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Abstract This report adds over 900 references on the numerical characterization of 
topography (geomorphometry , or terrain modeling) to a 1993 review of the literature 
and its 1995 and 1996 supplements. A number of corrections are included. The report 
samples recent advances in several morphometric topics, featuring six in greater 
depth landslide hazards, barchan dunes, sea-ice surfaces, abyssal-hill topography, 
wavelet analysis, and industrial-surface metrology. Many historical citations have 
been added. The cumulative archive now approaches 4400 references.

T he practice of terrain quantification 
continues to grow through its many 
applications to geomorphology, hydrology, 

geohazards mapping, tectonics, and sea-floor and 
planetary exploration. Geomorphometry (or 
simply morphometry) is an amalgam of Earth 
science, mathematics, engineering, and computer 
science. It is known variously as terrain analysis 
or quantitative geomorphology, although the 
newer term terrain modeling increasingly seems 
to be preferred. Dating back at least to Humboldt 
(1843a/ b) and Ritter (1852), the discipline has 
been revolutionized by the computer 
manipulation of square-grid arrays of terrain 
heights, or digital elevation models (DEM's), 
that quantify and portray ground-surface form 
over large areas (Florinsky, 1998a, b). 
Morphometric procedures are now implemented 
routinely by geographic information systems 
(GIS) and other computer software.

This is the third update of a bibliography and 
introductory essay on geomorphometry (Pike, 
1993,1995,1996). The purpose of these reports is 
to draw together the diverse, scattered literature 
on surface characterization and make it 
accessible to the research community typically 
at two-year intervals. The need for a running 
archive of citations remains clear from the 
accelerating use of DEM's, at all resolutions, in 
many areas of science and technology including 
manufacturing (Thomas, 1999). Here I add more 
than 900 items to the 3400-odd entries contained

in the earlier three reports 1 . Some 20 references 
(p. 56-57) correct the most serious errors found in 
the three listings. The new entries in this report 
include both publications postdating the second 
supplement (current through mid-1996) and many 
older works overlooked previously. Coverage is 
representative, but not exhaustive, through late 
1998.

The appended listing is alphabetized and 
largely unannotated, following the format of its 
two predecessors, although recently I have begun 
to append brief notes to most citations. The 60- 
topic organization of geomorphometry developed 
initially (Pike, 1993, Table 2) still accommodates 
the latest entries. The same qualifications and 
caveats on accuracy and completeness stated 
earlier apply equally to this third supplement. 
The combined reference file now is nearing 4400 
entries (a 1-Mb digital file). Preparations for 
distributing the cumulative bibliography in 
digital form and over the Internet continue but 
remain incomplete. Similarly, no plans for 
sorting the listing topically or chronologically 
have been finalized (the file is not encoded in 
specialized bibliographic software). Earlier 
references to morphometry on the Internet (Pike, 
1996) have been updated and 70 World Wide 
Web addresses published (Pike, 1998).

* The few text citations not in the main bibliography (p. 
10-56) are on either p. 9 or in 'Corrections' (p. 56-57).
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Noted here briefly are advances in established 
areas of morphometric research since the last 
supplement. Progress in industrial-surface 
metrology has been sufficient to warrant a 
substantial update. A selection of early (pre- 
1900) morphometric work is also included, and 
two important new books are described. In 
continuing the practice of previous reports, to 
feature several active if not necessarily new  
areas in which morphometric analysis plays a 
central role, here I briefly review work on 
landslide hazards, barchan dunes, sea-ice 
surfaces, sea-floor abyssal hills, and wavelet 
analysis. The literature in most of these areas is 
vast, and none of my summaries is intended to 
accomplish more than introduce each topic and 
then guide the reader into its morphometric 
aspects.

Landslide hazards

Slope failure exacts a costly "environmental tax" 
on society, and the resulting expenses are 
mounting worldwide as many urban centers 
expand from early-settled flatlands into 
surrounding hills. Widespread winter damage 
from landslides across coastal California during 
the 1997-98 El Nino exemplifies the need to 
reduce this economic penalty by better 
understanding the hazard and its spatial 
distribution (El Nino Response Group, 1998; 
http://elnino.usgs.gov/landslides-sfbay/). 
Because landslide activity correlates closely 
with ground-surface slope and other attributes of 
terrain form that can be measured from DEM's 
(Brabb and others, 1989), slope-failure is 
perhaps the natural hazard most amenable to 
study by quantitative techniques (Soeters and 
van Westen, 1996). Much of the morphometric 
literature on landslides is referenced in the first 
report in this series (Pike, 1993).

Two overall approaches, not sharply 
distinguished in many publications, employ 
quantitative topographic data to analyze 
processes of slope failure the landslide-specific 
and the regional. By the first, and older, 
approach landslides are treated individually, as 
discrete landforms. Measurements, usually from 
field surveys or contour maps, are taken of such 
variables as landslide length, breadth, volume, 
planimetric shape, compass orientation, and

height of head scarp. These quantities are 
compared with each other and with bedrock and 
soil properties, local hydrology, and other 
physical characteristics to isolate causative 
factors and model the physics of the process 
(Bhandari and Kotuwegoda, 1996; Hylland and 
Lowe, 1997).

Increasing availability of large square-grid 
DEM's and GIS technology has led to the use of 
the second, regional, approach whereby slope 
angle, curvature, relative relief, and other 
measures that relate to landsliding are computed 
continuously over broad areas (Carrara and 
others, 1995; Mark and Ellen, 1995). Digital 
maps of geology, materials properties, and 
landslide inventories are then compared and 
combined with those maps of terrain geometry to 
obtain a set of variables that can be used to 
delineate potentially hazardous areas (Brunori 
and others, 1996; Fernandez and others, 1996; 
Ellen and others, 1997).

In carrying out such regional modeling it is 
critical to distinguish among different processes 
of slope failure. The topographic and geologic 
conditions triggering debris flows, for example, 
differ markedly from those giving rise to slumps, 
slides, and earthflows. Recent work on debris 
flows that incorporates DEM-based 
morphometry is described in Boelhouwers and 
others (1998), Dietrich and others (1995), 
Campbell and others (1998), Walsh and Butler 
(1997), and in a book edited by C.-L. Chen 
(Campbell and Bernknopf, 1997; Wieczorek and 
others, 1997). Proceedings volumes edited by K. 
Senneset (Chandra, 1996) and by Chacon and 
others (Fernandez and others, 1996) address 
morphometric analysis of slope failure other 
than debris flow.

Barchan dune morphometry

Barchans are migrating sand dunes that pose a 
hazard to dwellings, highways, railroads, and 
other infrastructure of desert settlements 
(Beadnell, 1910; Al-Janabi and others, 1988; 
Khalaf and Al-Ajmi, 1993). These crescentic 
dunes are unique among landforms in that size, 
shape, degree of complexity, and location all can 
change markedly over the life of the feature 
(Bagnold, 1941, p. 208-221; Norris, 1966).
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Modeling the development and migration rate of 
barchans is facilitated by the crisp definition 
and consequent ease of measurement of isolated 
dunes (Howard and others, 1978). In the search 
for clues to barchan-forming processes, dune 
length, cusp-to-cusp width, slip-face height and 
overall height, differences in cusp length, and 
dune volume all have been measured and 
compared. Some of these dimensions correlate 
with dune spacing, rate of movement, wind 
direction, and sand supply (Lancaster, 1989a,b; 
Shehata and others, 1992; Haff and Presti, 1995). 
Such relations are vital in predicting the speed 
and trajectory of migrating barchans.

The morphometry of barchans currently is 
unsystematic in several respects, which impedes 
the understanding of process and evolution of 
form. For example, available measurements do 
not cover the observed size-range; in plan 
dimensions, barchans vary from soup-plate size 
(Norris, 1956) to several hundreds of meters 
across (Bagnold, 1941; Embabi and Ashour, 1993). 
Although a 1:10 height:width relation 
commonly is assumed for barchans from published 
measurements (Hesp and Hastings, 1998), data 
from other areas (Embabi and Ashour, 1993) do 
not support this generalization, even across the 
size-range for which measurements exist. Graphs 
in a recent compilation of some published 
dimensions (Hesp and Hastings, 1998) suggest 
that barchan height may be a non-linear function 
of size, but no attempt has been made to test for 
size-dependency of form. Also, barchans in the 
Middle East (Embabi and Ashour, 1993) and the 
Sahara (Sarnthein and Walger, 1975) may be 
larger than those measured in Peru (Hastenrath, 
1967,1987) and the western United States (Long 
and Sharp, 1964). Nor has it been determined 
whether the size-frequency distribution of 
barchans is normal or otherwise.

To address these problems, fresh measurements 
are needed to adequately represent the entire 
size-range, particularly the smaller barchans  
which move so fast and are so ephemeral that 
they tend not to be measured (Norris, 1956). 
Much work remains before barchan systematics 
are sufficiently well established to support 
robust form-process modeling throughout the 
observed size-continuum (Mulligan, 1995).

Morphometry of sea-ice surfaces

A hazard to winter navigation and a danger to 
such offshore structures as oil pipelines, sea ice is 
an ephemeral, seasonal and continually changing 
landscape of the high latitudes. Sea ice may be 
either undeformed, as initially frozen, or 
deformed by a number of processes. A field of 
deformed sea ice is level overall, but its 
mesoscale morphology (only a few meters of 
relief) can be very rough because of varying forms 
of ridged ice (Weeks and Kovacs, 1970). Pressure 
ridges are irregular slabs of ice imbricated by 
wind and other agents. Although complex objects 
that vary greatly in size and shape, these ridges 
appear to be limited in vertical extent 
(Parmerter and Coon, 1972). Ridge morphology 
above and below the sea surface can be 
represented statistically from measurements of 
salient features. Kankaanpaa (1997) gives a 
good recent sampling of the voluminous 
literature. Earlier morphometric work on sea ice 
includes Hibbler and Mock (1974), Wadhams 
(1981), Williams and others (1975), Rothrock and 
Thorndike (1980), and Wadhams and Davy 
(1986).

The surface relief of pressure ridges is measured 
by standard field methods of ice surveying  
drilling, sectioning, and photography 
(Kankaanpaa, 1997), as well as by sonar 
(McLaren, 1988), laser profiling (Lewis and 
others, 1993), and other techniques of remote 
sensing. Detailed measurement of ridge 
morphometry accelerated during the Cold War, 
when high-latitude terrains were anticipated as 
potential battlefields. The underside 
topography of floating ice was systematically 
profiled to assist submarine operations 
(Williams and others, 1975; McLaren, 1988).

The sail is that portion of a pressure ridge above 
the surrounding ice surface; the (much larger) 
portion projecting below the water surface is the 
keel. The size, shape, spacing, and areal density 
of sails and keels have been investigated by 
various techniques (Wadhams and Davy, 1986; 
Kankaanpaa, 1997). Size-frequency distributions 
of such sail and keel parameters as height, 
depth, width, cross-sectional area, and slope 
angle have been determined for different ice 
packs and compared with each other and with 
theoretical models (Lowry and Wadhams, 1979).
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Pack-ice surfaces have also been modeled 
statistically by the variance (power) spectrum 
and other techniques of random-field analysis 
(Lewis and others, 1993). Among generalizations 
reached thus far: new (first-year) ridges differ 
significantly from older (multiple-year) ridges 
and sail height is related to keel depth (Timco 
and Burden, 1997; Kankaanpaa, 1997); ridge size, 
but not shape, differs from sea to sea (McLaren, 
1988; Kankaanpaa, 1997) and with ridge age 
(Timco and Burden, 1997); and keel profiles 
appear to have a fractal distribution (Melling 
and others, 1993).

Abyssal hills on Earth's sea floor

Abyssal hills are small, elongate features 
created at mid-ocean-ridge spreading centers by 
faults that offset fresh basaltic sea floor (Pratson 
and Haxby, 1997; Smith, 1998). These hills are 
the most common morphologic feature on the 
ocean floor, arguably rivaling subaerial drainage 
basins in frequency, but they remain among the 
least understood of Earth's landforms. Because 
abyssal-hill morphology reflects processes and 
rates of ridge-crest spreading (Ma and Cochran, 
1997), abyssal-hill topography constitutes a 
major piece of the overall plate-tectonics puzzle. 
A number of generalizations were established 
earlier: both simple and complex morphologies 
are observed, hills in the Atlantic ocean basin 
are larger than those in the Pacific, and both 
volcanic and tectonic processes evidently are 
involved in their origin (Menard, 1967).

As deep-sea imaging has improved in resolution 
and areal coverage, morphometry has played an 
expanding role in probing the nature of abyssal 
hills. Because individual hills are still too 
small to be measured accurately by available 
imaging systems (Vogt and Tucholke, 1986; Smith 
and Sandwell, 1997), the hills are analyzed as 
continuous swaths of textured topography (Goff 
and Jordan, 1988; Shaw and Lin, 1993; Goff and 
others, 1997). Among the generalized measures 
by which this texture is captured are relief, 
azimuth, slope, slope curvature, ridge-parallel 
spacing, ridge-normal spacing, and the 
proportion of coarse- to fine-scale roughness (Goff 
and Jordan, 1988; Shaw and Lin, 1993). Recently, 
Small (1994) and Ma and Cochran (1997) have 
statistically distinguished abyssal-hill

roughness from the basic shape of the ridge axis, 
and processes other than faulting and volcanism 
have been found to modify the hills (Goff and 
Tucholke, 1997). In attributing abyssal hills to 
stretching of the oceanic lithosphere, Buck and 
Poliakov (1998) further suggest that the process 
exhibits self-organized criticality.

Abyssal-hill topography is most recently 
discussed by Goff (1998), who contrasts analytic 
approaches to these surface forms as either 
continuous or discrete. Emphasizing the chaotic 
appearance of continuous abyssal-hill terrain, 
"observationalist" workers treat the problem 
more stochastically, via second-order statistics 
of hill dimensions and spacing (Goff and Jordan, 
1988; Goff and others, 1997). The "physical 
modelers", in contrast, emphasize the regular 
spacing of discrete deep-sea faults and their 
offsets in the hilly terrain and thus address the 
issue more deterministically (Shaw and Lin, 
1993; Malinverno and Cowie, 1993). The detailed 
modeling of Buck and Poliakov (1998) is 
important because it begins to reconcile the two 
approaches (although much remains to be done).

Goff (1998) closes his methodological discussion 
with comments on the fractal concept. In a caveat 
that extends beyond abyssal hills to other 
aspects of terrain modeling (for example, 
Gallant, 1997, and Evans, 1998), he cites the "gulf 
between merely describing the statistical 
behavior of a natural phenomenon ... and 
understanding the physical principles which 
lead to such behavior..." By implication, self- 
organized criticality is the latest such "scientific 
bandwagon" (see also Agterberg, 1998, 
Bhattacharya, 1997, and Traut, 1998), as 
investigators try "... to understand how this 'new 1 
... way of thinking about nature might bear on 
their particular specialty."

Wavelet analysis of landforms

Scale-dependence of the ground surface, 
particularly since the advent of fractal measures 
(Mandelbrot, 1975), has become a key research 
area in much of morphometry (Moore, Lewis, and 
Gallant, 1993; Bloschl and Sivapalan, 1995; 
Bishop and others, 1998). The problem is 
addressed by analyzing relief (Z) and 
planimetric (X,Y) attributes of topography over
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several spatial scales, either for areally discrete 
landforms or over continuous-surface landscapes. 
In pursuing the latter approach, Gallant & 
Hutchinson (1996) and Gallant (1997) found the 
fractal concept wanting and as a consequence 
Gallant has introduced wavelets to landform 
morphometry. This analytical method 
decomposes a topographic surface into a set of 
oscillatory functions at different frequencies in a 
similar manner to the Fourier transform in 
spectral analysis. The wavelet transform 
employs localized functions (wavelets) rather 
than infinitely repeating sine and cosine 
functions. Among its advantages over the 
elevation-variance spectrum are an improved 
representation of azimuthally non-homogeneous 
terrain and the provision of spatially variable 
descriptions. To accomplish this, the process 
superposes multiple mathematical "features" at 
various scales.

The modeled feature chosen by Gallant to 
develop the method on representative 
Australian OEM's has an elliptical plan and a 
smooth polynomial profile, the simplest 
geometric form with sufficient flexibility to 
represent most topographic surfaces. Gallant's 
(1997) examination of scale and spatial structure 
of relief in continuous topography has identified 
at least three descriptive parameters terrain 
"complexity," "positivity," and "orientation"  
attributes which almost certainly relate to 
descriptors computed by other approaches to 
terrain quantification. Work is needed to 
investigate possible correlations. The results of 
Gallant's pioneering work are difficult to judge 
now, because relatively few other wavelet 
studies have been carried out on natural 
topography (Foufoula-Georgiou and Kumar, 1994; 
Weissel and Stark, 1997; Kumar and Foufoula- 
Georgiou, 1997; and three others listed in Pike, 
1995,1996).

Metrology update

Industrial surface-metrology (hereafter 
metrology2) is the quantification of micro- and 
nano-scale surfaces in manufacturing (Pike, 1996).

^ The discipline commonly is known within industry  
albeit somewhat confusingly to Earth scientists as 
surface topography. A specialized journal of that same 
title existed briefly from 1988 to 1990.

The explosive expansion of metrology, driven 
most recently by research in high-technology 
industries and far outstripping the growth of its 
parallel discipline of topographic 
quantification, is paced by three important new 
books. Thomas (1999) revises a standard 1982 
text weighted toward mechanical engineering, 
and Bhushan (1997) has updated developments 
in the metrology of magnetic tape and computer 
disk drives. The proceedings of a 1996 conference 
on metrology and the properties of engineering 
surfaces ("the best we've ever had", T.R. 
Thomas, 1998, pers. comm.) were published in 
1997 (Rosen and Crafoord, eds., 1997). All three 
volumes contain industry analogs of Earth- 
surface terrain quantification, including fractal 
modeling, self-organization, power-spectral and 
wavelet representation, and functional linkages 
between form and process. Two slightly older 
books, the standard handbook on metrology 
(Whitehouse, 1994) and a manual of methods for 
3-D characterization of surfaces (Stout and 
others, 1993), are no less significant.

Recent shorter works on the topography of 
industrial surfaces include Bhushan and Koinkar 
(1995), Mainsah and others (1996), He and Zhu 
(1997), and Othmani and Kaminsky (1998). 
Hahner and Spencer's 1998 review of the related 
field of tribology the study of friction, 
lubrication, and wear is helpful background. A 
paper by Medeiros-Ribeiro and others (1998) is of 
particular interest. They have revealed and 
quantified a nanoscopic transition, from smaller 
pyramids to larger domes, in the morphology of 
germanium crystals grown on a silicon substrate 
by physical vapor deposition. The size- 
dependent change, which conceptually resembles 
the transition from central peaks to inner rings in 
large planetary impact craters (Pike, 1982), is 
marked by pyramids that"... nucleate and grow 
to a maximum volume that is smaller than the 
volume for which the domes are more stable than 
the pyramids plus (a critical volume of added) 
germanium ..." This transition, which seems to 
mark a shift from one equilibrium form to another 
with increasing input of energy or material, may 
have other geomorphologic parallels that help 
to explain size-dependent differences observed in 
some landforms.

Many publications on industrial-surface 
metrology are referenced in a new, 
chronologically ordered, bibliography that
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improves access to research on surface 
quantification not found in the usual 
geomorphology-related sources (Pike and 
Thomas, 1998). A brief essay prefacing the 4800 
literature citations introduces metrology to Earth 
scientists, describes similarities and differences 
between the two realms (Scott, 1994,1997), and 
raises issues that must be addressed in any 
attempt to unify the practice of surface 
quantification. A sampling of Internet Web-site 
addresses and full abstracts of papers on 
metrology rounds out the main listing.

Other recent morphometry

More conventional areas of morphometry continue 
to thrive as well. Several of these are described 
above. A most important new development is the 
rapid increase in publication exclusively by CD- 
ROM and by posting on the Internet (Pike, 1998). 
Recent major contributions include Joseph Wood's 
thesis on digital terrain modeling 
(http://www.geog.le.ac.uk/jwo/research/dem_c 
har/thesis/); two software packages for the 
hydrogeomorphic analysis of DEM's Scott 
Peckham's RiverTools
(http://cires.colorado.edu/people/peckham.scot 
t/RT.html) and David Tarboton's TARDEM 
(http://www.engineering.usu.edU/cee/faculty/d 
tarb/dem.htm); proceedings of the 1996 Santa Fe, 
NM, GIS Conference and Workshop 
(http://ncgia.ncgia.ucsb.edu/conf/SANTA_FE_ 
CD-ROM/sessions.html); and the latest release 
of Peter Guth's MicroDEM+ terrain-modeling 
software
(http://www.usna.edu/Users/oceano/pguth/web 
site / microdem.htm).

Briefly, other new developments include:
  the morphometry of continental ice surfaces 

(Bahr, 1997; Etzelmiiller and Sollid, 1997); 
Davis and others, 1998; Scambos and 
Fahnestock, 1998; Tabacco and others, 1998;

  calculation of the DEM-to-watershed
transformation (Tarboton, 1997; Rieger, 1998), 
with special attention to problems posed by 
low-relief topography (Garbrecht and Martz, 
1997a; Martz and Garbrecht, 1998) and the 
inclusion of lakes (Fern and others, 1998; 
Mackay and Band, 1998);

  new DEM databases (Clayton and Shamoon, 
1998a, b ; Smith, 1998; Welch and others, 
1998);

  geomorphologic modeling other than that 
reported in the 1998 book edited by Lane and 
others (Ahnert, 1996; Tarboton, 1996; Ahnert 
and Williams, 1997; Beven and Kirkby, 1997; 
Costa-Cabral and Burgess, 1997; Willgoose 
and Hancock, 1998);

  characterization of glacial U-valleys (Duncan 
and others, 1998; Pattyn and Van Huele, 1998) 
and cirques (Hassinen, 1998; Sauchyn and 
others, 1998);

  DEM-based tectonic geomorphology (Seber and 
others, 1997; Demoulin, 1998);

  geometric and geomorphic signatures (Sulebak 
and others, 1997; Brown and others, 1998; 
Giles, 1998; Giles and Franklin, 1998);

  characterization of fractured rock surfaces 
(Glover, 1998a, b);

  morphometric applications to soil development 
and agriculture (Thompson and others, 1997; 
DeBruin and Stein, 1998; Florinsky and 
Arlashina, 1998; Souchere and others, 1998);

  the geometry of seamounts (Smith and others, 
1995; Rappaport and others, 1997; von Huene 
and others, 1997; Wessel, 1997);

  planetary surface features (Craddock and 
Maxwell, 1997; Yingst and Head, 1997; Oberst 
and others, 1997; Kreslavsky and Basilevsky, 
1998; Smith, Zuber and others, 1997,1998; 
Williams and Zuber, 1998);

  pre- and post-eruption morphometry of volcanic 
edifices (Mizukoshi and others, 1995; Jones 
and Newhall, 1996; Mizukoshi and 
Murakami, 1997); and

  large-area visualization of topography by 
computer graphics, exemplified by, 
respectively, Australia, Alaska, and Earth's 
seafloor (Milligan and others, 1997; Riehle 
and others, 1997; Smith and Sandwell, 1997).

New books

Book-length publications that showcase 
advances in morphometry continue to appear. 
Among the most important recent additions 
outside of industrial surface-metrology are those 
by Rodriguez-Iturbe and Rinaldo (1997), Lane and 
others, eds. (1998), and Marcus and others (1996). 
The last volume, on biological objects, is a major 
development in non-topographic morphometry.
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However, because it focuses on the representation 
of closed two- and three-dimensional forms only 
(sedimentary particles, mineral grains, fossils, 
tree leaves), notably through the "landmark 
analysis" pioneered by Bookstein (1995), its 
application to surfaces per se is limited.

Appearance of the monograph by Rodriguez- 
Iturbe and Rinaldo (1997) is a major event. 
Linking two modern concepts, fractal geometry 
and the theory of self-organized criticality, it 
addresses the fundamental nature of river basins 
and their structure and evolution. The book 
contains much more than just these two concepts, 
and treats the complexities of both spatial 
(planform) and temporal structures and patterns. 
Building on voluminous published work with 
colleagues, Rodriguez-Iturbe and Rinaldo 
synthesize a conceptual and mathematical 
framework within which the great variety of 
river networks spanning some five orders of 
magnitude, 100 m to 10,000 km and the 
underlying order can be studied. This tour-de 
force in applied science includes enough 
background material to be largely self-contained. 
It contributes to physics as well as to theoretical 
hydrology and other geomorphically-oriented 
aspects of Earth science. For reviews see 
Agterberg (1998), Levy (1998), Tsonis (1998), and 
Turcotte (1998).

The proceedings of the 1995 Cambridge 
Fitzwilliam Symposium of the British 
Geomorphological Research Group (Lane and 
others, eds., 1998), reprises an important meeting 
(and 1972 proceedings volume edited by R.J. 
Chorley) held in England a quarter of a century 
earlier. Edited to a high standard, the 19 
diverse chapters in the 1998 book offer a good 
sampling of contemporary morphometry  
particularly in the UK. Included are McCullagh 
on Quality, use and visualization in terrain 
modelling, Evans on What do terrain statistics 
really mean?, Wise on The effect of GIS 
interpolation errors on the use of digital 
elevation models in geomorphology, Wilson and 
Gallant on Terrain-based approaches to 
environmental resource evaluation, Montgomery 
and others on The role of GIS in watershed 
analysis, Lamb and others on A generalized 
topographic-soils hydrologic index, and Lane on 
The use of digital terrain modelling in the 
understanding of dynamic river channel systems.

Early morphometry

Here I begin to remedy a shortcoming of previous 
reports in this series, neglect of old work in 
morphometry much of it in languages other 
than English. These (annotated) citations both 
constitute the early history of the field and 
provide context for later work (Dainville, 1958, 
1970). Addition of much of the older material 
began with my finding discrepancies in published 
literature citations of Alexander von Humboldt. 
(His prolific career spanned 70 years of active 
publication in various languages.) This discovery 
led to inspection of one of the several von 
Humboldt bibliographies (Lowenberg, 1960; 
itself not free of contradictory entries), with 
ensuing correction of errors in Pike (1993,1996) 
and the addition here of six more papers by von 
Humboldt. Exposure to this pioneering 
morphometry prompted inclusion of other work, 
for example that of Carl Ritter (1852) regarded 
by many, with von Humboldt, as the founder of 
the craft. However, any attempt to identify an 
"ultimate" origin for geomorphometry would be 
fruitless. The earliest systematic measurement of 
topography undoubtedly predating Roman 
hydrology, Greek geodesy, and Egyptian civil 
engineering is "lost in antiquity."

Some 60 pre-1900 references, the oldest of which 
is to the isobath map by Buach (1756), are added 
here. Most of the early writing describes efforts 
to accurately measure terrain height (Humboldt, 
1817) and produce good contour maps (Du Carla, 
1782), the primary source material for 
morphometry per se until advent of the DEM. 
Securing good elevations with spirit level and 
aneroid barometer was cutting-edge work in its 
day (Alien and Woods, 1817; Cuvier and 
Brongniart, 1835, p. 597-607; Pick, 1855), and the 
need to measure so elementary a quantity as 
surface height has not diminished only the 
instrumentation has changed. The role of 
barometer and level has passed to such satellite- 
borne technologies as GPS and digital 
radargrammetry. The accurate determination of 
surface elevation poses a special challenge to 
planetary scientists (Smith and others, 1998; 
Williams and Zuber, 1998) and geophysicists 
working with seafloor terrain (Smith, 1998).

A number of the references added here are 
neither old enough to be of great historic interest
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nor sufficiently recent to bear directly upon 
contemporary work. They are valuable, 
however, in establishing a continuous historical 
record of geomorphometry as the field developed 
in several countries, from Humboldt and Ritter to 
Horton, fractals, and DEM's (Beer and Madler, 
1837; Schmidt, 1856; Hofer, 1879; Peucker, 1892; 
Romer, 1911; Horton, 1914; Blanchard, 1919; 
Jones, 1924, 1951; Matui, 1930; Burckhardt, 1934; 
Hollingworth, 1931, 1938; Cressy, 1938). This 
report also adds a dozen papers by Polish 
geographers, active contributors to morphometry 
in the 1920s and 1930's (Joerg, 1933), to better 
represent Eastern European work (Pawlowski, 
1929; Zaborski, 1931; Strada, 1932). Several 
additions to later Soviet-era morphometry have 
been identified as well (Zakharov, 1940; 
Sharapov, 1967; Leder, 1973; Devdariani, 1976; 
Piriev, 1986; Lastochkin, 1987; Yakimenko, 1990).

New entries

As before, I encourage additions and corrections to 
this archive from its users. I am especially 
interested in morphometric work that is unlikely 
to be available in the United States, for 
example, non-English-language publications from 
central and eastern Europe. My files on French 
work also are inadequate. I will be happy to 
exchange copies of reports in this series for those 
papers. To ensure accuracy and reduce ambiguity, 
please send reprints or photocopies of 
contributions rather than just the citations, if 
possible. However, I can add new entries from 
only the following information:

1. photocopy of title page, or
  title of the work, and
  the name(s) of author(s); surname

plus two initials (or, if one 
given name, then spelled out)

2. year of publication
3. complete citation of serial or other form of 

publication (book, conference proceedings, and 
so forth), including volume number, issue 
number, and inclusive pages. For meetings give 
location and dates; for books the name of city 
and publisher

4. for non-English-language publications, an 
English translation of the title.

Address correspondence to:

Richard J. Pike
M/S975
U.S. Geological Survey
345 Middlefield Road
MenloPark,CA 94025 U.S.A.
FAX [415] 329-4936
e-mail: <rpike@sierra.wr.usgs.gov>

Acknowledgments: Comments by USGS 
colleague Russ Evarts improved the report.

References

Lowenberg, Julius, 1960, Alexander von Humboldt 
Bibliographische Ubersicht seiner Werke, 
Schrif ten und zerstreuten Abhandlungen 
(unabridged reprint of that part of Bruhns, 
Karl, ed., 1872, A. v. H., a Scientific 
Biography): Stuttgart, F.A. Brockhaus Komm.- 
Gesch. GMBH Abt. Antiquarium, 68 p.

Pike, R.J., 1993, A bibliography of 
geomorphometry, with a topical key to the 
literature and an introduction to the numerical 
characterization of topographic form: U.S. 
Geological Survey Open-file Report 93-262A, 
132 p. Open-file Report 93-262B, one 31/2 inch 
1.44 MB diskette. Formatted in Microsoft 
Word, version 5.0, for Macintosh. Open-file 
Report 93-262C, one 31/2 inch 1.44 MB 
diskette. Formatted in WordPerfect, version 
5.0 for IBM-PC or compatible.

    1995, A bibliography of geomorphometry, 
the quantitative representation of 
topography Supplement 1.0: U.S. Geological 
Survey, Open-file Report 95-046, 30 p. [paper 
copy only; 124 kb if in digital format]

    1996, A bibliography of geomorphometry, 
the quantitative representation of 
topography Supplement 2.0: U.S. Geological 
Survey, Open-file Report 96-726, 52 p. [paper 
copy only; 228 kb if in digital format]

R.J.Pike / USGS OF 99-140



BIBLIOGRAPHY OF GEOMORPHOMETRY

ADDITIONS

Abdel, S.M., 1982, Study of factors affecting accuracy 
of digital terrain models: Cairo University, Egypt, 
unpublished M.Sc. thesis, paging unknown.

Abdel-Rahman, M.A., Embabi, M.S., EI-Etr, H.A., and 
Mostafa, A.A., 1980-1981, Some geomorphological 
aspects of Siwa Depression, the Western Desert, 
Egypt: Bulletin de la Societe de Geographic d'Egypt, 
v. 53-54, p. 17-41. [method of barchan slope 
curvature]

Acharya, Bishwa, and Chaturvedi, Arvind, 1997, Digital 
terrain model elevation extraction and accuracy 
assessment: ASCE Journal of Surveying 
Engineering, v. 123, no. 2, p. 71-76.

Achilli, V., Baldi, P., Baratin, L, Bonini, C., Ercolani, E., 
Gandolfi, S., Anzidei, M., and Riguzzi, F., 1998, 
Digital pnotogrammetric survey of the island of 
Vulcano: Acta Vulcanologica, v. 10, no. 1, p. 1-5. 
[DEMs reveal terrain changes from 1971 to 1983 to 
1993]

Ackeret, J.R., Fatale, L.A., Messmore, J.A., and 
Walker, J.C., 1994, Evolution of ground line-of-sight 
data field collection: Fort Belvoir, VA, U.S. Army 
Engineer Topographic Laboratories, Report USATEC- 
R-240, AD-A285062, 12 p.

Ackley, S.F., Hibler, W.D. Ill, Kugzruk, F.K., Kovacs, 
A., and Weeks, W.F., 1974, Thickness and 
roughness variations of Arctic multi-year sea ice: 
Seattle, University of Washington, AIDJEX (Arctic Ice 
Dynamics Joint Experiment) Bulletin No. 25, p. 75-96. 
[pred. top & bottom roughness & ice thickness from 
surface elev.]

Adler, R.J., 1981, The Geometry of Random Fields: NY, 
John Wiley, 280 p.

Agnese, Carmelo, D'Asaro, Francesco, Grossi, 
Giovanna, and Rosso, Renzo, 1996, Scaling 
properties of topologically random channel networks: 
Journal of Hydrology, v. 187, nos. 1-2, p. 183-193.

Agterberg, F.P., 1998, Review of "How Nature Works: 
The Science of Self-Organized Criticality" by Per Bak: 
Computers and Geosciences, v. 24, no. 2, p. 203- 
205. ["important; misses the point in some geol.

applic.", but "original, thought-provoking; should be 
read by all..."]

Aguilar, M., Anguiano, E., Vaszquez, F., and Pancorbo, 
M., 1992, Study of the fractal character of surfaces 
by scanning tunneling microscopy Errors and 
limitations: Journal of Microscopy, v. 167, Pt. 2, p. 
197-213.

Ahnert, Frank, 1996, The point of modelling 
geomorphological systems, Chapter 3 in McCann, 
S.B., and Ford, D.C., eds., Geomorphology Sans 
Frontieres: New York, John Wiley, p. 91-113. [review 
of history & concepts; nice inselberg 3-D model 
results]

Ahnert, Frank, and Williams, P.W., 1997, Karst landform 
development in a three-dimensional theoretical model: 
Zeitschrift fur Geomorphologie, Supplementband 108, 
p. 63-80.

Akagi, Yoshihiko, 1980, Relations between rock type 
and the slope form in the Sonora Desert, Arizona: 
Zeitschrift fur Geomorphologie, v. 24, no. 2, p. 129- 
140. [debris-particle size «= slope steepness]

Al-Janabi, K.Z., Ali, A.J., AI-Taie, F.H., and Jack, F.J., 
1988, Origin and nature of sand dunes in the alluvial 
plain of southern Iraq: Journal of Arid Environments, 
v. 14, no. 1, p. 27-34. [h range only for 11 barchans]

AI-Rousan, N., Cheng, P., Petrie, G., Toutin, Th., and 
Zoej, M.J.V., 1997, Automated DEM extraction and 
orthoimage generation from SPOT level 1B imagery: 
Photogrammetric Engineering and Remote Sensing, 
v. 63, no. 8, p. 965-974.

Albright, T.P., Painter, T.H., Roberts, D.A., Shi, 
Jiancheng, Dozier, Jeff, and Fielding, Eric, 1998, 
Classification of surface types using SIR-C/X-SAR, 
Mount Everest Area, Tibet: Journal of Geophysical 
Research, v. 103, no. E11, p. 25,823-25,837. [20m 
DEM from inSAR, to calibr. backscatter for topo 
effects; 5 types]

Allam, M.M., 1978, DTM application in topographic 
mapping: Photogrammetric Engineering and Remote 
Sensing, v. 44, no. 12, p. 1513-1520. [the Gestalt 
Photomapper for DEM production]

Alien, J.R., 1975, Polynomial regression of beach 
profiles: The Professional Geographer, v. 27, no. 2, p. 
189-193.

Alien, T.R., 1998, Topographic context of glaciers and 
perennial snowfields, Glacier National Park, Montana: 
Geomorphology, v. 21, nos. 3-4, p. 207-216.

R.J.Pike / USGS OF 99-140

1 0



Alien, William, and Woods, Samuel, 1817, Barometrical 
measurements: Transactions of the Geological 
Society of London, v. 4, part II, article 29, p. 434-437. 
[paper read Nov. 19, 1812; instr. & calc. after Henry 
Englefield (Nicholson's Jour., v. 14); Mt. Snowdon: 
3596' (3560' by modern meas.); others]

Allison, R.J., and Davies, K.C., 1996, Ploughing blocks 
as evidence of down-slope sediment transport in the 
English Lake District: Zeitschrift fur Geomorphologie, 
Supplementband 106, p. 199-219.

Allison, R.J., and Higgitt, 1998, Slope form and 
associations with ground boulder cover in arid 
environments, northeast Jordan: Catena, v. 33, no. 1, 
p. 47-74. [slope-profile analysis via length/height 
integral (ER, elev skew?)]

Allmaras, R.R., Burwell, R.E., Larson, W.E., Holt, R.F., 
and Nelson, W.W., 1966, Total porosity and random 
roughness of the interrow zone as influenced by 
tillage: U.S. Department of Agriculture, Conservation 
Research Report 7, 21 p.

Amlien, Jostein, 1997, Cartographic generalization of 
topographic maps examples from Svalbard: Norsk 
geogr. Tidsskr. (Norwegian J. of Geography), v. 51, 
no. 1, p. 71-80.

Andrle, Robert, 1997, Misuse of R^ values from linear 
regression in fractal analysis: Physical Geography, v. 
18, no. 6, p. 559-567. [do residual analysis or other 
tests for linearity]

Aniya, Masamu, and Welch, Roy, 1981, Morphometric 
analyses of Antarctic cirques from photogrammetric 
measurements: Geografiska Annaler, v. 63 A, no. 1- 
2, p. 41-53.

Arai, Tadashi, 1997, Characteristics of basin 
morphology of lakes in Japan: Japan Journal of 
Limnology, v. 58, p. 231-240. [area-depth curves 
compared]

Armbrust, D.V., Chepil, W.S., and Siddoway, F.H., 
1964, Effects of ridges on erosion of soil by wind: Soil 
Science Society of America, Proceedings, v. 28, no. 
4, p. 557-560.

Arrouays, Dominique, Daroussin, Joel, Kicin, J.L, and 
Hassika, Paulin, 1998, Improving topsoil carbon 
storage predictions using a digital elevation model in 
temperate forest soils of France: Soil Science, v. 163, 
no. 2, p. 103-108. [carbon decreases with 
increasing slope; curvature not signif.]; 100 m DEM

Aumen, W.C., 1970, A new map form numbers, in 
Frenzel, Konrad, ed., International Yearbook of 
Cartography: London, George Philip and Son, v. 10, 
p. 80-84. [DEM from U.S. Army 1:250,000-scale 
maps]

Avnir, David, Biham, Ofer, Lidar, Daniel, and Malcai, 
Ofer, 1998, Is the geometry of nature fractal?: 
Science, v, 279, no. 5347, p. 39-40. [see two 
comments (by B.B. Mandelbrot & Peter Pfeifer) & 
reply, same vol., no. 5352, p. 783 & 785-86; also 
comment by A.A. Tsonis & reply, no. 5357, p. 1614- 
1616]

Ayeni, O.O., 1976, Objective terrain description and 
classification for digital terrain models: International 
Congress for Photogrammetry, 13th, Helsinki, July 
11-23, Intl. Soc. Photogramm., presented typescript, 
9 p. [from abs. it looks good; was Proceedings vol. 
issued?]

B

Bagnold, R.A., 1941, The barchan dune, /nThe Physics 
of Blown Sand and Desert Dunes: London, Methuen & 
Co., p. 208-221. [max h < 30m; data on motion]

Bahr, D.B., 1997, Width and length scaling of glaciers: 
Journal of Glaciology, v. 43, no. 145, p. 557-562.

Baker, V.R., Komatsu, G., Parker, T.J., Gulick, V.C., 
Kargel, J.S., and Lewis, J.S., 1992, Channels and 
valleys on Venus Preliminary analysis of Magellan 
data: Journal of Geophysical Research, v. 97, no. E8, 
p. 13,421-13,444. [morphometry of meanders & 
islands from SAR images]

Bakker, J.P., and Le Heux, J.W.N., 1946, Projective- 
geometric treatment of O. Lehmann's theory of the 
transformation of steep mountainslopes: Koninklijke 
Nederlandsche Akademie van Wettenschappen, 
Proceedings, v. 49, p. 533-547.

Bakker, J.P., and Le Heux, J.W.N., 1952, A remarkable 
new geomorphological law, I and II: Koninklijke 
Nederlandsche Akademie van Wettenschappen, 
Proceedings, v. 55 B, p. 399-410 and 554-571.

Bakker, J.P., and Strahler, A.N., 1956, Bibliography of 
quantitative investigations of slopes, in Congress of 
the International Geographical Union, Rio de Janeiro, 
Premier Rapport de la Commission pour PEtude des 
Versants: Amsterdam, p. 33-41.

Balchin, W.G.V., 1937, The erosion surfaces of North 
Cornwall: Geographical Journal, v. 90. no. 1, p. 52-63. 
[altimetric freq.]

Balchin, W.G.V., 1952, The evidence for late Tertiary 
eustatic changes of sea level in western Europe, in 
General Assembly 8th and International Congress 
17th, Washington, D.C., August 8-15, International 
Geographical Union: Proceedings, p. 296-300. 
[altimetric freq.]

R.J.Pike / USGS OF 99-140

1 1



Baldwin, Jonathan, Fisher, Peter, Wood, Joseph, and 
Langford, Mitchel, 1996, Modelling environmental 
cognition of the view with GIS: International 
Conference on Integrating GIS and Environmental 
Modeling, 3rd, January 21-25, Santa Fe NM, National 
Center for Geographic Information and Analysis, 
Proceedings, NCGIA CD-ROM and 
<http://severn.geog.le.ac.uk/wo/research/dem_char/ 
santafe/index.htmlx

Bamber, J.L., and Huybrechts, Philippe, 1996, 
Geometric boundary conditions for modelling the 
velocity field of the Antarctic ice sheet: Annals of 
Glaciology, v. 23, p. 364-373.

Band, L.E., 1984, Extraction of topographic networks 
from digital elevation data (presentation only): 
International Symposium on Remote Sensing of 
Environment 18th, Paris, October 1-5. [early work]

Barnes, H.H., Jr., 1967, Roughness characteristics of 
natural channels: U.S. Geological Survey, Water- 
supply Paper 1849, 213 p. [Manning n (0.024- 
0.079), x-sect., & color pix for 50]

Barnouin-Jha, O.S., and Schultz, P.M., 1998, 
Lobateness of impact ejecta deposits from 
atmospheric interactions: Journal of Geophysical 
Research, v. 103, no. E11, p. 25,739-25,756. 
[Venus & Mars; no. of lobes > w/ transient crater size 
to the 3/4 power]

Barredo Cano, Jose Ignacio, and Bosque-Sendra, 
Joaqum, 1996, Delimitacion de unidades homogeneas 
del relieve a partir de un modelo digital de elevaciones 
(in Spanish; Delimitation of homogeneous relief units 
from a digital elevation model): Estudios geograficos 
(Madrid), v. 57, no. 225 (Octubre-Diciembre), p. 615- 
643.

Barrio, del, G., and Boer, M., 1996, Una aproximacion 
jerarquica a la cartograf fa del espesor del suelo en 
ambientes semiaridos (in Spanish with English 
abstract), in Grandal d' Anglade, A., and Pages 
Valcarlos, J., eds., IV Renunion de Geomorfologia: 
Cadernos do Laboratorio Xeol6xico de Laxe, v. 21, 
Universidade da Coruna, Spain, p. 177-190.

Barzini, G.N., and Ball, R.C., 1993, Landscape 
evolution in flood A mathematical model: Journal of 
Physics A, Math. & General, v. 26, no. 23, p. 6777- 
6787.

Bates, P.O., Anderson, M.G., and Horritt, M., 1998, 
Terrain information in geomorphological models  
stability, resolution and sensitivity, Chapter 13 in 
Lane, S.N., Richards, K.S., and Chandler, J.H., eds., 
Landform Monitoring, Modelling and Analysis: New 
York, Chichester UK, John Wiley, p. 279-309.

Bauer, Berthold, 1980, Drainage density An 
integrative measure of the dynamics and the quality 
of watersheds: Zeitschrift fur Geomorphologie, v. 24, 
no. 3, p. 261-272. [L/A by a new (quick) contour- 
crenulation method]

Baulig, Henri, 1935, The Changing Sea-Level: Institute 
of British Geographers, Publication No. 3, paging 
unknown, [altimetric frequency]

Baulig, Henri, 1939, Deux methodes d'analyse 
morphologique appliquees a la haute Belgique (in 
French): Bull. Soc. Beige d'Etudes Geogr., v. 9, p. 
165-184.

Baulig, Henri, 1957, Les methodes de la 
geomorphologie, d'apres M. Pierre Birot (in French): 
Ann. de Geogr., v. 66, p. 97-124, & 211-236.

Baveye, Philippe, and Boast. C.W., 1998, Concepts of 
"fractals" in soil science demixing apples and 
oranges: Journal of the Soil Science Society of 
America, v. 62, no. 5, p. 1469-1470. [distinguishes 2 
disparate 'fractal' concepts in soil science & 
elsewhere]

Beadnell, H.J.L., 1910, The sand-dunes of the Libyan 
desert: Geographical Journal, v. 35, p. 379-395. 
[early plans, profiles, measurements, photos, 
migration rates]

Beauvais, A.A., and Montgomery, D.R., 1997, Are 
channel networks statistically self-similar?: Geology, 
v. 25, no. 12, p. 1063-1066. [they say "no"]

Becker, T.W., and Braun, Alexander, 1998, New 
program maps geoscience data sets interactively: 
Eos, Transactions American Geophysical Union, v. 
79. no. 42, p. 505 & 508. ['iGMT', a graphical 
interface for GMT]

Beer, Wilhelm, and Madler, J.H., 1837, Der Mond (in 
German): Berlin, Simon Schropp, paging unknown. 
["Madlei^s Rule"; 148 crater-diameter measurements 
& 830 heights; important detailed map published in 
1834]

Behrens, S.E., 1953a, Morfometriska, morfogenetiska 
och tektoniska studier av de nord-vastskanska 
urbergsasarna, sarskilt Kullaberg (in Swedish): Royal 
University of Lund, Meddelanden fran Lunds 
Universitets Geografiska Institution, Avhandlingar 
24, 255 p. + one vol. of maps.

Behrens, S.E., 1953b, Morphometrische, 
morphogenetische und tektonische Studien der 
nordwest-schonischen Urgebirgsrucken, mit 
besonderer Berucksichtigung von Kullaberg (in 
German;... studies of the Great NW ... Mts., with 
special ref. to Kullaberg): Royal University of Lund,

R.J.Pike / USGS OF 99-140

1 2



Sweden, Lund Studies in Geography, Ser. A, No. 5, 
34 p. + maps.

Beketsky, S.P., 1998, Thickness distribution of 
consolidation hummock layer offshore Sakhalin, in 
Shen, H.T., ed., Ice in Surface Waters, proc. Int'l. 
Symposium on Ice 14th, Potsdam, NY, July 27-31, v. 
1: Rotterdam, Balkema, p. 357-359. [mean & 
asymmetry of distr. > w/ time]

Bennett, J.M., and Mattsson, Lars, 1989, Introduction 
to Surface Roughness and Scattering: Washington, 
D.C., Optical Society of America, paging unknown, 
[source of info for Windt's surface char, software]

Benson, M.A., 1962, Topographic characteristics, p. B- 
22 to B-31 in Factors influencing the occurrence of 
floods in a humid region of diverse terrain: U.S. 
Geological Survey, Water-supply paper 1580-B, 64 p.

Bergqvist, E.S., 1972, The relief of some drainage 
basins in Sweden Measurements and graphical 
representation: Acta Geogr. Debrecina, Ser. Geogr. 
Geol. Meteorol., v. 10, p. 173-179.

Bernardel, G., Morse, M.P., Carroll, D., and Race, G., 
1996, GEODATA 9 SECOND DEM: Canberra, 
Australian Surveying and Land Information Group, 
CD-ROM.

Berry, J.K., Buckley, D.J., and Ulbricht, Craig, 1998, 
Visualize realistic landscapes: GIS World, v. 11, no. 
8, August, p. 42-47. [emph. forestry; 3-D software 
pkgs.]

Berry, M.V., 1979, "Diffractals": Journal of Physics, v. 
A12, p. 781-797.

Beven, Keith, 1997, TOPMODEL A critique: 
Hydrological Processes, v. 11, no. 9, p. 1069-1085.

Beven, Keith, and Kirkby, M.J., eds., 1997, Special 
Issue TOPMODEL: Hydrological Processes, v. 11, 
no. 9, p. 1069-1356.

Beven, Keith, Lamb, R., Quinn, P., Romanowicz, and 
Freer, J., 1995, TOPMODEL, Ch. 18 in Singh, V.P., 
ed., Computer Models of Watershed Hydrology: 
Highlands Ranch, CO, Water Resources Publications, 
p. 627-668.

Bhandari, R.K., and Kotuwegoda, W.P.P.K., 1996, 
Consideration of landslide geometry and runout in a 
landslide inventory, in Senneset, Kaare, ed., 
Landslides, International Symposium, 7th, 
Trondheim, June 17-21, Proceedings: Rotterdam, 
Balkema, v. 3, p. 1859-1864.

Bhattacharya, Shobo, 1997, Review of "How Nature 
Works: The Science of Self-Organized Criticality" by 
Per Bak: Physics Today, v. 50, no. 12, p. 71-72. 
[critiques Bak as too advocative of SOC]

Bhushan, Bharat, 1997, Tribology and Mechanics of 
Magnetic Storage Devices (2nd ed.): Piscataway, NJ, 
IEEE, 1152 p. [nano-scale; incl. surface roughness, 
etc.]

Bhushan, Bharat, and Koinkar, V.N., 1995, Macro and 
microtribological studies of CrO2 video tapes: Wear, 
v. 180, nos. 1-2, p. 9-16. [use AFM and FFM, friction 
force micr.]

Bilyakov, S.K., and Masalin, I.M., 1990, 
Morfometricheskaya otsenka ovragov po dannym 
naturnykh izmereniy (in Russian with English 
summary; morphometric evaluation of gullies 
according to field measurement data): 
Geomorphologiya (Moscow), 1990, no. 4, p. 36-38.

Binder, Georg, 1851, Die Hohenverhaltnisse 
Siebenburgens (in German): Sitzungsberichte der 
mathematisch-naturwissenschaften Classe der 
kaiserlichen Akademie der Wissenschaften (Vienna), 
Abt. 1, v. 6, no. 5, p. 602-655. [orometry of some 
central European mountains]

Bindschadler, D.L., Schubert, Gerald, and Kaula, W.M., 
1992, Coldspots and hotspots Global tectonics and 
mantle dynamics of Venus: Journal of Geophysical 
Research, v. 97, no. E8, p. 13,495-13,532. [contour 
maps, profiles, & shaded relief from SAR images]

Bingner, R.L., Garbrecht, Jurgen, Arnold, J.G., and 
Srinivasan, 1997, Effect of watershed subdivision on 
simulation runoff and fine sediment yield: 
Transactions of the American Society of Agricultural 
Engineers, v. 40, no. 5, p. 1329-1335.

Bischetti, G.B., Gandolfi, C., and Whelan, M.J., 1998, 
The definition of stream channel head location using 
digital elevation data, in Kovar, K., Tappeiner, U., 
Peters, N.E., and Craig, R.G., eds., Conference on 
HeadWater '98, Meran/Merano, Italy, April 20-23, 
Proceedings: IAHS Publication no. 248, p. 545-552.

Bishop, G.C., and Chellis, S.E., 1990, A fractal 
description of ice keel small-scale surface 
roughness, in Ackley, S.F., and Weeks, W.F., eds., 
Sea Ice Properties and Processes: U.S. Army CRREL 
(Cold Regions Research and Engineering Laboratory) 
Monograph 90-1, p. 141 -145. [keel- & non-keel-like 
features not distinguishable (both 1.2<D<1.7)]

Bishop, M.P., Shroder, J.F. Jr., Hickman, B.L., and 
Copland, Luke, 1998, Scale-dependent analysis of 
satellite imagery for characterization of glacier 
surfaces in the Karakoram Himalaya: 
Geomorphology, v. 21, nos. 3-4, p. 217-232. 
[semivariogram & fractal analysis of 6 diff. terrains on 
SPOT images]

R.J.Pike / USGS OF 99-140

1 3



Blanchard, R., 1919, Altitudes moyennes des regions 
naturelles des Alpes Francaises: Trav. de L'lnst. de 
Geogr. Alpine de L'Univ. de Grenoble, p. 245-308.

Blaszczynski, J.S., 1993, HTAS hydrologic terrain 
analysis software user's manual: U.S. Bureau of Land 
Management, BLM Publication No. BLM/SC/ST- 
94/007+7000, paging unknown.

Blaszczynski, J.S., 1997, Landform characterization 
with geographic information systems: 
Photogrammetric Engineering and Remote Sensing, 
v. 63, no. 2, p. 183-191.

Bleakly, D.R., and Thomas, R.P., 1992, Comparison of 
four procedures for estimating basin and sub-basin 
slopes based on a geographic informsation system, in 
1992 ASPRS-ACSM annual convention, Albuquerque, 
New Mexico, ACSM Technical Papers, v. 2, p. 19-28.

Blondel, Philippe, and Parson, L.M., 1997, Quantitative 
characterization of geological processes using 
sidescan sonar imagery (abs.): Fall Meeting 
Supplement to Eos, Transactions of the American 
Geophysical Union, v. 78, no. 46, p. F350.

Bloschl, Gunter, and Sivapalan, Murugesu, 1995, Scale 
issues in hydrological modelling A review, in Kalma, 
J.D., and Sivapalan, Murugesu, eds., Scale Issues in 
Hydrological Modelling: New York, John Wiley, p. 9- 
48. [inventory & prospect]

Boelhouwers, J, Duiker, J.M.C., and van Duffelen, E.A., 
1998, Spatial, morphological and sedimentological 
aspects of recent debris flows in Du Toit's Kloof, 
Western Cape: South African Journal of Geology, v. 
101, no. 1, p. 73-89. [morphometry, but paramaters 
too variable to be helpful]

Bogdanoff, J.L., (and others), 1966, Atlas of off-road 
ground roughness P.S.D.'s and report on data 
acquisition technique: Warren, Michigan, Land 
Locomotion Laboratory, U.S. Army Tank-Automotive 
Center, ATAC Rept. No. 9387 (LL 109), paging 
unknown.

Bonnet, Stephan, 1998, Tectonique et dynamique du 
relief Le socle armoricain au Pleistocene (in French 
with English abstract): Ph.D. thesis, Memoire de 
Geosciences - Rennes, No. 86, 352 p. [250-m DEM 
of Brittany; hypso. curve, alt. freq., etc.]

Bonnet, St6phan, Guillocheau, Frangois, and Brun, 
J.P., 1997, Quantification and characterization of 
bedrock incision in slow uplift rate regions (abs.): Fall 
Meeting Supplement to Eos, Transactions of the 
American Geophysical Union, v. 78, no. 46, p. F298.

Bookstein, F.L, 1995, The morphometric synthesis for 
landmarks and edge-elements in images: Terra Nova,

v. 7, no. 4, p. 393-407. 
morphometry]

[biological landmark

Boring, L.R., and Haff, P.K., 1997, Landscape evolution 
using digital elevation models of the Cima Dome area, 
Mojave Desert, California (abs.): Fall Meeting 
Supplement to Eos, Transactions of the American 
Geophysical Union, v. 78, no. 46, p. F288-289.

Bothe, Ferdinand, 1864a, Uber die Beziehungen 
zwischen Flacheninhalt und Grenzlange der Lander 
(On the relation between surface area and perimeter 
of a territory, in German): Petermanns Geogr. 
Mitteilungen, v. 9, no. 11, p. 406-407. [early 
planimetric morphometry]

Bothe, Ferdinand, 1864b, Flacheninhalt und 
Grenzlange. Einer Erwiderung auf erhobene 
Bedenken (Surface area and perimeter. A response to 
considerations raised, in German): Petermanns 
Geogr. Mitteilungen, v. 10, no. 6, p. 232. [the 
area:perimeter problem]

Bowen, A.J., and Mortensen, N.G., 1996, Exploring the 
limits of WAS P, the Wind Atlas Analysis and 
Application Program: European Union Wind Energy 
Conference, Goteborg, Sweden, 20-24 May, 
Proceedings, p. 584-587. [WASP; orographic 
indicator: area > slope causing wind-flow separation]

Bowen, D.K., and Wormington, M., 1994, Measurement 
of surface roughnesses and topography at nanometre 
levels by diffuse X-ray scattering: Annals of the CIRP 
(College International pour la Recherche dans la 
Production Mechanique), v. 43, no. 1, p. 497-500.

Brabb, E.E., Guzzetti, Fausto, Mark, Robert, and 
Simpson, R.W. Jr., 1989, The extent of landsliding in 
northern New Mexico and similar semi-arid regions, in 
Dasler, P.M., and Morton, D.M., eds., Landslides in a 
Semi-Arid Environment: Los Angeles, CA, 
Publications of the Inland Geological Society, v. 2, p. 
163-173. [slope from old Army DEM good predictor 
of landslide presence/absence]

Braile, L.W., 1978, Comparison of four random to grid 
methods: Computers and Geosciences, v. 4, no. 4, p. 
341-349.

Brassel, Kurt, 1973, Modelle und Versuche zum 
automatischen Schraglichtsschattierung (in German; 
Models and trials of automated slope shading): 
Klosters, Switz., Univ. Zurich, Geography 
Department, unpublished Ph.D. dissertation, paging 
unknown.

Bremner, J.M., and LeBlond, 1974, On the planimetric 
shape of Wreck Bay, Vancouver Island: Journal of 
Sedimentary Petrology, v. 44, no. 4, p. 1155-1165. 
[NW part fits logarithmic spiral]

R.J.Pike / USGS OF 99-140
1 4



Brenner, A.C., Bindschadler, R.A., Thomas, R.H., and 
Zwally, H.J., 1983, Slope-induced errors in radar 
altimetry over continental ice sheets: Journal of 
Geophysical Research, v. 88, no. C3, p. 1617-1623. 
[SEASAT-1]

Brisset, Laurence, and Remy, Frederique, 1996, 
Antarctic topography and kilometre-scale roughness 
derived from ERS-1 altimetry: Annals of Glaciology, v. 
23, p. 374-381.

Brockhaus, K., and Joksch, H.C., 1960, Bestimmung 
der hypsometrischen Kurve des Mondes aus 
Beobachtungen von J. Franz (in German with English 
abstract): Zeitschrift fur Geophysik, v. 26, no. 1, p. 9- 
23.

Brown, C.A., Johnsen, W.A., and Butland, R.M., 1996, 
Scale-sensitive fractal analysis of turned surfaces: 
Annals of the CIRP (College International pour la 
Recherche dans la Production Mechanique), v. 45, 
no. 1, p. 515ff.

Brown, D.G., Lusch, D.P., and Duda, K.A., 1998, 
Supervised classification of glaciated landscapes 
using digital elevation data: Geomorphology, v. 21, 
no. 1, p. 233-250. [5-param. geometric signature for 
6 landform types]

Brozovic, Nicholas, Burbank, D.W., and Meigs, A.J., 
1997, Climatic limits on landscape development in the 
northwestern Himalaya: Science, v. 276, no. 5312, p. 
571-574.

Brune, Harald, Giovanni, Marcella, Broman, Karsten, 
and Kern, Klaus, 1998, Self-organized growth of 
nanostructure arrays on strain-relief patterns: Nature, 
v. 394, no. 6692, p. 451-453. [both periodic and 
random patterns]

Bruning, Kurt, 1927, Die Reliefenergie des Harzes (in 
German): Jahrbuch Geogr. Gesell. zu Hannover, p. 
44-50.

Brunori, F., Casagli, N., Fiaschi, S., Garzonio, C.A., and 
Moretti, S., 1996, Landslide hazard mapping in 
Tuscany, Italy An example of automatic evaluation, 
in Slaymaker, Olav, ed., Geomorphic Hazards: 
Chichester, UK, New York, Wiley & Sons, p. 56-67. 
[quant, combo of lithology, slope, land use to get 
susceptibility map]

Buache, Philippe, 1756, Carte physique et profil du 
canal de la Manche et d'une partie de la Mer du Nord 
(Physical map and profile of the (English) Channel; in 
French), in Essai de geographic physique: Memoires 
de Mathematique et de Physique de I'Academie 
Royale des Sciences, 1752, Paris (p. 399-416), plate 
XIV. [presented to Academy in 1737; 10-fa. 
isobaths; most influential of 4 known earliest maps

with true depth contours; other 3: P. Bruinsz, 1584, P. 
Ancellin, 1697, N.C. Cruquius, 1729]

Buck, W.R., and Poliakov, A.N.B., 1998, Abyssal hills 
formed by stretching oceanic lithosphere: Nature, v. 
392, no. 6673, p. 272-275. [hints at self-organized 
criticality?]

Budney, C.J., and Lucey, P.G., 1998, Basalt thickness 
in Mare Humorum The crater excavation method: 
Journal of Geophysical Research, v. 103, no. E7, p. 
16,855-16,870. [new data agree with lowest prior 
estimates]

Bunge, William, 1966, Appendix to Theoretical 
Geography: Lund, Sweden, C.W.K. Gleerup, Lund 
Studies in Geography, Series C, General and 
Mathematical Geography no. 6, p. 203-285. 
[incorporated in 2nd ed., 1966]

Burchell, M.J., and Mackay, N.G., 1998, Crater 
ellipticity in hypervelocity impacts on metals: Journal 
of Geophysical Research, v. 103, no. E10, p. 22,761- 
22,774. [cosine theta dep. of cr length, width, depth; 
similar results for non-spherical impactors]

Burckhardt, G., 1934, Karte der Reliefenergie, in Drei 
Karten der Easier Dreistaatenecke (in German): Der 
Schweizer Geograph, v. 11, p. 81 -92. [relative relief 
shown by metric stippling]

Burns, J.R., 1965, Quantitative terrain analysis, the 
genetic correlative: U.S. Department of the Army, 
unpublished report, 100 p. [miscellaneous paper no. 
MP 206 in Leith, 1997]

Butler, D.L, Blunt, R.F., O'Connor, R.F., and Stout, 
K.J., 1997, The characterisation of cylinder liner bore 
polishing with 3-dimensional functional indices, in 
Rosen, B.-G., and Crafoord, R.J., eds., International 
Conference on Metrology and Properties of 
Engineering Surfaces, 7th: Goteborg, Sweden, 
Chalmers University of Technology, April 2-4, 
Proceedings, v. 2, p. 517-529. [inverse of one graph 
= another]

Butler, J.B., Lane, S.N., and Chandler, J.H., 1998, 
Assessment of DEM quality for characterizing 
surface roughness using close range digital 
photogrammetry: Protogrammetric Record, v. 16, no. 
92, p. 271 -291. [detailed tech.; 3mm DEM spacing 
on fluvial gravel bed micro-topo.]

Calvache, M.L., Viseras, Cesar, and Fernandez, Juan, 
1997, Controls on fan development Evidence from 
fan morphometry and sedimentology; Sierra Nevada, 
SE Spain: Geomorphology, v. 21, no. 1, p. 69-84.

Calzolari, Costanza, and Ungaro, Fabrizio, 1998, 
Geomorphic features of a badland (biancane) area

R.J.Pike / USGS OF 99-140

1 5



(Central Italy) Characterization, distribution and 
quantitative spatial analysis: Catena, v. 31, no. 4, p. 
237-256. [variogram & other analysis

Campbell, I.A., 1970, Micro-relief measurements on 
unvegetated shale slopes: The Professional 
Geographer, v. 22, no. 4, p. 215-220. [crude early 
OEMs (5x5, 25-cm spacing), contoured by computer 
at 0.5 cm]

Campbell, R.H., and Bernknopf, R.L, 1997, Debris-flow 
hazard map units from gridded probabilities, in Chen, 
C.-L, ed., International conference, Debris-flow 
Hazards Mitigation Mechanics, Prediction, and 
Assessment, San Francisco, August 7-9, 
Proceedings: New York, American Society of Civil 
Engineers, p. 165-175.

Campbell, R.H., Bernknopf, R.L, and Seller, D.R., 1998, 
Mapping time-dependent changes in soil slip-debris 
flow probability: U.S. Geological Survey, 
Miscellaneous Investigations Map I-2586, 16 p. plus 
map. [probabilistic debris-flow model for NW 1/4 of 
Oakland E. quad]

Carla', R., and Carrara, Alberto, 1986, MDIP procedura 
per la generazione di un modello digitale del terreno a 
maglia (in Italian): Florence, Italy, Rapporto Brevetto, 
CNR, Firenze, 22 p.

Carneiro, K., Jensen, C.P., Jorgensen, J.F., and 
Garnoes, J., 1995, Roughness parameters of 
surfaces by atomic force microscopy: Annals of the 
CIRP (College International pour la Recherche dans la 
Production Mechanique), v. 44, no. 1, p. 517-522.

Carrara, Alberto, Cardinali, Mauro, Guzzetti, Fausto, 
and Reichenbach, Paola, 1995, GIS technology in 
mapping landslide hazard, in Carrara, A., and 
Guzzetti, F., eds., International workshop, 
Geographical Information Systems in Assessing 
Natural Hazards, Perugia, September 20-22,1993, 
Proceedings: Dordrecht, Kluwer, p. 135-175. [good 
biblio.]

Carroll, D., ed., 1994, GEODATA TOPO-250K Data User 
Guide, Version 1 Data, Edition 2: Canberra, Australian 
Surveying and Land Information Group, paging 
unknown.

Carroll, D., ed., 1996, GEODATA 9 SECOND DEM User 
Guide: Canberra, Australian Surveying and Land 
Information Group, paging unknown, [see Bernardel, 
1996, GEODATA 9 SECOND DEM CD-ROM]

Carson, M.A., and LaPointe, M.F., 1983, The inherent 
asymmetry of river meander planform: Journal of 
Geology, v. 91, no. 1, p. 41-55.

Cederstrand, J.R., and Rea, Alan, 1996, Watershed 
boundaries and digital elevation model of Oklahoma 
derived from 1:100,000-scale digital topographic

maps, in Hallam, C.A. and three others, Symposium 
on GIS and Water Resources, September 22-26, Fort 
Lauderdale, FL, American Water Resources 
Association: Proceedings, p. 367-372.

Chandra, Prakash, 1996, Delineation of landslide-prone 
zones based on geological analysis of landslide 
inventories in a part of NW-Himalaya, India, in 
Senneset, Kaare, ed., Landslides, International 
Symposium, 7th, Trondheim, June 17-21, 
Proceedings: Rotterdam, Balkema, v. 3, p. 1865- 
1870.

Chang, Y.-C., Song, G.-S., and Hsu, S.-K., 1998, 
Automatic extraction of ridge and valley axes using 
the profile recognition and polygon-breaking 
algorithm: Computers and Geosciences, v. 24, no.1, 
p. 83-93. ["new concept", but does not integrate 
axes to get drainage net]

Chappell, Adrian, 1996, Modelling the spatial variation of 
processes in the redistribution of soil digital terrain

models and 137Cs in southwest Niger: 
Geomorphology, v. 17, nos. 1-3, p. 249-261.

Charlesworth, J.K., 1939, Drumlins, p. 260-267 in Some 
observations on the glaciation of north-east Ireland: 
Proceedings of the Royal Irish Academy, v. 45, no. 
11, p. 255-295. [among earliest drumlin 
morphometry]

Chavanne, Josef, 1881, Die mittlere Hohe Afrikas (in 
German): Mitteilunger d. K. K. Geogr. Ges. Wien, p. 
340-377. [one of the issues of the day]

Chepil, W.S. and Milne, R.A., 1941, Wind erosion of soil 
in relation to roughness of surface: Soil Science, v. 
52, no. 6, p. 417-433.

Chervyakov, V.A., 1984, The concept of the field as 
applied to morphometric maps (in Russian): 
Geomorfologiya, no. 2, paging unknown, [the 
random-field approach?]

Chevallier, J.-M., 1952, Analyse harmonique du relief 
terrestre, essai d'interpretation m6canique (in 
French): Revue de Geomorphologie Dynamique, v. 3, 
no. 5, p. 219-243. [1st-ever Fourier analysis of 
topography; mega-geomoph./geodynam. interp. 
obsolete]

Chorley, R.J., 1958, Aspects of the morphometry of a 
"poly-cyclic" drainage basin: Geographical Journal 
(UK), v. 124, p. 370-374.

Chorley, R.J., and Morgan, M.A, 1962, Comparison of 
morphometric features, Unaka Mountains, Tennessee 
and North Carolina, and Dartmoor, England: Bulletin of 
the Geological Society of America, v. 73, no. 1, p. 17- 
34.

R.J.Pike / USGS OF 99-140

1 6



Christeson, G.L, Nakamura, Y., and Buffer, R.T., 1997, 
Structure of the Chicxulub crater from wide-angle 
OBS data evidence for a multi-ring impact basin? 
(abs.): Fall Meeting Supplement to Eos, Transactions 
of the American Geophysical Union, v. 78, no. 46, p. 
F399.

Cialella, AT., Dubayah, Ralph, Lawrence, W., and 
Levine, E., 1997, Predicting soil drainage class using 
remotely sensed and digital elevation data: 
Photogrammetric Engineering and Remote Sensing, 
v. 63, no. 2, p. 171-178.

Ciccacci, Sirio, Del Monte, Maurizio, Fredi, Paola, and 
Palmieri, E.L, 1995, Plano-altimetric configuration, 
denudational processes and morphodynamics of 
drainage basins: Geologica Romana, v. 31, p. 1-13.

Cignoni, P., Puppo, E., and Scopigno, R., 1995, 
Representation and visualization of terrain surfaces 
at variable resolution, in Scateni, R., ed., 
International symposium, Scientific Visualization'95, 
Proceedings: World Scientific, p. 50-68. [also, in 
press, 1997, The Visual Computer, v. 13]

Claps, Pierluigi, Florentine, Mauro, and Oliveto, 
Giuseppe, 1996, Informational entropy of fractal river 
networks: Journal of Hydrology, v. 187, nos. 1-2, p. 
145-156.

Clarke, J.I., 1968, Altimetric frequency curve, in 
Fairbridge, R.W., ed., The Encyclopedia of 
Geomorphology: New York, Reinhold Book Co., p. 11- 
14.

Clarke, K.C., Hoppen, Stacy, and Gaydos, L.J., 1996, 
Methods and techniques for rigorous calibration of a 
cellular automaton of urban growth: International 
Conference on Integrating GIS and Environmental 
Modeling, 3rd, January 21-25, Santa Fe NM, National 
Center for Geographic Information and Analysis, 
Proceedings (NCGIA CD-ROM and 
<http://ncgia.ncgia.ucsb.edu/conf/SANTA_FE_CD- 
ROM/sf_papers/clarke_keith/clarkeetal.html>.

Clayton, Keith, and Shamoon, Nadhim, 1998a, A new 
approach to the relief of Great Britain I. The machine- 
readable database: Geomorphology, v. 25, nos. 1 -2, 
p. 31-42. [240,510 max & min elevs on km-sq grid 
from 1:25K maps, manually (!); also distance from 
sea; some alt. analysis]

Clayton, Keith, and Shamoon, Nadhim, 1998b, A new 
approach to the relief of Great Britain II. A 
classification of rocks based on relative resistance to 
denudation: Geomorphology, v. 25, nos. 13-4, p. 155- 
171. [71 rock types; relief = age, lithology (& 
resistance to ersosion), & distance from sea]

Clerc, Capt., 1819, Expos6 de la method de lever et de 
niveler suivie par la brigade topographique du Depot

des Fortifications (in French): Inspection du Genie, 
MS. F° 253, paging unknown, [systematic large- 
scale contour mapping by theodolite rather than 
barometer]

Cogley, J.G., 1985, Hypsometry of the continents: 
Zeitschrift fur Geomorphologie, Supplementband 53, 
48 p.

Conesa-Garcia, Carmelo, Lopez-Bermudez, Francisco, 
and Romero-Diaz, M.A., 1996, Scale and 
morphometry interaction in the drainage network of 
badlands areas: Zeitschrift fur Geomorphologie, 
Supplementband 106, p. 107-124.

Connors, D.N., Levine, E.R., and Shell, R.R., 1990, A 
small-scale under-ice morphology study in the High 
Arctic, in Ackley, S.F., and Weeks, W.F., eds., Sea 
Ice Properties and Processes: U.S. Army CRREL 
(Cold Regions Research and Engineering Laboratory) 
Monograph 90-1, p. 145-151. [1-D & 2-D PSD fr. sub- 
sonar data on 1st & multi-year ice]

Cook, H.R., 1974, Numerical mapping: Commission V of 
the XIV Congress, International Federation of 
Surveyors, Washington, D.C., September 7-16, 1974, 
presentation, typescript with illustrations, ii + 23 p. 
[not known if formally published]

Cooke, R.U., 1970, Morphometric analysis of pediments 
and associated landforms in the western Mojave 
desert, California: American Journal of Science, v. 
269, no. 1, p. 26-38.

Coon, W.F., 1998, Estimation of roughness coefficients 
for natural stream channels with vegetated banks: 
U.S. Geological Survey, Water-supply Paper 2441, 
133 p. [cf. Barnes, 1967]

Copland, L., 1998, The use of terrain analysis in the 
evaluation of snow cover over an Alpine glacier, 
Chapter 17 in Lane, S.N., Richards, K.S., and 
Chandler, J.H., eds., Landform Monitoring, Modelling 
and Analysis: New York, Chichester UK, John Wiley, 
p. 385-404.

Costa-Cabral, M.C., and Surges, S.J., 1997, Sensitivity 
of channel network planform laws and the question of 
topologic randomness: Water Resources Research, 
v. 33, no. 9, p. 2179-2197. [helpful review]

Cox, N.J., 1977, Allometric change of landforms  
Discussion: Bulletin of the Geological Society of 
America, v. 88, no. 8, p. 1199-1200. [see Reply]

Cozzens, Arthur, 1940, An angle of slope scale: Journal 
of Geomorphology, v. 3, no. 1, p. 52-56.

Craddock, R.A., and Maxwell, T.A., 1997, Crater 
morphometry and modification in the Sinus Sabaeus 
and Margaritifer Sinus regions of Mars: Journal of

RJ.Pike/USGSOF99-140

1 7



Geophysical Research, v. 102, no. E6, p. 13,321- 
13,340.

Crave, A., and Davy, P., 1997, Scaling relationships of 
channel networks at large scales Examples from 
two large-magnitude watersheds in Brittany, France: 
Tectonophysics, v. 269, nos. 1-2, p. 91-111.

Cressy, G.B., 1938, The land forms of Chekiang, China: 
Annals of the American Association of Geographers, 
v. 28, no. 4, p. 259-276. [1:400,000-scale relative- 
relief map; 5 intervals]

Crittenden, C.V.V., 1939, A local relief treatment of 
surface features in the Southern Appalachian 
Mountains and the Blue Ridge Plateau: Papers of the 
Michigan Academy of Science Arts and Letters, v. 24 
(1938), Part III (Geography), p. 9-13. [combined 
Raisz & Henry & Smith; 5 relief bins on a 2.5' 
grid;125,000 USGS maps, then generalized]

Croley, T.E., 1980, A micro-hydrology computation 
ordering algorithm: Journal of Hydrology, v. 48, p. 
211-236.

Crowther, J., 1997, Surface roughness and the 
evolution of karren forms at Lluc, Serra de 
Tramuntana, Mallorca: Zeitschrift fur 
Geomorphologie, v. 41, no. 3, p. 393-407.

Crowther, J., 1998, New methodologies for investigating 
rillenkarren cross-sections A case study at Lluc, 
Mallorca: Earth Surface Processes and Landforms, v. 
23, no, 4, p. 333-344.

Csatho, B.M., Thomas, R.H., and Krabill, W.B., 1996, 
Mapping ice sheet topography with laser altimetry in 
Greenland, in Colbeck, S.C., ed., Glaciers, Ice 
Sheets and Volcanoes A tribute to Mark F. Meier: 
U.S. Army Cold Regions Research and Engineering 
Laboratory, Special Report 96-27, p. 19-25.

Cunningham, E.P., 1980, Single-parameter terrain 
classification for terrain following: Journal of Aircraft, 
v. 17, December, p. 909-914.

Currence, H.D. and Lovely, W.G., 1970, The analysis of 
soil surface roughness: Transactions of the American 
Society of Agricultural Engineers, v. 13, no. 6, p. 710- 
714.

Cuvier, Georges, and Brongniart, Alexandre, 1835, 
(discussion on problem of determining elevations by 
barometer), in Description geologique des environs de 
Paris (3rd ed., accompanying separate atlas): Paris, 
p. 597-607. [famous geologists vexed by tech. 
problems of the day]

Czirok, A., Somfai, E., and Vicsek, T., 1993, 
Experimental evidence for self-affine roughening in a 
micromodel of geomorphological evolution: Physical 
Review Letters, v. 71, no. 13, p. 2154-2157.

Czjzek, Johann, 1850, Trigonometrische 
Hohenmessungen in dem k.k. Kronlande Schlesien 
(Trig, height measurements in Silesia; in German): 
Jahrbuch der Kaiserlich-koniglichen geologischen 
Reichsanstalt (Vienna), v. 1, no. 1, p. 77-92. [242 
heights, from Austrian mil. survey Ob. Alois 
Hawliczeck; 5-p. intro.]

Czyzewski, J., 1925, Podzial Opola na podstawie 
wyokosci wzglednych (in Polish): Poklosie 
Geograficzne, Ksiaznica-Atlas, Lwow-Warszawa, p. 
1-14, 1:500,000 scale, [five-color rel.-relief map of 
Podolian plateau]

D

Da Ros, Diego, and Borga, Marco, 1997, Use of digital 
elevation model data for the derivation of the 
geomorphological instantaneous hydrograph: 
Hydrological Processes, v. 11, no. 1, p. 13-33.

Dacis, T.M., and Kontis, A.L., 1970, Spline interpolation 
algorithms for track-type survey data with application 
to the computation of mean gravity anomalies: 
Washington, D.C., U.S. Naval Oceanographic Office, 
Technical Report TR-226, 50 p. + 4 appendices of 
FORTRAN code, [cubic splines]

Dainville, Frangois de, 1958, De la profondeur a ('altitude 
(From depth to height; in French), in Mollat, M., Le 
Navire et Peconomie maritime du moyen age au XVIIIe 
siecle principalement en Mediterranee, Traveaux du 
Deuxieme Colloque international d'histoire maritime, 
May 17-18, 1957: Paris, Bibliotheque generate de 
I'Ecole practique des Hautes Etudes, Vie section 
(1959), p. 195-213. [reprinted 1962, in International 
Yearbook of Cartography, No. 2, p. 151-162. English 
translation 1970, in Surveying and Mapping, v. 30, no. 
3, p. 389-403.] [marine-applic. origins of spot 
heights & contour lines; important history]

Davis, C.H., Kluever, C.A., and Haines, B.J., 1998, 
Elevation change of the southern Greenland ice 
sheet: Science, v. 179, no. 5359, p. 2086-2088. 
[Geosat & Seasat altimeter data; also used slope 
from 10-km-res. DEM]

Davis, J.C., and McCullagh, M.J., eds., 1975, Display 
and Analysis of Spatial Data: NATO Advanced Study 
Institute on Display and Analysis of Spatial Data, 
Nottingham, England, 1973, Proceedings, London, 
John Wiley and Sons, 378 p.

Davis, N.R., and Wadhams, Peter, 1995, A statistical 
analysis of Arctic pressure ridge morphology: Journal 
of Geophysical Research, v. 100, no. C6, p. 10,915- 
10,925. [sum data fr var. locales; lognormal distr. 
better than neg. exponential]

Dawes, W.R., and Short, D.L., 1988, TOPOG" series 
topographic analysis and catchment drainage

R.J.Pike / USGS OF 99-140
1 8



modeling package. User manual VAX/VMS version: 
Canberra, Australian Center for Catchment 
Hydrology, CSIRO Division of Water Resources, 74 p.

De Chiffre, L, Christiansen, S., and Skade, S., 1994, 
Advantages and industrial applications of three- 
dimensional surface roughness analysis: Annals of 
the CIRP (College International pour la Recherche 
dans la Production Mechanique), v. 43, no. 1, p. 473- 
478.

De Floriani, Leila, and Magillo, P., 1996, Representing 
the visibility structure of a terrain through a nested 
horizon map: International Journal of Geographical 
Information Systems, v. 10, no. 5, p. 541-562.

De Floriani, Leila, and Magillo, P., 1997, Visibility 
computations on hierarchical triangulated terrain 
models: Geoinformatica, v. 1, no. 3, p. 219-250.

De Floriani, Leila, Marzano, P., and Puppo, E., 1994, 
Line-of-sight communication on terrain models: 
International Journal of Geographical Information 
Systems, v. 8, no. 4, p. 329-342.

De Floriani, Leila, Marzano, P., and Puppo, E., 1996, 
Multiresolution models for topographic surface 
description: The Visual Computer, v. 12, no. 7, p. 317- 
345.

De la Noe, Gaston, and De Margerie, Emmanuel, 1888, 
Les Formes du Terrain (in French): Paris, Service 
geographique de I'Armee, 205 p. [classic work on 
landform characteristics]

De Roo, A.P.J., 1998, Modelling runoff and sediment 
transport in catchments using GIS: Hydrologic 
Processes, v. 12, no. 6, p. 905-922.

De Santis, Angelo, 1997, A direct divider method for 
self-affine fractal profiles and surfaces: Geophysical 
Research Letters, v. 24, no. 16, p. 2099-2102.

De Sawal, Robert, 1996, Digital elevation data and GIS 
projects: International Conference on Integrating GIS 
and Environmental Modeling, 3rd, January 21-25, 
Santa Fe NM, National Center for Geographic 
Information and Analysis, Proceedings (NCGIA CD- 
ROM and
<http://ncgia.ncgia.ucsb. edu/conf/SANTA_FE_CD- 
ROM/sf_papers/desawal_robert/usgspost.html>.

De Smet, Roger, 1951, Principes 6lementaires de 
morphometrie (in French): Rev. Cercle des Sciences 
(Brussels), v. 1, no. 4, p. 13-16.

DeBruin, S., and Stein, A., 1998, Soil-landscape 
modelling using fuzzy omeans clustering of attribute 
data derived from a digital elevation model (DEM): 
Geoderma, v. 83, nos. 1-2, p. 17-33. [elev., slope, 
curv., stream power index, wetness index]

Deike, G.H. Ill, and White, W.B., 1969, Sinuosity in 
limestone solution conduits: American Journal of 
Science, v. 267, no. 2, p. 230-241.

Del Monte, Maurizio, 1996, Rapporti tra carratteristiche 
morfometrische e process! di denudazione nel bacino 
idrografico del Torrente Salandrella (Basilicata), (in 
Italian with English summary): Geologica Romana, v. 
32, p. 151-165. [correlates hypsometric curves with 
process]

Delcaillu, B., Deffontaines, B., Floissac, L., Angelier, J., 
Deramond, J., Souquet, P., Chu, H.T., and Lee, J.F., 
1998, Morphotectonic evidence from lateral 
propagation of an active frontal fold Pakuashan 
anticline, foothills of Taiwan: Geomorphology, v. 24, 
no. 4, p. 263-290. [DEM; stream freq., Strahler 
ordering vs. slope; hypsom. curves]

Demangeot, Jean, 1944, Sur la determination de 
I'altitude moyenne a partir de cartes topographiques 
en hachures (in French): Comptes Rendus de L'Acad. 
des Sciences, v. 218, p. 749-750.

Demangeot, Jean, 1965, Morphometrie des cirques 
glaciaires, in Geomorphologie des Abruzzes 
Adriatiques (in French), Paris, Centre de Recherches 
et Documentation Cartographiques et 
Geographiques, Memoires et Documents, Numero 
hors Serie, p. 260-263.

Demoulin, Alain, 1998, Testing the tectonic significance 
of some parameters of longitudinal river profiles The 
case of the Ardenne (Belgium, NW Europe): 
Geomorphology, v. 24, nos. 2-3, p. 189-208. [1:25K 
data; n=24, 12 var.; 4 river types rel. to tectonism]

Densmore, A.L., Ellis, M.A., and Anderson, R.S., 1998, 
Landsliding and the evolution of normal-fault-bounded 
mountains: Journal of Geophysical Research, v. 103, 
no. B7, p. 15,203-15,219. [1st grid-based quant 
landscape evolution model (LEM) to include tectonism 
& l.s. erosion]

DeRose, R.C., Gomez, Basil, Marden, Mike, and 
Trustrum, N.A., 1998, Gully erosion in Mangatu 
Forest, New Zealand, estimated from digital elevation 
models: Earth Surface Processes and Landforms, v. 
23, no. 11, p. 1045-1053. ['39, '58, & '92 OEMs; 
raises more process issues than settled]

Desmet, P.J.J., 1993, The use of digital elevation 
models in geomorphology: Tijdschrift voor Belg. Ver. 
Aardr. Studies (BEVAS), v. 62, no. 1, p. 47-66.

Desmet, P.J.J., 1997, Effects of interpolation errors on 
the analysis of OEMs: Earth Surface Processes and 
Landforms: v. 22, no. 6, p. 563-580.
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