational requirements for the Global Cryosphere Watch (GCW) are currently taken into account within existing RRR process, and propose how these should be updated, under the new application area “Cryosphere” to address the observational requirements of the GCW not covered as part of existing application areas.



ACTION PROPOSED

The Meeting is invited to consider the information contained in this document when preparing its recommendations.
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Statements of Guidance (SoGs)
Global Cryosphere Watch (GCW) observing requirements
1. 
A complete set of observing requirements for the Global Cryosphere Watch (GCW) is currently not included in the Rolling Review of Requirements Data Base. A list, compiled from the current on-line RRR DB, of the cryospheric variables and their related application area(s) is given in Appendix A. The requirements for many of the applications listed in the WMO RRR DB likely extend back over a decade. 

2.
An Integrated Global Observing Strategy (IGOS) Cryosphere Theme (“CryOS”) report was prepared and published by WMO in 2007. This document created a framework for improved coordination of cryospheric observations conducted by research, long-term scientific monitoring, and operational programmes, and to generate the data and information needed for both operational services and research. It was based on community input through workshops in North America, Asia and Europe and involving over 80 scientists. It was prepared under the auspices of WCRP/CliC and ICSU/SCAR as an IPY contribution to the IPY project on State and Fate of the Cryosphere. WMO’s GCW initiative has taken on the responsibility of implementing the CryOS recommendations.

3.
The objective of CryOS was to initiate a process that will ultimately result in a more comprehensive, coordinated, and integrated cryospheric observing system.  The report identified the major applications and societal benefits of cryospheric data, detailed our current measurement capabilities and requirements, and hence the shortcomings of the current observational systems, made recommendations in three timeframes on how to close those gaps, and presented an implementation plan to enhance the current systems so that the observational requirements are met. Appendix B provides the observational capabilities and requirements developed for the IGOS Cryosphere Theme report. Appendix C lists the satellite missions that support the Cryosphere Theme. GCW has identified the development of a comprehensive set of requirements as an important task. Its implementation strategy specifically states that it will meet evolving cryospheric observing requirements of WMO Members, partners, and the scientific community by making CryOS a living document and contributing to the WMO Rolling Review of Requirements (RRR) process. 

4.
Appendix A lists the key cryospheric variables based on the CryOS report and then identifies the associated RRR application area(s) as identified in the current RRR online DB. It has to be noted that some cryospheric variables are required by a variety of applications but often with different requirements. Many others have not been identified in the RRR process. For example, lake and river ice are not considered while others have limited consideration, usually just referring to extent or cover of the variable rather than more detailed physical properties. These requirements should be expanded, merged (where appropriate), and updated in response to the IGOS Cryosphere Theme report recommendations, which form an integral part of the WMO GCW Implementation Strategy that was approved by Cg-XVI.

5.
There is a need to rationalize the CryOS requirements with those currently available in the WMO RRR DB. It is recommended that the WMO GCW (project office) takes on this task, including preparation of a draft Statement of Guidance for a new application area called “Cryosphere”. This new application area would allow all requirements to be harmonized, compiled together and inserted into the WMO RRR DB. It is recognized that there will be different requirements by different application areas. Having these compiled together would allow rationalization of requirements, as appropriate, while strengthening the guidance and rationale for improving cryospheric observing systems and developing new ones. It is recommended that existing applications would still include reference to the need for cryospheric observations which could be cross-referenced to the “cryosphere application area”. It would also provide guidance that would be useful for past, present and future analyses, including data rescue and re-analyses. The goal would be to have the first draft of a statement of guidance for the Cryosphere application area, including requirements, available for review by the next meeting of ET-EGOS.
Appendix A

Summary of Requirements for Cryosphere Variables Currently Included in the RRR

Snow 

Snow Water Equivalent (SWE): AgroMet; Global NWP; HR NWP; Hydrology; S&IA; ACSYS; GEWEX; AOPC
Snow Depth linked to SWE through density (but snow depth is normal measurement for exchange)

Snow Extent(cover): AgroMet; Global NWP; HR NWP; Hydrology; Nowcasting (snowfall??); ACSYS;GEWEX; AOPC; TOPC

Density:

Snowfall:

Albedo: HR NWP;

Snow melting: Hydrology

Solid Precipitation
Amount (index): AgroMet; Global NWP; GEWEX; AOPC

Rate: Global NWP; HR NWP; Nowcasting; synoptic met; AOPC; 
Lake and River Ice (not included)
 freeze-up/breakup:

Thickness:

Snow on ice:

Sea Ice
Extent (cover): Global NWP; HR NWP; ACSYS; CLIVAR; Global modelling/WCRP; GOOS; OOPC

Concentration:

Open water:

Type: Global NWP;

Thickness (sea-ice elevation as method to est.): Global NWP; HR NWP; ACSYS; GOOS; OOPC

Motion:

Icebergs: (height and fractional cover) Hydrology, ACSYS;

Snow on ice:

SST: Global NWP; HR NWP; ACSYS;

Type:

Glaciers, Ice Caps, Ice sheets

Mass balance (accumulation/ablation):

Thickness:

Area (cover): TOPC;

Length (geometry): ACSYS, TOPC (topography);

Firn temperature:

Snowline/equilibrium line:

Snow on ice:

Frozen Ground/Permafrost (permafrost)
Soil temperature/thermal state
Active layer thickness
Borehole temperature
Extent: Hydrology; TOPC

Snow cover:


_____________

Appendix B.  IGOS Cryosphere Theme Report “cryos” 
Observational Capabilities and RequirementsThe following tables provide current measurement capabilities and observational requirements for each cryosphere domain (snow, sea ice, etc.).  In some cases observational requirements are listed separately for satellite and in situ observations because of different applications. Codes are as follows: C = Current Capability, T = Threshold Requirement (Minimum necessary), O= Objective Requirement (Target), L = Low end of measurement range, U = Unit, H = High end of measurement range, V = Value, cl = climate, op = operational. 

Table B.1. Summary of current/planned capabilities and requirements for terrestrial snow parameters. 

	Parameter


	CT

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Snow Cover
	C
	20
	100
	%
	15-20
	%
	1
	km
	
	day
	e.g. MODIS

	
	T
	0
	100
	%
	10
	%
	0.5
	km
	1
	day
	Hydromet

	
	O
	0
	100
	%
	5
	%
	0.1
	km
	12
	hr
	

	Snow Water Equivalent, satellite (Shallow)
	C
	0
	0.2
	m
	2-10
	cm
	25
	km
	1
	day
	e.g. AMSR-E

	
	T
	0
	0.3
	m
	3
	cm
	0.5
	km
	6
	day
	Hydromet

	
	O
	0
	0.3
	m
	2
	cm
	0.1
	km
	12
	hr
	

	Snow Water Equivalent, satellite (Deep)
	C
	None
	---
	---
	---
	---
	---
	---
	---
	---
	Need HF SAR

	
	T
	0.3
	3
	m
	10
	%
	0.5
	km
	6
	day
	Hydromet

	
	O
	0.3
	3
	m
	7
	%
	0.1
	km
	12
	hr
	

	Snow Water Equivalent, 
in situ (Shallow)
	C
	0
	3
	m
	1
	cm
	1
	m
	30
	day
	Hydromet

	
	T
	0
	3
	m
	1
	cm
	1
	m
	7
	day
	Hydromet

	
	O
	0
	3
	m
	1
	cm
	1
	m
	1
	day
	

	Snow Depth, satellite (Shallow)
	C
	0
	~0.7
	m
	6-35
	cm
	25
	km
	1
	day
	e.g. AMSR-E

	
	T
	0
	1
	m
	10
	cm
	0.5
	km
	6
	day
	Hydromet

	
	O
	0
	1
	m
	6
	cm
	0.1
	km
	1
	hr
	Transportation

	Snow Depth, satellite (Deep)
	C
	None
	---
	---
	---
	---
	---
	---
	---
	---
	Need HF SAR

	
	T
	1
	10
	m
	10
	%
	0.5
	km
	6
	day
	Hydromet

	
	O
	1
	10
	m
	6
	%
	0.1
	km
	1
	hr
	Transportation

	Snow Depth, in situ
	C
	0
	10
	m
	1
	cm
	1
	m
	1
	day
	Hydromet

	
	T
	0
	10
	m
	1
	cm
	1
	m
	6
	hr
	Hydromet

	
	O
	0
	10
	m
	1
	cm
	1
	m
	1
	hr
	


Table B.2. Summary of current/planned capabilities and requirements for sea ice parameters. 

	Parameter


	C

T

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Extent/Edge
	Ccl

Cop
	NA
	NA
	km
	15

0.1
	km
	15

0.1
	km
	1

3
	day
	AMSR

VIR, SAR, AUV

	
	T
	NA
	NA
	km
	10
	km
	10
	km
	1
	day
	CMIS

	
	Ocl

Oop
	NA
	NA
	km
	5

0.1
	km
	1-5

0.1
	km
	1

1
	day
	CMIS, 

SAR, AUV

	Concentration
	Ccl

Cop
	15

0
	100
	%
	5-20
	%
	15
	km
	1
	day
	AMSR, VIR,

SAR, AUV

	
	T
	0
	100
	%
	<10
	%
	15
	km
	1
	day
	

	
	O
	0
	100
	%
	<5
	%
	10
	km
	1
	day
	CMIS,

SAR, AUV

	Leads/polynyas
	Ccl

Cop
	0

0
	100

indet.
	%

km2
	5-20

0.1
	%

km2
	15

0.5
	km
	1

1
	day

week
	AMSR, 

SAR, AUV

	
	T
	
	
	
	
	
	
	
	
	
	

	
	Ocl

Oop
	0

0
	100

indet.
	%

km2
	5

0.1
	%

km2
	10

0.1
	km
	1

1
	day
	MODIS, PM, AUV

	Stage of Development 

(Ice Age)
	Ccl

Cop
	0
	100
	%
	5-20
	%
	15
	km
	1
	day
	SSMI, VIR, Scat, SAR

	
	T
	0
	100
	%
	<10
	%
	15
	km
	1
	day
	SAR

	
	Ocl

Oop
	0
	100
	%
	<5
	%
	10
	km
	1
	day
	SAR

	Motion1
	Ccl

Cop
	0
	100
	km day-1
	5

0.5
	km day-1
	25

1
	km
	1

3
	day
	AMSR2
SAR2, buoys

	
	T
	0
	100
	km day-1
	3
	km day-1
	25
	km
	1
	day
	SAR

	
	Ocl

Oop
	0
	100
	km day-1
	1

0.5
	km day-1
	1

0.1
	km
	1

1
	day
	More freq. SAR, improved MIZ performance

	Thickness
	Ccl

Cop
	0
	10
	m
	0.5

10
	m

%
	0.5

0.5 
	km
	0.5

1
	year

week
	ICESat

op ice charts, mass balance buoys, AUV

	
	T
	0
	10
	m
	
	
	
	
	
	
	

	
	Ocl

Oop
	0
	10
	m
	0.1

10
	m

%
	25

0.5
	km
	1

1
	mnth

day
	sat. altimeter, mass balance buoys, AUV

	Ridge Height, Concentration
	Ccl

Cop
	0
	10
	m
	-
	m
	
	
	
	
	SAR

	
	T
	0
	10
	m
	2
	m
	
	
	
	
	SAR

	
	Ocl

Oop
	0
	10
	m
	1
	m
	
	
	
	
	SAR

	Snow Depth on Ice
	Ccl
	0
	100
	cm
	10-20
	cm
	15
	km
	1
	day
	AMSR

	
	T
	0
	100
	cm
	5
	cm
	10
	km
	1
	day
	CMIS

	
	Ocl
	0
	100
	cm
	2
	cm
	5
	km
	1
	day
	CMIS

	Melt Onset, Duration of Melt
	Ccl
	1
	365
	doy
	4
	day
	15
	km
	1
	day
	AMSR, Scat

	
	T
	1
	365
	doy
	2
	day
	15
	km
	1
	day
	

	
	Ocl
	1
	365
	doy
	1
	day
	10
	km
	1
	day
	

	Surface Characteristics

(albedo, meltpond, dust, snow properties, temperature)3
	Ccl
	0
	100
	%
	10
	%
	1
	km
	1
	day
	MODIS, but not currently produced, AUV

	
	T
	0
	100
	%
	10
	%
	1
	km
	1
	day
	

	
	Ocl
	0
	100
	%
	1-5
	%
	0.5
	km
	1
	day
	

	Volume/Mass Flux
	Ccl
	
	
	
	
	
	
	
	
	
	Derived from motion, thickness, concentration

	
	T
	
	
	
	
	
	
	
	
	
	

	
	Ocl
	0
	indet.
	km3 day-1
	1
	km3 

day-1
	25
	km
	1
	day
	


1Velocity measurement, range and errors are for each orthogonal component. 2Antarctic measurements are less robust than for the Arctic primarily due to the influence of weather. 3Range and errors for albedo and meltpond concentration.  Other parameters listed not yet regularly observed.  There is overlap of these products with products in snow chapter and albedo/temperature chapter.

Table B.3. Summary of current/planned capabilities and requirements for lake and river ice parameters.
	Parameter


	CT

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Concentration
	C
	
	
	%
	
	%
	100-1
	m- km
	1
	w
	Radarsat, AVHRR, OLS

	
	T
	0
	100
	%
	10
	%
	100
	m
	1
	d
	e.g. AMSR-E, SAR, optical

	
	O
	0
	100
	%
	5
	%
	30
	m
	1
	d
	SAR, optical

	Ice areal extent (and open water area)1
	C
	
	
	km2
	
	%
	250-500
	m
	1
	d
	MODIS 

	
	T
	
	
	km2
	10
	%
	100
	m
	1
	d
	SAR, optical

	
	O
	
	
	km2
	5
	%
	30
	m
	1
	d
	SAR, optical

	Freeze-up and break-up date /ice cover duration2

	C
	
	
	JD/d
	1
	d
	point
	
	
	a
	In situ obs.

	
	T
	
	
	JD/d
	2
	d
	100
	m
	1
	a
	SAR, optical, 

	
	O
	
	
	JD/d
	1
	d
	30
	m
	1
	a
	

	Thickness
	C
	0
	5
	m
	2
	cm
	point
	
	1-2
	w
	In situ obs.

	
	T
	0
	3
	m
	5
	cm
	100
	m
	1
	w
	SAR, passive mw

	
	O
	0
	5
	m
	2
	cm
	10
	m
	1
	d
	

	Snow depth on ice
	C
	0
	1
	m
	2
	cm
	point
	
	1-2
	w
	In situ obs.

	
	T
	0
	.8
	m
	5
	cm
	100
	m
	1
	w
	SAR, passive mw

	
	O
	0
	1
	m
	2
	cm
	10
	m
	1
	d
	

	Areal extent of floating and grounded ice1
	C
	
	
	km2
	
	%
	10
	m
	1
	w
	SAR

	
	T
	
	
	km2
	10
	%
	5
	m
	1
	w
	SAR

	
	O
	
	
	km2
	5
	%
	3
	m
	1
	w
	

	River ice jams and dams1
	C
	
	
	km2
	
	%
	0.5
	m
	1
	h
	Aerial survey

	
	T
	
	
	km2
	10
	%
	10
	m
	1
	d
	SAR, optical

	
	O
	
	
	km2
	5
	%
	3
	m
	1
	d
	

	Flooding extent caused by jams and dams1
	C
	
	
	km2
	
	%
	10
	m
	1
	w
	e.g. Radarsat

	
	T
	
	
	km2
	10
	%
	5
	m
	1
	d
	SAR, optical

	
	O
	
	
	km2
	5
	%
	3
	m
	1
	d
	

	River icings (aufeis) 1
	C
	
	
	km2
	
	%
	15-30
	m
	2
	m
	e.g. Landsat, ASTER, SAR

	
	T
	
	
	km2
	10
	%
	10
	m
	1
	w
	SAR, optical



	
	O
	
	
	km2
	5
	%
	3
	m
	1
	w
	


1 The measurement range is not specified because the size (km2) of the parameter can be very variable.  2 Freeze and break-up dates are expressed in Julian Days while ice duration is in days. The measurement range is not specified because the dates and number of days can be highly variable and some lakes at higher latitudes can have a perennially ice cover.

Table B.4. Summary of current/planned capabilities and requirements for ice sheet parameters.

	Parameter


	CT

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Ice margin
	C
	0
	1000
	km
	2
	km
	2
	km
	5
	yr
	AVHRR

	
	T
	 0
	1000
	Km
	2
	Km
	2
	Km
	5
	yr
	Hi res optical and SAR

	
	O
	0
	1000
	km
	25 
	m
	25
	m
	 1
	yr
	

	Grounding Line
	C
	0
	1000
	km
	1
	km
	1
	km
	5
	yr
	

	
	T
	0
	1000
	Km
	1
	Km
	1
	Km
	5
	yr
	Hi Res optical/InSAR

	
	O
	0
	1000
	Km
	100
	m
	1
	km
	1
	yr
	

	Surface Accumulation
	C
	0
	50
	cm water eq/yr
	1
	cm water eq./yr
	25
	km
	1
	yr
	Passive microwave, P/E/ models and in situ

	
	T
	0
	50
	Cm water eq/yr
	1
	Cm water eq/yr
	25
	km
	1 
	yr
	Active/Passive Microwave

	
	O
	0
	50
	Cm water eq/yr
	1
	Cm water eq/yr
	1
	km
	6
	mo
	

	Basal Melt Magnitude
	C
	0
	20
	m/yr
	100
	cm/yr
	10
	km
	1
	yr
	Inferred

	
	T
	0
	20
	m/yr
	100
	Cm/yr
	10
	km
	1
	yr
	

	
	O
	0
	20
	m/yr
	10
	Cm/yr
	1
	km
	6
	mo
	

	Basal Melt Distribution
	C
	0
	104
	km2
	1
	km
	50
	km
	1
	yr
	

	
	T
	0
	104
	km2
	1
	km
	50
	km
	1
	yr
	UHF/VHF radar

	
	O
	0
	104
	km2
	1
	km
	10
	km
	1
	yr
	

	Surface Elevation
	C
	0
	4
	km
	50
	cm
	1
	km
	1
	yr
	

	
	T
	0
	4
	km
	50
	cm
	1
	km
	1
	yr
	Radar and laser altimeter

	
	O
	0
	4
	km
	50
	cm
	1
	km
	1
	yr
	

	Surface Elevation Change
	C
	0
	5
	m/yr
	10
	cm/yr
	5
	km
	1
	yr
	

	
	T
	0
	5
	m/yr
	10
	cm/yr
	5
	km
	1
	yr
	Radar and laser altimeter

	
	O
	0
	5
	m/yr
	10
	Cm/yr
	1
	km
	6
	Mo
	

	Snow/Firn Density
	C
	0
	910 
	kg/m3
	50
	kg/m3
	100
	km
	5
	yr
	

	
	T
	0
	910 
	kg/m3
	50
	kg/m3
	100
	km
	5
	yr
	In situ obs

	
	O
	0
	910 
	kg/m3
	10
	kg/m3
	100
	km
	5
	yr
	

	Snow Grain Size and Shape
	C
	0.1
	3
	mm
	0.25
	mm
	100
	km
	5
	yr
	Optical and in situ

	
	T
	0.1
	3
	mm
	0.25
	mm
	100
	km
	5
	yr
	

	
	O
	0.1
	3
	mm
	0.25
	mm
	100
	km
	5
	yr
	

	Surface Temperature
	C
	173
	278
	oK
	1
	oK
	10
	km
	1
	yr
	In Situ

	
	T
	173
	278
	oK
	1
	oK
	10
	km
	1
	yr
	Annual average THIR

	
	O
	173
	278
	oK
	1
	oK
	10
	km
	1
	mo
	

	Internal Temperature
	C
	173
	273
	oK
	0.1
	oK
	500
	km
	5
	yr
	

	
	T
	173
	273
	oK
	0.1
	oK
	500
	km
	5
	yr
	Borehole temp.

	
	O
	173
	273
	oK
	0.1
	oK
	500
	km
	5
	yr
	

	Gravity Field
	C
	
	
	
	2
	mgal
	1
	km
	1
	yr
	

	
	T
	
	
	
	2
	mgal
	1
	km
	1
	yr
	Airborne Gravity

	
	O
	
	
	
	0.5
	mgal
	1
	km
	1
	yr
	

	Surface Velocity Field
	C
	0
	15
	Km/yr
	10
	m/yr
	1
	km
	6
	mo
	

	
	T
	0
	15
	Km/yr
	10
	m/yr
	1
	km
	6
	mo
	GPS and InSAR

	
	O
	0
	15
	Km/yr
	10
	m/yr
	1
	km
	6
	mo
	

	Vertical Velocity Variation
	C
	0
	1
	m/yr
	10
	Cm/yr
	100
	km
	5
	yr
	

	
	T
	0
	1
	m/yr
	10
	Cm/yr
	100
	km
	5
	yr
	Vertical strain gauges

	
	O
	0
	1
	m/yr
	10
	Cm/yr
	100
	km
	5
	yr
	

	Ice thickness
	C
	.010
	4
	km
	20
	m
	50
	km
	10
	yr
	Ice sheet wide

	
	T
	.010
	4
	km
	20
	m
	50
	km
	10
	yr
	VHF and UHF Radar

	
	O
	.010
	4
	km
	20
	m
	1
	km
	10
	yr
	

	Internal Layer Depth
	C
	.010
	4
	km
	20
	m
	50
	km
	10
	yr
	

	
	T
	.010
	4
	km
	20
	m
	50
	km
	10
	yr
	VHF and UHF radar

	
	O
	.010
	4
	km
	20
	m
	1
	km
	10
	yr
	

	Iceberg calving rate
	C
	0
	30
	Km/yr
	1
	Km/yr
	1
	km
	1
	yr
	Inferred

	
	T
	0
	30
	Km/yr
	1
	Km/yr
	1
	km
	1
	yr
	

	
	O
	0
	30
	Km/yr
	1
	Km/yr
	1
	km
	6
	mo
	

	Changes in ice sheet morphology (crevasses, shear margins)
	C
	0
	100
	m
	100
	m
	1
	km
	1
	yr
	

	
	T
	0
	100
	m
	100
	m
	1
	km
	1
	yr
	Hi Res optical and InSAR

	
	O
	0
	100
	m
	100
	m
	1
	km
	1
	yr
	

	Surface melt extent
	C
	0
	20
	106sq km
	2500
	Sq km
	25
	km
	1
	day
	

	
	T
	0
	20
	106sq km
	2500
	Sq km
	25
	km
	1
	day
	Passive and active microwave

	
	O
	0
	20
	106sq km
	400
	Sq km
	10
	km
	1
	day
	

	Surface melt duration
	C
	0
	100
	Melt days
	1
	Melt day
	25
	km
	1
	day
	

	
	T
	0
	100
	Melt days
	1
	Melt day
	25
	km
	1
	day
	Passive and active microwave

	
	O
	0
	100
	Melt days
	1
	Melt day
	1
	km
	1
	day
	

	Ice Sheet Mass Change
	C
	0
	200
	Km3/yr
	50
	Km3/yr 
	500
	km
	1
	yr
	Flux approach not included in this category

	
	T
	0
	200
	 Km3/yr
	50
	 Km3/yr
	500
	km
	1
	yr
	Satellite Gravity

	
	O
	0
	200
	Km3/yr 
	10
	 Km3/yr
	500
	km
	1
	yr
	

	Geothermal Heat Flux
	C
	0
	1
	w/m2
	1
	w/m2
	1000
	km
	10
	yr
	

	
	T
	0
	1
	w/m2
	1
	w/m2
	1000
	km
	10
	yr
	TBD approach

	
	O
	0
	1
	w/m2
	1
	w/m2
	100
	km
	10
	yr
	


Table B.5. Summary of current/planned capabilities and requirements for iceberg parameters.
	Parameter


	C

T

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Limit of iceberg area
	C
	NA
	NA
	km
	10
	km
	10
	km
	1
	day
	SAR, SLAR airborne reconnaissance

	
	T
	NA
	NA
	km
	10
	km
	10
	km
	2
	hour
	same

	
	O
	NA
	NA
	km
	10
	km
	10
	km
	2
	hour
	same

	Concentration of icebergs
	C
	0
	100
	%
	10
	%
	1
	deg
	1
	day
	same

	
	T
	0
	100
	%
	<10
	%
	1
	deg
	1
	day
	same

	
	O
	0
	100
	%
	<5
	%
	1
	deg
	1
	day
	same

	Iceberg position
	C
	NA
	NA
	
	10
	%
	1
	km
	1
	day
	same

	
	T
	NA
	NA
	
	<10
	%
	1
	km
	1
	day
	same

	
	O
	NA
	NA
	
	<5
	%
	1
	km
	2
	hour
	same

	Iceberg Size
	C
	0.01
	100
	km
	30
	%
	.01
	km
	1
	day
	same

	
	T
	.001
	100
	km
	30
	%
	.01
	km
	1
	day
	same

	
	O
	.001
	100
	km
	30
	%
	.001
	km
	1
	hour
	same

	Iceberg Draft
	C
	1
	1000
	m
	30
	%
	10
	m
	1
	day
	shipborne, modelling

	
	T
	1
	1000
	m
	30
	%
	1
	m
	1
	day
	altimeter (for large bergs)

	
	O
	1
	1000
	m
	30
	%
	1
	m
	2
	hour
	altimeter

	Iceberg Mass
	C
	0
	NA
	kg
	30
	%
	15
	km
	1
	day
	shipborne, modelling

	
	T
	0
	NA
	kg
	30
	%
	15
	km
	1
	day
	altimeter (for large bergs)

	
	O
	0
	NA
	kg
	30
	%
	10
	km
	2
	hour
	altimeter

	Iceberg Velocity
	C
	0
	30
	km day-1
	10
	%
	1
	km day-1
	1
	day
	SAR, SLAR, scatterometer, visible/IR

	
	T
	0
	30
	km day-1
	10
	%
	1
	km day-1
	1
	day
	SAR, SLAR, scatterometer, visible/IR

	
	O
	0
	30
	km day-1
	10
	%
	0.5
	km day-1
	2
	hour
	SAR, SLAR, scatterometer, visible/IR


Table B.6. Summary of current/planned capabilities and requirements for glaciers and ice caps.

	Parameter


	CT

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Area
	C
	
	
	
	1
	%
	5
	m
	30
	a
	airborne

	
	O
	
	
	
	3
	%
	30
	m
	5
	a
	Landsat etc.

	
	T
	0.01
	
	Km2
	3
	%
	50
	m
	5
	a
	hi res. optical



	
	O
	0.01
	
	Km2
	1
	%
	15
	m
	1
	a
	

	Topography
	O
	
	
	
	
	
	
	
	
	
	Airborne

	
	C
	0
	8500
	m sl.
	5
	m
	100
	m
	5
	a
	For models

	
	T
	0
	8500
	m sl.
	0.1
	m
	30
	m
	1
	a
	Mass balance

	Velocity
	O
	
	
	
	1
	%
	point
	
	1
	a
	In situ

	
	C
	0
	10
	Km/a
	5
	%
	10
	m
	1
	a
	InSAR, hi res. optical, etc.

	
	T
	0
	10
	Km/a
	1
	%
	20
	m
	1
	m
	

	Glacier dammed lakes
	O
	
	
	
	1
	%
	1
	m
	1
	a
	airborne

	
	C
	0.05
	10
	Km2
	3
	%
	50
	m
	1
	m
	SAR, hi res. optical

	
	T
	0.01
	10
	Km2
	1
	%
	15
	m
	5
	d
	

	Facies, snowline


	C
	
	
	
	
	
	point
	
	
	
	In situ

	
	T
	
	
	class
	200
	m
	100
	m
	1
	m
	Position of boundary

	
	O
	
	
	class
	30
	m
	30
	m
	10
	d
	

	Accumulation
	C
	
	
	
	5
	%
	point
	
	
	
	In situ

	
	T
	0.05
	8
	m
	10
	%
	500
	m
	1
	a
	Ku-, X-SAR

	
	O
	0.10
	5
	m
	5
	%
	100
	m
	1
	m
	

	Mass balance
	C
	
	
	
	0.10
	m
	point
	
	
	
	In situ

	
	T
	0
	(5
	m
	0.20
	m
	500
	m
	1
	m
	process model & SAR

	
	O
	0
	(5
	m
	0.05
	m
	100
	m
	1
	a
	

	Ice thickness 
	C
	0
	200
	m
	2-5
	m
	100
	M
	30
	Yr
	In situ, airborne


Table B.7. Summary of current/planned capabilities and requirements for snow/ice temperature and albedo.

	Parameter


	CT

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Snow/ice Albedo (Broadband)
	C
	30
	100
	%
	7
	%
	1
	km
	1
	day
	e.g. MODIS

	
	T
	0
	100
	%
	1
	%
	8
	km
	1
	hr
	Hydromet

	
	O
	0
	100
	%
	0.5
	%
	5
	km
	30
	min
	

	Snow/ice Surface Temperature
	C
	190
	290
	K
	2-3
	K
	1
	Km
	100
	min
	

	
	T
	200
	275
	K
	1
	K
	1
	km
	1
	hr
	Hydromet

	
	O
	200
	275
	K
	0.1
	K
	0.1
	km
	30
	min
	


Table B.8. Summary of current/planned capabilities and requirements for terrestrial permafrost and seasonally frozen ground parameters.

	Parameter
	C

T

O
	Measurement Range
	Accuracy
	Resolution
	Comment / Principal Driver

	
	
	L
	H
	U
	V
	U
	Spatial
	Temporal
	

	
	
	
	
	
	
	
	V
	U
	V
	U
	

	Permafrost*
	
	
	
	
	
	
	
	
	
	
	

	Permafrost thermal state
	C
	-20
	0
	0C
	0.05
	K
	Vertical profile 
	1
	a
	Key parameter of the GTN-P; in situ measurements;

(annual upper 20-100 m; deeper 5 a)

	
	T
	-20
	0
	0C
	0.01
	K
	
	1
	a
	

	
	O
	-20
	0
	0C
	0.01
	K
	
	1
	a
	

	Permafrost 

thickness
	C
	0
	1600
	m
	1
	m
	Point
	10-100
	a
	Measured or interpolated from temperature profiles; inferred from geophysical logs or surface surveys; modeled parameter

	
	T
	0
	1600
	m
	0.5
	m
	
	10
	a
	

	
	O
	0
	1600
	m
	0.5
	m
	
	10
	a
	

	Permafrost distribution (continental)
	C
	0
	100
	%
	
	%
	10
	km
	10
	a
	inferred from ground temperatures, photo terrain interpretation, geophysics

	
	T
	0
	100
	%
	2
	%
	1
	km
	10
	a
	

	
	O
	0
	100
	%
	1
	%
	1
	km
	1
	a
	

	Permafrost distribution (mountain)
	C
	0
	100
	%
	
	% 
	25
	m
	1
	a
	Distributed models, based on DEM, calibrated with BTS; distribution based on elevation (m) 

	
	T
	0
	100
	%
	2
	%
	25
	m
	1
	a
	

	
	O
	0
	100
	%
	1
	%
	25
	m
	1
	a
	

	Downslope velocity of 

creeping permafrost


	C
	0.01
	15
	m / yr
	1
	cm
	Point
	1
	a
	Survey transects, repeat high-resolution imagery, radar, InSAR

	
	T
	0.01
	15
	m / yr
	1
	cm
	10
	m
	1
	a
	Same; InSAR

	
	O
	0.01
	15
	m / yr
	1
	cm
	10
	m
	1
	a
	Same; InSAR

	Annual surface elevation change 
	C
	0
	1
	m
	1
	cm
	Point
	1 
	a
	In situ survey transects, LIDAR maps, InSAR

	
	T
	0
	1
	m
	1
	cm
	10
	m
	1
	a
	

	
	O
	0
	1
	m
	1
	cm
	1
	m
	1
	a
	

	Ground ice volume 
	C
	0
	100
	Vol %
	5-10
	Vol %
	Point
	One time 
	In situ measurements (sampling during borehole drilling)

	
	T
	0
	100
	Vol %
	5
	Vol %
	1
	m
	
	Geophysical investigations

	
	O
	0
	100
	Vol %
	5
	Vol %
	0.1
	m
	
	

	Active Layer*
	
	
	
	
	
	
	
	
	
	
	Areas underlain by permafrost

	Active layer depth
	C
	0
	5
	m
	1
	cm
	Point
	1
	a
	In situ measurements (maximum value at end of summer, key GTN-P parameter)

	
	T
	0
	5
	m
	1
	cm
	
	7
	d
	

	
	O
	0
	5
	m
	1
	cm
	
	7
	d
	

	Soil temperature**
	C
	-60
	35
	0C
	0.1
	K
	Vertical profile
	1
	d
	10 cm interval to 1.2m on data recorder; GTOS TEM parameter 

	
	T
	-60
	35
	0C
	0.05
	K
	
	6 
	h
	

	
	O
	-60
	35
	0C
	0.05
	K
	
	6
	h
	

	Surface temperature
	C
	-70
	45
	0C
	1
	K
	1 
	km
	1
	d
	MODIS

	
	T
	-70
	45
	0C
	1
	K
	100
	m
	1
	d
	

	
	O
	-70
	45
	0C
	1
	K
	10
	m
	0.5
	d
	

	Soil moisture**
	C
	0
	
	Vol %
	1-5
	Vol %
	Point
	1
	d
	Monitored continuously at some locations, or based on sampling during drilling or soil pits; GTOS TEM parameter

	
	T
	0
	
	Vol %
	1-5
	Vol %
	1
	m
	
	
	Same; SAR

	
	O
	0
	
	Vol %
	1-5
	Vol %
	0.1
	m
	
	
	Same; SAR

	Duration of thaw
	C
	0
	365
	days
	14
	d
	Point 
	1
	d
	Computed from weather records and inferred or measured from soil temperatures; sequential microwave

	
	T
	0
	365
	days
	7
	d
	1
	km
	
	
	

	
	O
	0
	365
	days
	7
	d
	100
	m
	
	
	

	Seasonal frost heave / thaw subsidence
	C
	0
	100
	cm
	1
	cm
	Point
	0.5
	a
	In situ survey transects, LIDAR maps, InSAR



	
	T
	0
	100
	cm
	1
	cm
	10
	cm
	
	
	

	
	O
	0
	100
	cm
	1
	cm
	1
	cm
	
	
	

	Seasonally Frozen Ground* 
	
	
	
	
	
	
	
	
	
	
	Areas not underlain by permafrost and beyond limits of permafrost

	Onset of seasonal freezing
	C
	0
	365
	days
	14
	d
	Point
	14
	d
	determined from interpolation of soil temperature profiles or frost tubes; passive microwave

	
	T
	0
	365
	days
	7
	d
	1
	km
	7
	d
	

	
	O
	0
	365
	days
	7
	d
	100
	m
	7
	d
	

	Depth of seasonal freezing
	C
	0
	4
	m
	1
	cm
	Point
	1
	a
	Determined from interpolation of soil temperature profiles or frost tubes; passive microwave

	
	T
	0
	4
	m
	1
	cm
	
	7
	d
	

	
	O
	0
	4
	m
	1
	cm
	
	7
	d
	

	Duration of freeze 


	C
	0
	365
	days
	14
	d
	Point
	1
	d
	Computed from weather records and inferred or measured from soil temperatures; sequential microwave 

	
	T
	0
	365
	days
	7
	d
	1
	km
	
	
	

	
	O
	0
	365
	days
	7
	d
	100
	m
	
	
	

	Distribution of  seasonal freezing


	C
	0
	100
	%
	
	%
	25
	km
	5 
	d
	Microwave (passive and active) sensors at regional scale; sequential microwave

	
	T
	0
	100
	%
	
	%
	10
	km
	
	
	

	
	O
	0
	100
	%
	
	%
	1
	km
	
	
	

	Coastal Dynamics
	
	
	
	
	
	
	
	
	
	
	

	Coastal retreat
	C
	0
	30
	m / yr
	0.5
	m / yr
	Point
	1 
	a
	Ground surveys, DGPS, aerial photos, high-resolution satellite imagery, InSAR

	
	T
	0
	30
	m / yr
	0.25
	m / yr
	0.25
	m
	
	
	

	
	O
	0
	30
	m / yr
	0.25
	m / yr
	0.25
	m
	
	
	

	Isostatic vertical motion
	C
	0
	15
	cm / yr
	1
	mm
	Point
	1
	a
	DGPS

	
	T
	0
	15
	cm / yr
	1
	mm
	1
	km
	
	
	DGPS, LIDAR, Laser Altimetry, InSAR

	
	O
	0
	15
	cm / yr
	1
	mm
	1
	km
	
	
	

	Wind speed and direction
	C
	0
	
	m / s
	0.1
	m / s
	Point
	1
	min
	Anemometer

	
	T
	0
	
	m / s
	0.1
	m / s
	
	
	
	

	
	O
	0
	
	m / s
	0.1
	m / s
	
	
	
	

	Storm surge
	C
	NA
	NA
	NA
	NA
	NA
	NA
	
	NA
	
	NA

	
	T
	
	
	
	
	
	25
	m
	1
	d
	Time-lapse camera, tide gauge, Opportunistic SAR

	
	O
	
	
	
	
	
	25
	m
	1
	h
	

	Sediment transport
	C
	NA
	NA
	NA
	NA
	NA
	NA
	
	NA
	
	NA

	
	T
	
	
	
	
	
	250
	m
	7
	d
	MODIS

	
	O
	
	
	
	
	
	250
	m
	1
	d
	

	Sea ice extent 
	see Sea Ice table
	
	
	
	
	
	
	
	

	Ice scouring depth 
	C
	
	
	cm
	10
	cm
	
	m
	
	
	Multi-beam sonar

	
	T
	
	
	
	10
	cm
	
	m
	
	
	

	
	O
	
	
	
	10
	cm
	
	m
	
	
	

	Ice scouring area
	C
	0
	100
	%
	20
	%
	10
	m
	
	
	Multi-beam sonar

	
	T
	0
	100
	%
	10
	%
	1
	m
	
	
	

	
	O
	0
	100
	%
	10
	%
	1
	m
	
	
	

	Subsea permafrost distribution
	C
	0
	100
	%
	
	%
	10
	km
	10
	a
	Boreholes, multibeam sonar, shallow seismic

	
	T
	0
	100
	%
	
	%
	1
	km
	10
	a
	

	
	O
	0
	100
	%
	
	%
	1
	km
	1
	a
	

	Subsea permafrost thickness
	C
	0
	500
	m
	1
	m
	Point
	10-100
	a
	Boreholes, multibeam sonar, shallow seismic

	
	T
	0
	500
	m
	1
	m
	
	10
	a
	

	
	O
	0
	500
	m
	1
	m
	
	10
	a
	


* includes all aspects of snow cover.

** applies also to seasonally frozen ground

Table B.9. Summary of current/planned capabilities and requirements for snowfall parameters. (Adopted from http://www.nosa.noaa.gov/requirements.html)

	Parameter


	CT

O
	Measurement Range
	Measurement Accuracy
	Resolution
	Comment / Principal Driver

	
	
	
	
	Spatial
	Temporal
	

	
	
	L
	H
	U
	V
	U
	V
	U
	V
	U
	

	Snowfall amount
	C
	0
	100
	mm
	1
	mm
	1
	km
	1
	day
	MODIS/SSMI

	
	T
	0
	100
	mm
	1
	mm
	0.5
	km
	1
	day
	Hydromet

	
	O
	0
	100
	mm
	1
	mm
	0.1
	km
	12
	hr
	

	Precip/Snowfall rate 
	C
	0
	100
	mm/hr
	2-10
	cm
	25
	km
	1
	day
	AMSR-E/TRMM

	
	T
	0
	100
	mm/hr
	3
	cm
	0.5
	km
	1
	day
	Hydromet Transportation

	
	O
	0
	100
	mm/hr
	2
	cm
	0.1
	km
	12
	hr
	

	Precipitation type
	C
	N.A.
	---
	---
	---
	---
	---
	---
	---
	---
	Need HF SAR

	
	T
	0.3
	3
	
	10
	%
	0.5
	km
	1
	day
	Hydromet

	
	O
	0.3
	3
	
	7
	%
	0.1
	km
	12
	hr
	

	Snow particle size 
	C
	0
	~0.7
	
	6-35
	
	25
	km
	1
	day
	e.g. AMSR-E

	
	T
	0
	1
	
	10
	
	0.5
	km
	1
	day
	Hydromet

	
	O
	0
	1
	
	6
	
	0.1
	km
	1
	hr
	


_____________
Appendix C.  Satellite Missions in Support of the Cryosphere Theme
Figure C.1 gives a timeline for current and future satellite sensors that can be used to estimate properties of the cryosphere. 
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