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CHAPTER 1 

INTRODUCTION 

1 • 1 Background 

The accurate description of the shape and dimensions of landforms 

is the first step in any geomorphic study. Although both verbal and quan­

titative methods of description are functional in landform analysis and 

should be used to complement each other, morphometry, the mathematical 

description of landforms I is the more objective and consistent method. 

Most geomorphologists will agree that the three most important 

vertical dimensions used in landform classification and analysis are 

elevation, relief, and slope. Of the three dimensions, slope is perhaps 

the cardinal parameter, or at least the most widely used. Quantitative 

measurements of slope have been used in landform clas sification schemes 

(Hammond, 1954; Wood and Snell, 1960); in studies relating landform 

elements to other physical phenomena (Chorley I 1957; Salisbury, 1962 

and 1965; Simonett, 1967; Storie I 1933); in studies relating landform 

elements to cultural phenomena (Bakhtina and Smirnova, 1968; Glendinning I 

1937; Hoag, 1962; MacGregor, 1957; Shaudys, 1956); and in studies of 

covariance of landform elements (Melton, 1958; Peltier, 1954: Shaudys, 

1956; Salisbury, 1962). 

To date, assembling slope and other morphometriC data has 

involved the collection and the presentation of data obtained in the field, 

from topographic maps I and from aerial photography. Now, imaging radar 

systems are available for testing as an additional source of morphometric 

data. 

Airborne imaging radar systems have several advantages over 

photographic systems. They can scan a broad swath of terrain (up to 

65 km wide) in a single pas s, pre senting the imaged area on a continuous 

strip of film closely resembling a shaded relief map. Even at the scale 



of 1 :500, 000 (one inch equals 13 km), the detail is sufficient for mapping 

at a scale of 1 :250,000 (Pierson I et al., 1965). Although the resolution 

is less than that of aerial photography I the reduction of "ground clutter II 

or excessive detail increases the interpreter's effectiveness on a macro­

and probably a meso-scale. For example, McCoy (1967) found that radar­

derived geomorphic data showed a consistent relationship with geomorphic 

data obtained from 1 :24, 000 topographic maps. In addition, radar imaging 

systems have a near all-weather, 24-hour imaging capability I an advan­

tage of speCial importance for studying areas masked either by darknes s 

(e. g. I polar regions) or by clouds (e.g. I tropical environments). With 

these advantages radar may prove to be the primary sensor where field 

data collection and photography are not practical (MacDonald and Lewis I 

19 69 a and b) . 

General applications of radar to the entire geoscience field 1 are 

dealt with by Beatty I et al. I (1965) I Simons and Beccassio (1964) I Peder 

(1960) I McAnerney (1966) I Pierson, et al. I (1965), and others. However I 

in most studies the documentation of the potentials of imaging radar 

systems for geomorphic analyses has not progressed beyond the stage of 

speculation. 

Levine (1960) and McAnerney (1966) developed methods for deter­

mining the spot elevation of an object by measuring the length of the 

obj ect IS :radar shadow. Both of the above methods measure the vertical 

distance of the object from a datum plane and, as such, are measuring 

relative relief unless the datum plane of the object's base is sea level, 

at which time the total relief is equivalent to the true elevation. As 

potential methods of collecting morphometric data from radar, the techni­

que s of Levine and McAnemey are of interest to the geomorphologist and 

warrant te sting. 

In a later study Dalke and McCoy (1969) developed and tested a 

method for measuring terrain slope from radar imagery USing the principle 

1Por a more complete list of references relating to the applications of 
radar imagery for geoscience purposes, see R. L. Walters t 1968 t "Radar 
Bibliography for Geosciences, II CRES Technical Report 61- 3 0 . 
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of radar foreshortening. They also suggested using the depression angle 

at which radar shadowing began as an estimate of regional slope. 

Although the methods employed by Levine and McAnerney for 

measuring the elevation from a datum plane (actually relative relief) and 

by Dalke and McCoy for measuring terrain slope are mathematically valid 

and have been te sted experimentally I their operational practicality for 

regional sized studies has received little or no attention. The recent 

acquisition of radar imagery flown under Project RAMP (Radar Mapping of 

Panama) for the purpose of selecting potential sea-level canal routes 

across the Isthmus of Panama affords the opportunity to test the opera­

tional practicality of the techniques available for collecting morphometric 

data from radar imagery. Under this proj ect the entire Darien Province I 

the eastern part of the San BIas Province I and the northwestern part of 

Colombia - over 17 , 000 square kilometers of terrain - were imaged at 

four different look directions each approximately 90 0 apart and at a scale 

of approximately 1: 17 2,000. 1 Included in the area imaged was Route ·17 I 

a proposed sea-level canal route for which a detailed map is available. 

Route 17 can, therefore, serve as a study area (Figure 1.2) for testing 

the reliability and consistency of techniques for deriving morphometric 

data from radar. If the techniques prove reliable/they could be extended 

into the Darien Province where reliable morphometric data from maps are 

non-existent. Multiple radar coverage of extensive area in the Darien 

Province utilizing different look-directions and different depression angles 

also provides a unique opportunity to test the variance of radar-derived 

data with changing look-direction and depression angle. 

1.2 Purpose 

The purpose of this study is to evaluate the potential of radar 

imagery for use in geomorphic analysis, using southeastern Panama I including 

IAn uncontrolled radar mosaic of part of the study area was prepared by 
Raytheon-Autometrics Corporation (Fi gure 1. I) . 
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(Prepared by Raytheon-Autometrics Corporation) 

113"00'W 



U1 \ 
&f 

t:l 
r:.::::::l ~ 

s,.v Of 

PAN"~" 

s ... 

~
.I 

~ ;., 
RaY 

& ROUIE 17 

SIUOY AREA 

CIO «> 
Mile' 

o 10 ~ 
~
 
010%0 ..0 

~ c::** P=::::"- Km. 

Figure 1.2 Location MaP of Study Area 



Route 17, and northwestern Colombia as the test site (Figure l. 2). More 

specifically I radar-derived morphometric data will be compared to 

morphometriC data from 1:50,000 maps of Route 17 and from the limited 

aerial photography of eastern Panama. The consistency of radar-derived 

morphometric data will be tested at different depression angles and look­

directions. The study is directed at solving the following questions: 

A. What are the radar-terrain conditions necessary for the 

occurrence of radar shadowing,radar layover I and radar 

foreshortening? 

B. How does the magnitude or extent of radar shadows, layover I 

and foreshortening vary with such radar-terrain condi~ions as 

depression angle I incident angle I terrain slope I and 

relative relief? 

C. How may such radar characteristics as radar shadows I layover I 

foreshortening I parallax, and power return be used for deter­

mining terrain slope and relative relief? 

D. What is the value of radar imagery for gathering qualitative 

geomorphic information on a regional scale? 

E. What is the reliability of the methods by Levine (1960) I 

McAnerney (1966), and the author for determining relative 

relief from radar shadowing? 

F. What is the operational practicality of the Dalke-McCoy 

method for measuring slope (actually the average slope for a 

single terrain slope)? 

G. What is the reliability of using radar shadow frequency to 

determine the cumulative frequency distribution of slope 

angles for a given landform region? 

1.3 Methodology 

A review of the literature disclosed that neither radar geomorphology 

nor the geomorphology of southeastern Panama and northwestern Colombia 
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has received the attention they warrant. Accurate maps of the regional 

geomorphology of the area were nonexistent and only the references 

previously cited in the introduction elaborate on radargrammetric techniques 

of any utility to the geomorphologists. 

Preliminary interpretations from the radar imagery were made 

prior to visiting the study area during March and April, 1968. One month 

was then spent in the Darien area visiting selected areas and collecting 

field data with logistical support provided by the U. S. Army Corps of 

Engineers and the Inter-American Geodetic Survey (lAGS) in cooperation 

with the government of the Republic of Panama. A general reconnaissance 

of the terrain was made - employing helicopter and fixed wing transpor­

tation for aerial reconnaissance as well as piragua (native boats) for 

river traverses - to help strengthen interpretations and permit extension 

of information into regions not visited in the field. The dearth of roads 

and general inaccessibility of the study area kept overland travel to a 

minimum. 

Route 17 was used to te st the ability to qualitatively delineate 

landform regions on radar imagery based on tone and texture. The final 

product was then compared to a regional landform map (Dudley I 1966) 

derived from topographic map data. The comparison was favorable and 

the method was therefore extended into Darien Province where no topo­

graphic maps are available at a scale larger than 1 :250, 000. The final 

product was a 1 :250 I 000 map of the regional geomorphology of the study 

area using radar tone and texture as the main parameters I although drainage 

patterns and densities along with the knowledge accrued during field 

reconnais sance were incorporated. 

Using topographic maps of Route 17 recently constructed by the 

Army Map Service and radar imagery of the same area 1 the methods for 

determining relative relief from radar shadows and terrain slope from radar 

foreshortening were tested. Morphometric data derived from radar shadow 

frequency acros s ~he entire range of the imagery were compared to similar 

map extracted data for six areas in the United States. The method was 

then extended to Darien Province where cumulative frequency curves of 
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slope were derived from radar imagery for two complete strips across the 

Province using the landform regions from the geomorphic map of the 

Darien prepared from radar imagery. This provides a quantitative state­

ment of slope values for the qualitatively discribed landform regions. 

1.4 Anticipated Results 

Although this study only incorporates imagery from one radar 

system ,I the methods utilizing radar geometry are applicable to all 

imaging radar systems. 2 The evaluation of the various methods tested 

for deriving radar morphometric data however are more equivocal, because 

of the problems regarding data extraction from the imagery. The discus­

sion of the problems encountered along with the suggestions for system 

modifications and for improving data collection should provide a spring­

board for future radar oriented geomorphic studies. 

The application of radar-derived data I both qualitative and quan­

titative,will be demonstrated in the construction of: (1) a map of the 

regional geomorphology of the entire Darien study area at a scale of 

1 :25 0, 000 based primarily on macro-texture resulting from radar shadowing; 

and (2) cumulative frequency slope curves derived from radar shadow 

frequency for the major landform regions along two bands I each approxi-

mately 10 miles wide and 100 miles long (I, 000 square miles) I traversing 

the Darien area from the Caribbean Sea to the Pacific Ocean. This is an 

extraordinary accomplishment when one considers not only the large area 

involved but also that the standard sources for deriving such data I accurate large 

scale topographic maps or large scale relatively cloud-free aerial photo-

graphy I are non -existent for the study area. This illustrates the 

usefulnes s of radar imagery as a proxy for topographic maps and aerial 

lWestinghouse side-looking airborne radar (SLAR) imagery operating in 
the K-band and imaging in slant range. 

2Including ground range systems providing the proper transfer factor is 
applied to convert ground range measurements to slant range. 
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photography not only for general geomorphic reconnaissance studies but 

also for collecting quantitative morphometric data for large regions. 

There is little doubt that the geomorphic map and accompanying 

cumulative frequency slope curves represent the most accurate, com­

prehensive geomorphic data of its kind available for the Darien area. 

The radar-derived terrain information will provide a strong basis for 

potential resource studie s of this underdeveloped area and will also 

provide genetic geomorphic information based on previous studies 

relating slope characteristics to process, structure I lithology I state 

of development I and relative age of the surface. 1 The potential of 

radar imaging systems for terrain and resource studies in Similar, poorly­

mapped environments is also an important outcome of this study. 

lSee Zakrzewska (1967) for review and discussion of articles dealing 
with functional and genetic oriented geomorphic studies. 
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CHAPTER 2 

RELATNE RELIEF AND SLOPE MEASUREMENTS 

FROM RADAR IMAGERY 

2. 1 Introduction 

Side-looking radar imagery has not been utilized to the fullest 

possible ext~nt for measuring relative relief and individual and regional 

slopes. Radargrammetry has been relegated to a secondary position in 

relation to photogrammetry largely due to the poorer resolution and a 

lower order of accuracy of radar imaging systems. However I the widely 

publicized all-weather advantages of radar systems may act as an 

acceptable tradeoff L,~- resolution where conditions so warrant/ especially 

in areas where photography is very difficult. 

Various theoretical methods for measuring slope angles and rela­

tive relief have been devised in the past; however I most of the methods 

have not been carried beyond the initial stage of discovery. Each of the 

methods used for determining slope and relief utilizes one of the following 

characteristics of imaging radar systems: 

(I) relief displacement I 

(2) power return I 

(3) radar shadow I 

(4) radar foreshortening. 

2.2 Radar Image Presentation 

Depending upon the design of the imaging system, the sweep of the 

cathode-ray tube (CRT) can be made proportional to slant range or ground 

range. Being a ranging device, radar records objects in respect to the 

distance from the aircraft to the object, thus forming a slant range image. 

, Distortions arise from this unique characteristic of recording distance 
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