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3 ' i r Iu f :  Muuf-h.M photograph of thm sp.cr Shutth 
Challenger's p . y M  bay, taken In orbn & Um cmv of 
ttluion 41.0; hrrdwrn .krmnt8 of thr SIR-8 expulmmt 
a n  in the fomgrwnd. 

Two crew members, Kathryn Sullivan (A SIR-B coinves- 
tigator) end David Leestma are shown at the end of the bay as 
they pedormed an experiment f l  Ing e~rtra-vehicular activity 
(EVA). During that EVA, the astronauts made certain Ihem was 
nc physical impediment to proper deployment and latching of 
the SIR-8 antenna. The SIR-B components that appear in this 
photograph are identified in Figurn 5. 
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On October 5 ,  1984, the second Shuttle Imaging Radar, SIR-9, was 
launched into orbit aboard the Space Shuttle Challenger. SIR-B is the third 
step in an evolving NASA program to use spsceborne ~maging radar tech- 
niques for Earth and planetary exploration. Previous spaceborne imaging 
radar missions by SIR-A (1981) and Seasat SAR (1978) were equipped with 
fued imaging geometries. The principal difference 'oetween SIR-B and these 
two radars was the ability of SIR-B to image selected Earth targets at a 
number of different incidence angles and to acquire the data in a digital 
format. Mechanical tilting of the SIR-B antenna provided the means to obtain 
such multiple-incidence-angle coverage on successive days of the mission. 

Approximately 7 hours of digitally recorded data were acquired by SIR-B 
over about 6.5 million km2 of the Earth's surface. Multiple-incidence-angle 
coverage of tropical terrains. mountainous regions, arld vegetated lowlands 
were obtained for the first time. This represents a pioneering use of space- 
borne radar systems for Earth observations. It is enabling investigators to 
study the relations between radar backscatter and iricidence angle quantita- 
tively through a range of different terrain types and surface covers. SIR-B 
stereoscopic radar measurements have provided an experimental basis for all- 

weather topographic mapping from space that is commensurate in accuracy 
with existing photogrammetric techniques. 

Investigations of the SIR-B data include studies in the areas of geology 
and cartography, hydrology, vegetation, and oceanography. Applications of 
the data to such studies are illustrated in this atlas of 40 selected SIR-B 
images. The images are accompanied by diverse types of interpretive informa- 
tion that include multiple SIR-B coverage, computer-generated perspective 
views, sketch maps and diagrams, or corresponding coverage obtained by 
remote sensors using diffcrent wavelengths at different times. 

Shelby G. Tilford 
Director 
Earth Science and Applications Division 
Office of Space Science and Applications, NASA 
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In October 1984. SIR-B obtained digital image data of about 6.5 million km2 of  the 
Earth's surface. The covcrage is nlostly of  selected experimental test sites located between 
latitudes 60 deg north and 60 deg south. Programmed adjustments made to the look angle 
of the steerable radar antenna and to the flight attitude of the shuttle during the mission 
permitted collection of  multiple-incidence-angle coverage or extended mapping coverage 
as required for the experiments. The SIR-B images included here are representative of  the 
coverage obtained for scientific studies in geology. cartography. hydrology. vegetation 
cover. and oceanography. The relations between radar backscatte~ and incidence angle for 
discriminating various types of surfaces, arid t!ie use of  multiple-incidence-hngle SIR-B 
images for stereo measurement and viewing, are illustrated with examples. Interpretation 
of the images is facilitated by corresponding images or photographs obtained by different 
sensors. or by sketch niaps or diagrams. 
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The Shuttle Imaging Radar B (SIR-B) was launched into orbit aboard the 
Space Shuttle Challenger on October 5, 1984. SIR-B acquired digital radar 
image coverage of varied terrains and ocean surfaces through-for the first 
time-a range of different inciderlce zngles. Approximately 7 h of digital data 
covering about 6.5 million km2 of the Earth's surface were obtained between 
latitudes 60 deg north and 60 deg south. The coverage is shown in Figure 1. 

SIR-B is the third experiment in NASA's evolving series of spaceborne 
imaging radar studies. The experiments are part of a continu~ng program to 
develop the scientific capability and technology necessary for a spaceborne 
multifrequency multipolariziition radar with variable imaging geometry, a 
radar that will fly an extended 10-year mission on the polar platform compo- 
nent of a space station called the Earth Observing System (EOS). 

The program began in June 1978 with the launch of Seasat. This free- 
flying Euth-orbiting satellite included a synthetic-ap,rture radar (SAR) 
system. The SAR was designed specifically to image the ocean from a nearly 
,polar orbit (Beal et al., 1981; Fu and Holt, 1982; Vesecky and Stewart. 
1982). It operated at L-band (23.5-cm wavelength j with horizontal parallel 
polarization and a fixed look angle of 20 deg. This lock angle was chosen to 
provide the highest sensitivity to subtle changes of slope on the ocean's 
surface. The swath width was 100 km and the spatial resolution was 25 m. 
Significant coverage of land surfaces was obtained as well (Elachi, 1980; Ford 
et a].. 1980). 

Seasat failed unexpectedly in October 1978 after a short lifetime of about 
3-113 months. Nevertheless, Seasat provided the first synoptic rada: images of 
the Earths surface. It was a technological success, and the radar images 
provided a new means of studying and observing the Earth's surface. 

Space-shuttle orbite~s provided r lew platform for advanced imaging radar 
systems. These radars co~lld be built more economically than sa~c!litc.s and 
flown on short proof-of-concept missions, then returned to  Earth for upgiad- 
ing to more technologically advanced systems. 

In 1981. SIR-A was launched aboard the second shuttle flight (Cimino and 
Elachi, 1982; Elachi et d., 1982: Ford et at., 1983). Much of SIR-A was built 
from Seasat SAR spare parts; for this reason, SIR-A also operated at L-band 
with horizontal parallel polarization, but the look angle was fured at 47 deg. 
SIR-A obtained data with a swath width of 50 km and a spa:lal resolution of 
40 m. The c!ata were recorded optically on board the shuttle. 

The main objective of the SIR-A experiment was to further our under- 
standing of radar signatures of land features. A look angle of 47 deg was 
selected because this angle provides increased sensitivity to surface roughness 
and decreased sensitivity to topography. A notable result of the experiment 
was the imaging of buried river channels in the hyperarid regions of southwest 
Egypt (McCauley et al., 1982; Elachi et al., 1984). The channels are buried by 
1 to 3 m of sand and are nut visible on optical images or from the ground. 





SURFACE I 
ROUGHNESS I- 

A comparison of images acquired over the same area by Seasat SAR and 
by SIR-A shows that backscatter intensity is a function of  local incidence 
angle. In general, backscatter is controlled by topogrhphy at lower incidence 
angles and by sma!l-scale suif'iice roughness at larger incidence angles (Fig- 
ure 2) .  The rate at which radar backscatter decreases with increasing incid- 
ence angle is governed primarily by the roughness characteristics of  the 
surface Surfaces that are smooth relative t o  the wavelength of  the rad.\r 
produce a steep backscatter curve, while surfaces that are relatively roug~l  

A produce a flatter curve. At incidence angles greater than 3 0  deg, a rough 
surface produces i~ stronger radar return than a smooth surface. This indicates 

LT 
SMOOTH SURFACE that the backscatter characteristics of different natural surfaces might be used 
(SURFACE ROUGHNESS 
MUCH SMALLER THAN to discriminate different types of terrain (Figure 3). 
THE RADAR WAVELENGTH) 

INTERMEDIATE Spaceborne imaging radars prov~de perspectives o f  the Earth's surface that 
are unique in geoscientific stttilies (Flachi et al.. 1382: Carver et al.. 1985). In 
addition to the radar's ability to penetra'e dry surface cover (Blom et al., 

ROUGH SURFACE 1983) and tenuous vegetation layers (Engheta and Elachi. 1982). Seasat SAR 
(SURFACE ROUGHNESS 
MUCH LAhGER THAN 

and SIR-A data have been particularly u$eful in structural and morphological 

THE RADAR WAVELENGTH) nx~pping because of the strong sensitivity of the radar backscatter t o  changes 
in siirl'ace slope or rc~ughncss (tbr examples. see Ford. 1980 and 1984; Sabins *.-.... et al. 1980: Elachi et al.. 1981 ; Sabins. 1983: Wadge and Dixon. 1984). 
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SIR-B: The System and the Experiment 
Quantifying the backscatter-vs-incidence-angle response of various surfaces 

was the purpose of the SIR-B experiment (SIR-B Science Plan, 1982; Cimino 
and Elachi, 1982). Accordingly, the SIR-5 antenna was designed for mech- 
anica: ti!t in one-degree increments over a 15- t o  60-deg range of  look angles. 

To acquire multlyle-angle imagery with an orbiting radar, a very specific 
orbit altitude and orbit drift are necessary. SIR-5 was flown in a nominally 
circular orbit at an inclination of 57 deg. On mission day 3, a 225-km altitude 
was attained. Because this altitude was slightly above that needed for an 
exact one-day repeat cycle, the required westward drift was produced. On 
each successive day. the shuttle flew progressively farther from a specific 
target, and a larger look angle was required t o  view the target (Figure 4). 
The pattern varied with the latitude and longitude of  the target relative to  
the orbit node. This 225-km altitude was maintained to provide mtiltiple- 
angle imaging capability for the duration of the mission. To obtain images on 
either side of the shuttle's nadir track, the shuttle was tlown in different 
attitudes. 

?he orbital drift was also used for stereoscopic imaging. Furthermore, 
by changing the incidence angle only slightly from day to day, the drift- 
ing orbit allowed collection of  Itterally contiguous images that could be 
mosaicked t o  cover a large drea for mapping purposes. 

DAY -TO-DAY DRIFT - 

4 50 k m k  
NUMBER OF 
MULTIPLE-ANGLE 
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Other features of  SIR-B included a folding antenna, increased bandwidth, 
and a digital data system (see Figure 5). The folding antenna provided room 
in the shuttle payload bay for a deployable satelliteethc Earth Radiation 
Budget Satellite (ERBS), which was lofted into orbit from the shuttle on the 
first day o f  the mission. The increased bandwidth improved range resolution 
by a factor of two. At a 47-deg look angle, resolution improved from 4 0  In 
on SIR-A t o  20 m on  SIR-B. 

The digital data capability allowed transmigsion of  data through a Digital 
Data Handling System (DDHS) on board the shuttle t o  the Tracking and Data 
Relay System Satellite (TDRSS) for relay t o  the ground receiving station at 
White Sand. Vew Mexico; these data were transmitted at a rate o f  46 Mbits/s. 
Alternatively, the data were stored on  a 30-Mbits/s recorder mounted on the 
Challenger flight deck for later transmission through the TDRSS t o  the 
ground receiving station. The data were then sent via DOMSAT to Goddard 
Space Flight Center where they were recorded and transmitted t o  JPL for 
processing. This digital capability allowed. for the first time, quantitative 
analytical stuiies of the illumination effects in radar backscatter. The digital 
system also provided a dynamic range and spatial resolution that were 
improved over those of SIR-A. 

Two addilional features enhanced the flexibility of the SIR-B system and 
improved the final image product. First, the number of bits per sanlplc was 
select..ble between 3 and 6 .  lnasmuch as the downlinkcd data rate was 
limited t o  46 Mbits/s (TDRSS real-time transmission) or 30 Mbitsls (onboard 
recording). it was possible to select fewer bits per sample to increase the 
swath width of  the image or. alternatively. to select more bits per sample for  
increased djmamic range with reduced swath width. SIR-B also had an inter- 
nal radiometric calibrator to  allow calibration of data over selected aleas. 
The technical parameters of  the SIR-B system 2rt listed and compared with 
those of the SIR-A and Seasat SAR systems in Table 1. 

SIR-B investigations by a learn of  43 investigators (Table 2) include studies 
in the areas of  geology, hydrology. vegetation, oceanography, and stereo 

mapping, as well as investigations on the characteristics o f  the radar system 
itself (The SIR-B Science Investigations Plan, 1984). Among the investiga- 
tions are 13 from foreign countries that include Australia, Canada, England. 
Germany, The Netherlands, New Zealand, and Sweden. Many of the experi- 
ments were carried out overseas by U.S. investigators in collaboration with 
foreign researchers. Collaborative data analyses of this nature were conducted 
in Argentina, Bangladesh, Botswana. Brazil, Egypt, India, Indonesia, Peru. 
Saudi Arabia, and Turkey. Two investigations were performed on  foreign 
oceans one off the coasts of southeast Africa and southwest Chile, and the 
other in the Southern Ocean. During the mission. members of the SIR-B 
Science Team were positioned around the \ Id on ships, airplanes, and 
farms. and in deserts and jungles t o  collect ground-truth data in support of  
their experiments. 

Technical problems that developed during the mission prevented acquisi- 
tion o f  the full image coverage that had been planned. The shuttle's commu- 
nications antenna, which served to transmit digital data t o  the TDRSS, 
lost its drive mechanism; this made it impossible t o  track the satellite. The 
problem was partially remedied by disconnecting the pointing control and 
locking the communications antenna in a fixed position. With the antenna 
locked, the shuttle was maneuvered into a TDRSS tracking attitude t o  
allow transmission of the digital data t o  the ground. This new mode of  
operation required alternate transmission of stored data followed by return 
of the shuttle to  the required attitude for acquisition and onboard digital 
recording of a further increment of radar data. Under these circumstances, 
the coverage that could be obtained during the mission was significantly 
reduced. 

Further problems were arcing and power loss in the feed line to  the 
imaging radar antenna. Because of the dynamic range avarlable in the digital 
data system, it was possible in many instances to  boost the gain and partially 
compensate for this loss of  power. In spite of these problems, a large number 
of SIR-B targets were imaged successfully, and sufficient data were obtained 
to demonstrate the value of the multiple-angle imaging capability. 



Parameter Seawt SAR SIR-A S I R-B 

Mission 
Date 612 1/78 11111/81 10/5/84 
Duration 3-113 mo 2 8 days 
Carrier (mission) Seasat Cg (STS 2) Challenger (4143) 

Orbit 
Altitude, km 795 
Inclination, deg 108 

Radar 
Frequency, GHz 
Wavelength, cm 
System bandwidth, MHz 
Transmit pulse length, us 
Pulse repetition 

frequency. Hz 
Transmitted peak 

power. W 
Time bandwidth product 
Polarization 

360, 235, and 225 
5 7 

Antenna 
Dimensions, m 10.74 X 2.16 9.4 X 2.16 10.74 X 2.16 
Look angle. deg 20 i 3, fixed 47 i 3, tixed 15--60, mechanically 

steerable 
111cidence angle, deg 2 3  i 3  5 0  i 3  (15-64) i 3  
Swathwidth, km 100 5 0 20-50 
Resolution, m 25 x 25 4 0  x 4 0  25 x (17-58) 

(azimuth x range) 

Data 
Recording 

Signal procrssing 
Looks 
Digital data rate 

Volume, h 
Coverae 

(million km2) 

ground station: 
digital 

optical and digital 
4 
110 Mbps 
(AID on ground) 
4 2  (digital) 
100 

onboard: optical onboard: optical 
and digital 

TDRS: digital 
optical optical and digital 
6 4 

30  and 4 6  Mbps 
(AID onboard) 

8 (optical) 7 (digital) 
10 6.5 
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Interpretation of SIR-B Images 
The SIR-B images in this atlas are accompanied by interpretive informa- A glossary of technical terms and acronyms relative to the content of this 

tion that includes sketch maps, diagrams, corresponding images, photographs, atlas is given in Appendix A. With few exceptions, the SIR-B image of each 
and text. In many cases, SIR-B investigators. coinvestigators, and other scene is placed to the left of a corresponding illustration, and oriented so the 
rescarchen have verified the interpretation of the images with on-site field radar illumination direction is from top to bottom. In this fashion. shadows 
studies undertaken before, during, or after the mission. The geographic on the images fall toward the observer and topography does not appear 
locations of the scenes are shown in Figure 6. The images are grouped under inverted. Serial numbers or other image-identification labels are provided in 
"Nonrenewable Resources." "Renewable Resources," and "Oceanography." the "Index of Images" (Appendix B). 







A, Nonrenewable Resources 

Experiments were designed to  assess the capability of multiple-incidence- The SIR-B images in this section were okained at incidence angles from 
angle SAK data for lithologic mapping and delineating geologic boundaries 26 deg to 64 deg. They cover a variety of geolugic terrains and en-rironments 
of various types. The ability of SIR-B to image targets at different incidence and provide an opportunity to compare radar backscatter from different 
angles on successive days was ideal for a stereo-mapping experiment. Quantify- surfaces. 
ing radar signatutes as a function of imaging geometry is of particular interest 
for geologic mapping in tropical rain forests and for understanding radar 
penetration relative to surface aridity. 



(i) Folded and Lay- Structums 
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This scene in Central Kalimantan covers the eastern portion of a 
remote interior plateau and adjacent segments of the Mahakam River 
valley. The region is densely forested, sparsely inhabited, and largely 
unmapped. The mean annual rainfall exceeds 4000 mm. Because of the 
perennial cloud cover, it has not been possible to obtain photographs or 
optical images for mapping. 

The plateau is flanked to the north and east by the Mahakam River 
and to the southeast by the Ratah River. The surface of the plateau, 
however, is drained to the southwest by the Murung River and its tribu- 
taries, which eventually join the waters of the great Barito River in Central 
Kalimantan. 

The east margin of the plateau extends for 55 km along a steep 
escarpment from Mr. Batuatau (J4) at about 1650 m to Mt. Tukankole 
(C4) at about 1000 m elevation. The relief from the north margin of the 
plateau to the Mahakam River at H5 is approximately 1200 m; relief data 
for the plateau in general are poorly known, however. Smaller escarp- 
ments at higher levels on the plateau are seen from D2 to DD4 and from F2 
to F3. 

The plateau is underlain by Paleogene clastic sedimentary rocks 
deposited in the Upper Mahakam Basin. Despite very thick forest cover, 
the dip and strike of the layered rocks beneath the plateau are readily 
perceived. The dark band along the escarpment from C4 to J4 is a radar 
shadow cast by thick, extremely steep-sided rim rock. Alternating dark- 
and light-gray bands in the canyons along the north margin of the plateau 
from HI  to H4 represent erosion surfaces at different angles of repose- 
the result of differential resistance of the underlying rocks. The dark 
bands represent steep slopes formed of the more resistant rocks. The 
lighter bands denote more gentle slopes formed by weaker rocks. 

The outlines of dip slopes and the attitudes of antidip slopes at the 
southeast margin of the plateau (C3 to C4) reveal a pattern of broadly 
symmetrical synclines and anticlines. The folds show divergent axes that 
radiate from the vicinity of Mount Tukankole. The axis of the syncline 
through the plateau plunges to the southwest and extends considerably 
beyond the limits of this scene. 

The plateau is located between Neogene volcanic terrains in the 
Mahakam River valley to the north (K1 to K5), and the Ratah River valley 
to the south, several kilometers beyond the margin of this scene. Each of 
the volcanic terrains is characterized by numerous small, closely spaced 
cones. Alluvial gold, presumably derived from the volcanic rocks, is 
produced in the Mahakam River valley at Longpahangai, beyond the 
image margin at K4. 
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nearty parallel w the direction of ilkrmirm ,.m. (This c r a i r n  was adapted from infomwbn provided by Mr. Fer- 

The forest cover prondes a relath uniform radar backscatter nando Pelh, Miranda, of the ~etrohhs Swearch center. Rim de 
that appears a~ a monotwKHIs medium gn . throughwt most of the level Janeiro, Brazil.) 
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(ii) Limr and lntnrsive Structures 









The Upper Rajang is a remote region of jungle-covered mountains 
separating isolated river basins. Structurally it is dominated by strongly 
folded, steeply dipping rocks that form an alternation of pronounced 
linear ridges and valleys (Kirk, 1957). Most of the vegetation is a hill- 
forest type dominated by species of dipterocarps that grow to a height of 
50 m. Access to the area is difficult. Mapping has been confided mostly 
to the major river channels, which provide the main routes of communi- 
cation; owing to the many rapids, only longboats can be used. 

The SIR-B image covers portions of three distinct structural units in 
central Sarawak: the Rajang Block, the Kemena-Baram fold belt, and 
volcanic mesas. 

In the Rajang Block from A1 to E l  through G5 to A5, massive 
Eocene sandstone and thick graywacke alternate with weak shale and 
siltstone to form pronounced linear strike ridges and intervening valleys. 
This results in a trellis drainage pattern. Dips range from 65 to 90 deg. 
Relief from the valley floors to the ridge tops ranges from 300 to 500 m. 
Linear transverse valley segments of the Balui River from A2 to 82 and 
tributaries from C3 to D2 are probaby controlled by joints or oblique 
regional faults. The ridges and valleys show a marked change of orienta- 
tion from northeast to almost due east in the area from E3 to F5. 

Less-deformed Oligocene to Miocene carbonate and clastic rocks 
in the Kemena-Baram fold belt extend from G I  and H I  through J2 to J5 
and G5. Bedding traces and outcrop patterns on the radar image show 
the outlines of several open fold structures in the area. The divergence of 
the fold axes from the area at G4/H4 and the proximity of the sharp 
change in strike of the adjacent linear ridges in the Rajang Block indicate 
extensive large-scale deformation in this locality. 

Flat-lying to gently dipping Quaternary volcanic rocks form mesas, 
which lie above the level of the linear ridges in the Rajang Block. The 
mesas have strongly dissected margins with precipitous cliffs and deep 
marginal embayments. Examples are at A3 to A4, where the steep 
slopes that face toward the radar illumination appear as very bright thin 
lines and those that face away from it are very dark, and at B1/C1. The 
elevation of these mesas is about 800 m. 

Alluvial deposits in relatively level valley lowlands are swampy. 
They appear in monotonous gray tones from J1 and K1 to K2, and in a 
narrow zone from F1 to G5. 

(This caption was prepared from material provided by Mr. C. H. 
Kho and Mr. S. P. Chen of the Geological Survey of Malaysia, Sarawak, 
Malaysia.) 
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(iii) Volcanic and Impact Terrain 





scfrface with tt-tcreasing age. features. ~ i n a l f ~ ,  the three cornpt~en& went recornbiiled as mlok :  ref f 7 t  

The summit of K~Iauea rs characterized by a cotlapsed caldera was used for the darkest cornpopr,,tt. green for the next darkest, and blue - 1 
within whtcti ires a smafier ptt crater named Halernaurnau (left sKfe of J2). for brtghtest. Thus, red represents the lowest radar backscatter, and 
A !me of smaller oit craters called the Chain of Craters extends soutPeast green and turquoise rhe intermediate backscatter, the 11 ghest back- 
from Ktlauefr. (Iett of center, 32 and J31 along the Wundary betwe-n tlie Scatter IS shown in yeilow. Geoiq~cally, red indicates areas of smooth 
desert and vegetated areas. Another large prt crater. Ktiauea iki,  IS the ash cover, dark green areas of smooth pahoehoe lava. light :Jreer, 
dark soot af the east rim of Kilauea Crater fbwer right, J2) Most of the areas of r06gh aa lava, and turqi~oise blue and yellow represent heavy 
erupttons *t!htn !<tlauea Crater produced smooth pahoehoe ffows, caus- vegetatron, 
in9 t h e  ~ntertor of the caldera to appear dark in the radar images. An (This caption was prepared tfom a text provded Dr. Tom Farr of 
exception to 'his is the Sriaht tone of the deposits from an ewpfos~ve the Jet Propulsion Lamfatory and Or. Verne Kaupp of the University af 
ertrptlon in 1924 that surround the north and east stdcs of Halernaurnau. Arkansas.) 
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ring cf hills marking 

known terrestrial craters are on the North American craton, primary to failure along normal faults in the Grenville basement; these faults 
crater targets for the SIR-6 mission are in Canada. One such crater antedate the impact event. Although the faults are not directly related to 
imaged by SIR-B is Charlevoix. The sketch map locates the hills that the impact, their seismic activity may have increased as a result of an 
mark the cram rim. Because of its low topography, the crater's center is increase in crustal weakness that eco~panied the impact. 
used extensively for agriculture. (This caption is an adaptation of technical information provided by 

The Charlevoix impact crater is in a locally active seismic area Dr. James Head Ill of Brown Univentty.) 
parallel to the St. Lawrence River. The seismic activity probably relates 





A set of overlapping HasselbW photographs taken with a 250-mm 
lens by the crew on Flight 41-G over the Altiplano region of Bolivia 
provides a synoptic setting for this SIA-8 image. The cold, dry plateau 
was c~aracteristically neady barren of vegetation and snow cover during 
the SIR-6 flight, which provided ideal c o n d i i s  for photographic and 
radar imaging of this remote area. 

The Attiplano varies in elevation from about 3.7 krn above sea level 
on most basin floors to vdcanic peaks more than 6.5 km above sea level. 
For the past 25 million years, this region has undergone intense volcanic 
activity that is related to the subduction of the Nazca plate along the 
Peru-Chile trench (Jordan et al., 1983). Much of the surf- is covered 
with dadtic-to-myoli ignimbrites (pyrodestic flow deposits) and ande- 
sltic stratowkmcm, some historically active (Baker and Francis, 1978). 

The ignimbrite sheets of the Altipleno are notably bright on the 
SIR-6 radar images, the result of very strong backmatter of the radar 
beam. This distinctively strong backscatter is p r o m  attributable to the 

rough surface of the ignimbrites at two different scales of centimeters 
and hundreds of meters. The smaller-scale amtrWWn to fhe back- 
scatter is due to surface roughmas that is a fraction of the radar wave- 
length (greater than about 4 cm for the 23.5~~1 L-band radar). At the 
larger scale, straight parallel quebredae (gullies) appear to dissect the 
ignimbrite sheets. 

These quebradas have a regional southeast trend (neerly perpen- 
dicular to the radar beam); their steep walls provide surface facets facing 
toward and away from the radar beam, and for this reason they appear 
on SIR-B images as pairs of parallel very bright and dark lines. The 
quebradas are 30 to 200 m apart and range in depth from a few meters to 
over 30 m. 

(This caption was adapted from information provided by Mr. Mc J. 
Fielding, Mr. William J. Knox, Jr., and Dr. Arthur L. Bloom of Cornell 
University, Ithaca, New York.) 



(iv) Alluvial Fans and Dissected Plateau 
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(v) Eolian Features 











Th& vtiiage af Huang Yangzhen lies on the road b e W m  Wu pt change in the 
to fl-ra ~orthwast, and Lanthau, 3 9 0  krn to the southeast. the limits of ths 

corrtdor is clearly demarcated on the image by Itnear patterns of %Me- The cmage area from A1 !o €31 through A4 to h34 shows a portion of 
merit and c~~it iv~atrc~~ In the area frow f: 1 lo F i through C4 to F4 A ctrc~ilar the Tengyer Desert The surface of the dessrt in this region is c7verc.d by 
pattern of cutfivdtion about !.z kn, In diamafsr IS present in the lower left larye numbers 6f small crescentcc dunes aboc~t 2 to 3 rn htqh arld 5 rn 

riion of 03. fhe premnt rautes through the wrftdor that appear cn th ~GEI at an av@r@qe elevation of t 7BQ m. The Iwer 
Image include a stngle-track railroad from D l  to 0 4  and a rcadway from are about 10 10 i 5  percent vqetated. At the inciden e anqte of abut  
E4 to F1 Channels of totermittant streams f i ~ n  the, Qiltan M~)urrtains 36 cfeg used In this scene, only the sector4 of tfit srnaf crsscenttc dunes 
traverse tho corrrdor area. that are normal or nearly normal to the radar tilurnci~atton show hrrght 

The Qtltan Mountain Range 1s composed predwntnantly of Palm- i rage toaes. The remaining surfaces appecr reldtiveiy dark and poorfy 
zoic schists and gnetsses The mount?ins extend from the fmthiils at defined desptte the thin vegetation cover. Consequently. the crescentrc 
abettit 2 0  m elevation fF1  to F4 through W 1 to H4) to hrgtt peaks at forn or the dunes is not perceived On the radar Image Linear rnterdtrnal 
about 4000 m (rt l  to h4). The Image texture shows thdi the maunta~ns corridors tip to 1 km in wldth appear dark In tne area from A t  to A2 
are rugged and det?wly disseaed. Tt,a smooth linear to curvtlinear mlt- through 81 to B2 Such areas probably have smoottr and relattvely 
fines and form of the valleys that extend from G3 to K i  and from F2 to HI  unveqetated sand-free surfaces 
arovtde clear ejtdence cf former gfac~atton in the mountains. Linear (The caption ;ittd sketch map ware prepared from inforn~atron 
panern3 of cuftiv,dtton .ire evitiont on the 1 1 ~ ~ ) r  of the larger valley between provided by Dr Aita Walker of the U.S. Geological Survey ) 
G2K.3 and J3 
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The increased capabilities of S1R.B have allowed better and ~ n o r c  useful The first efforts to  uti1i;:e this information are well depicted in the color 
measurements of the Earth's renewable resources. Multiple-irtc; '2ncc-angle composite images (scenes :!4 and 26) where the component of' radar back- 
observation has extended the utility of spaceborne radar data by allowing, for scatter for each incidence angle is assigned a color. This technique allows a 
the first time. incidence-angle-related parameters to  be chalacteri~ed and their simple and direct method of qualitatively assessing radar backscatter as a 
impact o n  image interpretation and classification assessed. The SIR-B irnages funcliorr of  incidence ang.e, and may well be extended quantitatively when 
in this section were obtained at incidence angles froni 21 deg to 59 deg. calibrated imagery is collected on the reflight uf SIR-8. 

























The active subduction of the Pacific plate below the continent of 
!%a'- 4merica is evidenced bj mountain building, volcanism, and e~rth- 
quab. *. Michinmahdida, the volcano shown at El  /E2 in this stereo pair 
of SIC-B im~ges, forms part of a chain of volcanoes abng the Andes 
Watdns;  it rises 2400 m above the surrounding alluvial valleys, which 
are near sea level. 

hlichinmahdida has been active in historic times, and in 1960 this 
part of the Chilean coast was the site of an earthquake with the largest 
nagnitude recorded by modem instruments: 9 on the Kanamori scale; 
fault displacements up to 20 m were observed. 

The snowcovered slopes of the volcano appear Mack because of 
an extremely low radar retu, n. The snow probably absorbed most of the 
rsdiated signal. 

Mountain glaciers radiate from the circular crater (E 1 ) at the peak of 
~ichinmahhda. A notable example ?ppean in the lower left of E l  : the 

valley sides are characteristically steep and cuwilinesr, and a bright 
convex ridge marks the terminus of the glacier. Valleys to the north and 
east have been cawed by a large continental ice sheet that covered the 
area in Pleistocene time. The linearity of the valleys suegerts that their 
locatioris are controlled by faults. 

These features can be more readily viewed on the images with a 
standard field stereoscope. The images were collected at indderrce 
 angle^ of 53.7 deg and 45.2 deg with same-side illumination. AHhough 
this stereo wnvergence q l e  of 8.5 deg is relathrely small, the steep 
slopes oi  the volcano and the steep sides of the glaciated valleys are 
quite clear in the three-dimensional perspective. 

(This caption was prepared from information provided by Mr. Eric 
Fielding of Cornell University.) 





83)-crops of mostly corn and soybeans. A portion of the lntracoastal A significant darkening is observed along the north shores of 
Waterway connecting the Pasquotank River and the James River in Albemarle Sound and other rivers (for example, A1 ,Dl, El ,  G l  , and G3). 
Virginia can be seen at A3/A4. The bright linear return from D3 to F3 is Apparently this is a wind shadowing effect. The rougher, open water 
the railway connecting Hertford and Edenton. The railway bridge cross- produces a brighter return than the protected downwind coastline. 
ing Albemarle Sound is clcarly visible at G2 but the automobile crossing (This caption was prepared from infomation p r o v w  by 
to the east is not, perhaps due to differing construcqions or orientation. Heathar M. Cheshire of the North Carolina State University.) 



(vii) Agriculture and Forest 
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These four images are a portion of a descending multiple-inci- 
dence-angle data set acquired by SIR-B near the border between Argen- 
tina and Chile, just east of the Andes Mountains. The prominent fea.tures 
(see map) are the Valle ~ n b  and  or& la Grasa, a lower elsvation 
mountain, the peak of which was snow covered at the time of the SIR-B 
mission. 

The vegetation is transitional from the dosed forests of the Andes 
to the dry grasdands of central Argentina; this transition zone is a 
m p l e x  mosaic of several deciduous and evergreen forest communt- 
ties. grasslands. semiarid steppe associations, prairies, and bogs. The 
vegetation types in fiis area of coincider~t coverage are governed pri- 
marily by elevation and rainfall. 

The vegetation cornrnunlty at the highest elevation is a deciduous 
forest of lenga (/Whofagus pumilio) (Brandani et al., 1984). These trees 
have horizontal branches that radiate from the trunk at several distinct 
levels. The trees had shed their leaves by the time of the SIR-B mission. 
Below the canopy. dead trees and branches accumulated over years 
litter the ground. 

The lower-elevation forest community west of cord& la Grasa 
extends to the Valle F&; it is a mixed forest composed primarily of Tiire 
(Mthofagus antafctica). In general, 5re is shorter than lenga, and it has 
a more random branch structure; during the mission, it had no leaves. To 
the south and east of Corddn la Grasa, the vegetaiion community is also 
fiire, but with a dierent structure and mixture of other tree species. 

The intensty of the four SIR-B ir nages is relatively uniform except in 
the region of the high-elevation lenga forest. This forest is readily dis- 

tinguished from the adjacent lower-elevation torests in the low- and 
medium-incidence-angle images; however, in the hghest-incidence- 
angle image, the distinction is minimal. This may be due to a strong, 
horizontally polarized signal rehm from the dead trees and branches on 
the ground. At the highest inddence angle, the radar bscw its ability to 
penetrate the campy. 

The color cornposi?e of the images obtained at incidc.xe angles of 
33.0 deg (blue), 53.7 deg (green), and 59.1 deg (red) shows the 
hgh-elevation lenga forest displayed in hue. This indicates strorrger 
returns at the lower incidence angle, as expected. The Aire forest to the 
south and east is displayed in darker Mue~seen, which i n d i i  a 
relatively equal backscatter at the low and medium inci&r;ce angles. 
both of which produce backscatter stronger tha.1 the backscatter at the 
highest incidence angle. The Tiire forest on the dcqxm of & la 
Grasa is displayed mostly in red, indicating stronger returns at the h i  
incidence angies. A more subtle structural dierewe in the two fiire 
canopies results in two significantly dierent backscatter curves. 

Altho~gh relative brightness could be r n o d i i  by variations in the 
radar transmitted power, the cdorcomposte image indi tes a strong 
variation in brightness as a function of inddence angle for the high- 
elevation lenga forest and the lower-elevation Eire forests. 

(This caption was adapted from information provided by Dr. Aldo 
Brandani of the University of Mar del Plata, Mar del Plata, Argentina, and 
Dr. Jorge Rabassa of the University of Comahue. ~euq&, Argentina.) 
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IMClDENCE ANGLE: 52.2 deg 01 t I I 1 2 0 k m  

This SIR-E image s:mws forested terrain from tM north slopes of From the\ foothills through the lowlands ( 0 7  to K t  ttrrwgh 04 ta r(4) 
the Barisan Mountains (A1 to A4), which rise lo about 1200 rn. to Sraad the ~rnage covers part of the, RimOobujaog Transmigration Area Dsvekp 
lowlands (from Et to Kt throwh E4 to K4) at an average ekvatton of ment. This IS one of numsrous areas in the lesser populated parts of 

t fiO rn. The Barkan mcwntains in the scene consist mostly o ndonasisr that have Men settled and ckssred fw aadctiltut-al 
~ 

granites of Crrboniferous to Jurass~c age (Rosidi et al . 1976) The mert by government sponsored immigrants f r w n  &re densely popu- 
image shows a conjugate set of linear features formed by pints or faults lated regions. 
in thq mountains. The lowlarrds ate underlain by gently dippit;g clasttc Very bright radar returns at various locations along the river banks 
sedimentary rocks with intert&dc?d tufts and pumice of Terttary and are settlements. ar, example is in the upper portion of E l  on the febo 
Quaternarv aae (Simandiuntak et al., 1981). The Harr River (Jl to 341 River. Corrf '3' -&..st vetat is used extensively for roofing matenal in 

rf such lsibt~taries as the Bunao I.4.t to F4f and T e b  [El to F4) Ri he tW - 
provide drainage !o the ?outheas:. .,rnately one-thad of the radar wavelength; small 
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central square of the town. Spring Lake (04 through E5) is a man-made era!, prowhionat to soil moisture, surface roughssrc, and v W f ~ l o n  
recreational area. The East Fork of the La Moine River (A1 through E 3) biomass. 
runs southwest to the illinais River If is manifest chiefly becauseof thd Compared here with the SIR-B image, which was cdkbd on 
nrottted gray returns of the vegetated river valley; no open water is October 11, 1985, is the same area imaged by the JPLaircrerfl SARm 





(viii) Urban Areas 

















C. Oceanography 
The SIR-B mission, with its range of incidence angles and orbital configu- place during the flight. The surface-wave ex~er iments  focused o n  comparing 

rations that enabled daily -4iewing of  selected Earth locations, provided a accurate in-situ measurements with dircctiunal wave spectra derived from the 
good opportunity to test SAR ocean theories and models with coordinated imagery: this allowed examination of  various SAR ocean wave theories and 
experiments based primaiily on  previous studies of  Seasat SAR imagery. models. 

The imagery in this section was obtained at incidence angles from about 
20 ,leg to 26 deg. It provides an o v e ~  iew of ocean experiments that took 





SI R-B intensi' variance spectrum; ROWS slope vari?.rce spectrum; GSOWM height -4arianr.e forec~st; 
October 11,Oi33 GhrlT, with shuttle October 11, 03L0 GMT, with aircraft October 1 1,00 GMT (ccordinates: 
(SIC) heading indicated (coordinates: (A/C) heading indicated (coordinates: 55.0 deg, 82.5 deg W). 
55.5 deg S, 82.5 deg W). 55.3 c l ~  S, 81.2 deg W). 

several hundred kilometers north-northwest of the measurement area, 
making the peak in the southeast quadrant a correct indicator of 
propagation direction. 

As seen in this image taken on October 1 1, surface waves were 
detected off the coast of Chile traveling in the range direction. As figures 
(a) and (b) indicate, the SAR and the airborne Radar Ocean Wave 
Spedrometer (ROWS) measurements of the primary wave system were 
wavelengths of 250 m and 260 m, and propagation directions d 143 deg 
snd 146 deg, respectively; the disparity in H,, however, was significantly 
greater: 4.0 m for SAR and 4.8 m for ROWS. Also, each instrument 

showed a secondary wave system of shorter wavelength propagating in 
nearly the same direction as the primary system. The GSOWM forecast 
for 00 GMT nearest the SIR-B data location predicted a single wave 
system with a wavelength of 275 m, a propagation diredion of 172 deg, 
and a H, of 8.0 m (figure (c)). The GSOWM forecast did not predict a 
secondary wave system and s h e d  a mud, broader distribotirH, of 
directional wave energy for the primary system. As these and other 
results from the Chile experiment indicate, the GSOWM forecast cwld 
have benefitted by incorporation of the SAR (and ROWS) estimates of 
directional wave spectra. 





Surface waves generated by hurricane Josephine were imaged off 
the east coast of North Amerii.  As the ivage enlargements from 
several locations akng the radar track indite, the waves underwent 
considerable spatial evolution in propagation direction and wavelength. 

Josephine developed from a troptcal depression on October 7 to a 
tropical storm on October 8 and finally a hurricane on October 10 when 
65-knot winds occurred (see map). Josephine moved north and east 
some 2500 kilometers until it dissipated south of Newfoundland on 
October 18. The imagery was obtained on October 12 at 1631 GMT 
during the period of maximum hunicane intensity, when tha wind speed 
was 90 knots. 

A partial track of Josephine is given on the map, where maximum 
wind speeds in knots are indited at 6-h intewals; the radar track with 
times of acquisiin are also indiited. 

From hmdimensional wave spectra obtained from the imagery, 
the dominant wavelength and direction of the wave systems have been 
estimated and Ire shown graphically on the map. The primary wave 
system propagated north and northeast away from the storm track and 
underwent a rotation in direction of over 90 deg and a change in wave- 
length of over 30%: the wavelengths increased from less than 200 m to 
greater than 300 m. These waves were generated e a t i i  when the 
hurricane was further south, and they evolved into ocean swell. Second- 
ary wave system with shorrer wavelengths were also detected moving 
northwest and west in the upper porhon of the radar track and east in the 
lower portion, separated by a zone where no secondary waves were 
seen. The propagation directions of these secondary waves were 
aligned roughly in the direction of the cyclonic (counterclockwise) wind 
field rotating around the hurricane eye, indicating that the secondary 
waves were locally generated. 
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Appendix A 
Glossary of Acronyms and Technical Terms 



basaitic lava flow with rough, splintery surfaces basement crustal rocks of deep-seated origin, generally igneous and 
metamorphic 

containing over 66% Si02,  as applied to igneous rocks 
(cf. basic) basic comparatively low in silica, as ippliec! to igneous rocks 

(cf. acidic) 
analog to digital (data conversion) 

basin low crustal area of tectonic origin where sediments have 
accumulated ratio of electromagnetic radiation reflected by a body 

to the amoun. of radiation incident upon the body 
bedding collect~ve term for planes dividing sedimentary rock layers 

C'.rvial fan cone-shaped deposit formed where a stream issues from 
mountains onto lowlands caldera large circular depression in volcanic terrain that originates 

from collapse or explosion 
alluvium 

andesitic 

stream deposits of comparatively recent time 

caliche surficial debris cemented by porous calcium carbonate 
composed essentially of andesine and one or more mafic 
constituents, as applied to volcanic rocks composed predominantly of fragments derived from 

preexisting rocks, as applied to sedimentary rocks 
anticline folded-rock structure whose limbs dip away from the 

fold axis 
correlation processes by which the Doppler phase histories recorded 
(radar) on tape or radar signal film are converted into radar 

images, using optical or digital techniques 
aspect angle 

azimuth 

azimuth viewing angle, expressed as a compass direction 

bearing of a line measured clockwise from geographic 
north craton stable area of Earth's continental crust; includes shield 

and platform 

azimuth (radar 
irr~qing) 

along-track direction of image acquisition 
ddcitic similar to andesitic, but having less calcic plagioclase and 

more quartz, as applied to volcanic rocks 
backscatter 
(radar) 

portion of transmitted microwave energy that is reflected 
back to the radar antenna to create a radar image density slice classification of continuously variable digital image data 

into discrete intervals represented by different colors or 
gray levels band an interval in the electromagnetic spectrum (qv) whose 

boundaries are marked by a lower and an upper limiting 
wavelength or frequency depression angle angle between the horizontal plane and the line that 

(radar) links an imaging radar antenna to a feature on the ground; 
commonly used to describe the imaging geometry of 
airborne imaging radars 

bandwidth frequency Tange used to modulate a transmitted cdrrier 
frequency 

dike tabular body of intrusive igneous rock that crosscuts the 
structure of the host rock 

basaltic composed essentially of calcic plagioclase and pyroxene, 
as applied to fine- to medium-grain igneous rocks 



dip 

dipterocarp 

dome 

and. : at which a bed or other planar feature is inclined to 
the horizontal 

ice floe relatively flat piece of *a ice 20 m or more across 

igneous rock 

ignimbrite 

rock solidified from a former molten state 

any of a family of tall trees of tropical Asia or Indonesia 
bearing two-winged frul: volcanic rock formed b:. wide distribution and consolida- 

tion of ash flows 

any structural deformation characterized by approxi- 
mately circular local uplift (e.g., salt dome, rock dome) illumination 

direction (radar) 
direction in which pulses of microwave energy are trans- 
. iitted from an imaging-radar antenna; normally at right 
angles to the line of flight of the sensor DOMSAT Jomestic satellite 

image visual reproduction of a scene acquired by SAR, MSS, 
TM, or photographic sensor 

sensitiv~ty of a radar -ystem in dB 

electromagnetic 
spectrur.1 

an ordered progression of radiations that includes cosmic, 
gamma, X, ultraviolet, visible, infrared. microwave, 2nd 
radiowave energy 

incidence angle 
(radar) 

angle between the incident radar beam at the ground and 
the normal to the ground surface a1 the point of incidence 

inselberg isolated residual hill rising above the general level of the 
erosion surface 

eolian 

flatiron 

related to wind action, as applied to erosion, transport, 
and deposition of sediments 

subsurface ocean wave that occurs at a density gradient 
within the water column 

internal wave pattern on remotely sensed images and photographs from 
v~ '~ich  dip :in(! strike of layexed rocks may be inferred 

island arc curved chain of islands rising from deep sea Eoor, near a 
continent 

the portion of a river valley built of sediment deposited 
by an existing river, 'lie plain is covered with water when 
the river overflows its banks 

floodplain 

Kanamori scale a scale for quantifying the energy in very large magnitude 
earthquakes; the scale is recalibrated from and more 
accurate than the Richter scale 

gneiss ccarse-grained metamorphic rock with alternating bands 
P! granular and schistose material 

karst an irregular hummocky terrain marked by subsurface 
drainage and numerous sinkholes interspersed with 
abrupt ridges. The subsurface is characterized by caverns 
and features formed by the solution and collapse of 
limestone 

coarse-grained igneous rock composed essentially of 
quartz and alkalic feldspar 

granite 

gravity wave 

graywacke 

ocean-surface wave longer than 2 cm whose restoring 
force is dominated by gravity 

Landsat any of a series of five orbital imaging satellites that have 
measured and recorded reflectance from the Earth's 
surface at visible and infrared wavelengths 

coarse-grained sandstone consisting of angular grains of 
quartz and feldspar, with a variety of rock and mineral 
fragments embedded in a compact clayey matrix 

a radar oprrdted within .:he interval of wavelengths from 
19.3 to 76.9 cm and frequencies from 0.39 to 1.55 GHz halophyte plant that requires a salty or alkaline soil 



lead fracture through sea ice that is navigable by surface 
vessels 

pillow (basalt) strocture characterized by discontinuous pillow-shaped 
masses, considered to be the product of subaqueous 
volcanism 

vibration direction of electrical field in electromagnetic 
radiation; polarization is parallel in SAR systems wL:n 
transmit and receive directions are the same 

loess blanket deposit of  wind-blown silt 
polarization 

look angle (radar) a13le between the vertical plane and the line that links 
imaging-radar antenna to a feature on the ground 

Mbits/s megabits per second, used to describe rate 3f transmission 
of  digital data 

polynya 

pumice 

pyroclastic 

area of open water surrounded by sea ice 

volcanic rock, light colored. cellular t o  glassy 
metamorphic rock altered from an original condition by elevated 
rock temperature and/or pressure that produces a change uf 

texture and mineralogy 
formed by the accumulation of  fragments scattered by 
volcanic explosions 

metasedimentary evident.: of metamorphism, as applied to  sedimentary 
rocks 

radio detection and ranging; radar is used in remote 
sensing for measuring and mapping the Earth and plane- 
tal y surfaces 

radar 

microwave any -1ectromagnetic wave having a wavelength in the 
interval between one millimeter and one meter across-track direction of image acquisition range 

(radar imaging) 
migmz)~te rock composed of igneous and metamorphic materials 

repeat cycle 
(of an orbit) 

time required for orbiter t o  return t o  a previously occu- 
pied position relative t o  Earth MSS multispectral scanner; a Landsat imaging system that 

scan? a scene in four bands simultaneously 

resolution 
(spatial) 

the minimum distance between two adjacent features on  
the ground, or the minimum size of  a feature on  the 
ground. that can be detected by an imaging system 

muscovite mineral in the mica group 

nadir point o r  t.ack o n  the ground vertically beneath an orbiter 

returns (radar) 

rhyo!itic 

backscatter (qv) 
NOAA National Oceanic and Atmospheric Administration 

typically composed of quartz and alkali feldspar in a 
glassy groundmass, as applied t o  volcanic rocks 

node lo-bit) point a t  which an orbiter crosses Earth's equatorial plane 
on  a n  ascending orbit 

shear planes formed at  an acute angle t o  the line o f  
differential movement 

Riedel-Sh :ar ophiolite an assemblage of  basic and ultrabasic igneous rocks 

orthoquartzite quai tzite of  sedimentary origin 
SAR 

scarp 

synthetic-aperture radar (qv) 
pahoehoe basaltic lava flow with smooth, ropy surfaces 

cliff o r  steep slope of some exterrt that may form a 
marked topographic boundary pedimc. : broad erosion surface at the base of  a mountain front 



scene 

schist 

Seasat 

area covered by SAR, MSS, TM or photographic image strike-slip fault fault in which the movement of the rocks on each side of 
the fault plane is predominantly horizontal. The displace- 
ment is either left-lateral or right-lateral depending on the 
direction of movement of the far block as viewed from 
either side of the fault 

metamorphic rock showing strong foliation 

an Eartharbiting satellite equipped with five instruments, 
including a side-looking sy~thetic-aperture imaging radar 
system. for s t~dying ocean dynamics subduction a large-scale crustal process where one lithospheric plate 

descends b~nea th  another 
sedimentary I-ock rock formed from the accumulation of particles of preexist- 

ing rock. or f r ~ m  chemical or biochemical precipitation boundary zone, denoting margin of former crustal plates suture 

syncline seif large. tapering, sharp-crested longitudinal dune folded-rock structure whose limbs dip toward the fold 
axis 

seismic relating to an earthquake or earth vibration 
synthetic- 
aperture radar 

a side-looking airborne or spaceborne imaging system 
that uses the Doppler principle to sharpen the effective 
beamwidth of the antenna 

white mica accurring as alteration product in various 
metamorphic roc..s 

relating to major structural and deformational features of 
the Earth's crust 

shadow (radar) an area of no radar backscatter on an image caused by an 
obstruction that blocks the illuminating radar beam 

thermocline a region of rapid temperature change in a body of ther- 
mally stratified ivater signature (ladar) characteristics and patterns of objects that permit recog- 

nition of the objects on radar images 

low-angle dip-slip fault in which the block above the 
fault plane moves up and over the lower block 

thrust fault 
sinkhole fslnnel-shaped depression, usually in a limestone region, 

that connects to a rubterranean passage formed by solution 
till 

TM 

unstratified sediment deposited directly by a glacier 
SIR-A Shuttle Imaging Radar experiment flown on Space Shuttle 

Columbia in Novemb~r 1 98 1 thematic mapper; a Landsat imaging system that scans a 
scene in seven bands simultaneously, with hlgher spatial 
and spectral resolution than the Landsat MSS SI R-B Shuttle Imaging Radz 2xperiment flown on Space Shuttle 

Challenger in October 1 984. 
transform fault a plate boundary along which strike-slip motion occurs, 

usually offsetting segments of a spreading ridge 
specular mirror-like returns of a radar signal 
(reflections) trellis (drainage) surface pattern of parallel main streams with right-angle 

tributaries that are fed by secondary tributaries that 
parallel the main streams straiovolcano cone composed of alternating layers of lava and pyro- 

c!astic materials, generally large and steep sided 
tuff rock formed of compacted volcanic fragments generally 

less than 4 mm in diameter strike bearing of an inclined bed or structure on a level surface 



ultrabasic containing lea than 45% silica, as applied to igneous wadi 
rocks 

dry stream channel, common in arid lands in North Africa 
and Asii Minor 

.volcanic rock igneott rock formed by uption at the Earth's surface wave energy mean wave energy per unit area 
spectra 



appendix B 
Index of Images 



Scene 
No. SIR-B Image 

Center Sun Angle 
Incidence (Landsat) 

Angle, 
deg Elevation, Azimuth, 

Date Reference ID (SARI deg deg 

Data Center 
Date, Take; Incidence Center Coordinates j 
Oct. Scene Angle, 

I 1984 No. deg. Latitude Longitude I 

Interior Plateau, Central Kalimantan, Indonesia 

Dead Sea Rift Zone, Southern Israel 

Central Andean Cordillera, Northern Peru 

Precambrian Fold Mountains, Brazil and 
Colombia 

Amadeus Basin, Northern Territory, Australia 

Pasir Mountains and Coastal Lowlands, East 
Kalimantan, Indonesia 

Late Precambrian Suture Line, Northeast Sudan 

Upper Rajang Region, Central Sarawak, Malaysia 

Kilauea Volcano, Hawaii, U.S.A. 

Corresponding 
Coverage 

Mount Shasta, California, U.S.A. 

Sketch map - - - 

Sketch map 

Sketch map 

Sketch map 

Sketch map 

Landsat MSS 

Landsat TM 

Sketch map 

SIR-£3 color composite 

- 

Oct. 25, 1984 

Nov. 18, 1984 

- 

- 

50262-07373, band 4 

Digital elevation model; - - - 

Computer-generated - - - 

perspective views 

11 Charlevoix Crater, Province of Quebec, Canada 12 116.2; 002, 49.9 47"29'N 70' l5'W Sketch map - - - - - 

003 

12 Altiplano, Bolivia 7 39.6;016 54 2l0O0'S Roll 35, frame 24 - - - 

68000'W I1 STS 41-G Hasselblad Oct. 5, 1984 
photograph 

13 Tuwaiq Escarpment, Central Saudi Arabia 11 105.4;002 34.4 23'45'N 46'45.E 11 Sketch map - - - - - 

14 Spring Mountains and Pahrump Valley, Nevada, 10 87.4; 009 30.3 36"07'N 1 1S051'W 11 Sketch map - - - - - 
U.S.A. 

15 Wind-Eroded Sandstones, Borkow Province, 12 107.2; 006 52.3 18" 29'N 19°051E 1 Sketch map - - - - - 

Northern Chad 

16 Gebel Mufta, Western Desert, Southwest Egypt 11 91.2; 006 28.4 24"55'N 26'30.E 11 SIR-8 Oct. 12, 1984 DT 113.3; 039 42.9 - - 



Center Sun Angle 
Incidence (Landsat) 

Angle, 
Corresponding deg Elevation, Azimuth, 

Coverage Date Reference ID (SARI deg deg 

Data Center 
Date, Take; Incidence Center Coordinates 
Oct. Scene Angle, 
1984 No. deg. Latitude Longitude 

Scene 
No. SIR-B Image 

Sketch map - - - - - Hexi Corridor, Gansu Province, China 

Rio Japuri, Amazonas, Brazil SIR-A 

Sketch map 

Nov. 13,1981 DT 24C 

Sundarbans Mangrove Forest, Bangladesh 

Sketch map - - - - - 

1 
Mangrove Swamp, Exmouth Gulf, Western 

Australia 

Rio CisnBs, Cordillera Patag6nica Central, Chile Landsat TM; Dec. 26,1984 50300-13544-1 - 49 72 
Insets from SIR-B images - - - - - 

Michinmahfiida Volcano, Chilod Province, Chile SIR-B Oct. 10, 1984 DT 88.4; 014,013 53.7 - - 

Albemarle Sound, North Carolina, U.S.A. 

Ocean Pond, Florida, U.S.A. 

Sketch map - 

SIR-B color composite - 

Shillong Plateau, India, and Sylhet Uplands and 
Lowlands, Bangladesh 

Sketch map - - 

Cord6n la Grasa, Chubut Province, Argentina SIR-B color composite; - 

Vegetation map - 

Gravel Terrace and Alluvial Plain, CHubut 
Province, Argentina 

;Ground photographs - - 

Agricultural Development, Sumatra, Indonesia Lansat MSS Feb. 4,1985 5039702540-7 

Macomb, Illinois, U.S.A. Airborne SAR; Oct. 10, 1984 JPL 841010 
Landsat TM; Oct. 29, 1984 50242-16114-4 
Sketch map - - 

30 Montreal, Province of Quebec, Canada 7 37.2; 003 33.4 45" 25'N 73'29'W Airborne SAR image Oct. 25, 1985 Canada Center for 
Remote Sensing 



Scene 
No. SIR-B Image 

-- -- - 

31 Nagoya Industrial District, Central Honshu, 10 76.6; 005 21.1 34"53'N Landsat TM band 3; Oct. 1, 1984 50214-005 84-3 - 4 3 142 

136057'E /I Japan Aerial photograph 

Data Center 
Date, Take; Incidence Center Coordinates 
Oct. Scene Angle, 
1984 No. deg. Latitude Longitude 

33 Surface Waves Off Chile, South America 11 91.5;002 25.1 55" 30's 82' 30.W I Diagrams - - - 7' - 

' 

32 Northern Shikoku and Seto Inland Sea, Japan 7 39.2; 007 46.7 34" 08'N 133"44'E 

34 Hurricane Josephine, North Atlantic 12 117.4;OOl 24.6 35" 25'N 72;,"5'W 1 Sketch map - - - - - 
-008 to 

32" 14'N 68'57'W 

Center Sun Angle 
Incidence (Landsat) 

Angle, 
Corresponding deg Elevation, Azimuth, 

Coverage Date Reference ID (SARI deg deg 

Landsat TM band 5; May 8,1984 50068-01081-5 - 5 9 117 
Landsat TM band 5; May 8,1984 50068-01084-5 - 59 114 
Aerial photographs 

Oct. 11, 1984 DT 98.3; 001 24.8 - - 35 Surface Waves at Different Aspect Angles, 11 94.2;006 26.3 46" 32'N 18" 26'W 
North Atlantic 

36 Internal Waves, New York Bight, U.S.A. 11 96.21; 021 20.6 3g059'N 72' 15.W 11  Diagrams - - - - - 

SIR-B 

37 Small-Scale Eddies Off Long Island, New York, 11 96.21; 024 20.4 40°47'N STS 41-G Hasselblad Oct. 6, 1984 Roll 41, frame 45 - - - 

U.S.A. photograph 

38 Shoals Off Martha's Vineyard, Massachusetts, 11 96.21; 019 19.8 41°25'N Diagram from bathymetric - - - - - 

70027'w ll U.S.A. charts 0808 N and 0708N, 
Dept. of Commerce 

39 Pack Ice, Weddell Sea, Southern Ocean 9 70.4; 005 25.3 58"Ol'S NOAA-6, AVHRR Oct. 9, 1984 Rev. 27482 - - - 

140441E li GMT283:22:46:15 

40 Marginal Ice Zone, Weddell-Scotia Seas, 11 104.5;005 24.1 56"OO'S 27'35 'W /I SI~SI~nlargement; - 

Southern Ocean - 
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