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Gully erosion in mexico

Workshop - Gully erosion inventory and proposal for a modelling activity -Joint Research Centre, Ispra, Italy, 19 – 20 March 2018

*Bolaños-González, M.A., Paz-Pellat, F., Cruz-Gaistardo, C.O., Argumedo-Espinoza, J.A., Romero-Benítez, V.M., De la Cruz-Cabrera, J.C., 2016, Mapa de erosión de 
los suelos de México y posibles implicaciones en el almacenamiento de carbono orgánico del suelo: Terra Latinoamericana, 34(3), p. 271-288

Following Bolano et al. (2016)* , about 76% of soil surface in Mexico are affected by severe
soil erosion and degradation. And 12% of total surface by severe and active erosion processes.
as: gully – rill erosion

Gully system on residuals soil cap above sedimentary rocks Photo by L.B. 2015 – san Luis potosí Mexico



Evidences of severity of gully erosion and 
its posible causes:
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Possible causes 
• Nature of soils (e.g. high erodibility, 

dispersive nature, and structural instability)
• Climatic  condition and extreme events ( e.g. 

tropical storms ,hurricanes)
• Overgrazing 
• Field  Abandonments.. due to emigration 

(internal, and in USA)
• Absence of effective soil conservation 

measures
• Non maintained existing soil conservation 

measures
• Deforestation
• Insufficient land planning
• ….

Gully system on soils cap above volcanic bedrock
Photo by L.B. 2012 – san Luis potosí Mexico



Valle de la Palomas gully system
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Valles de la Palomas
Gully erosion system
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No deforestation activity
In the last 100 years
(oak forest)

after deforestation activity
In the last 300 years
(oak forest)



Valles de la Palomas Gully erosion system
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Road 

Conservation
Measures 2005

Enclosure
Revegetating
Gully area

Limestone
rocks outcrop

Viewpoint
of next slide



Valle de la Palomas gully system
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Details from the viewpoint of the previous slide

H=12 m 



Valles de la Palomas Gully
erosion system
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Land use map at present 
time.
The area received in the 
last 300 years strong 
deforestation of previous 
oak forest
In order to produce 
charcoal for 
mining/metallurgical 
activities in San Luis 
Potosi area 



Valles de la Palomas Gully
erosion system
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Hyrological soil group classified according to Bartolini et al. 2009

vertisols

leptosols

Rock outcrop



Valles de la Palomas Gully
erosion system
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CN II map

CN II map



Valles de la Palomas Gully
erosion system
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Geological and 
Geomorphological Map



Using gully treshold for gully posible evolution on
existing gully system

Workshop - Gully erosion inventory and proposal for a modelling activity -Joint Research Centre, Ispra, Italy, 19 – 20 March 2018

gully treshold survey above main
head of gully system

Gully threshold model of Torri
and Poesen (2014), Rossi et al. 
(2015) was used with the final 
objective to assess future 
maximum extension of gully 
system



Using gully treshold for gully posible evolution on
existing gully system
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Model an survey are mainly based on:

Torri, D., Poesen, J., 2014, A review of topographic threshold conditions for gully head 
development in different environments: Earth Science Reviews, 130, p. 73–85. 

Rossi, M., Torri, D., Santi, E., 2015, Bias in topographic thresholds for gully heads: 
Natural Hazards, 79 (1), p. 51-69. 

With some integration.
• Dichotomic soil  HSG map for account vertisols in low gradient area 
• Use of  texture and granulometric classification based  full grain size analysis  (block 

to clay distribution) 
• Comparison of  CN based map of gully threshold with modified version based also 

on full rock contents.  

Derived by  Torri and Poesen(2014)
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Using gully treshold for gully posible evolution on
existing gully system
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Observed gully
treshold sites based
only on CN values

Observed gully
treshold sites based
only on CN values
And rock content
fraction integration
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Survey points

Drainage networkExisting gully erosion

Possible gully extension

Results of model
Application:
Possible future extensión 
of gully erosion system

Some Possible future
planned
soil conservation
measures
are not included.
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Watersheed
limits

Details of model results

N



Volcan de fuego
Colima, MX
3900 m a.s.l.
Active volcano
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Volcan de Fuego, Colima (november2011)
W view

From,  Saucedo
et al. 2010



Volcan de fuego
Colima, MX
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DEM From Borselli et al. 2011
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A intense geomorphological activity

Images from
Capra et al. 2018



25 June  2015

31 march 2016

Dome and side cráter 
partial collapse 10 july
2015, 10 km large
runout and piroclastic
flow, as block and ash
flow SW wiew
(images by Google 
Earth) 

Colima volcán 
de Fuego 
upper edifice
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Distal portion

25 June  2015

Colima volcán 
de Fuego 
Full SW wiew
(images by
Google Earth) 



Distal portion

31 march 2016

Colima volcán 
de Fuego 
Full SW wiew
(images by
Google Earth) 



Colima volcán 
de Fuego 
Median 
portion
Montegrande
And san 
Antonio 
Ravine
(images by
Google Earth) 

25 June  2015

31 march 2016

Capture 
process

Old study site
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17/05/2017

Capture Area details in the
montegrande ravine
With dynamics cof lateral 
contributing areas
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In this type of geomorphological environment we developed  in the framework of 
CONACYT:Proyecto Ciencia Basica CB-2012/184060  a study of connectivity in 
active volcanic areas.
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Algorithm for
calcultating IC values
In complex morphology
and land use
as in volcanic áreas.. 
Ortiz- Rodrigues et al. 
(2017)
Integrating methods of
Borselli et al. (2008)
and Cavalli et al. (2013)
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Algorithm for
calcultating LHEI index
values
In complex morphology
and land use
as in volcanic áreas.. 
Ortiz- Rodrigues et al. 
(2017)

Lateral Hydrological
efficeincy index (LHEI)
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With respect to a median 
value of  ICj in a 
watershed, LHEI 
represents local statistics 
at sub watershed level 
and it allows a 
classification of different 
level of connectivity 
efficiency of the sub-
watersheds with respect 
to mainstream.

LHEI
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Main conclusion of this projects:
1) Adjustments IC method proposed by Borselli et al. (2008)
for the analysis of connectivity in order to include details about areas
devoid of vegetation and the characteristics of various groundcovers
enable better detail in characterizing areas that have highly dynamic
geomorphology and therefore greater complexity. 

2) This modification enables the use of an index, the LHEI, which
easily assesses hydrological efficiency at the watershed level and
identifies primary areas that provide sediment to streams, material
that is capable of being re-mobilized and assimilated in epiclastic
processes that occur as in active volcanic areas. 

3) The application of the LHEI constitutes a quick way to recognize areas of 
greater efficiency outside the main source of material that makes it possible 
to identify areas where action can be taken that reduces connectivity and 
therefore risk to populations and infrastructure.
.
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Suggested  points for  general discussion: 

• Possible improvements of gully thresholds models. 

• Possibility to adopt ICj ,  and/or  integrating it in  Gully 
threshold models ..

• Possibility ICj variant in order to take in account  within 
storm dynamic  connectivity (work now in progress..)

• Can improved connectivity maps help existing  Gully 
erosion model (so non only gully threshold ones) ?  

This presentation will be available at http:// www.lorenzo-borselli.eu



Gracias por su atención !!!

Many thanks for Your attention !!!

North Appenine
Italy - spring 2003
Photo by L.B. 


