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Methodology

Slope response to precipitation

Case study Process simulation Data analysis Table 2. RMSE and variable importance for H, 6, 6,,, and h, in the prediction of soil - the data analysis, using the Random Forest, is done based on hydrological variables
> Gerdisim feampari, Sevdver Ul *1000-year hourly synthetic rainfall Clustering and Machine Learning response described as: (a) A4S and (b) AS/H evaluated by Random Forest analysis feasible to be measured in the field: cumulative rainfall event depth (H), mean soil
y L?::j:ﬁe p:zzlzsat:z ZO\c/)esirtesd(gthZ:Zid *Roman Quintero et al (2023) (@) Importance (b) Importance volumetric water content at 6 cm and 1 m depth (6, and 6,,,) and the ground water

: . )pdy di . I lavi n Soil cover: Water C|ustering: k-means C|ustering level (ha), both before the rainfall initiation.

pumices) disposed in several layers faying o infiltration and . . Dataset RMSE H 0s 6100 hy Dataset RMSE H 0s 6100 hy The s - d dina to the ch in th ter stored in th il

ephemeral perched aquifer elzgagf)i:an;plra on Y, A (H,6, h.) (H,6. h.) cover after a rainfall event AS.

Iichards equation yYes yYe) . . .
Field monitoring 9 Q @74 5353 0.963 0.024 - 0012 ° 0213 0352 0329 - 0319 The variable importance feature of Random Forest is used here to analyze the best way
e 0cd® (H, 8190, hy) (H, 0190, h,) to assess the slope response and choose the best triplets to be related in order to
° Carried at the case Study Since 2017 B 4.336 0.964 - 0.024 0.010 0.197 0.293 - 0.405 0.302 . . . . .

Monitored variabl Epikarst: Superficial identify the hydrological controls to slope behavior. Table 2 summarizes the results of
* onitorea variapbles ° . .

o Volumetric water content aquifer — linear < X (H,06,01000 4706 0962 0.014 0022 - 9601000 o503 0340 0261 0399 - the variable importance test.

. y . . X . .
o Rainfall and other meteorological variables e (06,9100, 12) 5, o 0313 0320 0aas (Fsfro0hd oo 252 0418 0293 The Random Forest mod.elllng has I:')een performed assuming Fhe hyperparamgters that
o Stream water level 25N — Inflow from the soil ] ) : . : : : : . : : : ensure a stable response: a forest size of 100 trees and a maximum branch splits of 20.
\ _--"T% d outflow Machine learning: Random Forest
*Marino et al (2020) = coveranaou -Variable Importance assessment feature " g
2| tospring and deeper Hydrological behavior of slope Results
_ s | systems - _
0 3 yedr C°"t‘"“t°“5 = The dry antecedent conditions are gathered in cluster
measurements o . . . .
//4— cuser 1, described by 6,,, typically below the field capacity
*Greco et al (2018), Marino + Cluster3 . . .. (estimated as 6 = 0.35) and low values of h,. In such
S P ‘ Clusterd -, ° %, gy cases the slope tends to retain all the rainwater, but
£ (a) (b) evapotranspiration can subtract significant amount of
- - - - = 10 u =l 301 infiltrated water, showing a summer-like behavior.
Simulation of field hydrologic processes T Nam. - " -
)/ gic’p _ g/ elements: B 2511 Inversely, wet soil conditions are found in clusters 2
. < 53061 S0l || : : - TR
Table 1. Hydraulic parameters of the coupled . e P S208 and 3, with 6,,, typically above the field capacity:
model of the unsaturated soil cover and of the | 10 o oo tter 24 1070 T E 2151 || (i) In cluster 2 wet soil is coupled to high h,, i.e,,
aquifer hosted in the Epikarst (Greco et al. 2018) 051 10 S 4 S1o0f conditions normally occurring in late winter and
Soil cover thickness (m) 5 0. [l h_ (mm) 2] w WW h spring. The active drainage lets part of the
Saturated water content (- 0.75 B ) " _ _ | | I - rainwater drain f th il cover the
Residual wat tent (_) 0.01 03 R T e Figure 3. Clusters found within the synthetic data triplets 02 0.3 0.4 0.5 0.6 g8 10 12 14 a_ ater drain out of the SO. cover 1o
Soil esidual water content (-) : = ERREAT T e T (.. h. AS/H) represented in the space (6;.0, h., H) 8100 () h, (m) epikarst, so the slope response is comparable to
cover VG. air entry value index (m1) 6 0o 100, Ma’ P P 100, Ma’ ZO(C) 5 O(d) cluster 1.
vG. Zgatﬁfasjga;;(j:gzl[is] (13 T Ly N 8 Cluster 1) ] Cluster 1 (i) In cluster 3 wet soil is coupled to low h,,
e () 3x107 | 1.0 Z‘;’r‘;'ents: <0 gathering scenarios normally observed in late
Epikarst thickness (m) 14 % 100 200 300 400 500 600 0.5- an 0.0 15851 ool aUtumni Wh_en hmOSt_IOf the dl’aanatil‘ Fendsd tg
Epikarst Effective porosity (-) 0.005 _ _ H (mm) . Y02 03 04 05 06 07 .0 2 4 6 8 10 12 14 accumulate in the soil cover due to the impede
linear reservoir const (days) 871 Figure 1. Comparison betwgen 010 1 hour (grfey dotg) event and 24 hours (black - - 3.0 (é) : L : X 4,0_(0 — 1 drainage through soil-epikarst interface.
dots) after the end of any rainfall event according to its total amount H Z 0. 0] Cluster2| 3,0 Cluster 2 Cluster 4 gathers conditions in which the slope drains
: : : i i : : ' 1 Num. i
The simulations have been done solving a coupled model of Richards 1D equation for the soil cover and a linear reservoir model = _ 2 10l elements: : ?8 hﬁ%& out much of the rainfall. Such response is normally
for the epik_arst, _f_ed with a 100_0-year syn’_chetic rainfall dataset. T_he ph_ysical parameters are shown in Te?ble 1. Thus, the rainfall [ Cluster 1 ?2R5;ﬁ>~e7€;v°i/:hm SR % 00] 1|79(?8 4 " ool sl seen with active drainage conditions, in the transition
events are identified between intervals with more than 2 mm rainfall in 24 h. Raining less than 2 mm in 24h allows the water =0.51 gg:uzg § B ledtriy 2, 02 03 04 05 06 07, ol 2 4 6 8 10 12 14 period from spring to summer.
drain through the uppermost boundary of the soil cover, as seen in Figure 1. | Bl clstor s & Mean 2 T = sl T B Closir3
The hydrolo_gic seasonal behavior of ’_che underground anteceden_t conditions (/.e., |_3rior to the initiatic?n of any rainfall event_) iS 1o Outliers : 20_‘ Num. 10.0 Nomenclature
analyzed. Figure 2 shows a comparison between the hydrologic seasonal behavior of the synthetically generated and field T Custer1 Clusterd Clisters,  Clustsrd " ?I&l)w;ints: 5.0 = Total rainfall amount
monitored data: mean volumetric water content in the soil (6,0), and the epikarst water level (h,) for the synthetic data, or Figure 5. Distribution of the slope response ASH for the 007 0.0 - D100 Mean volumetric water content at 1 m depth
stream level (h,) for the field data. The wettest conditions are found typically from December to May, while the driest are seen data in each cluster 0302 03 04 05 06 07 o5y 2 4 6 8 10 12 14 tg, Mean volumetric water content at 6 cm depth
from August to September, with two intermediate conditions from June to July and October to November. (i) luster 4 Cluster 4 h, Epikarst water level
B Cluste
10%} : 10* g L _ 024 ‘Num. 0.10 h, Stream water level
| " T e 1102 : The slope response is analyzed here as AS/H. Its 01 ‘i'zezr‘;e”tS: 0.05 AS Change in water stored in the soil cover at the end of rainfall
- o | hydrological behavior is explored with the k-mean "
107 . ; . 0%} ydrological behavior is explored with the k-means 0.0- 0.00 SN References
| o : 11g0 clustering  technique @ among the  triplets 02 03 04 05 06 07 0 2 4 6 8 10 12 14 [Ee——=m=== e — " p—

'g E = . . . _ ' ' ' ' ' ' . Greco R, Marino P, Santonastaso GF, Damiano E. Interaction between perched epikarst

g 10° 7 £ g 10° <9100' ha' AS/H) Vlsu_allzed In the |Og Sl?ac_:e 8,0 (-) h, (m) aquifer and unsaturated soil cover in the initiation of shallow landslides in pyroclastic

= S GE 12 = (6100, ha, H). The optimal number of clusters within soils. Water 2018, 10, 948,

" Field: Dec-May | : | T the dataset is 4. Figure 3 shows the identified Figure 4. Data distribution of underground antecedent conditions 2. Marino P, Comegna L, Damiano E, Olivares L, Greco R (2020). Monitoring the
1021 * Field: Jun-Jul 102+ * Dec-May - : . A ' ) ) . . . (0 (left) and h (right)) for the Complete dataset (a and b) Hydrological Balance of a Landslide-Prone Slope Covered by Pyroclastic Deposits over

) Fleig gug- R 1 | * Oct-Nov . ' CIUSterS; Flgure 4 shows the data distributions of the 100 . . a _ o _ ! Limestone Fractured Bedrock. Water 12(12): 3309.
Field: Oct-Nov 10 {:&l‘lgle ’ underground antecedent Conditions fOr the entire and the identified clusters (C to J) within the trlplets 3. Marino P, Santonastaso GF, Fan X, Greco R (2021). Prediction of shallow landslides in
1074 | | | | 104! £25CP | | \ ‘ ‘ : | i ) ! ) (0100, h4, AS/H). Modified from: Roman Quintero et al (2023) pyroclastic-covered slopes by coupled modeling of unsaturated and saturated

02 025 03 035 ; 04 045 05 055 06 02 025 03 035 04 045 05 055 06 dataset (fig. 4a-b) and for the identified clusters (fig. groundwater flow. Landslides 18(1): 31-41.
100 ) 9100 ) 4c-h)_ Fina”y, Figure 5 shows the distribution of the 4. Roman Quintero DC, Marino P, Santonastaso GF, Greco R (2023). Understanding
Figure 2. Seasonal behavior of the antecedent underground conditions 6,,, and h, (or h, for field data) for: (a) the field monitored slope response at each cluster. L‘zggffp:ﬁggr‘;"}s S‘;Zt;':tfi’ce draetsa?%”éfjSgief;fc'lf_’gff'grgl:trgf’sulgghLl /';”GE“SZ:‘:E;EE‘;S'Z”Z*%
dataset and (b) the synthetic dataset 1078
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