
�������� ��	
�����

Spatial Analysis in Geomorphology (1): Present Directions, from Collection
to Processing

C. Gomez, T. Oguchi, I.S. Evans

PII: S0169-555X(15)00246-9
DOI: doi: 10.1016/j.geomorph.2015.04.026
Reference: GEOMOR 5198

To appear in: Geomorphology

Please cite this article as: Gomez, C., Oguchi, T., Evans, I.S., Spatial Analysis in
Geomorphology (1): Present Directions, from Collection to Processing, Geomorphology
(2015), doi: 10.1016/j.geomorph.2015.04.026

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

 

<dh>Editorial 

<t>Spatial Analysis in Geomorphology (1): Present Directions, from Collection to 

Processing 

 

C. Gomez; T. Oguchi; I.S. Evans 

 

Introduction 

 

Over the last decade, the sub-fields of geomorphometry and quantitative 

geomorphology have evolved rapidly, shadowing technical evolutions that have 

democratized the collection of “big-data” which is precise if not always accurate, and 

consequently the processing of the ever-increasing amount of data available has 

been modified. Some of the main advances in data acquisition come from the 

tandem technologies of laser scanning and photogrammetry.  Together with 

processing by GIS (Geographical Information Systems) these have propelled DSMs 

(Digital Surface Models) into even greater prominence and started to provide easily 

implemented solutions based on GUI (Graphical User Interfaces), which can be used 

by geomorphologists without too much distraction from their scientific objectives. 

 

Recognizing this evolution, this special issue reports research developed from some 

presentations at the IAG (International Association of Geomorphology) Congress in 

Paris in June 2013 at the ‘DEMs, GIS and Spatial Analysis’ session S26C, convened 

by T. Oguchi and C. Gomez. 

 

The present “Special Issue on GIS and Spatial Analysis” is the first of two (the 

second one to be published in late 2015 or 2016), and it presents advances both in 

the field of data acquisition and in data processing applied to geomorphology. The 

issue is constructed around three articles on data acquisition and three articles on 

data processing and application. The first three contributions express changes in the 

collection of topographic and landscape data, which has made a strong move 

towards non-contact methods, working from the landscape to the micro-feature scale. 

The second section, on data processing and geomorphologic applications, is 

invested with the same spirit of providing ‘tools for all geomorphologists’, with 
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comprehensive solutions that do not entail each scientist to “reinvent the wheel” each 

time DSM data need to be processed. This standardization of methodology and data 

processing is an essential question in Geomorphology.  

 

Data acquisition using laser and digital photogrammetry 

 

The first article (Hayakawa et al.) is concerned with an ALS (Airborne Laser 

Scanner) and TLS (Terrestrial Laser Scanner) survey of the valley of Aneyoshi in 

the Tohoku area, Japan, where the 2011 tsunami disaster struck. As the authors 

investigate the width variations of the valley, the position of the knickpoint and the 

position of allochthonous material on top of a minor notch on the valley wall, this 

work is a key example in showing the value of a large data set at the valley scale: 

the acquisition of small and “minor” variations at a very large scale and the 

possibility of exploiting such small changes spread across wide areas. Indeed 

only large data sets of high-resolution offer those opportunities.   

 

The second article (Gomez, et al.) presents another type of advance in data 

acquisition: how can we extract new data from existing archives, using new 

methods such as SfM. SfM is applied to historical aerial imagery archives to 

emphasize the potentialities of old (sometimes discarded) aerial photographs 

and how they can be used in combination with present-day imagery and DSM 

data, in order to work on diachronic evolution of the landscape. As the method 

relies on historic aerial photographs, the timeline of possibilities it offers is very 

short, at most the last hundred years. Therefore, the method has a particular 

appeal in areas that evolve rapidly, for instance in tectonically active and volcanic 

environments and landsliding zones, which the authors have investigated using 

different locations throughout Japan. As well as geomorphological evolution, the 

authors demonstrate the possibilities for vegetation development, and extract 

tree height from historical aerial photographs.  

 

The third article (Leon et al.) It is one of the first underwater, SfM-based 

investigation of its kind. Indeed, take SfM under water to study the 
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microtopography of the land surface along a 250 m long transect of the Heron 

coral reef (Great Barrier Reef, Australia). Using an amphibious camera, and 

control points on the reef, the authors extract morphometric parameters at 

different scales, from the centimeter to the meter scale. The authors relate the 

derived metrics (surface roughness and fractal dimensions) to the distribution of 

living coral assemblages and biotopes, and offer a precise map and imagery of 

the health of the coral reef. As they explain, it is a relatively low-cost method that 

offers a snapshot of the quality of a reef, which could easily be repeated in the 

future to monitor evolution of the area, but can also be applied easily on most 

reefs for a very low cost with little manpower. 

 

Data processing: from toolbox development to application 

 

This second section starts with a contribution (Roux et al.) that perfectly reflects 

the aims of the present issue: developing a standardized versatile tool usable by 

both managers and scientists. “FluvialCorridor” is a GIS toolbox operated within 

the ESRI ArcMap platform. It permits the extraction of a large set of riverscape 

features such as the stream network and valley bottoms, and aggregation of 

spatial features into homogeneous segments. Its application to the Drôme River 

(France) provides an example. This open-source toolbox is under constant 

evolution and consequently updates are freely available from the website 

http://umrevs-isig.fr. 

 

The fifth contribution (Byun and Bae Song) tackles another important issue 

when delineating stream longitudinal profiles (SLP) from DEMs: how to deal with 

accumulation zones and how then to draw an accurate streamline. This question 

is a recurrent issue with data sets created by TLS, LiDAR and high-resolution 

digital photogrammetry. . The proposed SLP extraction algorithm (named MDTA: 

Maximum Depth Tracing Algorithm) differs from most existing methods as it does 

not require filling of depressions. The authors explain that the depressions are 

not always artefacts of the DEMs, and that their filling introduces bias in the 

modified DEM. MDTA identifies depressions and when it connects with the SLP, 

the algorithm changes each flow direction that could be trapped in a depression 
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by reconnecting it to the network. Using this connected SLP, the algorithm can 

calculate flow accumulation without disruption across the unfilled DEM. After 

testing their algorithm, the authors compare the results with manual and standard 

methods from ArcGIS™ using the ‘hydrologic function’. The comparison shows 

higher reliability of the MTDA algorithm compared with the ‘hydrologic function’ to 

delineate SLPs.  

 

The final contribution, by Conoscenti et al., analyses susceptibility to earth-flow 

occurrence by using GIS and a double statistical approach: Logistic Regression 

(LR) and Multivariate Adaptive Regression Splines (MARS). The goal of this 

double approach is to compare the already-tried LR method for landslides to 

MARS, which has not been used for earth-flow susceptibility models before. The 

authors work from 1376 earth flows, over a 51 km2 basin, and with a series of 

geomorphometric parameters they reconstruct the pre-earthflow characteristics 

of slopes and test their susceptibility to movement using both the statistical 

approaches. As the approach works from a ‘pseudo-original’ dataset, it 

consequently improves the significance of the geomorphic data used in the 

prediction models. 

 

Conclusion 

 

As the development of short-term contracts and three-year PhDs has been growing 

worldwide, the pressure to publish and to use state-of-the-art equipment and tools 

has too often taken priority over reflection to develop new paradigms and research 

questions. The editors hope that the present special issue makes a statement about 

what the technical advances are and how they can be democratized enough, so that 

all “non-specialist” geomorphologists can use these solutions, cost-effectively and 

democratically.  

 

This first set of papers on ‘Spatial Analysis and GIS in Geomorphology’ introduces 

some of the fundamental challenges and directions the field has been taking over the 

last few years. It will be completed by a further special issue that will present 

examples of the potentials of Spatial Analysis and GIS, using for instance Graph 
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Theory. It will also present results from geomorphologists coming from areas that 

traditionally are not economically privileged, but which, thanks to the democratization 

of geospatial technologies, can now engage in formerly “funding-hungry” 

technologies. 
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