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Figure 8: Aerial photo taken in 1947 in the aftermath of the Montalban debris flow event ( Ingeomin, 2006)

sult from the usage of a H/L ratio of 0,19
equivalent to overall slope 11°, originally
calculated for the Swiss Alps region in
Europe. Another source of discrepan-
cies lies in DEM model dependency. The
MSFM uses the steepest descent path ap-
proach (Single Flow Algorithm) and the
H/L ratio to calculate the direction and
the outreach of debris flows. Both calcu-
lations imply the use of slope as main pa-
rameter. In former studies, slope values
were found to exhibit variations with the
change of the DEM resolution- (cf. Deng
et al., 2007), resulting in a systematic de-
crease or increase of slope values by coar-
sening or fine-graining DEM resolution.
Regarding the DMRN, the model
shows not only areas of the subbasins
where sediment transport initiates, but
also locations along stream channels sui-
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table for trapping debris material from
upstream areas. These areas represent
transition zones from debris flows to be-
dload transport and are very important
to predict the flow process at the outlet
of the basin.

The DMRN also determines deposi-
tion areas, which are consistent with the
deposition areas modelled by the MSFM
and with the alluvial fans mapped by Con-
treras (2005) and Roa (2007), (see Fig. 9).

The results of the DMRN satisfy with
regard to their function as geomorpholo-
gic indicator, i.e. differentiating between
areas with high and low sediment trans-
port (cf. Jackson et al., 1987; Marchi and
Fontana, 2005; Rowbotham et al., 2005).
Besides, they provide a general overview
of the distribution of the topographic ru-
ggedness.

103



Ortega R. y Schneevoigt Nora J.

Debris flow outreach probability
1,00 High

0,88

0,75

0,62

0,50 Low

DMRN o " TERRAIN MAPPING
[Dimesionless] COMPLEXES
P— RIVER CHAMA BASIN

0,26

pl

Bl siope

Source Roa. 2007 (modified)

Figure 9: Example of deposition zones as modelled by the DMRN and MSFM, draped over the SRTM DEM
(see box A) and the false colour ASTER image (urban areas appear in light blue colour). The contour line

interval in both images is 100 m. Lower right, a terrain complexes map of the Chama river Basin depicting

the predominant landforms

Regarding the relative probability
being affected, the highest probability
(1,0) is found in the proximity of the defi-
ned source areas, at the base of steep slo-
pes, while low and medium values of re-
lative probability characterise diverting
areas, i.e. alluvial fans. In general, MSFM
results indicate that the relative probabi-
lity for cells or areas to be affected varies
from high to low along the entire Upper
Chama River Basin with the highest va-
lues located in tributary watershed sys-
tems (see Fig. 6).

Through a visual assessment of the
orthorectified ASTER image, it is esti-
mated that 48 potential debris flows out
of 53 modelled source areas will reach an
alluvial fan, i.e. farmland or residential
areas (see Fig. 10 A, B, C and D). The five
remaining potential source areas exhibit
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a short runout, which can be attributed to
overall slope value lower than the thresh-
old of 11°.

9. Conclusions

This investigation demonstrates that
the combination of remote sensing data
(SRTM DEM) with morphometric and
hydrologic parameters is suitable for mo-
delling geomorphologic processes on the
regional scale of the study area. Despite
the complex characteristics of rugged te-
rrain and the limitations stemming from
the structure of the models used and
their DEM dependency, the results of
the DMRN and MSFM in the Venezuelan
Andes are considered to be realistic. They
reflect the sediment dynamics of the stu-
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Figure 10: Examples of modelled debris flows reaching alluvial fan areas, e.g. urban areas, draped over the
SRTM DEM. Urban areas are shown in black on the DEM (see A, B,C and D). The same area shown in the
ASTER image (see A, B, C and D). Ruby colour implies vegetated areas, light blue represents buildings. The

contour line interval is 100 m

dy area and coincided with vulnerability namics from those with low sediment

and susceptibility studies conducted in turnover.

recent years (cf. Maldonado, 2007; Roa, 2) MSFM is able to model runout and

2007; Caritas, 2010). deposition zones for potential debris
The following main conclusions can flows along the Upper Chama River

be drawn: Basin using a SRTM DEM with a re-

1) The DMRN is useful to determine po- solution of 9o m. The areas where the
tential debris source areas in waters- potential debris flow model shows a
hed domains. Furthermore, it provi- short runout are consistent with the
des a general overview of the level of presence of grid cells with overall slo-
dissection of the watershed based on pes < 11°, which is the stopping thres-
relief variation, thus allowing to diffe- hold value (H/L ratio) for the mode-
rentiate areas with high sediment dy- lled debris.
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3) MSFM and DMRN render divergent
results in some sections of the poten-
tial deposition zones on flat terrain,
i.e. on alluvial fans. These differences
originate from the different flow al-
gorithms used for the calculation of
both models.

Regarding the limitations of this mo-
del, it is important to mention that both
DMRN and MSFM consider neither the
volume of the potential source areas, nor
the type of material available. This defi-
ciency can however be counterbalanced
by extensive surveying in the respective
watershed domains or by using advanced
models in combination with the model
proposed here, e.g. 3D dynamic models.
For further studies, a downscaling of this
approach is suggested. The inclusions of
topographic parameters like curvature
and wetness index are recommended,
as well as a landcover classification with
emphasis on stream channel domains.

10. Acknowledgements

We thank Andreas Kiab at the University
of Oslo (Ui0) for providing guidance, fee-
dback, the ASTER scene and the MSFM
script, and the Department of Geoscien-
ces (UiO) for financial support. NASA and
USGS provided the SRTM DEM, USGS
and Japan ASTER Program the ASTER
scene. Carlos Pacheco at the Andes Uni-
versity (ULA), Greta Roa and Rigiiey
Valladares (INGEOMIN), Jaime Laifalle
(ULA), Carlos Ferrer (ULA) and Guido
Ochoa (ULA) shared their experience and

106

provided important geomorphologic, pe-
dologic and geologic information about
the study area. Special thanks to Regula
Frauenfelder and Jachym Cepicky for
their technical support, George Volkhard
for his photos and Bernd Etzelmdiller for
commenting the paper.

11. References cited

BELLIZZIA, A.; PIMENTEL, N. and M. MU-
NOZ. 1981. Geology and tectonics of north-
ern South America. Geodynamic investi-
gations in Venezuela. Special publication
(9), 79 p.

CABELLO, O. 1966. Estudio geomorfoldgico del
area de Mérida y sus alrededores. Facultad
de Ciencias Forestales, Universidad de Los
Andes. Mérida-Venezuela. 138 p.

CARITAS, 2010. Zonificacion de las areas su-
ceptibles a procesos hidrogeomorfolégicos
en el eje ‘Vega de San Antonio, urbani-
zacién Don Perucho-El Arenal-La Puebli-
ta’, municipio Libertador, estado Mérida.
64 p. (Inédito). [On line] http://www.cari-
tasvenezuela.org.ve/zonificacion.pdf, (last
access: November 30, 2010).

CORPORACION ANDINA DE FOMENTO
(CAF). s/f. Sistema de informacioén geogra-
fica Condor. Servicio regional de mapas.
[On line] http://www.caf.com/view/index.
asp?pageMs=45207&ms=17, (last access:
June 15, 2008).

CONTRERAS, A. 2005. El catastro multiutili-
tario: Herramienta clave para el andlisis
territorial y el ordenamiento rural. Caso
del Municipio Rangel en el estado Mérida.
Meérida-Venezuela. Facultad de Ciencias

Forestales y Ambientales. Universidad de

Revista Geografica Venezolana



Modelaje de flujos de detritos potenciales a partir de un modelo..., 93-108

Los Andes. Trabajo para optar al grado de
Magister Scientiae en ‘Ordenacién del Ter-

ritorio y Ambiente’.186 p. (Inédito).

DENG, Y.; J. P. WILSON and B. O. BAUER.

2007. DEM resolution dependencies of te-
rrain attributes across a landscape. Inter-
national Journal of Geographical In-

formation Science. 21 (2):187-213.

EISBACHER, H. G. and J. J. CLAGUE. 1984.

Destructive mass movements in high moun-
tains: hazard and management. Geol. Sur-

vey Canada. 84(16): 12-29.

FERRER, C. 1993. Procesos de erosion de los

suelos y los problemas del uso de la tierra
en las cuencas superiores de los rios Chama
y Santo Domingo, Edo. Mérida, Venezuela.
Guia de excursiéon. Reunién internacional.
Procesos de erosion en tierras de altas pen-
dientes. Evaluacion y modelaje 1-10. Méri-

da-Venezuela (16-20 de mayo).

FERRER, C.y J. LAFFAILLE. 2005. Un estudio

de las amenazas multiples en la cuenca me-
dia del rio Chama (Andes centrales vene-
zolanos): Caso zanjon El Paraiso. Revista
Geografica Venezolana. (Nimero espe-

cial): 93-117.

GACETTA, P. 1999. Some methods for deriving

variables from digital elevation models for
the purpose of analysis, portioning of ter-
rain and providing decision support for
what-if scenarios. CSIRO Mathematical and
Information Science (CMIS) unedited http://
www.cmis.csiro.au/rsm/research/dems/in-

dex.htm, (last access: May 10, 2007).

HOLMGREN, P. 1994. Multiple flow direction al-

gorithms for runoff modeling in grid based
elevation models: An empirical evaluation.

Hydrological Processes. 8 (4): 327-334.

HUGGEL, C.; KAAB, A.; HAEBERLI, W. and B.

KRUMMENACHER. 2003. Regional scale

Vol. 53(1) 2012, enero-junio

GIS models for assessment of hazards from
glacier lake outbursts: evaluation and appli-
cation in the Swiss Alps. Natural Hazards
and Earth Systems Sciences. 3: 647-662.

HUGGEL, C.; KAAB, A. and N. SALZMANN.

2004. GIS-based modeling of glacial haz-
ards and their interactions using Landsat-
TM and IKONOS imagery. Norsk Geo-
grafisk Tidsskrift. 58: 61-73.

INSTITUTO NACIONAL DE GEOLOGIA Y

MINERIA (INGEOMIN). 2007. Efecto so-
cial del evento de Santa Cruz de Mora.
Emergencia en el Mocoties. Encuentro Bi-
nacional Colombo-Venezolano en el marco
del Proyecto Multinacional Andino: Geo-
ciencias para las Comunidades Andinas.

Mérida-Venezuela. 64p.

INSTITUTO NACIONAL DE GEOLOGIA Y

MINERIA (INGEOMIN). 2006. Estudio de
suceptibilidad de la cuenca Montalban-
la Ceibita, municipio Campo Elias, estado

Meérida. Mérida-Venezuela. 212 p.

JACKSON, E.; KOSTASCHUK, A. and M. MAC-

DONALD. 1987. Identification of debris
flow hazard on alluvial fans in the Canadian
Rocky Mountains. In: Costa, J.E. and Wie-
czorek, G.F. (eds). Debris flows/avalan-
ches: process, recognition, and miti-
gation. Boulder, Colo.: Geological Society

of America, 239 p.

LAFAILLE, J. 2005. Antecedentes de los even-

tos meteorolégicos ocurridos en el valle del
rio Mocoties y su impacto geomorfolégico.
Revista Geografica Venezolana. (Nu-

mero especial): 297-311.

LI, Z. Q. and C. GOLD, 2005. Digital terrain

modeling. Principles and methodolo-

gy. CRC Press, New York. 323 p.

MCNAMARA, J. P.; KANE, D. and L. HINZ-

MAN. 1999. An analysis of an arctic chan-

107



Ortega R. y Schneevoigt Nora J.

nel network using a digital elevation mo-
del. Geomorphology. 29: 339-353.

MALDONADO, R. J. 2007. Propuesta para la
zonificacion de vulnerabilidad socio-natu-
ral de la microcuenca Quebrada La Res-
balosa, Mérida, 75. (Inédito) http://www.
monografias.com/trabajos-pdf/zonifica-
cion-la-resbalosa/zonificacion-la-resbalo-
sa.pdf (last access: December 1, 2010).

MARCHI, L. and G. FONTANA. 2005. GIS
morphometric indicators for the analysis
of sediment dynamics in mountain basins.
Journal Environmental Geology. 48
(2): 218-228.

MINISTERIO DEL AMBIENTE Y DE LOS RE-
CURSOS NATURALES (MARN).

Sistema de informacién hidrolégica y me-

2006.

tereolégica. Datos pluviométricos sobre la
cuenca del rio Chama (1947-2001): 1-33.

MELTON, M. A. 1958. Geometric properties of
mature drainage systems and their repre-
sentation in E4 space. Journal of Geolo-
gy. 66: 35-56.

MILIARESIS G., C. 2008. The landcover im-
pact on the aspect/slope accuracy depen-
dence of the SRTM-. Elevation Data for the
Humboldt Range. Sensors. 8: 3134-3149.

NETELER, M. and H. MITASOVA. 2007. Open
Source GIS. A GRASS GIS Approach.
Edited by Springer (3™ Edition). 393p.

PATTON, P. C. 1987. Drainage basin morpho-
metry and floods. In: Baker, V.R., Kochel,
R.C. and Patton, P.C. (eds). Flood geo-
morphology. New York: Wiley. 503 p.

QUINN, P.; BEVEN, K.; CHEVALLIER, P. and
O. PLANCHON. 1991. The prediction of hill-
slope flow paths for distributed hydrologic
modeling using digital terrain models. Hy-

drologic Processes. 5: 59-79.

108

ROA, J. G. 2007. Identifying landslides ha-
zards in a tropical mountain environment,
using gemorphologic and probabilistic
approaches, Mérida, 182. http://drum.lib.
umd.edu/handle/1903/7825, (last access:
December 1, 2010).

ROJAS, M. y E. ALFARO. 2001. Influencia del
oceano atlantico tropical sobre el compor-
tamiento de la primera parte de la esta-
cion lluviosa en Venezuela. International
Journal of Top, Meteor. Oceonograf.
7 (2): 88-92.

ROWBOTHAM, D.; D. F. SCALLY and L. JOHN.
2005. The identification of debris torrent
basins using morphometric measures de-
rived within a GIS. Geografiska Annaler.
87 (4): 527-537.

SCHUBERT, C. 1980. Morfologia neotecténica
de una falla rumbo-deslizante e informacion
preliminar sobre la falla de Bocond. Andes
meridenos. Acta cientifica. 31: 98-11.

SCHUBERT, C. and L. VIVAS. 1993. El Cua-
ternario de la Cordillera de Mérida/
Andes Venezolanos. Edited by (ULA),
Universidad de Los Andes. 345 p. Mérida-
Venezuela.

SILVA, G. 1999. Andalisis hydrografico e hipso-
métrico de la cuenca alta y media del rio
Chama; Edo Mérida, Venezuela. Revista
Geografica Venezolana. 40 (1): 9-42.

SRTM FTP Server 2006. ftp://eosrpoiu.ecs.
nasa.gov/srtm/version2/SRTM3/South__
America/, (last access: May 20, 2006).

WIECZOREK, G. F. 1987. Effect of rainfall inten-
sity and duration on debris flows in central
Santa Cruz Mountains, California. In: Cos-
ta, J.E. and Wieczorek, G.F. (eds). Debris
flows/avalanches: process, recogni-

tion, and mitigation. Boulder, Colorado:

Geological Society of America. 239 p.

Revista Geografica Venezolana



