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ABSTRACT

Based on the long sequences daily precipitation data observed at 12 stations (Beichuan, Lixian, Maoxian, Mianzhu,
Pingwu, Qingchuan, Shifang, Wenchuan, Jiangyou, Anxian, Pengzhou) in the earthquake areas of Wenchuan during
the period 1966-2012, these was had systematic diagnostic analysis on the precipitation type, geographical
distribution, interannual variability, quasi-periodic and mutation characteristics, distribution characteristics of
different intensity precipitation days and precipitation, distribution characteristics of precipitation-concentration
degree (PCD) and precipitation-concentration period (PCP), characteristics of precipitation concentrated in wet and
dry years, and the impact on landdlides, debeis flows and other geological disaster in earthquake areas. These studies
have important theoretical and practical application significance for prevention project of geological disaster
triggered by heavy rainsin the earthquake areas.

Keywords. Wenchuan Earthquake; Geological Disaster; Pretipitaoncentration Degree (PCD);
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INTRODUCTION

After the violent Wenchuan earthquake occurred ay 2, 2008 in Sichuan Province, geological addsibecome
more frequent in Sichuan region, especially indheounding region of Chengdu. There were multiplenbers of
landslide, debris flow and other geological disasthat have caused great impact [1-3] , suchsasiaus debris flow
disaster occurred in Beichuan earthquake areasepr24 2008, in which 42 people were dead or nusply a
serious debris flow disaster occurred on Aug.02,2id Zhouqu County of Ganshu Province (sharingleomwith
Sichuan), leading to 1463 dead and 302 missingséhieus debris flow disasters occurred on Aug1422010 in
Qingping Village of Mianzhu City, Yingxiu Townshipf Wenchuan County and Longchi Township of Dujiaagy
City [5]; and a serious high-level landslide indddx mountain torrents occurred on July 10, 201Bujiangyan City,
resulting in 45 death and 116 missing. In additiorinfluence of special geological environment angmeng
Mountain fault zone, heavy precipitation and comad precipitation were also important inducemehthe
occurrence of these serious geological disastér$f@refore, it is of vital importance to carryt@udies on patterns
of precipitation changes, especially on precipitatconcentration degree (PCD) in disaster-pron@msg Such
studies will be having important theoretical an@aqpical application significance in prevention acwhtrol of
geological disasters in earthquake affected region.

2 DATAAND METHOD

2.1 Study Area and Data

Observation data of daily precipitation in the péstyears from 1966 to 2012 as recorded by 12 matagical
stations are chosen for the study of this artitleese stations (including Beichuan, Lixian, Maoxidfianzhu,
Pingwu, Qingchuan, Shifang, Wenchuan, Jiangyou,i#&nxPengzhou and Dujiangyan) are located in Weathu
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Earthquake Areas where a great earthquake occarrdday 12, 2008. Analyses have been made on cliowital

distribution characteristics of amount precipitat@nd number of rain days as well as the featurgsezipitation

concentration degree (PCD) and precipitation comagan period (PCP) in the earthquake areas by afdyorlet

wavelet analysis method [7], M-K mutation analysisthod [7] and PCD analysis method. The study lis @mboffer

important theoretical support to and has practggilication significance in engineering projectsdeevention and
control of geological disasters induced by heawcipitation in earthquake areas.

2.2 Calculation Methods of PCD and PCP
Vector quantity theory is utilized to define timbeaation characteristic parameter, thus achiewvipgntitative
description of PCD and PCP. Specific methods [8]gwven below:

For presentation of annual allocation of precipstain an area, precipitation of each pentad ohaaason expressed
as a percentage of annual precipitation can betad@mnd indicated by way of isoline. Time-allocatzharacteristic
parameter of precipitation recorded by a singleemetiogical station is defined by utilizing vectpuantity analysis
theory, in which value of precipitation of one pehts taken as the length of the vector quantitithe corresponding
pentad is taken as the direction of the vector tityam this way, the two parameters of PCD andPR@n be defined.

oN = A/ R2 +R;

R

D, = arctan (R, /R,; )

(2)

Wherein, CNi and Di respectively represent PCD RGP in study period.

N

Ry, =D, 1, xsiné,
=2 ©)
N

R, =) r, xcosé,
i=1 @)

Wherein, Ri is the total precipitation recordedabgertain meteorological station in the “i"th yedithe study period;
rij is the precipitation in the “"th pentad of tHéth year of the study period; “i" represents arficular year and “j” is
the sequence of pentad in study peri®d.répresents directional angle corresponding td'fttie pentad (directional
angle in the entire study period is 360°. One y®#aken as a circumference and each pentad isyedistributed). It
is obvious that formula (1) is able to reflect centration degree of total precipitation in eachtadrin the study
period. Value of PCD rests between 0.0 and 1.0.cldser of PCD value to 1.0, it indicates that biigher the total
precipitation is concentrated in a certain penfad;the contrary, the closer of PCD value to Ondi¢ates that
precipitation is distributed more evenly in eachtad. Directional angle of resultant vector is ated by formula
(2), result of which expresses the angle indicatgdcenter of gravity after composition of vectoraqtity,
representing the period in which maximum precifotain a pentad in one year occurs. Therefore, RGIDPCP shall
be applied for studying spatial and temporal disiion characteristics of precipitation. PCD ofle@entad within
study period can be expressed by concise data,ispdiwe period expressed by center of gravity aftenposition of
precipitation [9-10].

3CLIMATOLOGICAL DISTRIBUTION CHARACTERISTICS OF PRECIPITATION IN WENCHUAN
EARTHQUAKE AREAS
3.1 Distribution Characteristics of Annual Prea@giion in Wenchuan Earthquake Areas

Fig.1 shows the geographic distribution of climagital mean of annual precipitation in the pasty4ars in
Wenchuan Earthquake Areas. Precipitation distriluis approximately higher in the east part ancelow the west.
Centers of large value of precipitation in northeasarea locate mainly in Beichuan, Anxian andgjy@u. Beichuan
has the highest annual precipitation and climaickignean of which is up to 1300mm. Climatologica¢an at
Anxian and Jiangyou stations also exceeds 1000mmoth&r large-value center locates at Dujiangyatid®tan

southeastern area, where climatological mean ofi@mrecipitation is up to 1173.0mm. Located inthigountain
region, Wenchuan, Lixian and Maoxian are in a laue zone. Climatological mean of annual preciitabbserved
in these areas is less than 540mm. Center of Iduewvaf precipitation is located at Maoxian, havimgalue of
472.8mm only. Apparently, serious debris flow inideian, serious debris flow in Qingping Village a¥ishgxiu
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Township, serious high-level landslide triggerediiyuntain torrents in Dujiangyan and other geolalgiisasters as
mentioned above occurred in large-value centepsatipitation.

Fig.1: Climatological Distribution Characteristics of Precipitation in the Past 47 Yearsin Wenchuan Earthquake Areas
3.2 Multi-scale Periodical Characteristics of Anheecipitation in Wenchuan Earthquake Areas

Fig.2 is the real-part diagram of Morlet wavelenisformation coefficient and wavelet variance diagiof overall
annual precipitation of 12 meteorological obsenastations in Wenchuan Earthquake Areas, from lwitican be
seen that mean annual precipitation of Wenchuath&aake Areas has quasi-periodical oscillationuesadf multiple

time scales. Such oscillations are mainly longqeeroscillation with a cycle of 10-13 years and s$ipariod

oscillation with a cycle of 4-6 years as well ayears. Periodical oscillation with a cycle of 10-{&ars was
remarkable during the period of 1966-1985, andagkcal oscillation with a cycle of 16-19 years vedwvious in the
period of 1985-2012; Oscillation in short cyclesraveelatively more complicated. In the period 06691990, the
cycle was 6-8 years, and in the period after 1889¢cycle was divided into a medium-to-long cydié-d0 years and
a short cycle of 4-5 years. The two medium-cyclelladions existed steadily in the period of 199WtR. It can be
seen from wavelet variance diagram that wavelet wiB-year cycle has stronger energy. That's tpthaycycle of
about 3 years is the most conspicuous.

Fig. 2: Real-part Diagram of Morlet Wavelet Transformation Coefficient (L eft) and Wavelet Variance Diagram (Right) of Annual
Precipitation in Wenchuan Earthquake Areas

Fig.3 is a real-part diagram of precipitation iffetient seasons of spring, summer, autumn and wimté/enchuan
Earthquake Areas; Fig.3a shows the periodic o$icitleof precipitation in spring, cycles of whicheamainly of 6-8
years —, a cycle of 8 years before 1985 and a afck years after 1985; Fig.3b shows the periodidation of
precipitation in summer, cycles of which are maiofyl3 years, 6-10 years, 3 years as well as a evegjcle of 4-6
years; It reveals generally a periodical featura ¢dng cycle of 10-16 years before 1985 and a umediycle of 8
years between 1985-2012; Fig.3c presents the pesiadation of precipitation in autumn, with a poycle of 10-18
years and a short cycle of 4-6 years of which &dsside by side during the entire period; Fig.Bdwss periodic
variation of precipitation in winter, with a cyotd 6-10 years and a cycle of 3 years of which cstéxg in the whole
period. Cycle of 10-12 years was apparent pridi98b, cycle of 4-8 years was notable after 1985sadt cycle of 3
years was conspicuous in the entire period. Iteaseen from the above that apparent multi-scalegie oscillation
feature exists in both of the total annual preaijih and the seasonal precipitation, and it revin fact that notable
multi-scale concentration period exists in bothhaf total annual precipitation and the seasonalipitation. It is of
positive significance to understand and graspféa@gure in forecasting and early warning of geatabdisasters.
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Fig. 3: Real-part Diagram of Morlet Wavelet Transfor mation Coefficient (L eft) and Wavelet Variance Diagram (Right) of Precipitation in
Different Seasonsin Wenchuan Earthquake Areas (a. Spring, b. Summer, c. Autumn, d. Winter)

Since precipitation in summer accounts for abo &H total annual precipitation, results of wavedeilysis of
annual precipitation agrees generally with resefligeriodic analysis for summer. In addition, ppétation in spring
accounts for 20% or so of total annual precipitatiherefore, precipitation in both spring and swen@accounts for
85%. The predominant cycle of 6-8 years expresff igsibly in annual precipitation. It is quite ieent that periodic
variation of precipitation in Wenchuan Earthquakeeas presents a multi-scale periodic oscillatiothwvong,

medium and short cycles. Medium cycle of 6-8 ygaesented itself clearly in the past 47 years. Sthyaie of 3 years
(existing in summer in the period 1970-2000, inuau in the period of 1970-1990 and in winter in geriod of
1980-2000) was a conspicuous periodic oscillatisenen different eras.

3.3. Mutation Characteristics of Annual Precipdatin Wenchuan Earthquake Areas

Fig.4a shows the curve of change of annual predipit in Wenchuan Earthquake Areas, in which itlsarseen that
drop of annual precipitation was notable before Ql92ducing from 1300mm or so to about 750mm; Ahnua
precipitation fluctuated around 900mm after 1970ibincreased dramatically in the period of frone tmiddle of
1980s to the middle of 1990s, variation of valuavbfch was nearly 600mm, and precipitation dropgedn again
after 1996 and it fluctuated around 850mm after8l99g.4b is a M-K test pattern of annual precipita of
Wenchuan Earthquake Areas and it shows that demd f total annual precipitation of the region \wa#e obvious

in the period of 1970-1977 and UB line has surpasdise critical line of -1.96. It was also a decieggeriod of total
annual precipitation in the period from 1980 otted 987, during which total annual precipitatiompgiped down to
621.4mm, the lowest value in the past 47 yearadtition, the year of 1986 was a mutational sitengtotal annual
precipitation turned from downward trend to upwémehd, in which increase of mean annual precipitath the
region was dramatic and such trend had continu&td 18993 in which a mutation occurred and precifta turned
from upward trend to downward trend. There wastalle downward turn in 1995 or so and there waappmarent
change of trend in the period of 1998-2012. Theeefoconclusion can be drawn basically from the Ne#t pattern
that a mutation of precipitation in Wenchuan Eauntikp Areas occurred in the middle of 1980s and 4990
respectively.

In general, precipitation in Wenchuan Earthquakea&rhad experienced three notable decreasing penitide past
47 years from 1966 to 2012, i.e. from the middl&@80s to the early of 1970s, in the early of 198@in the middle
and latter of 1990s, respectively. And there wex@ihcreasing periods, i.e. in the early of 1970d from the latter of
1980s to the early of 1990s, respectively.
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Fig. 4: Inter-annual Variation in Wenchuan Earthquake Areasin the Period of 1966-2012 (a) and Results of Mann-Kendall I nspection (b)

(Straight lineindicates critical value of significance level when a=0.05; black-colored solid lineisthe UF line; black-colored dotted lineis
the UB ling)

3.4 Characteristics of Precipitation of Differentdnsities in Wenchuan Earthquake Areas

Statistics have been made for number of days astdhiition of amount of precipitation in five raaiff grades, i.e.
light rain [0.1,9.9] mm, moderate rain [10,24.9] mineavy rain [25,49.9] mm, rainstorm to downpoud 4g mm
respectively, in accordance with standard of CiMeteorological Administration for classification gfades of
accumulative total of precipitation in 24 hours. fas as distribution pattern of precipitation intég is concerned,
variation state of number of rain day s and amainprecipitation are out of step with each othedemmany
circumstances. For example, annual number of ddight rainfall has reached 80% of annual numifeam day s at
all the areas of the 12 stations in the earthqaadas, but annual amount of precipitation of ligimfall varies greatly
from area to area. Therefore, a better study candue on features and differences of precipitatipas in the region
when distribution characteristics of both the numtferain day s having different precipitation insity and amount
of precipitation are taken into consideration.

3.4.1 Distribution Characteristics of Rain Dayshiitifferent Precipitation Intensities in WenchuaartBquake Areas
Table 1 shows climatological means of number okdasylight rain, medium rain, heavy rain and radnst in area of
each station in Wenchuan Earthquake Areas. Climgitdl means of number of days of light rainfatlizates that
number of days of light rainfall decreases progvesg from south to north and there is a notabtgdavalue center in
the south area, at the location of Dujiangyanatativhere average number of days of light raingalip to 134.8 days.
Qingchuan station is located at the northernmast,avhere annual number of days of light rainfa8%.7 days only,
having the least distribution in all the statiohglemonstrates that probability of occurrencagtiti rainfall is greatly
associated with water-vapor transfer of generaloapheric circulation. Distribution of climatologicemeans of
number of days of medium rainfall indicates thatritbution pattern at each station agrees hightia elimatological
distribution of annual precipitation in the earth§a areas. Similarly, high-value centers existhia areas of
Dujiangyan, Anxian and Jiangyou, where average maumb days of medium rainfall is 12 days, with Rugyan
station having the highest record of 15.5 days. blemof days of medium rainfall in high-altitude aseof Wenchuan,
Maoxian and Lixian is normally in the range of 9-ddys, which demonstrates that probability of piation of
medium rainfall has some correlation with landfanad annual precipitation. Distribution of climatgical means of
number of days of heavy rainfall, rainstorm andwehdemonstrates average number of days of heavialian the
earthquake areas is 4 days or so, and averageofatuenber of days of heavy rainfall in the pastéars in the three
areas of Maoxian, Wenchuan and Lixian is 1 day ¢inlyviaoxian) or less than 1 day (0.7 day in Werachand 0.8
day in Lixian). Number of days of rainstorm in thethree areas is almost zero, while that at otteioss is
approximately at 4-6 days. Number of days of raimatdistributes mainly in the two large-value zoimeBeichuan,
Anxian, Jiangyou and Dujiangyan, where climatolagimean of number of days of rainstorm can be ®4alays. It
can be seen that centers of heavy rainfall arg¢ddda areas of Beichuan, Anxian, Jiangyou anddhgjyan, which
are disaster-prone areas with multiple and repeatedrrence of geological disasters.

TABLE 1 Distribution of Rain Dayswith Different Precipitation I ntensity in Wenchuan Earthquake Areas (Unit: Day)

Bei Dujiang Li Mao Mian Ping Qing Shi Wen Jianc An Peng

chuar yan xian xian zhu wu chuarfangchuar you xian zhou
Lightrain 103 134.8 123.€111.7106.€95.785.7 101 110.592.6 108 103.4
Mediumrair11.8 155 12.8 9.1 11.1 129119 10.99.8 13 14.611.4
Heavy rain 59 5.7 08 09 51 455 43 0.7 55 54 46
Rainstorm 4.9 2.9 0 01 28 1421 2601 32 3823

3.4.2 Distribution Characteristics of Precipitatioith Different Intensities in Wenchuan Earthquakeas
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Fig.5a is the average distribution diagram of cuatiué annual precipitation of light rainfall in Wetnuan Earthquake
Areas. It shows that general distributions of cuatiué precipitation and number of days of lighbfall are similar
with each other, i.e. higher in south and lowenanth. But average values of precipitation of lighih at majority of
stations are at 250.0mm or so, tapering uniformdynfthe largest value of Dujiangyan station ingbath (326.9mm)
to the smallest value of Qingchuan station in tbetn (208.7mm). Fig.5b is the average distributibagram of
cumulative annual precipitation of medium rain ieMghuan Earthquake Areas. It indicates that tlseadow-value
zone of distribution of cumulative precipitationraedium rain in Wenchuan and Maoxian, while thdsatloer areas
stay basically above the average value of 180.00@mthe average distribution diagrams of cumulativaual
precipitation of heavy rain and rainstorm (Fig.Bd &d), distribution of precipitation presents gatde characteristic
of extreme distribution, with cumulative means ofaunt of heavy rainfall of Wenchuan and Maoxianistes at
about 20-27mm only, while those of Beichuan anddhgjyan exceeding 200.0mm. Distribution of cumukatheans
of amount of rainstorm is more extreme. Sincealrage values of annual cumulative number of dayainstorm of
Lixian, Wenchuan and Maoxian are less than 1 dagivarage amounts of precipitation of rainstormr#of are less
than 10mm, because of this, precipitation of thisee stations belongs to the type which is srmakrount of
precipitation and less in number of days of rainfalerage annual amount of precipitation of raimst at Beichuan
station exceeds 440.0mm every year, and cumulativeunt of precipitation of heavy rain — rainstomBaichuan
station accounts for 60.0% of annual precipitatidocording to statistic results of annual mean gadfinumber of
days of rainstorm at Beichuan station (4.9 daysjam be concluded that grades of rainstorm attBeic station are
normally of rainstorm and downpour with precipitatiexceeding 100mm. Therefore, precipitation incBean area
belongs to the type which is large in amount otymigation and high in intensity. Precipitation &pf Jiangyou and
Anxian is similar to that of Beichuan and it is tjiusightly smaller in precipitation intensity. Pipitation of
Dujiangyan station has relatively uniform distrilout in all intensities and it accounts for 20%-33Ptecipitation
type of the five stations of Mianzhu, Pingwu, Qihgan, Pengzhou and Shifang is similar with Dujiarggtation but
annual precipitation thereof is about 150-300mrs.les

Beichuan f

T

: ) o A Sl
Rainfall<Value>

A rran

c) d)

Fig. 5: Distribution Diagram of Precipitation with Different Intensitiesin Wenchuan Earthquake Areas (a. Slight rain, b. Medium rain, c.
Heavy rain, d. Rainstorm)
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4 CHARACTERISTICSOF PCD AND PCPIN WENCHUAN EARTHQUAKE AREAS

4.1. Inter-annual Variations of PCD and PCP in Weran Earthquake Areas

PCD represents degree of concentration of pretigitan 72 pentads of a year and value of whichegawithin the
range of 0-1. When annual precipitation concengraiel pentad, value of PCD is 1; when annual pigtion is
evenly distributed in all pentads, value of PCDisPCP describes features of concentration of pitation in a
certain area in another perspective. Period in lwttie pentad having the greatest proportion ofipitation belongs
can be determined per value of PCP. Fig.6 presaietsannual variations of PCD and PCP in WencHtarhquake
Areas. It can be seen that PCD in the earthquadasas basically at the level of 0.6 or so andetigian apparent
positive correlation between PCD and annual pritipn. Coefficient of correlation is 0.674 andhits passed 99%
of significance test. PCD in the region dropped dalightly in the past 47 years at a rate of -0/0Q&. Inter-annual
variation of PCP is large and it concentrates abiginning of July — September (37th — 49th pex)tadmain years.
In addition, period with maximum precipitation lissSeptember in 7 years. The earliest and thetlafgpearance of
PCD occurred in the 36th pentad of 1980 (the 6titgzbof June) and in the 53rd pentad of 2008 (thepBntad of
September), respectively.

0.8
o7 k A ¥ = -0.0015x+0.8432 | g
0.6 XWAUAVMVAQL\VAVA\_’/\ Asha o A6l
0.5 \ ' 9D pegag
S 0.4 ; & A 9 %
0.3 =
0.2
0.1
0 R
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—PCD -= PCP — = (PCD)

Fig. 6: Inter-annual variation Curve of PCD and PCPin Wenchuan Earthquake Areas
4.2. Geographic Distribution of PCD and PCP in Weran Earthquake Areas
Fig.7 is a geographic distribution diagram of PGial &CP in Wenchuan Earthquake Areas. Distributfaihe two
values is consistent with climatological distritmuti of annual precipitation. Coefficient of corrédat between
climatological mean of annual precipitation and P&ia between climatological mean of annual prestipih and
PCP is 0.727 and 0.640 respectively, both of whiahe passed 95% of significance level test. Lixiad Maoxian
have high altitude and PCD of which is small. Cepaending PCP of the two areas comes early too,hill@s in the
first half of July (the 37th — 39th pentads). Itdspecially so in Qingchuan, Jiangyou, Mianzhu,g2kau and
Dujiangyan, i.e. areas along the eastern edgeeaddithquake areas, where almost all of the PERsthe 6th pentad
of July and the 1st pentad of August (the 42nd rd 4&ntad). This is consistent with the phenomeahatperiod of
rainstorms in majority regions of Sichuan Provigoacentrates in late July and early August. A comifeature of
these regions is that they are located at theitiamal zone between basin and highland. Therefibrows some
precipitation characteristic of basin as well.
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Fig. 7: Mean Geographic Distribution of PCD(a)and PCP(b) in Wenchuan Earthquake Areasin the Period of 1966-2012 (Unit of PCP:
Pentad)
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4.3 Composite Analysis of Wet Years and Dry Years

In order to study relationship between concentratibprecipitation and annual precipitation, thische takes mean
annual precipitation of the region as the criterfon classification. Five years with the highestameannual
precipitation of the region in the past 47 yeass taken as wet-year group, i.e. 1966, 1967, 19981 \and 1990
respectively; Five years with the lowest mean ahpuecipitation of the region is the past 47 years taken as
dry-year group, i.e. 1986, 1991, 2000, 2002 ands2@8pectively. In this way, contrast ratios of P&l PCP of the
wet-year group and dry-year group are obtainedhag/s in Table 2 hereunder.

It can be seen from contrast ratio of PCDs thaP@lPs of the 12 stations present a consistentréeed®CDs of wet
years is notably larger than PCDs of dry years distribution of the two groups of data is also dstest.
Distributions of PCDs are all in the pattern of tionous reduction from east to west, and all smatidues appear in
areas of Lixian, Maoxian and Wenchuan which aratied at the western of the earthquake areas, hattoivest
value at 0.4 only. Values of PCDs of 7 stationsiglthe eastern part are nearly at 0.7 or so. latsmbe seen from
distribution of PCPs that PCPs of wet years of migjof stations appear later than PCPs of dry-ygaup. But
distribution of the two groups of data differs ghgavith each other. Correlation between magnitofieifference
value of the two groups of data and geographicidigion is not notable. PCP of wet-year group @ndhuan station
is 10 pentads later than that of dry-year grouf?®af wet-year groups of Anxian and Dujiangyanateatare around
6 pentads later than that of dry-year groups. @nctimtrary, PCPs of wet-year groups of the 3 statwf Lixian,
Qingchuan and Shifang are 2-4 pentads earlier thainof dry-year groups. Therefore, it can be s great
regional difference exist between time of PCPs ef years and that of dry years, cause of whicheisty be
researched.

TABLE 2 Contrast Ratios of PCD and PCP of Wet-year Group and Dry-year Group (Unit of PCP: Pentad)

Station Name BeDujianc Li  Mao Mian Ping Qing Shi Wen Jiang An PengTotal Amount
chuan yan xian xian zhu wu chuanfang chuan you xian zhou of the Area
PCC of wet year 0.77 0.67 0.45 0.56 0.71 0.69 0.70 0.70 0.56 0.70 0.71 0.72 0.68
PCD of dry year0.60 0.50 0.41 0.46 0.51 0.52 0.55 0.53 0.48 0.58 0.55 0.58 0.52
PCP of wet year43.2 47.6 37.0 41.2 43.2 424 414 414 43.6 44.0 47.0 46.2 45.8
PCP of dry year43.2 42.4 40.4 36.6 38.4 40.0 44.2 43.2 33.6 414 40.8 42.2 41.4

CONCLUSION

Analysis made on multi-scale periodical and PCHlaily precipitation data sequences recorded by éf2anological
stations in Wenchuan Earthquake Areas where a g@#iiquake took place on May 12, 2008 demonstthtes
follows:

1. Wenchuan Earthquake Areas have a NE-SW strisegaLongmeng Mountain and distribution of annual
precipitation in the region presents a basic pattgrhigh in east and low in west. Two large-vakenters of
precipitation lie in the eastern areas of Beichubangyou and Dujiangyan, where climatological meaannual
precipitation exceeds 1000.0mm and that of Beiclaxaeeds 1300mm; The western areas of Wenchuaanlaxad
Maoxian is a low-value zone, where mean annualipitaton is lower than 540.0mm. Viewed from seasdon
precipitation, precipitation in spring and summecaunts for 85% of annual precipitation. As farVdenchuan
Earthquake Areas are concerned, areas with muétimdaepeated occurrences of geological disastatrsite induced
by heavy rainfall are located in those easternsarea. Beichuan, Jiangyou and Dujiangyan. Theegfepecial
attention shall be attached to prevention of gdoldglisasters in these areas. These two zondheaxery sites of a
number of serious landslides, debris flows andragkeelogical disasters occurred after 2008.

2. Precipitation has the features of multi-timelscpasi-periodical variations. Superposition of/evarest and wave
hollow of multi-cycle precipitation often results the increase or decrease of precipitation in sgeaes or seasons,
which could cause clusters of geological disadtéggered by heavy rainfall or concentrated prdaifn. Annual
precipitation and seasonal precipitation in WenchbHarthquake Areas have reveal a long period df3@ears, a
medium period of 6-8 years and a short period 6fykars and about 3 years. And 2 times of drantati®ase in
trend of precipitation, 3 times of notable decrdaageend of precipitation and 2 times of mutatinfieatures occurred
in the past 47 years from 1966 to 2012. Throughilbet analysis of related patterns, some signalprediction of
precipitation trend in inter-era, inter-annual antér-month dimensions can be obtained, which carsdrved as
theoretical and technical support for decision mgkn prevention and control of geological disaster

3. Number of rain days with different intensitiesdadistribution characteristics of amount of préeitoon in
Wenchuan Earthquake Areas demonstrate that nunfilb@yse of light rain and medium rain distributesibally in a
tapered pattern, reducing progressively from seauthorth, with two large-value centers locatediandyou, Anxian
and Dujiangyan; Number of days of heavy rain andstarm in Wenchuan, Maoxian and Lixian is 1 dajyand

1300



Tiangui Xiao et al J. Chem. Pharm. Res,, 2015, 7(3):1293-1301

number of days of rainstorm is nearly zero, whiocbves that heavy rainfall in these areas is almest,avhile sum of
number of days of heavy rain and rainstorm in ottweras normally exceeds 8 days. According to cuimela
distribution of precipitation of different intenigis in Wenchuan Earthquake Areas, the region catiiided into 3
precipitation types: Lixian, Wenchuan and Maoxiatong to a type with small amount of precipitatemd small
number of rain days; Beichuan, Jiangyou and Anxiaelong to a type with large amount and high intiynef
precipitation as well as large number of rain d&@ysjiangyan, Mianzhu, Pingwu, Qingchuan, Pengzhui $hifang
belong to a type with uniform intensity of precgiibn and large number of rain day. Apparently,|&teer two types
are likely to trigger geological disasters.

4. Long-time average annual value of PCD in WennhHarthquake Areas is 0.6 and PCD concentrateben t
beginning of the months from July to September 8l — 49th pentad) in main years, appearingeagérliest in the
36th pentad of 1980 (the 6th pentad in June) atitedatest in the 53rd pentad of 2008 (the 5ttigzeim September).
PCDs of the two areas of Lixian and Maoxian aratiebly smaller and the corresponding PCPs aréeastcurring
in the first half of July (the 37th — 39th pentadshe year); At areas along Qingchuan, Jiangyoanikhu, Pengzhou
and Dujiangyan, PCPs occur almost all in the 6titamb of July and the 1st pentad of August (the 4248rd pentad
of the year), that is to say that occurrence pesfadinstorm concentrates at the end of July agirtming of August.
In addition, PCD of wet year is apparently lardaart that of dry year. PCDs in eastern areas ageréinan those of
western areas of Wenchuan Earthquake Areas. Thgreat geographic variation in PCDs. Study of R@Bbles us
to focus our mind and energy in making sound pedidn the process of prevention and control ofggiohl disasters
induced by heavy rainfall.
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