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Abstract 
The Sierra Norte de Puebla, Mexico, has a record of hundreds of mass remov-
al processes triggered by rainfall, where the intensity and duration of the rain 
are the main mechanisms. In order to determine threshold values for precipi-
tation as a cause of a landslide, the prior, marginal and conditional probabili-
ties were calculated. A Bayesian method was used for one-dimensional (preci-
pitation intensity) and two-dimensional (precipitation intensity and duration) 
analysis. This suggested a high probability of mass movement when the preci-
pitation exceeds 60 mm within ten days. A proposed warning system is based 
on classes in which the threshold is exceeded. 
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1. Introduction 

The recent increase in reports of mass removal processes (MRPs) worldwide has 
been attributed to causes such as global warming and climate variability, defore-
station, the increase of population and the extension of human settlements into 
risky areas. However, it is not clear whether the increase in reports reflects an 
increase in episodes or settlement of population in unstable areas with a risk of 
disaster.  

MRPs are triggered by a variety of both natural and anthropogenic occur-
rences, such as earthquakes, heavy rains, volcanic eruptions, exploding mines, 
collapse phenomena and others. Precipitation is usually the most common cause, 
because water infiltrates into the pores of the soil and leads to the instability of a 
slope [1]. Consequences can be devastating in areas with extreme weather events 
such as tropical cyclones or severe convective systems. 
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In Mexico, owing to its geographical location, complex topography and the 
high levels of social vulnerability, there are areas with a substantial record of 
disasters caused by MRPs, usually triggered by heavy rains [2]. The Sierra Norte 
de Puebla has characteristics that enhance the risk of disaster: a high poverty 
rate; precipitation ranging from 600 mm to >4000 mm per year in the highlands 
[3] and the rugged and mountainous terrain reflecting its location among three 
physiographic provinces, the Sierra Madre Oriental, the Plain Gulf Coast and 
Mexican-Trans Volcanic Belt [4]. Disaster prevention and adequate warning 
systems require an understanding of landslide mechanisms. The relationship 
between landslides and precipitation has been studied in order to obtain a thre-
shold value [5]. For Gill and Malamud [6], a threshold is the minimum amount 
of energy for a major hazard to trigger a secondary risk, and it can be defined in 
terms of factors such as soil, precipitation and hydrological conditions. The 
thresholds most used are those calculated probabilistically. Many countries have 
thresholds mapped for each region considering variables such as soil type, cli-
mate and geological characteristics [7]; in Mexico, however, this information is 
scarce. 

The aim of this paper is to assess a probabilistic precipitation threshold for 
landslide processes in the Sierra Norte de Puebla, Mexico. We hypothesize that 
the occurrence of landslides in the study area is mainly related to the characte-
ristics of rainfall events (duration and intensity), while antecedent rainfall seems 
less influential. We used a Bayesian approach [8]. An important result was a re-
gional amendment to the warning system proposed for Italian conditions by 
Brunetti [9]; this should assist in warning local populations in the Sierra Norte 
de Puebla to evacuate the area and avoid disaster under certain storm characte-
ristics. 

2. Methods and Data 
2.1. The Bayesian Method 

Of the various statistical methods to obtain thresholds, a probabilistic model is 
more reliable than a deterministic one, since failure of slope stability is deter-
mined not only by rainfall but by a combination of numerous other physical pa-
rameters (e.g., soil thickness, groundwater conditions, shear resistance). The de-
terministic approach implies that there is no randomness in the development of 
future states of the system, and that there is one value (above or below the thre-
shold) output for any given value input. These models require calibration over a 
well-specified type of failure, and detailed knowledge of all input parameters is 
generally difficult to obtain [8]. An approach more suited to the physical condi-
tions of the Sierra Norte de Puebla is a regional threshold, since it is a direct ap-
plication of conditional probabilities and allows stake holders to make decisions 
regarding risk [10].  

The probabilistic approach of Bayes’ theorem incorporates variability and un-
certainty into the model and provides references regarding the reliability of the 
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threshold. It also gives a possible distribution of the amount expected, thereby 
contributing to a better perspective for estimating extreme events [8]. It can 
generate various combinations of the model parameters that reflect the most 
likely thresholds, and generate statistics of variation for diverse events under 
certain conditions of intensity and duration of rain and thus provide a measure 
of confidence in the model predictions [11]. 

2.2. Sierra Norte De Puebla Landslides 

The Sierra Norte de Puebla (19.47˚N - 20.83˚N, 97.12˚W - 98.32˚W) is a region 
formed by 63 municipalities in the north of the state of Puebla, bordering the 
states of Veracruz, Hidalgo and Tlaxcala (Figure 1). For planning purposes it is 
divided by the National Institute for Federalism and Municipal Development 
into two socioeconomic regions: the Sierra Norte and the Sierra Nororiental. 

The present study reviewed landslides during 1989-2012 related to precipita-
tion; sources consulted were the Disaster Effects Inventory System and also local 
and regional newspapers. Landslides included some of great magnitude that  
 

 
Figure 1. Spatial distribution and number of mass removal processes events in the Sierra Norte de Puebla from 1989 to 2012, and 
of the weather stations used for the analysis. Digital elevation model 30 m and degree of slope 0˚ to 83˚. 
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caused considerable damage: the intense precipitation associated with tropical 
depression 11 of 1999 caused hundreds of MRPs and other effects in more than 
27 municipalities, leaving dozens of communities cut off and more than 400 fa-
talities [4]; heavy rains in September 2006 were followed by the collapse of Ne-
caxatépetl hill in the municipality of Juan Galindo onto two microbuses, three  
trucks and one van, leaving 4 dead, more than 15 persons injured, and 2 missing; 
and Hurricane Dean (category 5) caused gravitational processes in 8 municipali-
ties on 22 August 2007 when 74 municipalities of Puebla were declared a disaster 
area. 

In total, 163 events occurred in the region during 1989 to 2012. Most MRPs 
occurred in areas with steeper slopes at the intersection of the Trans-Mexican 
Volcanic Belt and the Sierra Madre Oriental. Of the 44 municipalities with 
MRPs, the municipality of Huauchinango had 17 major movements triggered by 
rains, followed by Zacapoaxtla and Teziutlán in Sierra Nororiental, and Zacatlán 
in the Sierra Norte (Figure 1).  

To calculate regional probability, those municipalities that had two or more 
movements on the same day but in different locations were recorded as having 
had a single movement triggered by the same event of rain. Approximate coor-
dinates of each movement were deduced from descriptions in the local media. 
Details of the precipitation were obtained from weather stations of the Mexican 
National Weather Service and of the National Institute of Agricultural and Fore-
stry Research; only stations with more thirty years of operation and more than 
85% precipitation records were considered. Digital elevation model variables and 
degrees of slope were calculated for an overview of the terrain which served to 
map the area of influence of each weather station and because slopes more the 
28˚ are vulnerable to abrupt and numerous landslides associated with heavy 
rains [1]. A maximum distance of 10 km from a MRP to the nearest weather sta-
tion was defined in order to report rainy conditions that triggered the move-
ment. 

In total, 15 stations were selected on the basis of data quality, proximity to the 
MRP, relief and homogeneous distribution in the region (Figure 1). Hourly 
rainfall was analyzed for each of the 163 events, to determine the duration, and 
the cumulative rainfall in the days preceding the event. Such accumulation was 
defined visually in a graphic starting from three days of <0.5 mm of rain. The 
rain thresholds were divided into three types following Berti [8]: 1) well defined 
(Figure 2); 2) uncertain (Figure 3); and 3) indefinite (Figure 4). From the in-
tensity and duration of rain the probability for each conditional scenario was 
calculated for each of 15 selected stations, together with a total conditional sce-
nario considering all landslides that occurred in the study region and taking the 
highest precipitation value reported by station. The procedure was applied for 
one and two dimensions. Finally, with thresholds for both dimensions expressed 
in millimeters of rain and duration in days, an alert system was proposed as in 
Brunetti [9]. 
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Figure 2. Example of a well-defined trigger by rain. The red arrow indicates the day of 
the MRP occurrence. The threshold is appreciably more than 160 mm of accumulated 
rainfall. 

 

 
Figure 3. Example of an uncertain triggering of rain. The red arrows indicate on 9 and 10 
July 2008 MRP occurrences. The threshold is observable with 120 mm of accumulated 
rainfall. 

3. Results 
3.1. Characteristics of Precipitation 

Occurrence of MRPs was highest is July, followed by October, with minor inci-
dents in May and November, the beginning and end of the rainy season. The 
rainiest months are July and September. The year 2008 was selected because it 
presented various hydro-meteorological phenomena associated with intense 
rains such as 8 tropical cyclones, 52 cold fronts, 37 tropical waves and five winter 
storms. Two representative surface stations were used to obtain the monthly 
accumulated precipitation. Although there is monthly variability, precipitation  
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Figure 4. Example of an indefinite triggering by rain. The red arrow indicates the MRP 
occurrence. The dotted line indicates the sharp increase in rain without movement. 

 
usually occurs between 15:00 and 22:00 hours local time; whereas in the Sierra 
Nororiental region (Teziutlán station) between 4 and 5 pm and in the Sierra 
Norte (Huauchinango station) between 7 and 8 pm.  

3.1.1. Tropical Cyclones 
Summer rains are associated with the Inter Tropical Convergence Zone (ITCZ), 
the Mexican monsoon, the easterly waves, and hurricanes from the Pacific and 
Atlantic oceans [12]. Hurricanes are the strongest influence on the abrupt and 
recurrent increase in the intensity of precipitation. The MRP events triggered by 
a tropical cyclone according to historical information provided by the Mexican 
Meteorological Service were classified in terms of the El Niño/Southern Oscilla-
tion (ENSO) years (Figure 5). Of the 164 landslides, 107 (65.24%) were directly 
related to tropical cyclones, 41 to the rains of tropical depressions, 26 to hurri-
canes, 22 to tropical storms, 10 to tropical waves and 8 to cold fronts. This indi-
cates the need for preventive measures when these phenomena approach the 
Mexican coast. 

3.1.2. ENSO 
The ENSO is the most important rainfall modulator in the south-central region 
of Mexico and is linked to the MRP events to some extent. Accumulated rainfall 
in La Niña years is significantly higher than normal, and in El Niño years it is 
lower; both are positively correlated with MRP occurrence; of the 163 MRP 
events, 113 occurred during La Niña, 34 in normal years and 16 in El Niño years 
(Figure 6). 

3.2. Probability Calculation 
3.2.1. One Dimension 
With precipitation data, the approximate threshold that triggered slope move-
ment was determined; 67 MRP events were classified as well defined, 46 as  
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Figure 5. Frequency of mass removal process (MRP) events in the Sierra Norte de Puebla during ENSO and neutral years. (TD, 
Tropical depression; H, hurricane; TS, tropical storm; TW, tropical wave; CF, cold front). 

 

 
Figure 6. Tri-monthly accumulated rainfall. MJJ (May-June-July), JJA (June-July-Au- 
gust), JAS (July-August-September), ASO (August-September-October). 
 
uncertain and 35 as indefinite. 
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Following Berti [8] the one-dimension Bayesian analysis (Equation (1)) used 
three classes of precipitation: 0 to 30 mm, 30 to 60 mm and >60 mm. 

( ) ( ) ( )
( )

|
|

P B A P A
P A B

P B
⋅

=                      (1) 

P(A) = NA/NR is the prior probability of a MRP, represented by the relation-
ship of the number of movements in the region to the total number of rain 
events during 1989-2012. 

P(B) = NB/NR indicates the marginal probability represented by the number of 
rain events registered in a time period in each of the three ranges defined among 
total rainfall events. 

P(B|A) = N(B/A)/NA is the conditional probability of B given A, represented by 
the MRPs during each of the three ranges defined by the total number of MRPs 
in the region during the period. 

P(A|B) = N(B/A)/NB is the conditional or a posteriori probability, i.e. the proba-
bility of A given B, and is represented by the number of MRPs during each of the 
three ranges defined by the number of rain events in each of the ranges. 

The total conditional probability (Figure 7) for rain rates of 0 to 30 mm, i.e. 
the probability that a movement will occur when it rains with this intensity, is  

 

 
Figure 7. The conditional probability at three rainfall intensity ranges for each station and total (considering all landslide events 
and the higher precipitation value reported in the study region). 
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<0.01. The number is low, because most rain events in the region are <30 mm 
and very little movement arose during those days. For daily intensities of >30 to 
60 mm, the probability is higher but still <0.1. In contrast, when the intensity 
is >60 mm, the probability is almost 0.5.  

However, this one-dimension calculation omits the duration of the precipita-
tion, a limitation overcome by a two-dimensional calculation. 

3.2.2. Two Dimension 
Bayes’ equation allows incorporation of the two variables of interest within the 
precipitation for the joint probability of triggering a MRP [8]. Other variables 
can be used in place of as previous rain; however, this will depend on prior in-
terpretation to show a better explanatory power. Previous visual analysis of the 
data concerned duration and intensity of rain (Figure 8). Conventional thre-
sholds are generally obtained in this way, establishing a lower limit of precipita-
tion events that trigger movement, or by statistical formulas that result in a li-
near trend [13] [14]. The threshold lower envelope proposed by Jibson as [14] 

0.5730.53I D−= ×                            (2) 

where I is the intensity (mm/day) and D is the duration (days) defines a line be-
low which the values do not trigger any MRP (Figure 9). However, a global 
threshold may have more uncertainty. A global threshold proposed by Caine as 
[13] 
 

 
Figure 8. Analysis of two-dimensional Log-I, Log-D. Puebla, proposed for the Sierra Norte de Puebla visually designed threshold, 
lower envelope (Equation (2)) and world global threshold (Equation (3)). 
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Figure 9. Probability calculation for intensity and duration of rain. The vertical axis in-
dicates the probability calculated for each of the scenarios. The dotted line indicates the 
threshold that increases the likelihood of triggering movement in the Sierra Norte de 
Puebla. The white boxes indicate the lack of data for calculating probability and the red 
boxes the null probability of landslide occurrence. 

0.3914.82I D−= ×                          (3) 

clearly defines a zero probability of movement below the threshold but has the 
limitation of generating very general intensity values corresponding to <100 mm 
for one day. Therefore, it is proposed to raise the threshold for the Sierra Norte 
de Puebla, in order to approach the likelihood of triggering. 

The equation (Equation (4)) was calculated for each of the stations with ref-
erence back to the joint base. There were nine ranks, 3 × 3: durations of 0 - 10 
days, >10 to 20 days and >20 days; and intensity of 0 - 30 mm, >30 to 60 mm 
and >60 mm, resulting in nine combinations for conditional calculation (Table 
1). 

( ) ( ) ( )
( )

, |
| ,

,
P B C A P A

P A B C
P B C

⋅
=                   (4) 

where, 
P(A) is the a priori probability; the number of MRPs for total rainfall events. 
P(B,C) is the marginal probability; the number of rain events in the first in-

tensity range (0 to 30 mm/day, corresponding to the first quadrant) and dura-
tion of 1 to 10 days by total rainfall events during that period. 

P(B,C|A) is the conditional probability in 1 to 10 days by the total number of 
movements recorded in that period. 

P(A|B,C) is the posterior or conditional probability; the number of registered 
movements when a rain event had an intensity of 0 - 30 mm and duration of 1 to 
10 days, the total rainfall events of such intensity and duration that occurred in 
the period (Table 1). 

The Bayes probability is calculated for each conditional scenario (Figure 9),  
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Table 1. Two dimensional probability matrixes for the Sierra Norte de Puebla. B, C indi-
cate the joint probability of having a certain value (or range of values) of the two va-
riables; the rainfall magnitude and the rainfall duration. The P(B,C|A) is the conditional 
probability of B given A and C, in this case the probability of having been a rainfall event 
of magnitude B and duration C when a landslide occurs; P(A) is the prior probability of A 
(or simply prior), in this case the probability that a landslide occurs regardless of whether 
a rainfall event of magnitude B and duration C occurs; P(B,C) is the marginal probability 
of B, in this case the probability of having been a rainfall event of magnitude B regardless 
of whether a landslide occurs; and P(A|B,C) is the conditional probability of A given B 
and C, in this case the probability of a landslide when a rainfall event of magnitude B and 
duration C occurs. 

Two dimensional Probability 

mm/day 0 - 30 30 - 60 >60 0 - 30 30 - 60 >60 0 - 30 30 - 60 >60 

Days 1 - 10 1 - 10 1 - 10 10 - 20 10 - 20 10 - 20 20 - 30 20 - 30 20 - 30 

P(A) 0.155 0.155 0.155 0.155 0.155 0.00 0.155 0.00 0.00 

P(B,C) 0.549 0.194 0.175 0.056 0.013 0.00 0.013 0.00 0.00 

P(B,C|A) 0.103 0.314 0.442 0.077 0.026 0.00 0.00 0.00 0.00 

P(A|B,C) 0.029 0.250 0.390 0.214 0.308 0.00 0.00 0.00 0.00 

 
with higher probability of MRP occurrence when the rainfall exceeds 60 mm and 
from 1 to 10 days; in turn, the probability decreases with precipitation of 0 to 30 
mm and from 1 to 10 days. Also, probabilities are nearly 0 for rainfall >30 mm at 
20 to 30 days. This result could help decision makers when there is a high prob-
ability of precipitation of over >60 mm for >1 day. Also, a proposed new thre-
shold is determined for the Sierra Norte de Puebla that best defines the probabil-
ity of landslide according to the intensity and duration of rainfall. 

The relative ease of the method allows incorporation of variables other than 
precipitation, such as soil type. 

4. Warning System 

The most important step in disaster risk management is prevention, so the 
present results should be incorporated in a warning scheme based on that pro-
posed by Brunetti [9]. Five probability ranges are defined as guidance to the de-
cision makers in the region (Figure 10). 

First, in those regions of the sierra that increase in risk after a warning of a 
tropical cyclone, or in the rainiest months (particularly in La Niña years), or just 
with a forecast (numerical weather prediction, satellite images) of steady rain, 
the rainfall for the next 24, 48, 72 and 96 hours is calculated for each of the most 
significant 15 stations selected for their homogeneous distribution and reliabili-
ty. According to the intensity thereby deduced for each time, the conditional 
probability is determined and classified into one of 5 categories: 1) well below 
the threshold, 0 < 0.029; 2) under the threshold, 0.0291 < 0.25; 3) on the thre-
shold, 0.251 < 0.39; 4) above the threshold, 0.391 < 0.5; and 5) well above the 
threshold, 0.51 < 1.0. Each site is assigned a class number corresponding to a 
greater or lesser MRP risk. In those sites with values above or well above the  
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Figure 10. Example of landslide alert bulletin for the Sierra Norte de Puebla. Top left, location of 15 

selected stations. Low left corner, classes of probability of a mass removal process. Top right, prediction 

of rain for the next few hours for each station selected; ↑ (increase), ↓ (decrease) and the correspondent 

assigned class of probability. 
 
threshold, a higher risk of disaster is expected and an alert bulletin is issued to 
the appropriate authorities. This process can be performed automatically to 
work in real time with the information provided by the National Weather Ser-
vice.  

5. Discussion and Conclusions 

The advantages of the Bayes method are as follows: application to almost any 
natural phenomenon in which a risk is involved; versatility to incorporate into a 
study the required variables; ability to develop appropriate thresholds at the 
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scale required; and the relative ease of the method to integrate the uncertainty. 
Although the method has been applied in several countries with high reliability, 
in Mexico there have been no studies using this approach. 

In this study, the two most important variables (intensity and duration of 
rain) in rainfall-related triggers of mass removal were considered in order to ob-
tain a priori, marginal and largely conditional probabilities, since the uncertainty 
is crucial in the development of more suitable disaster prevention measures. 

In general, the main limiting threshold factor is the obtaining of information 
and choice of variables. Inclusion of other relevant physical variables (slope, soil 
type, soil humidity, etc.) in probability calculation could enhance the study. 
However, the probability calculation is more complex because the additional in-
formation is often not available. Also, the scale can be seen as a limiting factor; 
although it would more accurate to determine a local threshold for each muni-
cipality, or regional one for the Sierra Norte and Sierra Nororiental, however 
there are no enough weather stations with reliable data especially in Puebla, de-
spite their long history of disasters caused by rains. A better option may be to 
use precipitation data from remote sensing sources (satellite or radar). 

Future studies could include more ranges of intensity and duration of preci-
pitation and information about slopes, areas of population, vegetation, and soil 
mechanics inter alia, performing a multi-criteria evaluation. 

The location of the Sierra Norte de Puebla among three physiographic prov-
inces as well as its proximity to the Atlantic Ocean provided the conditions that 
increase the risk of MRPs and disaster for a highly vulnerable population. Ex-
treme hydro-meteorological events during La Niña years intensify and prolong 
the precipitation; this is strongly correlated with MRP triggering so obtaining 
thresholds of these variables is of great importance. The Bayesian method allows 
conditional probability thresholds to predict future landslides according to the 
precipitation forecast, and these can be applied in warning systems in the region. 
The threshold classification can be modified to improve accuracy and thereby to 
prevent material and human losses. 

Acknowledgements 

This research was performed in 2012-2015 while the first author was preparing 
the undergraduate thesis at the Institute of Geography, UNAM, and was partial-
ly sponsored by the María Teresa Gutiérrez de MacGregor Fellowship. Dr Mat-
teo Berti is gratefully acknowledged for making software available for checking 
our results and plotting Figure 9. Special thanks are owed to M. Sc. Luís Galvan 
for his help with GIS in producing some plots and slope calculation and M. Sc. 
Armenia Franco for precipitation data. 

References 
[1] Gutiérrez, M. (2008) Geomorphology. Pearson-Prentice Hall, Madrid. 

[2] Alcántara-Ayala, I. (2004) Hazard Assessment of Rainfall-Induced Landslide in 
México. Geomorphology, 61, 19-40.  



A. González, E. Caetano 
 

267 

[3] Vidal, R. and García, E. (1990) Average Annual Precipitation, IV. 4.6. National 
Atlas of Mexico, Vol. II. UNAM, Mexico City. 

[4] Lugo, J., Zamorano, J., Capra, L., Inhbar, M. and Alcántara-Ayala, I. (2005) The 
Processes of Mass Removal in the Sierra Norte De Puebla, October 1999: Cause and 
Effects. Revista Mexicana De Ciencias Geológicas, 22, 212-218. 

[5] White, I., Mottershead, D. and Harrison, S. (1998) Environmental Systems. 2nd 
Edition, Chapman & Hall, London. 

[6] Gill, J.C. and Malamud, B.D. (2014) Reviewing and Visualizing the Interactions of 
Natural Hazards. Reviews of Geophysics, 52, 680-722.  
https://doi.org/10.1002/2013RG000445 

[7] Wieczorek, G.W. and Guzzetti, F. (2000) A Review of Rainfall Thresholds for Trig-
gering Landslides. In: Claps, P. and Siccardi, F., Eds., Mediterranean Storms, Pro-
ceedings Plinius Conference ’99, Maratea, Editoriale Bios, Cosenza, 14-16 October 
1999, GNDCI pub. n. 2012, 407-414. 

[8] Berti, M., Martina, M.L.V., Franceschini, S., Pignone, S., Simoni, A. and Pizziolo, M. 
(2012) Probabilistic Rainfall Thresholds for Landslide Occurrence Using a Bayesian 
Approach. Journal of Geophysical Research, 117, F04006.  
https://doi.org/10.1029/2012jf002367 

[9] Brunetti, M.T., Peruccacci, S., Rossi, M., Guzzetti, F., Reichenbach, P., Ardizzone, 
F., Cardinali, M., Mondini, A., Salvati, P., Tonelli, G., Valigi, D. and Luciani, S. 
(2009) A Prototype System to Forecast Rainfall Induced Landslides in Italy. In: Pi-
carelli, L., Tommasi, P., Urciuoli, G. and Versace, P., Eds., Proceedings of the 1st 
Italian Workshop on Landslides, Rainfall-Induced Landslides: Mechanisms, Moni-
toring Techniques and Nowcasting Models for Early Warning Systems, Naples, 8-10 
June 2009, 157-161. 

[10] Cóndor, I. (1989) Theory of Probability and Statistical Applications.  
https://books.google.com.pe/books?id=-ZNtJau4lpIC 

[11] Medina, Z. and Cepeda, J. (2011) Probability Classification of Rainfall Thresholds to 
Predict Landslides. Revista Internacional De Desastres Naturales, Accidentes E 
Infraestructura Civil, 12, 1-8. 

[12] Magaña, V. (2004) Global Climate Change. Understand the Problem. In: Martínez, 
J. and Fernández, A., Eds., Climate Change. A View from Mexico, Semarnat, Mex-
ico City, 19-27. 

[13] Caine, N. (1980) The Rainfall Intensity: Duration Control of Shallow Landslides and 
Debris Flows. Geografiska Annaler, 62, 23-27. https://doi.org/10.2307/520449 

[14] Jibson, R. (1989) Debris Flows in Southern Puerto Rico. Geological Society of Ame- 
rica Special Papers, 236, 29-55. https://doi.org/10.1130/SPE236-p29 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.1002/2013RG000445
https://doi.org/10.1029/2012jf002367
https://books.google.com.pe/books?id=-ZNtJau4lpIC
https://doi.org/10.2307/520449
https://doi.org/10.1130/SPE236-p29


 
 

 

 
Submit or recommend next manuscript to SCIRP and we will provide best 
service for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals) 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles   
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact nr@scirp.org  

http://papersubmission.scirp.org/
mailto:nr@scirp.org

	Probabilistic Rainfall Thresholds for Landslide Episodes in the Sierra Norte De Puebla, Mexico
	Abstract
	Keywords
	1. Introduction
	2. Methods and Data
	2.1. The Bayesian Method
	2.2. Sierra Norte De Puebla Landslides

	3. Results
	3.1. Characteristics of Precipitation
	3.1.1. Tropical Cyclones
	3.1.2. ENSO

	3.2. Probability Calculation
	3.2.1. One Dimension
	3.2.2. Two Dimension


	4. Warning System
	5. Discussion and Conclusions
	Acknowledgements
	References

