Of 50| GIS-FSLAM-FORM: A QGIS plugin for fast probabilistic susceptibility assessment of rainfall-induced landslides at regional scale ===~
— :

Hongzhi Cui, Marcel Hurlimann, Vicente Medina, Jian Ji

Department of Civil and Environmental Engineering, UPC BarcelonaTECH, 08034, Barcelona, Spain
Geotechnical Research Institute, Hohai University, 210024, Nanjing, China,

: - Outstanding Student & PhD
h O n gZh I n Cu I @ u pC m ed u canzi;aiz Plpegsen:a;rt;n contest

Study area & Datasets

0°10'W

e Soil properties:
soil cohesion, friction angle,

C,-min/max (kPa)

Research motivation:

1*10°E S0 Lithological class C-min/ ¢-min/max h(m) K(m/s) n(-) p(kg/m?®) HSG
o max (kPa) (°) (-)

e | andslide susceptibility assessment . . L Alluvial 03 3545 4 1x107 o3 2000 A Forest 414 40 60 69 76
Fast Shall Landslide A t Model (FSLAM density, hydraulic conductivity D '3 2135 e e ewd s e 3/6 43 65 76 82
° : : =

ast Shallow Landslide Assessment Model ( ) and soil thickness B o5 4050 3 1x107 o4 2000 A > . B - .

P I ' 1l _ & = RS » ve o A B aar;;em b ' Till 0/5 30/40 2 1x10™ 0.3 2000 B .
First order rellablllty mehod (FORM HLRF_X) e LULC: the root cohesion ( Cr) A el - , R -« B N e S e, — o e : 105 om0 a Bareso 0/0 77 86 91 94
Stu dy goals : g ¥ - | The Val d'Aran study area. Sandstone* 1/5 35/45 3 1x1 0—-4 0.35 2000 A Scree 0/0 30 30 30 30
: : 6 Weathered bedrock 0/0 i 86 91 94

. ® . (a) Location of the study area in the Pyrenees Mudstone* 1/5 20/30 2 1510 0.3 2000 B

* GIS-FLSAM-FORM plugln develOped CN: curve number | (red dot). Granitic rock+ quartzite*  0/4 35/45 2 1x10° 03 2000 A Intact bedrock 0/0 77 86 21 24
e Parameter uncertainties in reglonal scale e Rainfall information: e O b) D‘?‘ta' elevation mo_de' (D_E'V') with shaded Hornfels-marble* 1/3 30/40 2 1x10° o3 2000 A Urbanarea 0/1 90 92 96 08
Yo | | | ‘.,__.; relief and the Iandslld?s triggered by the | 0o+ 1/3 20/35 15 110 o3 2000 B Water 999/999 100 100 100 100
e Factor of safety(FoS), Reliability index(RI), Failure probablllty (Pf)|| antecedent rainfall & event rainfalle . 2013 episode i R e e 390/006 - - - -

Method Results of software developed: GIS-FSLAM-FORM Simulations Results

) (b) DT e QGIS plugin
C:H\r Xi\r xﬁxmb C;/ % Q ngm_mam . . X (@ QGIS FSLAM_FORM X () QGIS_FSLAM_FORM ::-:

e Factor of safety (FS)

. ® A: The cells subject to

Inputs | Qutputs:Slope stability = Information | Inputs =~ Qutputs:Slope stability = Information _ Inputs =~ Outputs:Slope stability =~ Information i
Input data files Stability modelling outputs GIS-FSLAM-FORM u n CO n d Itl O n a I Iy Sta b I e &
Input the raster files{ tif) and data files{ csv) .
Digital Elevation Model{dem.tif) Select the desired output files for the stability modelling Fast Shallow Landslide Assessment Model uncon d |t| ona I Iy un Sta b I e
Soil properties(soil ) v'| PoF after antecedent and event rainfall The plugin integrates a simplified hvdrological model and the infinite
v V| PoF after antecedent rainfall slope theory, and can perform probabilistic stability analysis during a
Land Use and Land Cover (lulcif o V| FS after antecedent and event rainfall short time. Thus it is a useful tool to calibrate parameters and simulate LS . T O L T Pt vk o 5 9 S (RS B: FS after effective
At it s s o a0 e Coteome D 1995 <l WA ELS " SRR e sme . AL R L Y s LT s e & 7~ antecedent recharge
‘f. >33 ‘. W g LT 4 i i _'."-? %3 -.; L e B K3 AN ity e - i~ ST, i el 3 " i o ;-;5"-"'- : X | ' f : \ g g ot A% " o wh s \': DN
E‘lr'E;ﬂt nrﬁiggeﬂg I‘aj_t]fall {I‘.E_‘i_‘[]__E‘I,’Eﬂt_‘ﬁ_‘E} .luf Uﬂﬂﬂﬂdi:ﬁ-ﬂ-ﬂﬂﬂ}' 'Llﬂ'jtﬁbf-ﬂ 'C-E!HS. G‘-’Iﬂ-ﬂtgﬂ-ﬂ:l.ﬂ!}' Eﬂ-& D'Iﬂ'tflﬁhlgg'ii-) = s A L el 2, R = LA - . - o e o e \ il -, : S o] 2y Y ¢ U £ .4, et Y ! _ & Y e,
v | . v Saturation degree after Pa (ha'z) I ) A h 4 .
5 pogoes ke || @ Pt De that ot - L FS after effective

Fast Shallow Landslide Assessment Model

3 additional topographic rasters (fillsinks, slope, flow accumulation)

_FS (Final condtion) antecedent recharge

= = = .. , : ; : References cited in the plugin: fal ol I J)- <0.5 £
T — : ' semos b foms diactia S ot eraliiil (1) Hiirlimann, M.. Guo, Z., Puig-Polo. C. et al. Impacts of furture climate and land cover T £ | _ - ; . e i s ‘8 ) - 33501 73 :: an d eve nt ra| nfal I
' = - | | changes on landslide susceptibility: regional scale modelling in the Val d” Aran region oo Rl nconaitionally stable ' haW | U0, B
Adapted from Medina et al. (2021) ol properis maker values(HSGvalue 51 | e e T L ® Pro babl | |ty Of fallure (POF)
C t , v | - |D'-"QGIS—TES’€.-"REE| | - (211, Cui H, Zhang, T. et al. A GI5S-based tool for probabilistic physical modelling -
F S — + 1 . a qa + qe & an ¢ Correlation relationship matrix {:lj parameters }(Coef-1.csv) _ ‘ _ _ and prediction of landslides: GIS-FOBRM landslide susceptibility analysis in seismic areas. ) % i vl ? ,\;(
g0,z cos Osin & b )Kzsinbcos@ n-z o) tan @ : i | dlose Landslides 18, 22132231 2022}, ‘-\@' g ®A: The calculated
et sekation s hip m ity (T persetrm) Cark-Lxav) - " (3) Medina et al (2021): Fast physically-based model for rainfall-induced landslide é =
FS — Cl = qa C2 = qe C3 - susceptibility assessment at regional scale. Catena, 201 (2021): 103213 5 g PO F based On
r - t _ : 3 FSLAM-stochastic
C = L e Windows software Sw : 5 approach
gp.zcos@sinf tand 3 : |
) | 5 \( tano B Wi dows PowerShell £ g (normal-uncorrelation)
) C — w : Iandslide' % 3 R gl B N % | " e landslide %
* \b)KzsinOcosb| p, )\ tand 00018 ) Kl L S 8 A o
PS C:\Users\hzcui\AppData\Roaming\QGIS\QGIS3\profiles\default % 0105 & - R S o S
C, = I [ p, | tang \python\plugins\qgis_fslam_form\PyGIS-FSLAM-FORM> .\Run.exe A GIs-FSLAN-FORM.exe| = Inputixt 05-10 o1, oD B: The calculated
k n-z\ p, \ tand C:\Users\hzcui\AppData\Roaming\QGIS\QGIS3\profiles\default\py . ' Pt (c) ) POE b g
thon\plugins\qgis_fslam_form\PyGIS-FSLAM-FORM 4 cumflow.if = P08 s o S g S 08- ased on
F 0 R M b d HL RF " . . . . [#] RI failure final cond.tif g_'/ 0.8 Q',
- vi- dSe - X S Unsafe region C:\Users\hzcui\AppData\Roaming\QGIS\QGIS3\profiles\default\py ) iiatonf R E < FSLAM-FORM
2 o thon\plugins\qgis_fslam_form\PyGIS-FSLAM-FORM\Results ez | s st 506 gosi T X
r/‘l_imlt E-tatE EL”-I:EEE IITlIT EtatE SLII"fEiEE lE} E} 5] Iteration failure final cond.tif gm ond stable.tif g A R 8 apprOaC
= . 8] Iteration_FSLAM.tif RI_uncond_unsttif 5 0.4 - | L. - — ‘5 0.4 .
: 0.0 100.0 0.0 100.0 I O 2" — ProBuncond unst 2 ~—— PROB uncond unst (lognormal-correlation)
. T | 0 S | 2 0.2 —— PROB uncond stable 5 0.0 —— PROB uncond stable
E S I S ——— E 1 . 'teratlon‘unmnd‘Stab'_e't'f E E:SULM;” - —— PROB failure initial cond S —— PROB failure initial cond
E -Tangent plane ﬁﬂg E 1.034240484237671 * |ter5tep_fmmnd'unsm _ ® sF:-nmm_c.ond_ﬁf = . PROB failure ﬁnal cond o 00 PROB failure final cond
| P ] 0.7887129783630371 e B ot oy - = L s » - .- 5
1 - I H - PROB failure initial cond.tif 8] SF_uncond_stable.tif
,H:' > L py I—-—;’--—-—-*: n S 5 ! EFE-EQ[T'E 1.4959290027618U08 5 bROB FoLAMLH 5 55 uncond unsti Probabilistic threshold of landslide (POF) Probabilistic threshold of landslide (POF)
| ':EJ“&_""“_ A - : i ISpersion - '
: i . ellipsoid
O Po, | . . . . . . . . o
L S ._ Refe rences ® [ he plugin enables the calculation of regional landslide susceptibility by considering the influence of both antecedentand and event rainfall conditions.
Adapted from Ji et al. (2022) meox Xy

e The HLRF x reliability method based on the FORM has been firstly integrated into the FSLAM model.
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Vg(xk)T T, Vg(x, )b ® The results demonstrate that the noval framework successfully overcomes the limitation of the original model which was only able to consider two

uncorrelated parameters, namely the cohesion and the internal friction angle.
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Conclusions

® This enhancement has significantly improved the generalizability of the FSLAM model.
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