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ABSTRACT Rainfall is recognized as one of the main triggering factors of landslides. Researchers 

have long attempted to determine the amount of precipitation required to trigger slope failures. One 

of the landslide zones in Iran is Chaharmahal & Bakhtiari province where many landslides cause 

high casualties in recent decades. It is significant that most of these landslides occur after a rainy 

period. Thus, determination of rainfall thresholds in this province seems to be necessary as the first 

step to present an effective landslide warning system. In this research, we tried to introduce some 

antecedent rainfall thresholds for deep-seated landslides. The antecedent periods considered for the 

events examined in this study were 5, 10, 15, 20, 25, 28 and 30 days. Since most of landslides 

occurred by cumulative rainfall for more than 10 days, the results of 5 days and shorter time periods 

appear not logically connected. We have also established rainfall thresholds for the 15-day 

antecedent period and 2, 3 and 5 days rainfall events. Results indicate that for 10 to 30 days 

antecedent periods, mean total rainfall needed to induce landslides varies between about 140 and 280 

mm. Finally, we recommend more research on relation between rainfall characteristics and 

destabilization of different soil classes in the study area (especially clayey-marly deposits).   
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1 INTRODUCTION 

Landslides constitute one of the major 

geohazards that cause substantial damage to 

property and loss of life every year across the 

globe. It is well known that rainfall is the most 

important and frequent trigger of landslides 

(Cannon and Ellen, 1985; Crozier, 1999; Jakob 

and Weatherly, 2003; Giannecchini, 2006, 

Sengupta et al., 2010). Commonly, rainfall 

contributes to the triggering of landslides by the 

mean of water infiltration into the slope mantle, 

 

which causes an increase in pore pressure value 

and thus, decrease in soil shear strength. A  

threshold is the minimum or maximum level of 

some quantity needed for a process to take 

place or a state to change (White et al., 1996). 

For rainfall-induced landslides, a threshold 

may define the amount of rainfall that, when 

reached or exceeded, is likely to trigger 

landslides (e.g. Guzzetti et al., 2007).  

Rainfall thresholds can be defined on 

physical (Talebi et al., 2008) or empirical bases 
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(e.g. Campbell, 1975, Lumb, 1975; Canuti et 

al., 1985; Corominas and Moya, 1999; Crosta 

and Frattini, 2001; Gabet et al., 2004; 

Giannecchini, 2006; Dahal and Hasegawa, 

2008). Review of the literature (e.g. Van Asch 

et al., 1999; Corominas and Moya, 1999; 

Aleotti, 2004; Zezere et al., 2005; Sidle, 2006) 

reveals that shallow failures are usually 

triggered by short intense storms, while more 

deeply-seated landslides are affected by longer 

term rainfall periods. It shows that there are no 

critical rainfall conditions for every type of 

landslide. However, determination of rainfall 

thresholds in the landslide-prone areas could be 

the basis for landslide warning systems (e.g. 

Aleotti, 2004).  

Laprade et al. (2000) classified deep-seated 

landslides as those with movements to a depth 

greater than about two or three meters. On the 

other hand, many authors (such as Terlien, 1998; 

Van Asch et al., 1999; Zezere et al., 2005) 

considered two meters as maximum depth for 

shallow landslides. Thus we use a minimum 

depth of 2 m to distinguish more deeply-seated 

landslides from shallow landslides. 

When using antecedent rainfall 

measurements to predict landslide occurrence, 

a key difficulty is the definition of the period 

over which to accumulate the precipitation. 

Kim et al. (1991) considered 3 days, Crozier 

(1999) and Glade et al. (2000) considered 10 

days, Chleborad (2003) used 18 days (3-day 

event rainfall and 15-day antecedent rainfall), 

and Aleotti (2004) considered 7-, 10- and 15-

day periods. Terlien (1998) tested 2-, 5-, 15- 

and 25-day periods and found best results for 

the longest rainfall periods. As expressed by 

Guzzetti et al. (2007) for antecedent rainfall in 

the range between 1 and 19 days before the 

landslide event in southern Italy, De Vita 

(2000) established that the daily rainfall 

needed to trigger landslides decreased with the 

amount of the antecedent rainfall; and if longer 

periods were considered, the daily rainfall 

required to initiate landslides first decreased 

and then leveled at about 50 mm. 

One of the landslide zones in Iran is 

Chaharmahal & Bakhtiari region where the 

landslides occur during events of prolonged 

with relatively moderate intensity rainfall; this 

may be controlled by the antecedent 

precipitation regime. In recent decades, many 

landslides occurred and destroyed many roads 

and buildings. Most of the landslides occurred 

after rainy periods (Emami, 1998). Although, 

the relationship between rainfall periods and 

landslide events in the area is obvious, there is 

no previous study of rainfall thresholds for 

landslide initiation. Thus, we tried to 

determine the empirical antecedent rainfall 

thresholds for deep-seated landslides.  

 

2 MATERIALS AND METHODOLOGY 

2.1 Study area 

Chaharmahal & Bakhtiari province with an area 

of 16,533 km
2
 is located in the Central Zagros 

Mountains, west of Iran. Active tectonic in the 

Zagros zone has caused the diverse topography 

and more than 80 percent of the land is 

mountainous. More than 22 percent of the 

Zagros geological zone is formed by marl 

formations and also including clayey-marly 

deposits (such as western part of the province) 

and thus, the landslide susceptibility in this area 

is relatively high. 

The kind of precipitation in the province is 

different from one place to another. For example 

the rate of snowfall coefficient in the height of 

Koohrang in different years, has been different 

from 34 to 59 percents (Chaharmahal Met, 

2011). Based on De Martonne (1926) index, the 

western part of province (landslides area) is 

classified in humid to very humid type as the 

mean annual rainfall varies between 600 and 

more than 1400 mm (Figure 1). The rains are 

mostly affected by Mediterranean fronts. These 

fronts come from the west and the southwest and 

have effect of about 8 months on the region. The 
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rainfall begins from October. During 6 months 

period from November to April the region 

receives more than 90 percent of its total annual 

rainfall. Although, the area of Chaharmahal & 

Bakhtiari province is less than one percent of 

Iran’s total land, this province supplies about 10 

percent of water resources in Iran. 

In this study, we gathered the exact date for 

54 landslides, and these 54 events are the basis 

for this investigation (Table 1). Figure 2 

indicates that the most number of deep-seated 

landslides (with depth greater than 2 meters) in 

study region occurred above the 600 mm 

rainfall line. It could express the effect of 

hydrologic conditions on the landslide events in 

the study area. 

It is notable that even though the effect of 

hydrological factors on landslides initiation 

depends on the other parameters such as 

topography and geology of the area, but these 

parameters provide the essential conditions for 

landslides and thus, the most important 

triggering factor in the study area is rainfall 

(Emami, 1998). 

 

 

 
 

Figure 1 The location of meteorological stations in western part of Chaharmahal & Bakhtiari province  

and isohyets map of the province. 
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Table 1 Landslide dates and amounts of rainfall in the days of landslides occurrence (R) and cumulative rainfall 

of the 5-, 10-, 15-, 20-, 25-, 30-day antecedent periods. 
 

No. 
Landslide 

Date 
R A5d A10d A15d A20d A25d A30d 

1 1991/03/07 9 66 123 170 170 170 184 

2 1991/03/26 11.5 107.5 107.5 113.5 156.5 166.5 215 

3 1991/03/26 7 107 107 114 189 202 246 

4 1992/02/25 37 65 75.5 95 103 114 122.5 

5 1992/02/27 12 102 107.5 112.5 132 145 159.5 

6 1992/02/28 3.8 209.3 213.2 219.6 257.3 278.9 341.7 

7 1992/03/18 16 63 78 78 90 192 197.5 

8 1993/02/22 4.5 132 148 151 163.5 181.5 181.5 

9 1993/02/23 16 101 104 104 199 250 250 

10 1993/03/20 30 70 75 167 172 179 224 

11 1993/03/21 15 100 105 172 202 202 254 

12 1993/03/21 48.3 204.7 222.9 425.5 500.4 500.4 727.5 

13 1993/03/22 8 91 91 114.5 124 124 260.5 

14 1993/03/26 2.2 48.7 253.4 271.6 474.2 549.1 549.1 

15 1994/03/14 14.4 135.1 138.2 146.7 173.4 182.4 182.4 

16 1995/04/24 4.4 72.8 89.4 144.5 160.5 162.3 162.9 

17 1996/03/04 4.5 184.3 185.4 253.5 279.3 308.1 352.2 

18 1996/03/13 27.9 61.6 158.8 299 300.1 368.2 394 

19 1996/03/14 10 48.5 90 181.5 181.5 228.5 241 

20 1996/03/26 4.4 144.6 195.9 285.4 334 493.5 523.9 

21 1996/03/26 25 81.5 114 172.5 198.5 280.5 305.5 

22 1996/04/14 47 76.8 83.8 95.7 143.8 245.9 296.2 

23 1996/04/15 2.6 109.9 129.8 141.7 146.3 290.9 342.2 

24 1997/03/29 47.9 112.7 177.2 269.6 325.5 365.3 387.7 

25 1997/03/30 15 107 141 186 218 240.5 248 

26 1997/04/07 15 97 117 156 167 216 248 

27 1998/02/12 7.8 107.7 111.9 128.9 131.3 151.3 153.7 

28 1998/04/01 1 193.2 235.7 447.1 459.9 478.8 513.2 

29 1999/02/21 11 159.7 159.7 196.6 262.7 270.4 326.5 

30 1999/03/14 44 61 61 128 154 201 206 

31 1999/03/14 29 59 60 130.5 152.5 193 193 

32 2002/04/03 23.1 111.6 184.1 242.3 280.7 280.7 280.7 

33 2002/04/13 46 32 82.6 96.6 100.9 141.1 149.1 

34 2002/04/13 8.5 44.5 65.5 103.5 132.5 171.7 187.2 

35 2002/04/14 7 86 88 158 183 225 266 
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Table 1 (Continue)  
 

No. 
Landslide 

Date 
R A5d A10d A15d A20d A25d A30d 

36 2002/04/20 20.2 48.4 113.9 113.9 248.6 321.1 365.1 

37 2003/03/26 91.9 52.1 52.1 97.7 184.9 184.9 209.9 

38 2003/03/27 14.5 64.5 64.5 72.5 112.5 112.5 116.5 

39 2003/03/27 16 78 78 188 227 235 260.7 

40 2004/04/05 5.8 176.4 176.4 176.4 176.4 193.9 193.9 

41 2005/03/13 20 145 155 155 162 162 162 

42 2005/03/14 6.2 238.2 256.2 256.2 283.4 306.4 320.8 

43 2005/03/14 4 165 172 172 189 189 193 

44 2005/03/14 8 182 190.5 190.5 215.5 215.5 218.5 

45 2005/03/14 5.9 295.2 325 325 352.8 373.2 373.2 

46 2005/03/14 15.8 402 407.5 407.5 407.5 438.5 438.5 

47 2006/02/09 90 57 57 209 242 242 294 

48 2006/02/09 110 75 75 248 273 273 346 

49 2006/02/09 80 152.8 164.9 387.7 393.4 393.4 393.4 

50 2006/02/09 46 113.5 113.5 316.5 348 359.7 416.2 

51 2006/02/10 65 89 131 281.5 310 310 377.5 

52 2006/04/07 30.1 38.5 130.8 143.8 143.8 143.8 148.8 

53 2007/03/28 15.5 125 132 153 153 186 235.3 

54 2007/04/15 16 106.5 120.5 156.5 287 300 324.7 

37 2003/03/26 91.9 52.1 52.1 97.7 184.9 184.9 209.9 

38 2003/03/27 14.5 64.5 64.5 72.5 112.5 112.5 116.5 

39 2003/03/27 16 78 78 188 227 235 260.7 

40 2004/04/05 5.8 176.4 176.4 176.4 176.4 193.9 193.9 

41 2005/03/13 20 145 155 155 162 162 162 

42 2005/03/14 6.2 238.2 256.2 256.2 283.4 306.4 320.8 

43 2005/03/14 4 165 172 172 189 189 193 

44 2005/03/14 8 182 190.5 190.5 215.5 215.5 218.5 

45 2005/03/14 5.9 295.2 325 325 352.8 373.2 373.2 

46 2005/03/14 15.8 402 407.5 407.5 407.5 438.5 438.5 

47 2006/02/09 90 57 57 209 242 242 294 

48 2006/02/09 110 75 75 248 273 273 346 
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Table 1 (Continue) 
 

No. 
Landslide 

Date 
R A5d A10d A15d A20d A25d A30d 

49 2006/02/09 80 152.8 164.9 387.7 393.4 393.4 393.4 

50 2006/02/09 46 113.5 113.5 316.5 348 359.7 416.2 

51 2006/02/10 65 89 131 281.5 310 310 377.5 

52 2006/04/07 30.1 38.5 130.8 143.8 143.8 143.8 148.8 

53 2007/03/28 15.5 125 132 153 153 186 235.3 

54 2007/04/15 16 106.5 120.5 156.5 287 300 324.7 

 

 
 

Figure 2 The location of deep-seated landslides (with depth greater than 2 meters) and their relations  

with isohyets map in the study area. 
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2.2 Methodology 

The 7 antecedent time periods (5, 10, 15, 20, 25, 

28 and 30 days) have been selected for the 

events examined in this study. First we put the 

rainfall in the day (24 hr) of landslide event 

(critical rainfall) on the vertical axis (y) and 

different cumulative rainfall periods (antecedent 

rainfall) on the horizontal axis (x), separately. 

For all of the rainfall periods, correlations 

between the data were obtained. After plotting 

data points, the appropriate line (minimum 

threshold) was drawn based on the lowest points. 

Chleborad (2000, 2003) established a rainfall 

threshold in the Seattle area based on two 

precipitation measurements: the 3-day 

antecedent rainfall (i.e., the event rainfall), and 

the total rainfall for the 15-day period before the 

3-day event rainfall (i.e., the antecedent rainfall). 

In this research, we also used this approach to 

determine the threshold of antecedent rainfall 

that triggers landslides. 

In some cases there is no meaningful 

correlation between the rainfall in the day of 

landslide event and cumulative rainfall in different 

antecedent periods. In such situations, using the 

visual criterion is common (Aleotti, 2004). Most 

commonly, the thresholds are drawn visually, 

without any rigorous mathematical, statistical, or 

physical criterion (Guzzetti et al., 2007). 

To prevent confusion and to standardize the 

visual criteria (to determine the type of rainfall 

threshold), the new definition for the lower 

threshold is presented. A lower threshold is the 

line or curve that passes through the most points 

where all points are located on or above the line. 

Then, the type of obtained line or curve depends 

on the number of lowest points (the lowest rainfall 

amounts that triggered landslides) that the line 

passes through them.  

 

3 RESULTS AND DISCUSSION 

The determination coefficient between the rainfall 

in the day of landslide event and cumulative 

rainfall are 0.15, 0.17, 0.2, 0.02, 0.018, 0.015, 

0.011 and 0.014 for the 5, 7, 10, 15, 20, 25, 28 and 

30-day intervals, respectively. Based on these 

results, the scattering of the population sample is 

very high and no significant correlation exists 

between antecedent and critical rainfall. Aleotti 

(2004) also concluded that the relevant 

determination coefficients are 0.17, 0.16 and 0.32 

for the 7, 10 and 15 day intervals, respectively. 

Thus, rainfall in the day of landslide event is not 

alone criterion for prediction, but it cannot be 

ignored as the daily rainfall may increase the pore 

pressure and also weight of soil mass towards 

critical amounts. In fact, in slopes which are prone 

to landsliding, a little rainfall also can trigger 

instability. 

Figure 3 shows the mean total rainfall of 

landslide triggering storms recorded by various rain 

gauges in the study area versus antecedent time 

periods (1, 2, 3, 4, 5, 7, 10, 15, 20, 25, 28, 30 days). 
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Figure 3 Mean total rainfall of landslide triggering storms recorded at various rain gauges in the study area 

versus antecedent time periods (1, 2, 3, 4, 5, 7, 10, 15, 20, 25, 28, 30 days). 

 

Based on Figure 3 mean total rainfall of 

landslide triggering storms for 25 days 

(antecedent time period) is about 250 mm. 

According to Corominas and Moya (1999), this 

amount of rainfall also seems enough for 

triggering both rotational and translational slides 

in clayey and silty-clayey formations of Eastern 

Pyrenees, Spain. It is interesting to note that all of 

investigated events (critical rainfall) have 

triggered landslides during the 3-month period of 

February to April (Table 1). This may imply that 

the thresholds presented in this research are 

referring to particular conditions of snowmelt, soil 

moisture and water tables that usually dominated 

the study area from February to April. 

Figure 4 illustrates the antecedent rainfall 

threshold for 25, 28 and 30 days in logarithmic 

scale. The threshold equation of antecedent 

rainfall (Ad) for the cumulative rain (25, 28 and 30 

days) and rainfall in the day of landslide event (R) 

can be presented as follows:  

 

R = 4683 × A25d 
– 1.37

                                       (1) 

R = 4683 × A28d 
– 1.37

                                       (2) 

R = 3157 × A30d 
– 1.29

                                       (3) 

 

Rainfall thresholds for the antecedent 

rainfall of 25 and 28 days (before the landslide 

event) are the same. This suggests that for 

antecedent rainfall thresholds, the 28 days time 

period can be ignored and for the longer 

antecedent periods than 25 days, the 30 days 

cumulative rainfall might be considered. 

Figure 5 illustrates the antecedent rainfall 

threshold for the 10, 15 and 20 days in 

logarithmic scale. Based on the results, the 

threshold equation of antecedent rainfall (Ad) 

for the cumulative rain (10, 15 and 20 days) and 

rainfall of the landslide day (R) can be 

presented as follows:  

 

R = 4223 × A10d 
– 1.52

                                       (4) 

R = 159.9 × A15d 
– 0.83

                                      (5) 

R = 166.4 × A20d 
– 0.83

                                         (6)                         
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Figure 4 Rainfall for the day of landslide event versus the antecedent 25 (a), 28 (b) and 30 (c) days of rainfall 

diagram. Red points refer to the lowest amounts of the event and antecedent rainfall that used for drawing the 

threshold line. 
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Figure 5 Rainfall for the day of landslide event versus the antecedent 10 (a), 15 (b) and 20 (c) days of rainfall 

diagram. Red points refer to the lowest amounts of event and antecedent rainfall that used for drawing the 

threshold line. 
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By investigating the landslides  time of 

events in our study area, it has been recognized 

that the equation of threshold curve for 5 days 

cumulative rainfall can be defined both 

powered and linearly (Figure 6). 

Power and linear equations for the 5 days 

antecedent rainfall (A5d) and rainfall in the 

landslide day (R) can be stated as follow: 
 

R = - 0.008 × A5d + 2.604                              (7) 

R = 20.32 × A5d 
– 0.57

                                       (8) 

To compare our results with some previous 

works (e.g. Chleborad, 2003), we applied the 3-

day rainfall (critical rainfall) and the total 

rainfall for the 15-day period before the 3-day 

event rainfall (antecedent rainfall) (Figure 7). 

 

 

 
 

Figure 6 Rainfall for the day of landslide event versus the 5 days antecedent rainfall diagram. Lower threshold 

curves are recognizable. (a) is the linear regression and (b) is the power regression. Red points refer to the lowest 

amounts of the event and antecedent rainfall that used for drawing the threshold line. 
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Figure 7 Rainfall for the 3-day event rainfall (critical rainfall) versus the 15-day period before the 3-day event 

rainfall diagram. Red points refer to the lowest amounts of the event and antecedent rainfall that used for 

drawing the threshold line. 

 

As can be seen in Figure 7, the equation of 

antecedent rainfall threshold for the 3-day event 

rainfall (E3d) and the total rainfall for the 15-day 

(E15d) period (before the 3-day event rainfall) 

can be presented as follow: 

 

E3d = - 0.181× E15d + 52.03                           (9) 

 

Figure 8 indicated that the deep-seated 

landslides in the study area have occurred in the 

wider range amounts of the 3-day event rainfall 

and the 15-day antecedent period in comparison 

with Seattle area. Also it can be seen that with 

decreasing in the amount of 3-day event, 

required increase in the amount of 15-day event 

to initiate landslide in study area is dramatically 

more than Seattle area. These cases could be 

due to different factors, including: (i) diverse 

lithological, morphological, vegetation and soil 

conditions, and (ii) different climatic regimes 

and meteorological circumstances leading to 

slope instability. The threshold established by 

Chleborad (2003) is local but in this study 

regional thresholds are presented for 

Chaharmahal & Bakhtiari province; and as 

expressed by Guzzetti et al. (2007) regional 

thresholds cover wider range of rainfall events.  

Based on presented visual standard for 

drawing thresholds in this study, linear 

regression was selected for recognition of E3d -

E15d threshold. Linear regression passes through 

more number of the lowest points (4 points) 

than power regression (2 points). 

To investigate the variability of threshold 

types, in addition to the daily rainfall and the 3 

days cumulative rain, the 2- and 5-day rainfall 

was considered. Figures 9 and 10 showed the 2- 

and 5-day event threshold for the 15 days 

antecedent rainfall. 
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Figure 8 Comparison between suggested lower thresholds for landslides in Chaharmahal & Bakhtiari province 

and Seattle area (Chleborad, 2003). 

 

 

 
 

Figure 9 Rainfall for 2-day event (critical rainfall) versus 15-day period before the 2-day event rainfall diagram. 

Red points refer to the lowest amounts of event and antecedent rainfall that used for drawing the threshold line. 
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Figure 10 Rainfall for the 5-day event (critical rainfall) versus the 15-day period before the 5-day event rainfall 

diagram. Red points refer to the lowest amounts of the event and antecedent rainfall that used for drawing the 

threshold line. 

 

Based on these results (Figsure 9 and 10), 

the equations of antecedent rainfall threshold 

for 2-day event (E2d) and the total rainfall for 

the 15- (E15d) day periods (before the 2-day 

event) can be formulated as follow: 

 

E2d = 6846 × E15d
-1.56                                    (10)   

E5d = 242.9 × E15d
-0.34

                                   (11) 

 

By considering the 2 and 5 days event 

instead of the daily rainfall, no changing in the 

type of the threshold equations (power 

regression) was happened.  

 

4 CONCLUSION  

Since most of the landslides in the study area 

have occurred after a rainy period, this study 

was carried out to investigate relationship 

between landslides time of occurrence and 

antecedent rainfall characteristics. It means that 

the lower thresholds for landslide initiation in 

the study area can be established theoretically. 

To determine the more effective antecedent 

rainfall threshold, among the time periods 5, 10, 

15, 20, 25, 28 and 30 days, the results of 5 days 

and shorter time periods appear not logically 

connected. Although, these rainfalls might 

increase the pore pressure and weight of soil 

mass towards the critical amounts and thus may 

play a key role in hillslopes destabilization. 

However, it seems the crucial soil moisture to 

trigger a landslide is related to more than 10 

days antecedent rainfall. Most of landslides 

occurred by cumulative rainfall for more than 

10 days. Thus, the antecedent time periods for 

the events examined in this area were 10, 15, 

20, 25, 28 and 30 days. We have also 

established the antecedent rainfall thresholds 

according to 15-day antecedent period for 2, 3 

and 5 days rainfall events. Overall, by 
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investigating the rainfall for the days around the 

occurrence time of soil failures and different 

time periods of cumulative rainfalls before 

landslides, a statistical model can be presented 

for each hydroclimatic region as a tentative 

landslide warning system. As the hydrological 

and mechanical behavior of different soils in 

the study area are completely different, more 

research is needed to investigate the relation 

between instability and rainfall characteristics 

in homogenous soil classes, separately 

(especially in clayey-marly deposits of Zagros 

zone).    

 

5 REFERENCES  

Aleotti, P.A. warning system for rainfall-

induced shallow failures. Eng. Geol., 

2004; 73: 247-265.   

Cannon, S.H. and Ellen S.D. Rainfall conditions 

for abundant debris avalanches, San 

Francisco Bay region, California. Calif. 

Geol., 1985; 38: 267-272. 

Canuti, P., Focardi, P. and Garzonio, C.A. 

Correlation between rainfall and 

landslides. Bull. Int. Assoc. Eng. Geol., 

1985; 32: 49-54. 

Chaharmahal & Bakhtiari Meteorological 

Administration, [Online] available from: 

http://www.chaharmahalmet.ir/en/c3.asp, 

(Retrieved July 12, 2011). 

Chleborad, A.F. Preliminary method for 

anticipating the occurrence of precipitation-

induced landslides in Seattle, Washington. 

US Geological Survey, Open-File Report, 

00-469. 2000. 

Chleborad, A.F. Preliminary Evaluation of a 

Precipitation Threshold for Anticipating 

the Occurrence of Landslides in the 

Seattle, Washington Area. US Geological 

Survey, Open-File Report, 03-463. 2003. 

Corominas, J. and Moya, J. Reconstructing 

recent landslide activity in relation to 

rainfall in the Llobregat River basin, 

Eastern Pyrenees, Spain. Geomorphology. 

1999; 30: 79-93. 

Crosta, G.B. and Frattini, P. Rainfall thresholds 

for triggering soil slips and debris flow, 

In: Proceeding of 2nd EGS Plinius 

Conference on Mediterranean Storms, 

Siena. 2001; 1: 463-487. 

Crozier, M.J. Prediction of rainfall-triggered 

landslides: a test of the antecedent water 

status model. Earth Surf. Process. 

Landforms. 1999; 24: 825-833.  

Dahal, R.K. and Hasegawa, S. Representative 

rainfall thresholds for landslides in the 

Nepal Himalaya. Geomorphology. 2008; 

100: 429-443. 

De Martonne, E. Une nouvelle fonction 

climatologique: L’indice d’aridité. La 

Meteorologie. 1926; 449-458. 

De Vita P. Fenomeni di instabilità della 

coperture piroclastiche dei monti Lattari, 

di Sarno e di Salerno (Campania) ed 

analisi degli eventi pluviometrici 

determinanti. Quaderni di Geologia 

Applicata. 2000; 7: 213-235.  

Emami, N. Investigation and prioritization of 

effective factors in mass movement, In: 

Proceeding of 2th national conference of 

land movement and methods of their 

hazard control, Kordestan, Iran. 1998; 

111-138. (In Persian). 

Gabet, E.J., Burbank, D.W., Putkonen, J.K., 

Pratt-Sitaula, B.A. and Oiha, T. Rainfall 

thresholds for landsliding in the 

Himalayas of Nepal. Geomorphology. 

2004; 63: 131-143. 

Giannecchini, R. Relationship between rainfall 

and landslides in the southern Apuan 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
13

.1
.1

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
24

 ]
 

                            15 / 17

https://dorl.net/dor/20.1001.1.23222700.2013.1.1.4.4
https://ecopersia.modares.ac.ir/article-24-2554-en.html


A. R. Nafarzadegan _________________________________________  ECOPERSIA (2013) Vol. 1(1) 

38 

Alps (Italy). Nat. Hazards Earth Syst. Sci.,  

2006; 6: 357-364.  

Glade, T., Crozier, M.J. and Smith, P. Applying 

probability determination to refine 

landslide-triggering rainfall thresholds 

using an empirical Antecedent Daily 

Rainfall Model. Pure. Appl. Geophys.,  

2000; 157: 1059-1079. 

Guzzeti, F., Peruccacci, S., Rossi, M. and Stark, 

C. P. Rainfall thresholds for the initiation 

of landslides in central and southern 

Europe, Meteorol Atmos Phys. 2007; 98: 

239-267.  

Jakob, M. and Weatherly, H. A hydroclimatic 

threshold for landslide initiation on the 

North Shore Mountains of Vancouver, 

British Columbia, Geomorphology. 2003; 

54: 137-156. 

Kim, S.K., Hong, W.P. and Kim, Y.M. 

Prediction of rainfall-triggered landslides 

in Korea. In: Proceeding of Landslides, 

Rotterdam. 1991; 2: 989-994. 

Laprade, W.T., Kirkland, T.E., Nashem, W.D. 

and Robertson, C.A. Seattle landslide 

study. Shannon and Wilson Inc, Internal 

Report W-7992-01. 2000. 

Lumb, P. Slope Failure in Hong Kong. 

Engineering Geology. 1975; 8: 31-65. 

Sengupta, A., Gupta, S. and Anbarasu, K. 

Rainfall thresholds for the initiation of 

landslide at Lanta Khola in north Sikkim, 

India, Nat. Hazards. 2010; 52:31-42. 

Sidle, R.C. Using Weather and Climate 

Information for Landslide Prevention and 

Mitigation, International Workshop on 

Climate and Land Degradation, Arusha, 

Tanzania. 2006; 11-15. 

Talebi, A., Uijlenhoet, R. and Troch, P.A.A 

low-dimensional physically-based model 

of hydrologic control on shallow 

landsliding in complex hillslopes. Earth 

Surf. Process. Landforms. 2008; DOI: 

10.1002/esp.1648.  

Terlien, M.T.J. The determination of statistical 

and deterministic hydrological landslide-

triggering thresholds. Envi. Geol., 1998; 

35 (2-3.): 124-130. 

Van Asch, Th.W.J., Buma, J. and Van Beek, 

L.P.H. A view on some hydrological 

triggering systems in landslides. 

Geomorphology. 1999; 30: 25-32 

White, I.D., Mottershead, D.N. and Harrison, 

J.J. Environmental Systems, 2nd Edition. 

London: Chapman & Hall. 1996; 616 pp. 

Zˆezere, J.L., Trigo, R.M. and Trigo, I.F. 

Shallow and deep landslides induced by 

rainfall in the Lisbon region (Portugal): 

assessment of relationships with the 

North Atlantic Oscillation. Nat. Hazards 

Earth Syst. Sci., 2005; 5: 331-344. 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
13

.1
.1

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
24

 ]
 

                            16 / 17

https://dorl.net/dor/20.1001.1.23222700.2013.1.1.4.4
https://ecopersia.modares.ac.ir/article-24-2554-en.html


Antecedent Rainfall Thresholds for the Triggering of Deep-Seated Landslides  ___ ECOPERSIA (2013) Vol. 1(1) 

39 

 

 های عمیق در استان چهارمحال و بختیاریلغسشگی پیشیه برای وقوع زمیهذهای باروآستاوه

 

 3وؼیم امامی ي 2وژاد، حسیه ملکی*2، ػلی طالثی1ػلیرضا وفرزادگان

 

 ، یسد، ایرانداوطگاٌ یسد ،داوطکذٌ مىاتغ طثیؼیآمًختٍ کارضىاسی ارضذ، داوص -1

 ، یسد، ایراناوطگاٌ یسدد ،داوطکذٌ مىاتغ طثیؼیاستادیار،  -2

 ، ضُرکرد، ایرانمرکس تحقیقات کطايرزی ي مىاتغ طثیؼی استان چُارمحال ي تختیاری -3

 

َا ضىاختٍ ضذٌ است. پژيَطگران َمًارٌ تلاش ای زمیه لغسشتاروذگی تٍ ػىًان یکی از مُمتریه ػًامل ماضٍ چکیذه

 لغسش در مىاطق مختلف جُان را تؼییه کىىذ. یکی از مىاطق اوذ تا میسان تاروذگی مًرد ویاز ترای يقًع زمیهکردٌ

تاضذ. ضًد، استان چُارمحال ي تختیاری )تٍ يیژٌ غرب آن( میخیس کطًر کٍ َرسالٍ خسارات زیادی را متحمل میلغسش

تیاری تٍ اثثات در استان چُارمحال ي تخ َالغسش زمیهَای زماوی تاراوی ي يقًع از آوجایی کٍ ارتثاط مؼىادار تیه تازٌ

َای ػمیق ارائٍ ضًد. لغسشزمیه َایی تراساس تاروذگی پیطیه ترایرسیذٌ است، در ایه مطالؼٍ تلاش ضذٌ تا آستاوٍ

در وظر  َای قثل از گسیختگیريزٌ 31ي  22 ،25 ،21، 15، 11، 5َای زماوی ذیه مىظًر ي تا تًجٍ تٍ تررسی مىاتغ، تازٌت

ريزٌ  15َایی ویس ترای تاروذگی پیطیه گرفتٍ ضذوذ، َمچىیه تا استفادٌ از ريیکرد تجرتی دیگری تلاش ضذ آستاوٍ

ريزٌ پیطىُاد گردد. وتایج وطان داد کٍ مگر در ضرایط استثىایی، تىُا تا مطالؼٍ  5ي  3، 2َای تجمؼی تراساس تارش

تًان تٍ وتایج مىطقی دست یافت؛ ي َمچىیه میاوگیه مقذار تاروذگی ريز ومی 11َای پیطیه در تازٌ زماوی کمتر از تارش

متر خًاَذ تًد. در وُایت میلی 221ي  141ريزٌ تٍ ترتیة  31ي  11 َای زماویدر تازٌ مًرد ویاز ترای يقًع گسیختگی

 َا تٍ يیژٌ تر ريی دامىٍ ضًد مطالؼات تیطتری در زمیىٍ ارتثاط تیه مطخصات تاروذگی ي واپایذار ضذنپیطىُاد می

 ماروی غرب استان صًرت تگیرد.  -َای( رسیَای )وُطتٍپُىٍ

 

 حذ آستاوٍ، زمیه لغسشتاروذگی پیطیه، استان چُار محال ي تختیاری، كلمات كلیذی: 
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