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then used to “predict” the activity status of the

Tab. 1: Predictor and response variables

environments such as potential hazards or the supply of fresh water. Various features of rock glaciers and

their surrounding environment may be suitable predictors to describe their activity status (see Fig.1). yet unclassified rock glaciers of the inventory.

o
In the present work, the activity status of rock glaciers (intact/relict) was analyzed statistically (e.g. univariate | o o
. . . . . . . . . rock glacier pelyeor ® ® 1 Point ID RGID | X Y VarA | Varn R
statistics, multiple variable regression) at regional scale in order to explore associated environmental controls. o © |% Exploratory data analysis
1 - Location, dispersion
The study was conducted for the Autonomous Province of South Tyrol (ltaly). 2e ° ¢ - ! parameters
® #
5 2 1 - Data visualization
Q 3 1 - Individual classification,
| Variable A power evaluation
Q/ Variable B n m
/
/

Variable n
R E S U LTS Application of model to grid
\ 1 Multiple logistic regression R

- Multiple variable binary
Point ID, logistic regression (i.e. GLM)
RGID, X, Y - Performance evaluation ——
Fig. 3: Univariate statistical results: (Conditional) distribution, trend and individual discriminatory power (i.e. AUROC). Color coding: Predictors used for the , (spatial cross validation,
heuristic-based, both models training and test AU ROC)
Fig. 2: Applied workflow

Activity ~ Front slope Activity ~ Back curvature Activity ~ Terrain surface roughness Activity ~ Contributing Area

) g 3
= 3
g g g
g 13
o
I T T T 1 I I T T T T T 1 ) T T T T T 1
0 10 20 30 40 -40 -20 0 20 0 2 4 6 8 10 12 Qe+00 1e+05 2e+05 3e+05 4e+05 5e+05 6e+05 s g
Front slope [] Curvature Terrain surface roughness [-] Contributing Area [m?] - 2 Heuristic-based
e A ] & & iy : x ¢ Age 3 -
) < 3 ) X ’ ‘g ‘;:“ 5 ‘: i o " “
3 {
2 ¥

0 10 20 30 40 50

0 2000 4000 6000

4000 10000
[ R |
Frequency

0 2000 5000

I Y I O |
Freg y

0 5000 15000

ct
0.8

inta

Activi

t

0.4
Activity
Activity

elict

0.0

Oe+00 1e+05 2e+05 3e+05 4e+05 Se+05 Be+05

Front slope [°] Contributing Area [m?]

The presented workflow allowed to account for

N 0.57 L . .
T_\g both, existing literature information (e.g. front

TREND AUROC TREND AUROC . :
slope, perennial snow) and terrain data to
: Activity ~ Protection Index (terrain openess) Activity ~ Altitude Activity ~ North-exposedness (cos(aspect)) Activity ~ Pot. incoming solar radiation (PISR) during s mont explore and predict the activity status Of FOCk
J JFHL m j MWFH j ,mm glaciers. Hereby, open source software products
e B e I e S - - such as R or SAGA GIS were valuable tools.
| E | | 11 q The exploratory data analysis indicated that ey | o
m | - : besides altitude, the distance to perennial snow o |
T e T D U patches, the angle of the front slope and the
P 0.65 A/ 0.91 S 0.52 '\\ 0.52 terrain openness are suitable predictor variables.
TREND AUROC TREN,D AUROC TREND AUROC TREN'D AUROC Both multiple variable models performed similarly

well to predict the status of an rock glacier on the

Activity ~ Dist. to perennial snow Debris type Lithological unit Activity ~ Area

I M

basis of model independent observations (i.e.

AUROC of ~ 0.95). The model classified most of :, =

0 10000 25000

O N S |

0 10000 25000

O T T T N |
Frequency

0 4000 10000

I T I I I |

0 500 1000

0 500 1000 1500 2000 2500 3000 Talus Till nd. Pennic Ostalpin Sidalpin QOe+00 2e+05 4e+05 Be+05 BelUE 1e-vl-06 E :::::e D poe |
the not yet classified rock glaciers as intact. The =
) : : s : i application of non-linear classifiers (e.g. GAM) or =
2 3 2 5 £ 5 g Inventory Model 1600
g 3 < B 3 < 2 3 23 . . Data driven Heuristic-based e
. . . mixed-effects models are considered as further i s
0 500 1000 1500 2000 2500 3000 Talus Till nd. & | Pennic Ostalpin Sudalpin Oe+ ol 124 fosst 1232 68 1000
active 240 800
Dist top-snow[m] pebrie e inelogiealunt H H H inactive 59 intact 547 611 600
methodological improvements while also further ) 235 .
train and test  AUROC 0.96 0.95 =
0
o . . ° Data-driven Heuristic-based Inventory
0.74 Talus Till nd 0.55 0.56 0.58 predICtOrS (e-g- NDVI) WIII be applled- M fossil Wintact M fossil M active W inactive N n.d.
AUROC TREND AUROC AUROC AUROC Fig. 4: Model results
Individual discriminatory power: Altitude and distance to perennial snow References:
% . . . Barsch, D., 1996. Rockglaciers - Indicators for the Present and Former Geoecology in High Mountain Environments, Springer Series in Physical Environment. Springer Berlin Heidelberg, Heidelberg.
% j flelds ShOW the h IgheSt pe rforma nce Scores (I €. AU ROCS) ’ AISO the fro nt Bollmann, E., Rieg, L., Spross, M., Sailer, R., Bucher, K., Maukisch, M., Monreal, M., Zischg, A., Mair, V., Lang, K., Stotter, J., 2012. Blockgletscherkataster in Stidtirol - Erstellung und Analyse, in: Permafrost in Stdtirol,
° l Innsbrucker Geographische Studien. University of Innsbruck, Innsbruck, Austria, pp. 147-171.
slope and the protection index achieve an acceptable classification power
p p p p : Brenning, A., Trombotto, D., 2006. Logistic regression modeling of rock glacier and glacier distribution: Topographic and climatic controls in the semi-arid Andes. Geomorphology 81, 141-154.
https://doi.org/10.1016/j.geomorph.2006.04.003
5 ) M UItl ple va rlable aCtl\"ty Status mOdEI: Spatla| mOdel pred ICtIOﬂS alre Buchli, T., Kos, A., Limpach, P., Merz, K., Zhou, X., Springman, S.M., 2018. Kinematic investigations on the Furggwanghorn Rock Glacier, Switzerland. Permafrost and Periglacial Processes 29, 3—-20.
. ° https://doi.org/10.1002/ppp.1968
T : ShOWﬂ |n F|g 4 (|e . CO|OF Of I’OCk gIaC|e I pOIVgonS) . BOth Va rla ble se | ECtlon Haeberli, W., 1990. Permafrost, in: Mitteilungen Der Versuchsanstalt Fir Wasserbau, Hydrologie Und Glaziologie Der Eidgenéssischen Technischen Hochschule Ziirich. Presented at the Schnee, Eis und Wasser der Alpen in
= einer warmeren Atmosphare, Prof. Dr. D. Vischer, Zirich, pp. 71-88.
Tongue shaped Lobate
Shape p roced ures pe rfo rm ed Si m | | a r|y | N te rms Of p red | Ctive pe rfO rman Ce’ Humlum, O., Christiansen, H.H., Juliussen, H., 2007. Avalanche-derived rock glaciers in Svalbard. Permafrost and Periglacial Processes 18, 75—88. https://doi.org/10.1002/ppp.580
Matsuoka, N., lkeda, A., 2001. Geological control on the distribution and characteristics of talus-derived rock glaciers. Annual report of the Institute of Geoscience, the University of Tsukuba 27, 11-16.
O 5 d |th0ugh the data'd riven mOdE| te ndS tO Cha I'a Cte Flze 4 h |ghe r pO rt|0n Of Stotter, J., Krainer, K., Sailer, R., Matthias, M., 2012. Grundlagen der Permafrostforschung, in: Permafrost in Stdtirol, Innsbrucker Geographische Studien. University of Innsbruck, Innsbruck, Austria, pp. 15-43.
o tobat . Yokoyama, R., Shirasawa, M., Pike, R.J., 2002. Visualizing topography by openness: a new application of image processing to digital elevation models. Photogrammetric engineering and remote sensing 68, 257-266.

TREN D AU ROC rOCk gIaCIe 'S as |C€'free . Zischg, A., Mair, V., Lang, K., 2012. PROALP - Kartierung und Monitoring von Permafrost in der Autonomen Provinz Bozen Sudtirol, Italien, in: Interpraevent 2012 - Conference Proceedings. Presented at the Interpraevent
2012, Grenoble, France, pp. 421-432.

b eurac

This research is kindly funded by Stiftung Suidtiroler Sparkasse - Fondazione Cassa di Risparmio di Bolzano and Eurac Research TITUNG ST ER SPARK ASSE h
FONDAZIONE CASSA DI RISPARMIO DI BOLLZANO re S ea‘ rC




