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

sult from the usage of a H/L ratio of 0,19 
equivalent to overall slope 11º, 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-

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.
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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 

a short runout, which can be attributed to 
overall slope value lower than the thresh-
old of 11º.

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 
and susceptibility studies conducted in 
recent years (cf. Maldonado, 2007; Roa, 
2007; Caritas, 2010).

The following main conclusions can 
be drawn:
1)	 The DMRN is useful to determine po-

tential debris source areas in waters-
hed domains. Furthermore, it provi-
des a general overview of the level of 
dissection of the watershed based on 
relief variation, thus allowing to diffe-
rentiate areas with high sediment dy-

namics from those with low sediment 
turnover.

2)	 MSFM is able to model runout and 
deposition zones for potential debris 
flows along the Upper Chama River 
Basin using a SRTM DEM with a re-
solution of 90 m. The areas where the 
potential debris flow model shows a 
short runout are consistent with the 
presence of grid cells with overall slo-
pes ≤ 11º, which is the stopping thres-
hold value (H/L ratio) for the mode-
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.
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