
int. j. remote sensing, 2002, vol. 23, no. 6, 1143–1159

Satellite photograph mosaics of Greenland from the 1960s era*

GUOQING ZHOU

Department of Civil Engineering and Technology, Old Dominion University,
Kaufman Hall, Rm 214, Norfolk, Virginia 23529, USA; e-mail: gzhou@odu.edu

K. C. JEZEK

Byrd Polar Research Center, Department of Geological Sciences, The Ohio
State University, 108 Scott Hall, 1090 Carmack Road, Columbus, Ohio 43210,
USA

(Received 11 October 2000; in � nal form 17 April 2001 )

Abstract. This paper presents two mosaics of Greenland compiled from
Declassi� ed Intelligence Photography Project (DISP) data acquired in 1962 and
1963. The � rst mosaic consists of 24 orthorecti� ed images from eight orbits
acquired during the ARGON 9034A mission (the � rst generation of reconnais-
sance satellite system) in May 1962. The second mosaic consists of 36 orthorecti� ed
images from 14 orbits acquired during the ARGON 9058A mission in October
1963. We discuss techniques used to address challenges arising from � lm-record
quality and satellite navigation information. These techniques include adaptive
� ltering, bright strip removal, radiometric balancing, geometric recti� cation, qual-
ity control, mosaic post-processing. We estimate the relative geolocation accuracy,
as compared to a 1992 ERS Synthetic Aperture Radar (SAR) mosaic, to be about
200 m and the absolute accuracy to be about 450 m. We show that this is suYcient
to make quantitative comparisons in ice sheet extent over a 30 year interval.

1. Introduction
Early reconnaissance satellite photographs provide us with a unique view of our

world as it appeared at the beginning of the space age. CORONA, ARGON and
LANYARD were the � rst three operational imaging satellite reconnaissance systems
and they acquired data during the early 1960s for both detailed reconnaissance

purposes and for regional mapping (McDonald 1995). Workers in the environmental
research community are the most recent bene� ciaries of data collected for the later
objective and declassi� ed for use by the general public in 1995. Polar researchers in
particular inherited a wealth of detailed photography covering both of the great
polar ice sheets. After processing with sophisticated digitizing instruments and sub-
sequent analysis with modern photogrammetric and image processing techniques,
investigators have shown that these data can be used to characterize local � uctuations
in glacier termini (Sohn et al. 1998) to assess variability of structure internal to the
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ice sheet (Bindschadler et al. 1998) and to measure long-term average velocity by
feature retracking techniques (Kim 1990).

Further applications of these data involve regional assessments of ice sheet
behaviour, for example, ice sheet wide comparisons of glacier terminus positions as
measured using the 1960s data and using more recent, high resolution microwave
and optical imagery. These applications require assembling the Declassi� ed
Intelligence Satellite Photographs (DISP) into orthorecti� ed, georeferenced, digital
mosaics. While digital image mosaicking is not a novel topic in photogrammetry
and remote sensing (Hevert and Rouge 1984, Miller 1989, Guindon 1994), DISP
data have several complicating attributes: (1) the sensor has a wide � eld of view
(~59°), causing relatively large � lm distortion; (2) high earth curvature distortion
because of high latitudes and large area (2800 km by 1600 km); and (3) georeference
data are not available for each image. In addition, there are frame-to-frame radio-
metric diVerences caused by weather, time of acquisition, and camera artifacts.

This paper describes the mosaicking techniques developed for production of two
digital mosaics of Greenland using 1962 and 1963 DISP data. The techniques include
producing a rigorous model for geometrically orthorectifying the data, developing
mosaicking techniques useful with cloudy data, and working with polar-orbiting
satellite data at high latitude area. We will focus on con� guration of the mosaic,
adaptive noise removal for preserving small details, restoring geophysical features
contaminated by anomalous bright strips, ground control point and tie point selec-
tion and optimization, orthorecti� cation, radiometric balancing, and quality control.
We conclude with applications of the mosaics for ice sheet margin change detection
and the identi� cation of internal structures controlled by glacier dynamics.

2. Datasets
2.1. Control datasets

We used two datasets for geometric control. The 1992 Synthetic Aperture Radar
(SAR) mosaic of Greenland, available from the National Snow and Ice Data Center
(NSIDC), was used as georeferencing control (Fahnestock et al. 1993). The composite
SAR image is compiled from a number of 1992 European Remote Sensing Satellite
(ERS-1) SAR image swaths digitally mosaicked, geolocated, and resampled to a
100 m pixel size. The mosaic was assembled at the Jet Propulsion Laboratory (JPL)
and Goddard Space Flight Center. Table 1 gives an overview of the image parameters.

The Danish Geodetic and Cadastral Agency Kort and Matrikelsyrelsen (KMS)
Digital Elevation Model (DEM) of Greenland was used to correct the terrain
distortion. The DEM was constructed from satellite altimetry (Geosat, south of
72° N, ERS-1 north of 72° N), airborne radar altimetry (Greenland Aerogeophysics
Project) and laser altimetry (Airborne Ice Mapping Project) over the ice sheet, and
from digitized maps of the coastal areas. The DEM is a grid in geographical
coordinates with an average spacing of 2 km. The accuracy of the model is highly

Table 1. Parameters of digital SAR mosaic imagery of Greenland.

Data Geolocation Pixel Projection Image size
source Year accuracy size type Spheroid Datum (pixel )

SAR by August Roughly 100 m Polar WGS 84 WGS 84 X: 15646
ERS-1 1992 400 m stereographic Y : 26266
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variable depending on surface characteristics and slope and ranges from a few metres
at the centre of the ice sheet to several hundred metres on the steepest portions on
the coast (Ekolm 1996). Table 2 is an overview of parameters.

In addition, 1:250 000 maps of Greenland produced by KMS are used as ancillary
data to support the mosaicking.

2.2. Image data: 1962 Declassi� ed Intelligence Satellite Photographs (DISP)
Of the series of early reconnaissance satellite photographs , the ARGON photo-

graphs provide high ground resolution (about 140 m), extensive coverage, and date
back to 1962 and 1963. ARGON Missions KH-5 (9034A) carried a frame camera
with a focal length of 3 inches. Detailed system and product speci� cations are listed
in table 3. We acquired 29 frames collected by the ARGON KH-5 (KeyHole) 9034A
mission, which was launched on 15 May 1962. Thirteen of the 29 frames are partially
cloud-covered. We chose 24 of the best � lms to assemble the � rst mosaics. We chose
36 images from 14 orbits, acquired during the ARGON 9058A and 9059A mission
in October 1963 to assemble the 1963 mosaic.

The DISP ARGON black and white � lms were digitized at 7 mm resolution
using the INTERGRAPH PhotoScan TDâ Scanner, which is a high resolution
radiometrically and geometrically precise � atbed scanning system.

3. Image processing and mosaicking
The distributions of individual photographs used to assemble the 1962 and 1963

mosaics are shown in � gure 1. Each � lm covers approximately 556 km by 556 km.
Using the latitude and longitude of the central point and four corner points for each
image, and requiring 70% overlap of the neighbouring images, we determined that
the best method to mosaic the 1962 DISP images utilized 24 images from eight
diVerent orbits and 1963 DISP images utilized 36 images from 14 orbits (� gure 1).

As with any digital mosaic produced from satellite data, there are two funda-
mental problems: (1) geometric and (2) radiometric. Geometrically the data must
register relatively with the neighbouring images. In addition, the data must register
absolutely with some known geographic reference. Radiometric discontinuities arise
from time diVerences, changing weather and random instrument artifacts. Because
we have little information on which to base any absolute radiometry, we opted to
adjust image intensities to maximize information about the glacier surface. Figure 2
is a � owchart illustrating our mosaicking procedure. Key techniques are described
in the following sections.

3.1. Geometric recti� cation for orthophoto generation
The original DISP images have large geometric distortions. These distortions

stem from sources such as camera lens distortion, atmospheric refraction, earth
curvature and so on. We experimented to determine the distortion magnitude caused
by various sources, and found that radial displacement on the photograph due to
the eVect of atmospheric refraction was smaller than 1.2 mm (about 7 m in ground
resolution) because of the extremely small ratio of focal length to � ying height.
However, the eVect of the Earth curvature caused the corner points on the photo-
graph to be displaced about 2.2 mm (9 km in ground resolution) inward from its
actual position. Figure 3 demonstrates the eVect of the Earth’s curvature on ARGON
imagery.
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Table 3. Technical speci� cation of KH-5 (9034A ) Mission.

Attributes Parameters Attributes Parameters Attributes Parameters

Camera type Frame focal length 3 in. nominal photo 1:4 250 000
scale

Imaging mode Pan. inclination 82.3° nominal orbit 322 km
altitude

Film width 5 in. ground 140 m nominal ground 556 km×556 km
resolution coverage

(a) (b)

Figure 1. Image con� guration. (a) Twenty-four DISP images from eight orbits acquired by
the ARGON 9034A mission in May 1962. (b) Thirty-six DISP images from 14 orbits
acquired by the ARGON 9058A/59A mission in October 1963.

The selection of an appropriate model(s) is critical to accurate distortion correc-
tion, at least for satellite sensor or platform-induced distortions. Depending on the
type of the terrain, orthophotos will be generated through either polynomial or
diVerential recti� cation. Considering the in� uences of relief displacement (caused by
diVerence of elevation) and Earth’s curvature (caused by high-altitude and large-
area), we choose the Camera Model in ERDAS/IMAGINE to orthorectify images.
As an aside, we veri� ed the accuracy of this model with a polynomial equation.

The DEM accuracy and the accuracy and distribution of GCPs largely aVect the
quality of the orthorecti� ed images created using the ERDAS/IMAGINE camera
model. For example, the model requires at least three ground control points (GCPs).
However, we faced the problems that (1) not all scenes contain GCPs; (2) there are
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Figure 2. Mosaicking � owchart.

Figure 3. EVect of the Earth’s curvature on ARGON mission imagery. The radial distance
is measured outward from the centre of the photograph.

no targeted GCPs (arti� cial landmarks); and (3) GCPs are clustered rather than
being evenly distributed across the image. We dealt with those problems as follows.

d Clustered GCP: GCPs were typically clustered in one portion of the image.
We evaluated the eVect of clustering on orthorecti� cation accuracy by selecting
a scene with GCPs clustered in a corner. The scene also contained measurable
features in the diagonal corner, but these features were not used in the ortho-
recti� cation process, instead we reserved them as test points. We found that
the geolocation error of the test pixel reaches � ve pixels for an image size of
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2600×2600 pixels. Moreover, the error changes linearly (as would be expected
given the fact that we use an aYne transformation) .

d Distinct geometric features but no GCP: Some DISP images contain distinct
features but no corresponding features in independent reference data (e.g. ERS
SAR mosaic) are available. To overcome that problem, we select a neighbour,
geocoded image that contains GCPs. This bridge image is selected as a reference
where we use common, natural features along the boundaries as tie points. Tie
point selection and re� nement is essential for reducing errors.

d Featureless and no GCPs: Almost no suitable control points exist in the central
ice sheet. Therefore, we interpolate and extrapolate the orientation parameters
of the camera using orbit information and known orientation parameters of
the camera along the same orbit over areas where control points exist.

Using the above techniques, we orthorecti� ed all images into geocoded, terrain
corrected map projections. We resampled the images to a 100 m pixel size. All
orthorecti� ed images are referred to the Polar Stereographic projection system,
whose latitude of true scale is 70° N, longitude of the central meridian is 315° E,
and the WGS 84 spheroid and datum.

3.2. Quality control
We performed a quality control check of the orthorecti� ed DISP data by compar-

ing with common features on the ERS SAR mosaic. If the relative accuracy (relative
to ERS SAR mosaic) exceeds 200 m (two pixel ), we check the following items:

d Interior orientation error: Scanning and distortion in the original � lm cause
interior orientation error. The error is determined by using the � lm � ducial
marks and performing a least squares solution of the interior orientation
equation. The rms. (root mean square) of the interior orientation parameters
should be at a sub-pixel accuracy level. Otherwise, � ducial mark measurements,
focal length, principal point coordinates, distance of � ducial marks are
recon� rmed.

d Control data error: The Camera model computes a residual � t to the GCP
data. If the rms. error exceeds about � ve pixels (equivalent to 200 m prior to
resampling), we check every GCP accuracy. Residual errors exceeding � ve
pixels are not tolerated and re� nements in the ground control are required.

3.3. Radiometric balancing
Signi� cant scene-to-scene radiometric variations are observed in the DISP

photos. These radiometric diVerences are mainly due to diVerences in scene collection
dates (associated with diVerent weather conditions, such as cloud, sunlight). To
overcome this problem, radiometric balancing and blending operations were applied
to individual scenes to prevent a patchy or quilted appearance in the � nal mosaic.
The operations were developed in ERDAS/IMAGINE and ARC/Info environments
in combination with our own programs.

3.3.1. ERDAS/IMAGINE-based radiometric balancing
Where radiometric diVerences are nearly constant along a scene boundary, we

only adjust the average grey level of each image to the same value. We do this with
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a linear contrast stretch, and then feather to a constant distance across a cut-line.
Where the radiometric diVerence varies along the seam, we developed a C program

in combination with the Modeler tool in ERDAS/IMAGINE to perform radiometric

balancing. This program adjusts the intensity level along a straight-line seam de� ned
by the overlap region between the two images. The brightness on the merge area is

calculated through weight function and the original grey values.

In practice, seam boundary radiometry was more complicated than either of the
two cases we discussed above. So, we were forced to judiciously apply both methods

to accomplish a radiometric balancing. Figure 4 is an example of radiometric

balancing along a segmented frame boundary.

3.3.2. Arc/Info-based radiometric balancing

When brightness variations between adjacent scenes are large or stochastic, the
approach described above can fail. So, we also developed an Arc/Info-based tool in

combination with a number of available GIS functions, including line and polygon

buVering, distance calculation, and grid algebraic operations to perform the radiomet-

ric balancing. In the tool, a cubic Hermite function is used to calculate the weights

for blending the individual scene along the speci� ed buVer zone:

W =1  3d 2+2d 3 W (1)

G=W G
1+(1  W ) G

2
(2)

where W is the weighting function applied in the overlap area, and its values range

from 0 to 1; d is the distance of a pixel to the buVer line, which is normalized into

0–1; G1 and G2 are brightness of neighbour images, G is the � nal brightness value.
The Hermite function is an S-shaped curve (� gure 5). In the buVer zone, large

intensity value have lower weight, while small brightness values have high weight

(Liu et al. 1999). Figure 6 shows the results of merging images using this technique.

(a) (b)

Figure 4. DISP seamless mosaic using integrated methods and their comparison. (a) Seam
without radiometric balancing. (b) Seam after radiometric balancing.
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(a) (b)

Figure 5. Images mosaic approach using cubic Hermite blending function. (a) Weight
function, (b) creating a weighted buVer zone.

(a) (b)

Figure 6. Comparison of Arc/Info-based merging method for radiometric balancing.
(a) Image mosaic without radiometric balancing. (b) Image merge by cubic Hermite
blending function.

3.4. Adaptive � ltering
Scanning inevitably adds � lm-grain noise to the original image, resulting in image

degradation. Naderi and Sawchuk (1978) modelled the grain noise by

n=d
n
m, m µ N (0, 1) (3)

where n is the � lm grain noise, d
n

is the standard deviation of the noise, and N (0, 1)
is the Gaussian distribution. The standard deviation can be modelled as

d
n
=A0.43a

A B1/2
f p (4)

where f is the mean noise-free signal, p is a constant exponent ranging from 0.3 to
0.4, a is the means � lm-grain size, and A is the detector size of scanner.

There are many simple noise � lters such as the Average � lter, Median � lter, and
Alpha-trimmed mean � lter (Bednar and Watt 1984). These � lters are very fast, but
severely corrupt small details, which are crucial information in remote sensing
applications. In order to remove noise and preserve small details, adaptive � lters are
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suggested by Lee (1980, 1983), Jian and Sawchuk (1986), and Rangayyan et al.
(1998). Among these � lters, the Adaptive Neighbour Filter (ANF; Rangayyan et al.
1998) considers variable shape and size neighbours segmented by a reliable region
growing algorithm (ARG) to compute the local statistics. This � lter shows better
performance than the previous � lters, but it still produces unsatisfactory results if
the model of noise is inaccurately de� ned. In most cases, the model actually cannot
be accurately established since numerous factors contribute to generating the noise.
Furthermore, the estimations based on the inaccurate model might even increase the
noise. In addition, this algorithm consumes a rather long time. To solve the problems,
we developed a new � lter by locally adjusting the � lter size and shape as well as
weightily outputting. The steps are brie� y described as follows:

Algorithm 1:

1. select a window of 5×5 or 7×7 pixels;
2. calculate the mean m

i
(i= 1, 2 ... 9) and variance s

i
(i=1, 2 ... 9) of nine masks

(see � gure 7);
3. select one mask with lowest variance s

k
and mean m

k
, and calculate the

weights of every pixel within kth mask by equation

w
i
=e|Di| , D

i
=grey

i
 m

k
(5)

4. calculate the output by equation

greyoutput=
æ
N

i=1
w

i
grey

i

æ
N

i= 1
w

i

(6)

where N is number of pixels in kth mask, and grey
i

(i=1, 2 ... N ) is intensity
values.

This approach consists of computing statistics within a variable-size, variable-shape
sub-window that is determined individually for every pixel in the image, while not
modelling the noise in the whole image. The advantages are numerous: (1) noise
near edge areas will be smoothed while preserving the edge; (2) subtle details of
several pixel clusters and linear features of one to three pixels in width will be
preserved; (3) it retains the shapes because directional masks are used; and (4) it is
computationally eYcient, local statistic are modelled.

Figure 8 illustrates the results before and after smoothing the DISP images. The
results demonstrate that the � lter was successful in removing noise while retaining
detailed structures.

Figure 7. The adaptive � lter algorithm.
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(a) (b) (c) (d)

Figure 8. Noise removal from DISP imagery by our adaptive � ltering algorithm. (a) Original
image, (b) � ltered image, (c) original image, (d ) � ltered image.

3.5. Bright strip removed
Some of DISP � lms have artifacts which appear as abnormally bright strips (see

� gure 9(a)) and which heavily contaminate signi� cant features. In order to retain
geophysical information across these strips, we developed an algorithm to adjust the
brightness by referring to the neighbour intensity values. The algorithm is brie� y
described as follows:

Algorithm 2:

1. Find the centre line of the bright strip.
2. Determine the width of bright strip by area growing algorithm with a window

size of 5×5 or 7×7 pixels. The seed point is located in the centre line of
bright strip, and the criteria of growing is mean m

i
(i=1, 2 ... N ) and variance

s
i

(i=1, 2 ... N ) of the window;
If s

i
<T (threshold) stop,

otherwise, continuously growing.
3. Locate the boundary of bright strip, and determine a work area size by

extending 100–200 pixels along a pro� le orthogonal to boundary of bright
strip.

4. Calculate the mean m
p

and variance d
p

of brightness along the pro� le within
the work area.

(a) (b)

Figure 9. Reducing bright strip artefacts in the DISP photographs. (a) Original image,
(b) after bright strip removed.
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5. Computing the mean m
q

and variance d
q

of brightness along the same pro� le
beyond bright strip within work area.

6. Assigning the intensity values into bright strip by equation

grey
i
=m

q
±

|d
p
 d

q
|

(col
i
 col

c
)

(7)

where col
i

denotes the ith column in work area, and col
c

denotes the column
of the centre line.

Figure 9 illustrates the eVectiveness of our algorithm in reducing the bright strip
artifacts. The brightness of two pro� les (two bright strips) before and after removing
bright strip show that this algorithm is able to make the intensity values change
smoothly in the boundary of bright strip.

3.6. Mosaic post-processing
With all of the individual scenes resampled and mosaicked, additional processing

on the entire mosaic was undertaken. Post-processing includes adaptive noise � ltering
while retaining detailed features (described in §3.4), image enhancement, linear and
nonlinear contrast enhancement, second order standard deviation image enhance-
ment, Gaussian transformation, which are integrally used for enhancing images
(� gure 10).

3.7. Accuracy evaluation
We have statistically measured 182 points in topographically � at areas and 201

points in mountainous areas. The average relative accuracy (relative to SAR mosaic)
is around 188 m±3 m in � at areas and 219 m±5 m in mountain areas. In addition
to rms. accuracy, we evaluated the absolute accuracy by error propagation (assuming
that the geolocation accuracy of SAR mosaic map is 400 m (website in National
Snow and Ice Data Center 1997)). The average absolute accuracy is 442 m±5 m in
topographically � at areas and 456 m±5 m in mountainous areas.

4. Applications of mosaic products
Here, we demonstrate how the mosaics can be used to observe changes in the

extent and internal con� guration of the ice sheet over the past 30 years.

4.1. Petermann Glacier observation
Petermann Glacier, located at 81° N, 60° W on north-western � ank of the

Greenland ice sheet, is one of the longest glaciers in the Northern Hemisphere with
an extensive � oating ice tongue (70 km long) (Rignot 1998). Numerous rock outcrops
bound the margins of the northward � owing glacier. These provide a reliable, � xed
reference for georeferencing data and studying glacial motion.

We mapped ice sheet margins of Petermann Glacier (the coordinates are illus-
trated in � gure 11) from May 1962 DISP, October 1963 DISP and August 1992
ERS SAR imagery (� gure 11(a)). The three ice margin lines indicate that the interior
margins of the glacier are essentially unchanged over the past 30 years.

The glacier terminus, � ow stripes and hinge line positions were measured using
the available datasets. The average terminus position is stable, but there are several
kilometre-scale local variations along the terminus between observations. These are
obviously the result of calving events con� ned to a portion of the glacier front. Flow
stripes are identi� able in all of the imagery. The consistencies of these patterns
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(a) (b)

Figure 10. (a) Mosaic (1962 ) of Greenland; 24 DISP images acquired in May 1962 by the
ARGON 9034A Mission were orthorecti� ed and assembled in this nearly cloud-free
mosaic. (b) Mosaic (1963) of Greenland; 36 DISP images acquired in October 1963
by the ARGON 9058A/59A Mission were orthorecti� ed and assembled in this mosaic.
Much of southern Greenland is cloud covered in the 1963 scene.

further suggest that the glacier dynamics are in equilibrium. Variability in the hinge
line position is largely random error in the selection process, which was based on
the transition from a mottled to smooth glacier surface. We believe the average
position is generally indicative of the hinge line location (� gure 12).

4.2. North-east glacier observation
The ERS SAR mosaic revealed an ice stream in north-east Greenland (Fahnestock

et al. 1993, Rignot et al. 1997). The ice stream originates in the ice sheet interior,
and � ows north–north-eastward. The boundary widens symmetrically downslope
from an initial width of ~20 km and reaching a width of ~70 km, 400 km away
from the coast. This width is maintained for about 150–200 km more until margin
becomes indistinct. The boundary seems to be stable over our 30 years of observations
(� gure 13).

Also evident is a 120 km long, linear structure (� gure 14). The feature appears to
the west of the ice stream before disappearing within the ice stream. We believe the
feature is a surface topographic representation of structure in the subglacial crust.
We suspect the feature is stationary and attribute the systematic diVerences between
the location of the lineament in the DISP and SAR imagery to diVering optical and
microwave signatures of the feature.
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(a)

(b) (c)

Figure 11. Petermann Glacier observation. (a) DISP imagery acquired in May 1962 and
showing the 1962, 63 and 92 ice margins. (b) DISP imagery acquired in October 1963.
(c) ERS-1 SAR imagery acquired in August 1992.
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Figure 12. The hinge lines, � ow feature lines and termini of the Petermann Glacier.

(a) (b)

Figure 13. North-east Ice Stream boundary, Greenland. (a) Acquired by ERS SAR in August
1992, (b) acquired by DISP in May 1962.
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(a) (b)

Figure 14. Surface undulation across the Northeast Ice Stream, Greenland. (a) ERS SAR
imagery acquired in August 1992 and taken as a referenced frame. (b) The DISP data
acquired in May 1962 georeferenced relative to the ERS mosaic. The distance between
surface undulation observations is about 0.5–1.0 pixel, or about 50–100 m on the
ground.

5. Summary and conclusions
We have developed highly accurate photogrammetric and image processing tech-

niques for generating two mosaics of Greenland using 1962 and 1963 ARGON DISP
imagery. The two digital mosaic map products, associated with an introduction,
have been delivered to the National Snow and Ice Data Center (NSIDC) on
CD-ROM in TIFF and raw formats for use of research community. The overall size
of the 1962 and 1963 mosaics are 28 484 lines by 17 092 samples (475 MB) and
27 805 lines by 17 792 samples (483 MB), respectively. The corner map coordinates
of 1962 mosaic are: upper left X:  727805.5625 , upper left Y :  535256.375 ; lower
right X: 981294.4375 , lower right Y :  3383556.375 . The corner map coordinates of
1963 mosaic are: upper left X;  808514.4375 , upper left Y :  645039.4375 ; lower
right X: 970585.5625 , lower right Y :  3425439.4375 . The potential users may contact
NSIDC to obtain the datasets of whole mosaics, but not individual scenes. The
mosaics are referenced to the WGS 84 spheroid and datum, and the Polar
Stereographic projection system, with latitude of true scale at 70° N longitude of the
central meridian at 315°. The false easting and northing are 0.0. The pixel size is
100 m. The average relative accuracy (relative to the digital SAR mosaic) is
approximately 180 m in � at areas and 210 m in mountain areas.

We used the mosaic products in combination with more recent data to investigate
changes of calving front locations, ice sheet margins, shear margins, and surface
undulations of two glaciers. The results reveal that only small changes have occurred
in northern Greenland over the past 30 years. This is in contrast to reports of
dramatic changes in southern Greenland (Krabill et al. 2000 ).
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