
There are a few modest speed-ups on land-terminating

glaciers in this region, in particular in the area around

Russell Glacier. We examined a 3 year time series in this

region (Joughin and others, 2008a) and found a seasonal

variation in speed on the lower part of this glacier (roughly

the same area where speed-up is visible in Figure 7). In this

time series over the course of the winter, the speed

increases by roughly 50–100m a–1 near the margin,

following a minimum speed at the end of the melt season.

Since the 2000/01 data were acquired on average roughly

3 months earlier than the 2005/06 data, the changes at

Russell Glacier and near the termini of some of the other

slow-moving glaciers may represent a seasonal effect. This

effect does not extend far inland, and other sites near

1000m elevation show a much more subdued winter

speed-up (Joughin and others, 2008a; Van de Wal and

others, 2008).

3.3. Eastern Greenland

As on the west coast, we have subdivided the east coast into

southern, central and northern sub-regions.

3.3.1. Southeast coast
Figure 8 shows ice flow along the southeast coast of

Greenland where, as described above, high accumulation

rates make it difficult to measure interior flow speeds. This

region of the ice sheet is far steeper than the west coast, with

a more abrupt transition near the heads of fjords between the

slow ice-sheet flow and fast, channelized outlet glacier flow.

Recent increases in speed and the accompanying rapid,

dynamic thinning contribute to making this the region of

greatest current ice loss from Greenland (Rignot and

Kanagaratnam, 2006; Velicogna and Wahr, 2006; Howat

and others, 2008a). Our data (Fig. 8) confirm the previously

reported speed-ups of numerous glaciers in this region

Fig. 6. West Greenland flow speed for 2005/06 (left) and change in speed from 2000/01 to 2005/06 displayed over a 2000/01 SAR mosaic

(grayscale (#CSA, 2001)) (right). Speed is indicated by color and white 250ma–1 contours (v<1000ma–1) and black 1000ma–1 contours

(v� 1000ma–1). Speed differences are shown with color (saturation is reduced where speed-up or slowdown is <20ma–1) and 500ma–1

black (speed-up) and white (slowdown) contours. Blue and red dots indicate retreat (red) and advance (blue).
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achieve the ideal situation where our control points were all

measured with GPS at the same time as the SAR data

collection, other sources of error would make it difficult to

detect change in velocity in the interior regions, where any

such change is expected to be small (<10ma–1). In these

slow-moving, interior regions, we do not assign any signifi-

cance to differences in the velocity field. Along the ice

margin (e.g. below about the 2000m contour), where points

on bedrock provide most of the control, control-related

errors in flow speed are small (<10ma–1) relative to

variations in ice-flow speed (10ma–1).

There are several other sources of error in addition to

those related to control points. One major source of

inaccuracy is error introduced during the matching pro-

cedure used to determine the speckle-tracked offsets, which

are determined by the degree of correlation between

images. These errors are estimated from the image statistics

and are included in our formal error estimates (Joughin,

2002). Height errors in the digital elevation model (DEM)

used for topographic correction in the processing can cause

velocity errors (Bamber and others, 2003), but their effect is

usually small relative to the large displacements observed

over the 24 day period between images. Some small degree

of such error is visible on the rocky areas because DEM-

induced errors are much larger over rough terrain. The DEM

also introduces errors in the velocity estimates through errors

in surface slope, which yields absolute errors of up to

about 3% of speed (Joughin, 2002). Since our two datasets

were acquired from nearly identical imaging geometries,

however, these errors nearly cancel when evaluating

changes in velocity.

Ionospheric variability causes errors in the azimuth

component of the speckle-tracked displacement fields (Gray

and others, 2000). This yields a distinctive ‘streaked’ pattern

of noise in the velocity field with magnitudes of up to several

tens of ma–1. These are spatially variable, making it difficult

to derive quantitative estimates of their magnitudes. The

distinctive noise pattern, however, often makes these errors

visually identifiable so they can be accounted for in the

interpretation of the data.

3. RESULTS

Figure 1 shows the velocity measurements we generated for

2000/01 and 2005/06. A subset of the 2000/01 RADARSAT

data was also processed by Rignot and Kanagaratnam (2006)

at coastal locations, but their 2005 dataset was acquired

during the winter prior to our 2005/06 data. As noted above,

there are gaps in coverage near the southern end of the ice

sheet. Other gaps are the result of poor coherence between

images, typically in areas with high snowfall, such as in the

southeast. The 2000/01 data were collected near the solar

maximum (Richardson and others, 2001) when the level of

auroral-zone ionospheric disturbances was higher, which

yields the much larger ‘streak’ errors visible in the 2000/01

velocity map (Gray and others, 2000), particularly in the

Fig. 1. Flow speed (color) for the winters of 2000/01 (left) and 2005/06 (right) displayed over radar mosaics (#CSA, 2001) for the same

periods. Numbered white boxes indicate the locations shown in Figures 2–10.
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SDC Study: General Approach



Origin of SDC Study: The Decadal Survey

What was done:
Compiled a list of Science and Applications objectives, their 
Traceability Matrix (SATM) and supporting materials, of SDC-
related objectives in the Decadal Survey (DS).

Sources: 
DS main text and appendices
SDC proposal
Various discussions with HQ and among centers

Purposes are to:
Identify what is in the DS regarding SDC.
Update and nuance material in the DS.
Provide a concrete starting point for the R&A work of the SDC study.
Create a roadmap to realizing the research and applications (R&A) 
goals of the SDC study.



Observational Basis: Program of Record (PoR)

Instruments or missions which have made or will make similar SDC 
measurements. The PoR includes NASA, NOAA and USGS missions 
formally budgeted and planned (e.g., NISAR); as well as missions by 
commercial and international organizations. 

In assessing the PoR, attention is to be paid to the European Union’s 
Copernicus Program and its Sentinel satellites. The 6 satellites of this 
series will reach full operational status by 2023.



Added Ingredient: Amplitude-based radiometry

Direction from NASA to consider architectures 
that support amplitude-based radiometry for 
observables such as biomass, soil moisture, 
wetlands and ecosystem disturbance.

Simple time series can highlight different 
crop types and management practices: 
Three coregistered UAVSAR scenes from 
January, May and August, highlight 
different crop types.

alfalfa

Cropscape

corn

UAVSAR



70 Participants: 
HQ, NASA Centers, USGS, Academia (~half of participants)

Focus areas:
Solid Earth
Geohazards
Cryosphere
Ecosystems
Hydrology (added after workshop)

First SDC Research and Applications Workshop

Held April 29 to May 1, at Caltech, Pasadena



• Identify key observational characteristics that are needed to advance 
the science and applications.  

• Review the Decadal Survey science and application objectives for 
clarity and completeness. 

• Refine the measurement parameters as given in the SATM.

• Identify or propose tools and procedures that can be used to assess 
the enhanced science to be achieved by the different architectures that 
will be considered at a later stage in the SDC study. 

• Identify the potential research and applications benefits of combining 
and coordinating the observations of a heterogeneous constellation of 
public and private satellites.

• Begin to define notionally the attributes of candidate observing 
architectures

First SDC Research and Applications Workshop: Aims



Common desired capabilities
Measurement parameters:
• Spatial resolution: 10 m 
• Temporal sampling: Daily or better
• Longer time series, i.e., continuity of 

measurement.
Methods: 
InSAR

Divergent desired capabilities

Workshop Outcomes: Geodetic Observables

Photo: John Sonntag, Operation IceBridge, NASA

Solid Earth Geohazard
Coverage Global Acess Localized

Data Latency Not a priority 1 - 3 hours

Amplitude/
Polarization Not a priority

• Need amplitude for several 
applications

• Single-pol sufficient



Biomass change, forest and crop extent, inundations
Measurement parameters:
• Spatial resolution: 100 m or better
• Temporal sampling: 12 days to 3 months
• Classification accuracy: 80% or better
Methods: 
Cross-Pol; Full Polarimetric; HH backscatter contrast; 
Polarimetric backscatter contrast

Soil moisture
Measurement parameters:
• Spatial resolution: 1 km or better
• Coverage: Global
• Temporal sampling: Seasonal
Methods: 
Full Polarimetric or Quasi-quad pol Backscatter

Workshop Outcomes: Ecosystems Radiometric Observables

Pacaya-Sameria, Peru
March 26, 2016



First Architecture Concepts
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P: Parent (NISAR light)
C: Child (Single frequency; phase only obs.)


