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The tool for the estimation of landslide size dis- perform an “execute” request the process [~ i - }
tribution is available as a standard Open Geo- needs of a gml layer and the name of its attri- |, . aa’ fovy 2500 o000
spatial Consortium (OGC? Web Processing bute field containing the area values. The |--~cesesrso0c - o =soxs -
Service (WPS). This Is a standard interface to  output of the process consist of coefficient and |- - gwwiom | c

make gb o-spatial processes available through  probability density plot of the Double Pareto,
the web. Data requested by the services can  Double Pareto Simplified and Inverse Gamma
be stored on the same server or passed to the  distribution. Outputs are stored in a .pdf file. In-
process through the network. The service is  formation on the experimental process, called
exposed in a way that allow GIS clients toinput  “areaStat’, and on the relative configuration
data and execute the process without knowing  can be found at:

the details of the interface &OGC, 2007). http://giida.irpi.cnr.it/index.php/en.
Using this protocol we created an experimental  The “areaStat’ .?.rocess. can be accessed by
WPS service (‘areaStat’) to offer the estima- means of specific p|UﬁInS of GlSclients. We
tion of the statistical distribution of landslide tested successfully the service using the

area. The WPS service is hosted by the IRPI'  quantumGIS WPS Plugin 0.8.4 (FIGURE 1)
spatial data infrastructure (Marchesini et al.  The user first has to choose the laver (e.q. the
2010) on a virtual GNU/Linux server running  |andslide shapefiles) to analyze. Then he has
Ubuntu 10.04.1 LTS, and is based on the 5 specify the name of the attribute field con-
PyWPS Pf"/eCt- . : taining the landslide area values. Using this -

Lhttp.l pgvyps.wald.mtpvatmn.org[), version of the QuantumGIS plugin the user
a WPS 1.0.0 implementation written in the  cqy|d select just a subset of features. Data are
Python |?“9U3Pe (de Jesus et al., 2011). The = sendeq via Python to the IRPI spatial data in-
process Is Implemented in the R statistical en-  frastrycture, where an R code process them.

vionment, — while the ~ RPy2  tool Cglcylation time are strictly dependent on the
(http://rpy.sourceforge.net/rpy2.html) manage  nymper of landslides passed to the process. H% 0% o7 s acoo s a1 s Tome T ase Tag vt o
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. INTRODUCTION

The assessement of the risk posed by population of [andslides over large territories  posed Double Pareto distribution (Stark & Hovius, 2001) and Inverse Gamma dis-
requires the estimation of landslide hazard and hence of the magnitude probability.  tribution (Malamud et al., 2004). Despite this, no common tool exist to estimate and
The statistical models to estimate landslide magnitude are aimed at the estimation to compare the parameters of both distributions. In this work we present a tool to
of the probability density of some specific variables characterizing landslides, estimate both distributions parameters. The tool has a twofold interface: the first is
taken as measures of the magnitude of landslide as an alternative to energy. Land- an R (a free software environment for statistical computing and graphics) interface,
slide size, and in particular landslide area, is commonly considered to be a proxy while the second is a Web Processing Service gstardar WPS as defined by the
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ERNEL DENSITY ESTIMATION MAXIMUM LIKELIHOOD ESTIMATION

the Communlcatlon etween and ython 0 £ 206 203 102 0327 206 203 102 0327 206 203 102 0327

433 433 433

Probability density

0.96 0.1 11.41 0.000 0.96 0.1 11.41 0.000 0.96 0.1 11.41 0.000

r
a
B 5.00 2.9 1.71 0.109 5.00 2.9 1.71 0.109 5.00 2.9 1.71 0.109
t
C

IV. WEB PROCESSING SERVICE

of landslide magnitude. Landslide area is preferred to volume since it can be mea- Open Geospatial Consortium) interface. While the first require a local execution, Open Geospatial Consortium, Inc. (OGC), Web Processing Service (WPS) 1.0.0 (2007), htp://www.opengeospatial.org/standards/wps. - o a0 A0z 0% 2w Ww 102 0% 27 23 102 03d " Doubl Pareto simpifiec
sured objectively. The probability distributions of landslide area, at least for a given the second can be accessed through the Web. We used this tool to estimate the e S raker, B G, . &Groom, S, (2011), WPS orchestaton using the Taverna workbench: The eScience approach. Computers & Geoscences ol Wb s = = = oars = = 0 amms - 0 T B imerse Gamma

- - - - - - - - - | I |
. : . : : .y : : : : : 0.92 0.09 9.78 0.000 0.92 0.09 9.78 0.000 0.92 0.09 9.78 0.000 2 4
Marchesini, V. Balducci, G. Tonelli, M. Rossi, F. Guzzetti (2010), Geospatial information on landslides and floods in Italy. In: Proceedings of the International Sympo- H B T T T . TR R Y R =

sium on Geo-information for Disaster Management (Gi4DM), 2-4 Feb 2010, Torino, Italy. Geomatics for Crisis Management. ISPRS. ISBN 978-88-903132-3-3. A 3173 38 817 0000 3173 389 817 0000 3173 389 817  0.000 A (m?)

range or for values above a qlven threshold, can be described using power law size distribution (i.e. a proxy of the magnitude) for several landslide dataset ob-
models. In the literature two landslide area distribution models have been pro- tained usign different mapping techniques.
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value | 1.3 1.4 1018 277 | 1.4 1.4 1027 37 18636 287 | 1.5 183 39.3 293
I I STATI STI CA L A P P ROAC H ES I I I R ES U LTS & D I SC U SS I O N nbria, Gont ol o Photo-Interpretation Aerial stereo-photos Incoherent sedimentary deposits (cla 145m to 634 m i s I B o6 3209 12 141 36 3
- n A Umbria, Central rainfall, snow 1941-1999  Multitemporal 2 2 1:30.000 to 1:13.000  Slides, Flows . el g Coultivated field, wood 0° to 65° mean 10° Cfa KDE Vale | 12 1.7 6% 32481 12 Lro 7113718636 9299 1.2 4.1 326 3347
: (stereoscope) silts, sands), sandstones, marls a.s.| s.e. 0.1 0.1 6 0.1 0.1 6 0.1 01 041
ltaly melting MLE Valie | 15 1.4 1215 352 [ 13 1.3 1141 37 18636 257 | 15 151 392 384
I I . I I I . se. | 02 03 39% - | 02 04 585 - - - | 02 25 53 -
The tool implements three landslide size distribution models: We used the tool to compare the two Double Pareto (DP, DPS) and Inverse Gamma o e |15 20 M w715 20 o o s w2 |13 oo ws o
: . . . : Collazzone, : . L : : S : o/ - : o/ - - - : : : -
(lG) m0d6| parameterS eStlmated fOr IandS“de area dataSGtS |n dlfferent geO|Oglca|, B Umbria, Central Intense rainfall 2005 Event Photo-Interpretation Sas:c;:(lelt::)lmages, lkonos (Digital 1m x 1m Slides, Flows Incz?lfsreggigg;m:anrfg;};(flneepasosr:zr(lzlay, Coultivated field, wood leS mat<S) |634m 0° to 65° mean 10° Cfa KDE V;'E‘:_e (1):? g:? 528 22_98 (1):? g:? 5;7 8_1 25?56 23_35 (1):1” 103.'13 303t'10 23_37
" ' : : : : : Italy ’ ’ ’ - value | 1.2 36 284 329 | 1.1 31 284 81 25356 284 | 1.2 84 298 325
DPS - Double Pareto Simplified morphological and climatological settings. Lanslide area values were calculated from ME 1ol 1o s oz 2o s - o o2 27 a1
—a (p/a) —a\(p/a) ' ' ' ' ' ' _ Collazzone, | | . | | ADE e |01 02 223 - |01 02 219 - : - |01 31 40 -
df (xloB.t.c.m)=[p/t (1—( 1+(mlt) Y (1+(m/t)) (1)) landslide inventory maps prepared using different mapping techniques. The charac T T . ot Proeprdaion Aol o, Tors 19 001 006 sy, rous e sodmantarydposts iy ottt et oo MSMOSAM oot e ko e |14 11 o a|l4 13 o 2 s 20|14 s w0 am
pdf (xla,p,t,c,m)=[p 1+(clt) (1+(x/e) )7 . teristics of the study areas and the relative results are summarized in the table. The il MLE Vale | 12 17 g6 o0 | 12 14 603 29 25356 134 | 12 100 262 208
following conclusion can be drawn: Collazzone eonerent eedimenton denonte o L g T N I B Y T S
. . . . 5 Umbria, Central It o Event Fold ; Siks, ncoherent sedimentary deposits (clay, Coultivated field. wood mto634m .. oo o o «DE Valte | 22 07 3756 - |22 07 3707 52 47884 - |21 289 568 2103
DP - Double Pareto Q Results show that the three models are applicable in geological, morphological and B s 9T sits, sands), sandstones, maris SR as. R T
: : : : e se. | 02 01 1 - |04 01 1 i i - |03 35 87 -
af (x 0 B (t/a) climatological settings. In most cases the models provided very similar results. HDE Vel | 16 14 1137 69| 16 14 1123 75 aaxs 30| 17 176 424 s
— ' ' ' ' ' Collazzone, : : . : S.e. : : - - : - - - : - : -
P f X1 [3, —o\(1+(B/a)) [ (a+1) @ Non-parametrlc estimation methods (|.e. HDE and KDE) prOVIded reasonable re- E  Umbria Central Snowmelting 1997  Event 1996-1997 Photo-interpretation Aerial stereo-photos 1:20.000 Slides, Flows  "coherent sedimentary deposits (clay, Coultivated field, wood 145mto634m oo i, 65° mean 10° Cfa R value | 1.8 A2 6172239 |81 .21 FAB00 1 v 8 T (14438511 123221112011 120.9 148,91 2444
1+ X/t X : , : ltaly (stereoscope) e a-s o (1)'23 (1); 10629 443 (1)'513 (1)'2) 17655 78 44335 (1)}13 1(216 401'19 426
sults for all the tested landslide datasets. For some of the datasets, MLE failed to ME o’ ot 03w - o2 o2 s - . . loz s 40 -
. HDE value . . . . . . .
_ Monte Castello di  Intense | | | | se. |01 02 252 - |01 02 250 - i - |01 33 50 -
IG Inverse Gamma 2 prOVIde a reSUIt, for Convergence prObllemS. . V(i;)io, Umbria, rainfall,.snow 1941-1997 Multitemporal Photo-Interpr?;?g;)erggfor:el)stereo-photos 1-30.000 to 1:13.000 Slides, Flows Incosrilltesrfaggszg;fn:anr’::;;;Odneepsc’)sr:zr(lzlay, Coultivated field. wood 145 maf2.|634 M 5 to 65° mean 10° Cfg KDE vsa.I:e (1):13 (1):13 10700 26_26 (1):1 (1):13 10700 3_6 504_195 26_53 (1):(13 202..13 4097.10 25_30
, (20) TR The two models (DP and |IG) gave very similar results for large and very large datas- esiellidy | g WE Vdle |15 12 1500 277 |17 09 210 3% s4es - | 14 158 367 %87
S X+n - : . véué ; - - : -. -. .
pdf (xlo,m,A)=[ J[(—=) ] ets (> 150 values). Differences in the modeling results were Observed for small Crystallines (Granite Gneiss), Metapelies HDE VA | 1313 10 248 13 13 1105 42 119285 253 | 14 151 378 214
F (O() X+T] d t t ff t d b t t b G -Darjeeling,. Typhoor_1$, ) e Photo-Interpretation Aerial stereo-photos 1:.10000 for Aerial Photo & Slides, Flows (Scj‘hists, quartzites, phyllite) & Slightly vegetated Iand,_Moderate forest, 236 mto 2189 m 0to 84 Cwb KDE Value (1)? g.? 721 2289 (1)? (1).? 721 42 119286 2302 (1)? 105.10 302.19 2383
a. alse S adltecle y SyS ematic .|ases_ . Himalaya, India Intense rainfall (stereoscope) imagery 2.5 m x 2.5 m Sed|mentar)/S;?gtI;snéS)andstone& Barren land/Tea Plantation/roads/villages a.s.| o Vsa-li-e soele e oed s e e e el edad e
g . . . se. |01 02 110 - |01 02 18 - i - |01 08 13 -
The parameter o controls the slope of the distribution for high values tail, J and () A distinct rollover was observed Iin almost all the analyzed landslide datasets, g Elntrprotaton Aeril steroophotos Basement focks (Phyife, Sohist, and fpE Vake | 08 20 1000 47209 20 1000 26 1311400 473 |09 195 448 o
. = . . , . Multit | and _ ’ - ’ _ L Slides, Fl , Slates) and diff tiated Sedi t 560m to 2340 0to310% or 0° t value _ _ _ _ _ _
N the slope for low values, while f and ) the position of the maximum of the dis- Qxcept for.a few dataselts Obtalngd fromllandsllde |nve.ntor|es prepared through H  Beichuan, China Earthquake 1958-2008 'omPoralan systom); Catosat 1 (Digtalsytam; Spot 5 Digta 0.5m 0.5 o 15m » 5m ST I : mlo23m  0f0310%or0%to gua  kpE : _ §z (}Z Ecg)z 247:27 §z ‘}Z :zgz Z 1::22 237:29 éi 2023: 20232 3;717
. : : : : : . _ ’ ) S Sandstones, and Limestone) MLE V@ue : : : : : : :
trIbUtlon funCtlonS (ro"over! r) In the DPS dIStrIbUtlon C and mare the minimum Lfleltd m?ﬁplng Olr by ?eml auéO{nattll]C ma|[|3p|ng frOThV?F\l)l Imagery (Stlley ared L’ bD) system): ASTER (Digltal system) panchromatic: 5m spatial HDE value ?:8 g::) 2;)6 433 ?:8 g:g) 2(1)7 88 328375 434 8:; ;:; 311'.77 438
' ‘; e e se. |01 29 203 - |01 29 203 - i - |01 27 39 -
and maXImum area Values- Iml Ing e ana ySIS O (X“ an O e ro Over (r) e O OWIng ConC USlOnlCan e | Taiwan Typhoons - Event Semi-automatic recognition on satellite images, SPOT sensors: 10m spatial I::j!ﬁéve Shale, argillite, slate, and phyllite, Forest 830ma-.:.:|320m 15 - 80 deg Cfa KDE Vsa_I:_e (1):8 8:1” 41010 20_49 (1)1 8:1” 41011 8_8 328_375 20_52 81 101_'13 304_'28 20_56
The tool is realized in R (a free software environment for statistical Computing, drawn. o SPaNns between 0.7 (StUdy dléd L) and 2.2 (StUdy dléd R), while r be- R WiE Vebe |10 75 129 42| 10 71 131 8 528975 411 | 10 73 305 424
. L n n " _ " _ FlGURE 2 . | Early middle Miocene formation, 90% covered(!oynatgral or plantation o B0 40 dlegass, HDE vSaI:e 0.7 20 32 06 0.2 62 6_4 517_248 06 1.0 88
http'llwww'r proJeCt'org/) and Implements parametrlc and non parametrlc ap tween 66 (StUdy area L) and 6982 (StUdy area M) ( ) _ Semi-automatic recognition on satellite images, Sicellid (U] composed of black to dark gray arigillite, ban.1b.oo and QA;by r|f:|.*eat|on area, the 650m - 1800m 72% of study area — 8:; 33 Z% - 8:; g:g :gg 64 517248 - 8:(13 122_57 ;:g
. TL . . T L Taiwan Typhoons - Event Formosat Il 8m x 8m shallow slate, and phyllite, with sandstons remaining area is classified as exposed or asl between 20 to 40 Cwb KDE o 00 0.1 5 ) 01 01 13 ) ) ) 01 04 00 )
proaCheS tO eStlmate the pal'amtel'S Of the thl'ee pI'Obablllty denS|ty funCtlon. (l) landslides ’ interbeds abandoned |and,agt"iC0|ture, road, and L MLE Valle |08 69 16 66 | 06 01 16 64 517248 - | 07 00 106 67
. . . . . . . . i water se. 00 - i - |01 02 - i i - |01 05 03 -
HIStogram DenSIty EStImatIon (HDE)’ (") Kernel DenSIty EStImatIon (KDE)’ and FH@UREZ Latronico, : : Slides. flows Basement rocks, siliciclastic rocks Wooded area, grazing area, 550m - 1950 HDE S-Ie- (1)? (1):2 ‘21324215 17-62 (1)? (1):2 gﬁgg 4(-)2 405‘-1834 19-82 (1)? 13281-54 22093--82 35-82
(iif) Maximum Likelihood Estimation (MLE). The three approaches exploit differ- o W Basican evseramal - Geomopnobgeal O (OPOn A doe phec 133000 rooale,_allecedtylow grade melamarsnim,  cuvatd area inculvted rea, T 190 0'085 ca  KoE YW |12 12 % 2| 12 12 oot o oo ammz (1 007 fezi o
- - . : . - . . € 103 SIS 1711 Pe ’ debris flows aNd nosnr;g;’;argzgptg'rz’aczlngggilt’: jocie: built area VLE Vvalie | 13 13 31451 6982| 12 1.3 33338 402 4054834 5932 | 12 76.0 179.7 9222
ent optimization procedure hence in some cases (particularly with biased or not 3 ’ gy 2 S R i
[l L] ] ] [l o C Il ’ : : : : : S.e. 0.2 0.3 373 = 0.2 0.3 364 = = = 0.3 4.4 6.8 =
repl'esentatlve |andSI|de darea SampleS) can gIVG Sllghtly dlffel'ent I'eSU|tS © 5 N Umt())ri:,zéoenniral Intense rainfall 2010 Event PhOto'Interpr?;gﬁ;iaDtiyt:r:;'iges’ Geo Eye 0.5m x 0.5m Slides, Flows Incz?lzeg;sgg;m:angzzodnzr;osr:;(lzlay, Coultivated field, wood 145 mat: |634m 0° to 65° mean 10° Cfa KDE V:';‘e (1)'8 (1)'8 12884 o (1)"1‘ (1)(1) 13700 S (1)f 106'18 301'11 —
: RE : . : : o 10 ltaly ' ’ ’ ’ - vLE Vae | 15 12 1263 229 | 14 09 1511 37 15119 14 144 353 305
For eac.h parameter (See table In.lfl]@U 1].) the tOOI glves .(I) all eStImate Of ItS é jargo Layered limestone, marly-limestone, marl HDE value R 3403984 2429 R 30195 144 826648 2430 ?:g 225'.67 o o
Value! (") Standard errors (Se)’ ("I) the eStImated error variance (t_Va|Ue), and D? 0 Lfrtfgf;rf{a Intense rainfall 1955-1999 Event Photo-Interpretation Aerial photos, (Stereoscope), 1:15.000 to 1:40.000  'otational and fraiﬂfe(é'?n’giiﬁﬁiﬁl’rﬂnedsmints 150 m to 1699 Cfb KDE e | 16 23 4504 490 | 16 23 4S05 144 626648 490 | 17 315 S04 470
(iv) the correlations among the parameters (Pr(>|t|)). The latter in particular e suney ides | marland ciay, verad by massie W Vae |11 41 1302 1912|1137 s a4 exeas 1912| 12 203 709 192
se. | 00 01 1 - |01 01 1 i i - o1 13 17 -
could be useful in case of difficulty in producing a solution: very high correlations . ] e S i i
b tW t : d t f " dt : P Messina i 2010  Geomorphological Aerial photo-interpretation 1:3500 to 1:4.500 rockfalls, Phyllites, marbles, schysts, sz{g‘t’;’; zrae;ead,?;?ﬁi'cgt:ge:;ea Om to 1300m 0° o 85° Cea «DE Vale | 11 09 5814 12 09 5800 58 221270 09 326 499 233
elween parame €rs are Inaicative of Iii-condai |0n|ng. Sl Hope coastal deposits built area | as VILE value (1)2 ?:g 4104656 415 (1):1 ?::) 4144735 58 221270 63 (1):(1) 20;31 505?1 888
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