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- Climate change 1s expected to affect the water
cycle components such as rainfall, surface
runoff, subsurface fluxes and their
relationships.

- However, 1t 1s not clear how will the
temperature increase impact on the rainfall-
runoff dynamics, which i1s also related to the
landslides and debris flows triggering
mechanics.
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-0ne of the endangered in Slovenia (Central
Europe) villages is the Koroska Bela that
1s located below the Potoska planina slow
deep-seated landslides with the sliding
mass composed of tectonically deformed and
weathered Upper Carboniferous and Permian
clastic rocks covered w1th a large amount
of talus material. = = "
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INTRODUCTION

,aniaﬁ;;a
f c:@g of the Koroska Bela area, NW Slovenia

-Detailed field work, lab experiments,
modelling and a conceptual design of
hydro-technical measures to reduce the

risk was conducted at this location 1n the
recent 2-3 years.
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LANDSLIDES

- Five major active landslides are located

in the torrential watershed of the Bela
torrent.
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- Therefore, the main aim of this
contribution was to evaluate climate
change (RCP 4.5 scenario was used) impact
on the water cycle in the Koroska Bela
area where several potential landslides
are located. More specifically, impact on
the rainfall, evapotranspiration, air
temperature, surface and subsurface runoff

were investigated. i ienina pod Goicoli
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METHODS

- In order to evaluate the climate change
impact on the hydrological cycle lumped
conceptual hydrological model named GR43]
and GR6J with included snow module
CemaNeige was used.
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interception
Production X1
| +  Median elevation of each elevation layer store
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X1 Capacity of the production store (mm)

Proportion of catchment area (%) X2 Water exchange coefficient (mm)
X3 Capacity of the nonlinear routing store (mm)
X4 Unit hydrograph time base (day)
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DATA

- For the rainfall data, we used Javorniski
Rovt station, for air temperature data, we
used Planina pod Golico. In order to
calibrate the model, discharge data from
the Slovenski Javornik station on the
Javornik stream was used. Ratio between
catchment areas shown 1n Table was used.

. Properties  Javonk  Bela
Catchment area [kmZ] 16.5 6.6
Mean catchment slope Around 46 Around 51
[24]
Mean stream slope [%] | Around 20 Around 27
: & Three major land-use 82% forest, 72% forest,
p e types 12% 18% pastures,
- - ‘ pastures, 5% urban
e B e - ¥ 2% urban areas
o Y R areas
Mean annual Around Around 1900
precipitation [mm] 1900
4.11. 2021 8
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CLIMATE CHANGE

- For the purpose of this study, we used five
different combinations of global climate
models (GCM) and regional climate models
(RCM), namely (GCM/RCM): CNRM-CM5-LR/CCLM4-8-
17 (model 1), MPI-ESM-LR/CCLM4-8-17 (model 2),

MPI-ESM-LR/RCA4 (model 3),
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SELNES,

EC-EARTH/HIRHAMS

(model 4), and IPSL-CM5A-MR/WRF331F (model 5)
(1.e. RCP4.5 scenario was used). The data 1is

now available with a 1 km resolution.
bias-corrected and downscaled data (1 km

grid).
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CLIMATE CHANGE

- Climate change impact on different variables
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was evaluated (note different units):
Table 2 Climate change impact on the rainfall.

Model 1st guartile Mean 3rd quartile 1st guartile Mean 3rd guartile
1 0.0 -6.8 -12.9 0.0 6.9 0.8

2 0.0 1.9 -2.7 0.0 6.3 6.8

3 0.0 4.9 2.4 0.0 18.2 25.2

4 0.0 2.9 4.8 0.0 2.7 -14.7

5 0.0 8.2 6.5 0.0 3.8 -13.3
Average 0.0 2.8 -0.4 0.0 7.6 1.0

Table 3 Climate change impact on the average air temperature.

Model 1st guartile Mean 3rd guartile 1st guartile Mean 3rd quartile
1 0.9 0.7 0.5 1.7 1.6 1.4
2 1.0 11 11 1.6 1.5 1.3
3 1.0 1.0 0.9 2.0 19 1.6
4 0.7 0.8 0.8 1.0 1.4 14
5 1.3 13 0.9 1.9 21 1.6
Average 1.0 1.0 0.8 1.6 1.7 1.5
4.11. 2021 11
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- Climate change impact on different variables
was evaluated:

Table 4 Climate change impact on the average evapotranspiration.

Nejc Bezak, Tina Peternel, Anfe Medved, Matja? Miko3

Model 1st guartile Mean 3rd guartile 1st guartile hean 3rd guartile
1 9.7 3.1 1.9 8.5 4.6 4.6

2 4.5 4.3 4.6 7.1 3.6 2.4

3 9.7 3.3 3.3 7.1 3.1 4.6

4 5.0 3.3 3.0 1.7 7.4 6.6

5 7.2 7.0 7.1 18.0 113 11.0
Average 7.2 4.6 4.4 9.7 6.4 5.8

Table 5 Climate change impact on the effective rainfall.

hodel 1st guartile lean 3rd guartile 1st guartile Mean 3rd guartile
1 0.0 6.5 -16.1 0.0 8.8 -1.7

2 0.0 0.7 -11.0 0.0 6.3 -3.0

3 0.0 4.5 2.0 0.0 19.7 22.3

4 0.0 4.3 -0.5 0.0 11 -17.6

3 0.0 7.3 0.7 0.0 2.7 -16.7
Average 0.0 2.1 -3.0 0.0 7.8 -3.3

4.11. 2021
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CLIMATE CHANGE

- Climate change impact on different variables
was evaluated:

Table 6 Climate change impact on the runoff from the Bela stream catchment.

2020 Kyoto Japan

Model 1st guartile Mean 3rd guartile 1st guartile iean 3rd guartile
1 -0.8 -2.6 -8.2 5.4 1.7 9.1

2 -8.6 -0.4 3.3 0.2 5.4 10.2

3 2.0 2.3 4.9 17.1 20.2 21.6

4 2.6 4.0 4.2 -4.1 -0.4 2.1

3 3.8 6.8 9.4 -0.1 0.5 -0.9
Average -2.0 1.0 2.7 3.7 6.7 8.5

Table 7 Climate change impact on the production store level (i.e. conceptual underground reservoir).

Model 1st guartile Mean 3rd guartile 1st guartile Mean 3rd quartile
1 -2.5 -1.9 -1.5 0.6 11 1.6
2 -2.2 -0.9 0.4 -0.2 0.6 128
3 -0.4 -0.3 1.0 3.0 3.2 3.5
4 0.1 0.5 0.3 -1.7 -0.7 0.3
3 0.2 0.8 1.8 -0.7 -0.5 0.1
Average -1.0 -0.4 0.5 0.2 0.7 1.5
4.11. 2021 13
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CLIMATE CHANGE

- Climate change impact on
different variables was

evaluated.

- Production store level

used

was
as a proxy of wetness

conditions in the catchments

by :

Criginal Paper ‘ Open Access | Published: 05 April 2019

Application of hydrological modelling for temporal

prediction of rainfall-induced shallow landslides

Nejc Bezak &, Mateja Jemec Aufli¢ & MatjaZ Mikod

Landslides 16, 12731283 (2019) | Cite this article

Table 8 Climate change impact on the percolation from production store level (i.e. conceptual underground
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store
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Capacity of the production store (mm)
Water exchange coefficient (mm)

Capacity of the nonlinear routing store (mm)
Unit hydrograph time base (day)

reservoir).

MModel 1st guartile Mean 3rd guartile 1st guartile hean 3rd guartile
1 -11.8 -8.7 -74 3.0 6.1 8.3

2 -10.4 -2.2 128 -0.8 4.1 9.6

3 -2.0 1.0 5.2 15.9 17.3 18.9

4 0.3 2.6 4.6 -2.0 -2.5 1.3

3 1.0 5.0 9.4 -3.3 -1.3 0.7
Average -4.6 -0.5 2.7 1.4 4.7 1.7
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-We also evaluated climate change impact on
the IDF curves where bias-corrected
downscaled point data was used for this
purpose. The analysis was carried for
rainfall durations of 0.5, 1, 3 and 5 days.

For example, for the 100-
year return period and
for the 24 h rainfall
duration, the design
rainfall should increase
for 2% and 4% for the
2021-2060 and 2061-2100
periods, respectively.

—g—1981-2020

—g—2021-2060

—a—2061-2100

Caine

Average rainfall intensity [mm/h]

m— Sava River

01 1 10
Rainfall duration [days]
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- Total and effective rainfall, air temperature,
evapotranspiration and runoff from the Bela
stream catchment might increase in the future.
For most of the variables, the average
differences calculated using five difference
GCM/RCMs are in the range of 5% with the
exception of the air temperature where
temperature anomalies are in the range of 1-2
°C.

- The production store level that can be
understand as a proxy of the catchment wetness
conditions 1s projected to be more or less the
same as 1n the past (1.e. relative difference
less than 1%). This could i1ndicate that
lands1lides activity in the future could be
similar to the situation 1n the past.
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CONCLUSIONS Y e erert e s
- Moreover, future changes in the IDF curves
are also mostly 1n the range of 5%.

- However, 1t should be noted that there
exist relatively large differences among
five tested GCM/RCMs and that some models
predict more significant future changes.
Moreover, 1t should be noted that we have
evaluated the RCP4.5 scenario and not the
RCP2.6 and RCP8.5 scenarios, which could
lead to different dynamics of the water
cycle processes. Moreover, the RCP4.5 can
be regarded as a midway scenario positioned
between the optimistic (i1.e. RCP2.6) and
pessimistic (1.e. RCP8.5) scenarios.
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- Please see other publications regarding
the Koroska Bela published in Landslides
and thank you for your attention.
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Investigation of potential debris flows above the Koroska Bela
settlement, NW Slovenia, from hydro-technical and conceptual
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Debris flows are one of the natural disasters that can occur in the alpine environment, cause large economic
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