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Abstract. The objectives of this study were to understand the rainfall characteristics of the 

wind-water erosion crisscross region on the northern Loess Plateau, China, to provide basis 

for the studies on mitigation of soil erosion, estimation on surface water resources and 

local hydrological circle, etc. The Liudaogou Catchment with representative climatic and 

hydrologic conditions of wind-water erosion crisscross region at the northern Loess 

Plateau was chosen as the study area. Analysis of the rain intensity, duration and amount 

was performed for the period from May to October for five years (2006-2010). The 

maximum and average rain intensity of time intervals of 3 min, 5 min, 10 min, 30 min and 

1 h were quantized. Rain intensity distribution of different time intervals (3 min, 5 min, 10 

min, 30 min, 1h and 6 h) has been clarified to a certain degree. Rainfall events whose 

rainfall duration equal or less than 30 min accounted for approximately 50% of the total 

number of rainfall events. Rainfall event whose rainfall amount ≤ 1 mm accounted 

approximately 50% of annual mean rainfall events whereas their total rainfall only 

accounted for less than 7% of mean annual precipitation during 2006-2010. This study 

veritably described the main rainfall characteristics of wind-water erosion crisscross region 

on the northern Loess Plateau to a certain extent. 

 

Key words: Loess plateau, Wind-water erosion crisscross region, Liudaogou catchment, 

Rainfall analysis, Rain intensity 
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1. Introduction 
Chinese Loess Plateau (area: 6.268×10

5
 

km
2
; 110°-115° E longitude and 34°-40° 

N latitude) as a vast semiarid region and 

high risk region of desertification has 

widely been of concern not only in China 

but also in the world. In the process of 

desertification, serious soil erosion has 

occurred in the Loess Plateau since 17th 

century (Wang and Takahashi, 1999; Bo 

and Long, 2002). Over 60% of the total 

area has been subjected to the soil and 

water loss, consequently, Loess Plateau 

has been regarded as one of the most 

serious soil erosion areas in the world, 

(Shi and Shao, 2000). Natural processes 

of soil and water loss fluctuates in 

different seasons and years, which is 

significant in fragile arid environments 

with sparse vegetation covers (Merz et 

al., 2006). Due to poor vegetative cover 

and fragile ecosystem in the semiarid 

regions, surface hydrological responses 

are even sensitive to small fluctuations of 

rainfall (Yair and Raz-Yassif, 2004; 

Nearing et al., 2005; Leblance et al., 

2008). Knowledge about the role of 

temporal variations of rainfall variations 

on water erosion is thus significant for 

erosion control and larger-scale 

hydrological predictions (Wei et al., 

2010). In China‟s Loess Plateau, soil 

erosion and nutrient losses with surface 

runoff have caused severe soil quality 

degradation and water pollution, which is 

driven by both rainfall impact and runoff 

flow that usually occurs simultaneously 

during the rainfall event (Guo et al., 

2010). Re-vegetation is recognized as an 

effective means to control soil erosion 

and protect land from desertification (Wu 

and Yang, 1998; Huang et al., 2003), and 

great effort has been made to plant trees 

and grass on slope land since the end of 

1950s. Indeed, about 24% of erosion area 

has been controlled, and vegetation 

coverage has increased from 6.5% in 

1970s to 11% in 1995 in the Loess 

Plateau (He et al., 2003; Chen et al., 

2008). However, large-scale vegetation 

restoration has also aggravated water 

scarcity (Li, 2001; Shangguan and Zheng, 

2006). Water is the key to vegetation 

restoration (Huo et al., 2008).  

In most regions of the Loess Plateau, 

the average annual rainfall ranges from 

300 mm in the northwest to 650 mm in 

the southeast, however, the relevant mean 

annual evaporation varies from 623.8 to 

1254.0 mm. Scarce and uneven 

distribution of rainfall in addition to 

intense evapotranspiration causes the 

deficiency of annual water resources 

(Zheng et al., 2005; Kimura et al., 2005). 

Deficiency of water resources mainly 

hampers vegetation restoration in the 

Loess Plateau (Yang, 1996; Hinokidani et 

al., 2010). The most serious erosion area 

is the wind-water erosion crisscross 

region at the northern Loess Plateau.  

Tendency of desertification in this 

region has become more severe than that 

in the southern region of the Loess 

Plateau due to the long-term water and 

wind crisscross erosion in addition to low 

precipitation. Average annual 

precipitation of this region is only 400 

mm with apparent seasonal fluctuation, 

which leads to intra seasonal water 

deficiencies (Cheng et al., 2007; Huo et 

al., 2008). The spatiotemporal 

heterogeneity and uneven characteristics 

of rainfall play a key role in soil erosion 

(Li et al., 2000; Apaydin et al., 2006), as 

complex interactions exist between the 

spatiotemporal distributions of rainfall 

systems and watershed hydrological 

responses (Morin et al., 2006; Baigorria 

et al., 2007). Local storm patterns are 

important in determining the shape of the 

runoff hydrograph (De Lima and Singh, 

2002). In the Loess Plateau, the erosion 

force is mainly rainfall and the factors 

affecting rainfall erosion include 

intensity, variation, and duration (Shi and 

Shao, 2000). Rainfall can cause runoff 

that is a basic force producing soil and 

water loss (Kinnell, 2005; Wei et al., 

2010). Ephemeral runoff is significantly 

affected by rainfall factors, meanwhile, 
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runoff is an important water resource in 

the wind-water erosion crisscross region 

of the Loess Plateau (Hinokidani et al., 

2010). Therefore, clarification of the 

main rainfall characteristics such as rain 

intensity for different time intervals, 

rainfall duration and rainfall amount can 

provide important insights for the studies 

on soil erosion and relationships between 

rainfall and runoff. Moreover, this 

information becomes valuable for 

assessment, development and utilization 

of available water resources in the 

northern Loess Plateau. Many studies on 

rainfall analysis of “Intensity-Duration-

Frequency (IDF)” which has drawn much 

attention from researchers have been 

conducted over the past few years (Chen, 

1983; Pao et al., 2004) and need accurate 

continuous rainfall data for a 

considerable period. However, only few 

studies have been carried out in China 

due to poor quality of available rainfall 

data due to measurement errors and use 

of the limited quality equipments. The 

aim of this study was to understand the 

rainfall characteristics of the wind-water 

erosion crisscross region of the northern 

Loess Plateau. The preliminary analysis 

of rain intensity, rainfall duration and 

rainfall amount was conducted by using 

the rainfall data observed in the rainfall 

concentrated period (May to October) in 

five years (2006-2010). Results of this 

study are expected to provide accurate 

information for studies to establish 

relationship between rainfall and soil 

erosion, relationship between rainfall and 

runoff of the wind-water erosion 

crisscross region of the northern Loess 

Plateau. 

2. Materials and Methods 

2.1. Study area 
The Liudaogou Catchment (area: 6.89 

km
2
, 110˚21′-110˚23′ E longitude and 

38˚46′-38˚51′ N latitude) was chosen as 

the study area because it represents 

diversified landscape types in terms of 

geology, morphology, soil, hydrology 

and climatic conditions, as well as a 

number of land use patterns of the wind-

water erosion crisscross region in the 

northern Loess Plateau environment 

(Huang et al., 2008; Zhu and Shao, 

2008). This catchment is situated at the 

elevation ranging from 1094.0 m to 

1273.9 m above sea level with only 430 

mm annual precipitation and uneven 

monthly distribution, of which more than 

70% is concentrated on the period June to 

September. The annual potential 

evapotranspiration exceeds 1000 mm. 

Ephemeral runoff is restrictively 

generated only for intensive rainfall in 

the rainy season (Huang et al., 2011). 

Terrain is considerably complicated   

(Fig. 1b), and many gullies in various 

scales spread around the main river 

channel. The rigorous wind and water 

crisscross erosion causes severe 

degradation of the ecological 

environment and increases the risk of 

desertification. The natural vegetation has 

been severely destroyed and there is 

almost no large-area distribution, and 

vegetation coverage is less than 25% 

(Han et al., 2009; Wang et al., 2009; 

Huang, 2010). 

 

 

 

 

 

 

 

 
 

 

 

Fig. 1. Layout of rainfall observation & natural condition of the Liudaogou Catchment (a) Layout 
of rainfall observation (b) Natural condition (terrain and vegetation) of the Liudaogou Catchment 

(May, 2007) 
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2.2. Methodology 
Rainfall observations were conducted on 

slope land on both sides of a large gully 

at upstream of the Liudaogou Catchment. 

Two locations for observation were 

identified and marked as R1 

(110°21'41.52" E and 38°46'80.74" N) 

and R2 (110°21'46.23" E and 

38°47'33.50" N), and elevation of the two 

points were 1256 m and 1247 m, 

respectively. The tipping rain-gauges 

(Model number: 7852M-L10, 

Dimensions: φ165×240H (mm)) were 

used and rain gauge of this type records 

data once for every 0.2 mm rainfall 

occurred. Layout of rainfall observation 

is shown in (Fig. 1a).  

The studies on relationship between 

rainfall and soil erosion in China in 

recent years indicate that two types of 

data are used in rainfall analysis due to 

the difference between the laboratory and 

field conditions. Because instability of 

rainfall intensity at natural conditions and 

limitation of the observing conditions, 

rainfall data of the relatively large time 

intervals such as 30 min and 1 h are used 

for researches on rainfall analysis (Zhang 

and Zhu, 2006; Wang et al., 2010). Based 

on control over the artificial rainfall 

equipment, rainfall intensity of various 

time intervals can be obtained under 

laboratory conditions and the shorter time 

interval are selected for rainfall analysis 

such as 10 min, 5 min and 1min (Yuan et 

al., 2010; Xiao et al., 2011). In this study, 

rainfall observations were obtained in the 

natural slope land and the span for 

rainfall analysis covered the entire rainy 

season of five years (2006-2010). 

Considering the rainfall feature of the 

study area where the most part of the 

annual precipitation received in rainy 

season generally in short duration and 

high intensity which is closely related to 

soil erosion and runoff, the observed 

rainfall data was separated into the 

shorter intervals such as 3 min, 5 min and 

10 min, and the longer intervals such as 

30 min, 1 h and 6 h by means of Box Car 

Pro 4.3 software (Statement: There is no 

conflict of interest between the authors 

and the Box Car Pro 4.3 software) on 

time axis and rainfall distribution for 

each of the above time intervals can be 

achieved. Since there were no visible 

differences between the observed results 

during the mutual observation period in 

the two locations R1 and R2, the results 

of the processed rainfall data provide the 

arithmetic mean of rainfall on the two 

locations. 

 

3. Results and Discussion 

3.1. Comparison of mean annual 

precipitation (1956-2010) and 

monthly distribution in the period 

2006-2010 
Monthly rainfall distribution of 2006-

2010 is presented in the (Table 1). 

Comparison of mean monthly rainfall in 

the period 2006-2010 and mean annual 

(1956-2010) is shown on the (Fig. 2). 

According to the results presented in 

the (Table 1), mean annual precipitation 

of 2006-2010 was 476.6 mm/a slightly 

higher than the mean annual rainfall of 

430 mm of (1956-2010). Mean rainfall in 

the rainfall concentrated period (May-

October) of 2006-2010 accounted for 

92.2% of mean annual precipitation 

(2006-2010). (Fig. 2), showed that 

although monthly rainfall distribution of 

2006-2010 was similar to that of 1956-

2010, rainfall in July was significantly 

lower than that of the mean annual and 

rainfall in September was obviously 

higher than the mean annual of the period 

(1956-2010). Except July and September, 

there was no distinct difference of 

monthly rainfall distribution between 

mean of 2006-2010 and mean annual of 

1956-2010. 
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Table 1. Statistical results of monthly rainfall distribution (mm) 
Given year→ 

Month↓ 
2006 2007 2008 2009 2010 Average 

Percentage  

of Total Annual % 

Jan 9.2 0.4 3.0 0.4 0 2.6 0.6 

Feb 0.4 8.4 2.4 3.6 0.4 3.0 0.6 

Mar 2.6 17.6 12.0 6.6 17.4 11.2 2.3 

Apr 2.8 16.8 25.0 4.2 24.0 14.6 3.1 

May 59.0 47.0 24.2 42.8 58.6 46.3 9.7 

Jun 51.2 45.6 106.6 40.8 50.0 58.8 12.3 

Jul 84.8 55.8 44.6 111.8 36.6 66.7 14.0 

Aug 108.4 120.0 129.2 157.2 177.8 138.5 29.1 
Sep 35.8 65.8 133.4 127.2 96.8 91.8 19.3  

Oct 22.6 98.4 16.6 22.6 26.4 37.3 7.8 

Nov 7.6 0.0 5.8 10.2 0.0 4.7 1.0 

Dec 0.2 5.2 0.0 0.0 0.0 1.1 0.2 

Total 384.6 481.0 502.8 527.4 488.0 476.6 100 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 2. Comparison of monthly mean rainfall between (2006-2010) and mean annual (1956-2010) 

 

3.2. Analysis of rain intensity of 

each time interval 
Rainfall data in the considered period 

(May-October) of 2006-2010 was 

separated on time axis using Box Car Pro 

4.3 software by time interval of 3 min, 5 

min, 10 min, 30 min, 1 h and 6 h, 

respectively, and the observed rain 

intensity distribution of each time interval 

are shown on the (Fig. 3a- Fig. 3f), 

respectively. The results of rain intensity 

distribution of each time interval of each 

month are presented in the (Table 2). 

According to the results of rain 

intensity of different time intervals (Fig. 

3, Table 2), most number of rain intensity 

of 3 min interval was equal or less than 

0.13 (mm.min
-1

), and rain intensity of 

merely 2 times was higher than 1.8 

(mm.min
-1

) within 2006-2010, the 

maximum was 2.2 (mm.min
-1)

 which 

happened on 2010-08-11.  

Most of 5 (min) rain intensity was 

equal or less than 0.2 (mm.min
-1

) and 

number of rain intensity which was 

higher than 1 (mm.min
-1

) was only 11, 

and the maximum also occurred on 2010-

08-11 reaching 2.08 (mm.min
-1

). Most of 

10 min rain intensity was ≤ 0.1 (mm.min
-

1
) and there were only 6 events higher 

than 0.8 (mm.min
-1

), and the maximum 

was 1.68 (mm.min
-1

) (2010-08-11). 

 Most of rain intensity was equal or 

less than 0.05 (mm.min
-1

) of 30 min 

interval and only 4 events was higher 

than 0.6 (mm.min
-1

), and the maximum 

was observed on 23rd June 2006 which 

reached to 0.75 (mm.min
-1

). Number of 

rain intensity equal or less than0.03 (mm. 

min
-1

) was more than 70% of 1 h interval, 
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and rain intensity higher than 0.4 

(mm.min
-1

) was only once observed on 

23rd June 2006 (0.70 mm.min
-1

). Number 

of rain intensity equal or less than 0.01 

(mm.min
-1

) was more than 65% of 6 h 

interval, and rain intensity higher than 0.1 

mm.min
-1

 was only 6. The maximum rain 

intensity in 2007, 2008 and 2009 of 3 min 

interval was obviously lower than that of 

2006 and 2010. The maximum value of 

time intervals of 5 min, 10 min, 30 min 

and 1 h in 2007 and 2008 was visibly 

lower than the corresponding values of 

2006 and 2010, which was due to 

relatively low intensity of intensive 

rainfall events in 2007 and 2008. (Table 

2), shows rain intensity distribution of 

different time intervals in each month in 

the considered period of 2006-2010. 

Number of rain intensity equal or less 

than 0.13 (mm.min
-1

) accounted for 

60.4% of 3 min interval of the total 

number of observations and number of 

rain intensity higher than 0.6 mm.min
-1

 

was less than 2% of the total number. 

There were 21 events of rain intensity 

higher than 1 mm.min
-1

 which was 

mainly received annually during June, 

August and September and only 

accounted for 0.4% of the total number of 

the observations. Number of 5 min rain 

intensity equal or less than 0.2 (mm.min
-

1
) accounted for 94.8 % of the total 

number of observations.  

Number of rain intensity higher than 

0.4 (mm.min
-1

) was less than 2.0% of the 

total number of observations among 

which number of rain intensity higher 

than 0.8～1 (mm.min
-1

) and that higher 

than 1 (mm.min
-1

) accounted for 0.3% of 

the total number of observations of 5 min 

interval. No rainfall event occurred with 

rain intensity higher than 0.8 (mm.min
-1

) 

in July. Number of rain intensity ≤0.1 

(mm.min
-1

) accounted for 89.7 % of 10 

min interval of the total observations. 

Number of rain intensity >0.4 (mm.min
-1

) 

only accounted for 1.2% of the 

observations among which rain intensity 

higher than 0.8 (mm.min
-1

) was only 6 

and only accounted for 0.2% of the total 

number of observations. In July, there 

was no rainfall event whose 10 min rain 

intensity was higher than 0.8 (mm.min
-1

). 

Number of rain intensity equal or 

less than 0.05 (mm.min
-1

) slightly 

exceeded 80% of the total number of 

observations of 30 min interval. Number 

of rain intensity higher than 0.05～0.4 

(mm.min
-1

) and that higher than 0.4 

(mm.min
-1

) accounted for 19.2% and 

0.5% of the observations, respectively. 

There was no rainfall event of 30 min 

interval whose rain intensity was higher 

than 0.4 (mm.min
-1

) in July. 

Number of rain intensity equal or 

less than 0.03 mm.min
-1

 and rain 

intensity higher than 0.06～0.27        

mm.min
-1

 accounted for 73.1% and 

11.4% of the total number observations 

of 1 h interval, respectively. Only 6 

events whose 1 h rain intensity was high 

than 0.27 (mm.min
-1

) and 3 events 

occurred in August. Number of rain 

intensity high than 0.4 (mm.min
-1

) was 

only 1, indicating that event probability 

of rainfall of 1 h interval with rain 

intensity higher than 0.4 (mm.min
-1

) was 

merely 0.1% in 2006-2010. Number of 

rain intensity equal or less than 0.01    

mm.min
-1

 accounted for 65.1% of the 

total number observations of 1 h interval. 

Only 6 events whose 6 h rain intensity 

were higher than 0.1 (mm.min
-1

). 
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           (a) 3 min                  (b) 5 min                                                              (c) 10 min     

 
               (d) 30 min                                                         (e) 1 h                                                                  (f) 6 h 

Fig. 3. Distribution of rain intensity of different time intervals 

Table 2. Monthly distribution of rain intensity of different time intervals (Number) 
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3.3. Comparison of the maximum, 

minimum and average rain 

intensity of different time intervals 
The maximum, minimum and average 

rain intensity in the considered time in 

2006-2010 is presented in (Table 3). 

Average rain intensity refers to the 

arithmetic mean of rain intensity 

throughout the entire span of all rainfall 

events for each time interval in the 

considered period of 2006-2010. Since 

the rain gauge to record data once for 

every 0.2 mm rainfall occurred 

(approximately 1 drip rain into rain 

gauge) the minimum rainfall of each time 

interval (3 min, 5 min, 10 min, 30 min, 1 

h and 6 h) was 0.2 mm. The rainy event 

whose rainfall amount was less than 0.2 

mm could not be observed. Therefore, an 

insignificant difference may exist 

between the maximum and minimum rain 

intensity of the observed results (Table 3) 

and the actual corresponding value of 

each time interval theoretically. For 

example, the actual minimum rainfall 

amount of each time interval might be 0

～0.2 mm (exclusion from 0.2 mm). 

When rainfall amount of a single 

rainfall event is less than 0.2 mm, it will 

be evaporated soon at the study area and 

can almost not change conditions of 

underlying surface. Therefore, rainfall 

amount less than 0.2 mm for a single 

rainfall event can be neglected from 

perspective of effective rainfall and it 

almost does not affect the results of 

rainfall analysis at the study area. Results 

in (Table 3), indicate that the maximum, 

minimum and average rain intensity of 

time interval of 10 min were 0.80, 0.5 

and 0.67 times of the corresponding value 

of 5 (min) interval, respectively; while 

the maximum, minimum and average rain 

intensity of 1 (h) interval were 0.32, 0.05 

and 0.25 times of the corresponding value 

of 3 min interval, respectively. Thus, a 

conclusion can be drawn by comparison 

among the maximum, minimum and 

average rainfall intensity of every time 

interval that by increasing the time 

interval the rain intensity showed a 

decreasing tendency. 

 

Table 3. Maximum, minimum and average rain intensity of different time intervals (2006-2010)/ 
(mm/min) 

Time Interval/min Maximum Intensity Minimum Intensity 
Ration of Maximum 
and Minimum 

Average Intensity 

3 2.2 0.07 31 0.12 

5 2.08 0.04 52 0.09 

10 1.68 0.02 84 0.06 

30 0.75 0.007 107 0.04 

60 (1h) 0.70 0.003 233 0.03 

360 (6 h) 0.18 0.0006 300 0.013 

 

3.4 Rainfall duration and rainfall 

amount 
The divided methods for every single 

rainfall event are listed below and the 

separated results of rainfall data of 10 

min interval used as 10 min interval can 

be considered as a representative time 

unit to divide (Table 4, number of rainfall 

event with rainfall duration higher than 

10 min accounted for more than 60% of 

total number of rainfall event) rainfall 

event, in addition, analysis on the 

observed results is relatively to be carried 

out. 

1）A continuous rainfall was determined 

as a single rainfall event during 

occurrence of which there was no 

interruption equal or higher than 10 min 

as well as no rainfall event before and 

after 1 h of such continuous rainfall. 

2）When a non-persistent rainfall 

occurred within 1 h with interruption (s) 
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equal or higher than10 min and there was 

no rainfall within a few hours before and 

after, such non-persistent rainfall was 

confirmed as a single rainfall event. 

3）For a long period of non-persistent 

rainfall, if its time span exceeded 6 h 

without interruption higher than 1 h and 

such rainfall was confirmed as a single 

rainfall event. The main basis for such 

divided method was in consideration of 

the main hydraulic conditions of the 

underlying surface such as water content 

in the top  soil (etc.) could not change 

significantly, although it ceased during 

the time span of rainfall, in other words, 

interruption of rainfall has insignificant 

impact on the process of rainfall -runoff. 

Few cases of rainfall could not meet 

the dividing conditions of the above 

methods (1) - (3) to ascertain such 

rainfall, thus it was necessary to consider 

the actual rainfall process in light of the 

above methods. 

Rainfall in the considered period 

from May to October in 2006-2010 was 

divided using the methods as mentioned 

above and the analyzed results of rainfall 

duration and rainfall amount of all 

rainfall events are presented in the (Table 

4). The total number of rainfall events in 

the considered period in 2006-2010 was 

449 (Table 4). Rainfall event whose 

rainfall duration equal or less than 30 min 

accounted for 52.1% of the total number, 

and number of rainfall events with 

amount equal or less than 1.0 mm was 

225 which accounted for 50.1% of total 

number of events. Number of rainfall 

event of rainfall duration higher than 30 

min～1 h and 1～2 h accounted for 

11.8% and 13.2% of the total number, 

respectively. Number of rainfall duration 

in the ranges of higher than 2～4 h, 4～6 

h, 6～12 h, and >12 h was less than 10% 

of total number of rainfall events, 

respectively. Number of rainfall duration 

higher than 12 h was only 10 which was 

merely equivalent to 2.2% of total 

number.  

From the perspective of rainfall 

amount, number of rainfall event with 

rainfall amount equal or less than 5 mm 

was 349 which accounted for more than 

77% of the total rainfall events, while 

that equal or less than 1 mm was equal to 

50.1% of total number. Number of 

rainfall event with rainfall amount higher 

than 5～10 mm was 43 which was 

equivalent to 9.6% of the total rainfall 

events. Number of rainfall amount in the 

ranges higher than 10～20 mm and >20

～40 mm was 27 and 22 events, 

respectively, and total number of these 

two ranges accounted for 10.9% of total 

number. There were 6 rainfall events 

whose rainfall amount higher than 40～
80 mm and the average annual was 

merely 1 time/a in 2006-2010. If rainfall 

amount of such rainfall event is 60 mm, 

which is equivalent to the average range 

higher than 40～80 mm, the rainfall 

amount reaches to 12.6% of annual 

precipitation (mean annual precipitation 

was 476.6 of 2006-2010). Only 2 rainfall 

events whose rainfall amount exceeded 

80 mm and such rainfall event only 

accounted for 0.4% of total number of 

rainfall events, and average event 

probability was less than 1 time/a in 

2006-2010. Mean annual number of 

rainfall event in the considered period for 

a single rainfall amount equal or less than 

1 mm was 45 times/a, if the maximum of 

1 mm is to be chosen to calculate the 

rainfall amount, the total rainfall amount 

of this type of rainfall event is only 45 

mm. In other words, the total rainfall 

amount of 45 rainfall events (a single 

rainfall amount was less than 1 mm) 

accounted for less than 10% of the mean 

annual precipitation. Number of rainfall 

event for a single rainfall amount higher 

than 20 mm was 6 times/a in 2006-2010, 

if the minimum value of 20 mm was to be 

chosen to perform calculation, the total 

annual rainfall amount of such rainfall 

event reaches to 100 mm which exceeds 

25% of the mean annual precipitation. 
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Table 4. Distribution of rainfall duration and rainfall amount (Number) 

Rainfall 

amount 

(mm) 

Rainfall duration 

Total 

Percentage of 

number of each 

range accounted 

for total rainfall 

events / (%) 

≤10(min) 
>10～
30(min) 

>30(min)

～1(h) 

>1

～
2(h) 

>2

～
4(h) 

>4

～
6(h) 

>6～
12(h) 

>12(h) 

≤1 148 43 21 13 － － － － 225 50.1 

>1～5 20 20 26 32 18 8 － － 124 27.6 

>5～10 1 1 3 8 10 11 7 2 43 9.6 

>10～20 － 1 3 2 5 6 7 3 27 6.0 

>20～40 － － － 4 2  14 2 22 4.9 

>40～80 － － － － 1 1 3 1 6 1.3 

>80 － － － － － － － 2 2 0.5 

Total 169 65 53 59 36 26 31 10 449 

100 
% of 

number  

of each 

range 

37.6 14.5 11.8 13.2 8.0 5.8 6.9 2.2 100 

 

4. Conclusions 
The conclusions are as follows: 

1) Rain intensity distribution of different 

time intervals (3 min, 5 min, 10 min, 

30 min, 1h, 6 h) has been clarified to 

a certain degree, the maximum rain 

intensity of 3 (min), 5 (min), 10 

(min), 30 (min), 1 (h) and 6 (h) was 

2.2 (mm·min
-1

), 2.08 (mm·min
-1

), 

1.68 (mm· min
-1

), 0.75 (mm·min
-1

), 

0.70 (mm·min
-1

) and 0.18 (mm·min
-

1
), respectively. Event probability of 

low rain intensity was higher than 

that of high rain intensity for each 

time interval and with increasing of 

time interval the rain intensity 
decreased.  

2) Rainfall event with high intensity in 

July was less compared to that of 

June, August and September, and 

there was no rain intensity higher 

than 0.8 (mm· min
-1

) of 5 (min) and 

10 (min) interval, as well as higher 

than 0.4 (mm·min
-1

) of 30 min 

interval and 0.27 (mm·min
-1

) of 1 h 
interval in July. 

3) From the perspective of rainfall 

duration, rainfall event of duration 

equal or less than 30 min and higher 

than 30 (min)～2 (h) accounted for 

52.2% and 25% of total number of 

rainfall events, respectively. Number 

of rainfall duration higher than 2 (h) 

accounted for 22.9% among which 

rainfall duration higher than 12 (h) 

was merely equivalent to 2.2% of 
total rainfall events. 

4) From the perspective of rainfall 

amount, rainfall event of rainfall 

amount equal or less than 1 (mm) 

accounted for 50.1% of mean annual 

number of rainfall event, whereas its 

rainfall amount only accounted for 

less than 10% of mean annual 

precipitation. Number of rainfall 

event of rainfall amount higher than 

20 (mm) was 6 times/a and its rainfall 

exceeded 25% of mean annual 

precipitation of 2006-2010. 
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 ؼ چیٗئزض قٕبَ فلات ِٛ Liudaogouٞبی ثبضـ حٛضٝ ٚیػٌی
 

Jinbai Huang، ٌٚطٜٚ حفبظت آة ٚ ٟٔٙسؾی ػٕطاٖ زا٘كٍبٜ قٕبَ قطلی ٚ  زا٘كٍبٜ ٞیسضِٚیه، ا٘طغی ٚ ٟٔٙسؾی ثطق زا٘كٍبٜ یبً٘ غ

 )٘ٛیؿٙسٜ ٔؿئَٛ( ، وكٛض چیٗوكبٚضظی

Jing Li ،وكٛض چیٗی ػٕطاٖ زا٘كٍبٜ قٕبَ قطلی وكبٚضظیٌطٜٚ حفبظت آة ٚ ٟٔٙسؾ ، 

Hiroshi Yasuda ،وكٛض غاپٗ ٔطوع تحمیمبت ظٔیٗ ذكه، زا٘كٍبٜ تٛتٛضی 

Jiawei Wen ،ٚوكٛض چیٗ زا٘كىسٜ ٟٔٙسؾی اطلاػبت، زا٘كٍبٜ یبً٘ غ 

 چکیده

 زض، ٔٙطمٝ ٔتمبطغ ثبزی -فطؾبیف آثی ٞبی ثبضـ ثبضاٖ زضٞسف اظ ایٗ ٔطبِؼٝ زضن ٚیػٌی

وبٞف فطؾبیف ذبن، ٔٙبثغ  خٟت اضائٝ ٔجٙبیی ثطای ٔطبِؼبت زضثبقس. چیٗ ٔی ؼ زضئٕبَ فلات ِٛق

ثب قطایط آة ٚ  Liudaogouؾطحی ٚ زایطٜ ٞیسضِٚٛغیىی ٔحّی، ثطآٚضز قسٜ اؾت. حٛضٝ آثطیع  آة

طمٝ ؼ ثٝ ػٙٛاٖ ٔٙئزض ٔٙطمٝ ٔتمبطغ زض قٕبَ فلات ِٛ، یىی اظ فطؾبیف آثی ثبزیغٞٛایی ٚ ٞیسضِٚٛ

طَٛ زٚضٜ پٙح  تدعیٝ ٚ تحّیُ قست ثبضاٖ، ٔست ظٔبٖ ٚ ٔمساض آٖ زض .ٔٛضز ٔطبِؼٝ ا٘تربة قسٜ اؾت

 3قست ثبضـ زض فٛانُ ظٔبٖ حساوثط ٚ ٔتٛؾط  .ا٘دبْ قس (206-2010)ؾبِٝ اظ ٔبٜ ٔی تب ٔبٜ اوتجط 

ضاٖ زض فٛانُ ظٔب٘ی تٛظیغ قست ثب .قسؾبػت وٛا٘تیعٜ ٔی 1زلیمٝ ٚ  30، زلیمٝ 10 ،زلیمٝ 5 ،زلیمٝ

ت زضخٝ ذبنی ضا تٛضیح زازٜ اؾت. ؾبػ 6 ؾبػت ٚ 1 ،زلیمٝ 30، زلیمٝ 10، زلیمٝ 5 ،زلیمٝ 3ٔرتّف 

% اظ تؼساز وُ ضذسازٞبی 50زلیمٝ ثطای حسٚز  30ضٚیسازٞبی ثبضـ ثبضاٖ ثب ٔست ظٔبٖ ثطاثط یب وٕتط اظ 

ٔیّیٕتط ثٝ ذٛز  1اضی وٕتط یب ٔؿبٚی ضٚیساز ثبضـ ثبضاٖ وٝ ٔمسزاز. ثبض٘سٌی ضا ثٝ ذٛز اذتهبل 

زضنس  7ٔیبٍ٘یٗ ضٚیسازی ثبضـ ؾبلا٘ٝ، زض حبِی وٝ ثبضـ وُ تٟٙب وٕتط اظ اظ  ٪50حسٚز زازٜ  اذتهبل

حمیمت  ایٗ ٔطبِؼٝ زض اؾت. ثٝ ذٛز اذتهبل زازٜ 2006 -2010ثبضـ ؾبلا٘ٝ زض طَٛ ؾبِٟبیٔتٛؾط 

ؼ ئقٕبَ فلات ِٛ ٔٙطمٝ ٔتمبطغ زض، فطؾبیف آثی ثبزیتب حسٚزی تٛنیف وٙٙسٜ ٚیػٌی ثبضـ ثبضاٖ اظ 

 ثبقس.ٔی

 

، قست ثبضـ، تدعیٝ ٚ تحّیُ حٛضٝ ِیٛزاؤٌٛ ،ٔٙطمٝ ٔتمبطغ، ثبز، فطؾبیف ؼئفلات ِٛ کلمات کلیدی:

 ثبضاٖ
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