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MICROCLIM - Background clir

Impact of climate change on alpine vegetation - Special focus on microrefugia (hence microclim)

Species distribution modelling Field observations

Input T

* High-res. snow cover

* Soil temperature

* Geomorphologic disturbance
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Study site

@ Halle (Saale)

e Stubai Alps

* Area: A Sl semantoge
ca. 5.5 km?

(light orange in

Study site

map)

* ca. 1800 -
3500 m asl

[ ] Core study: site
(soil temp.; vegetation properties sampled)

@ Webcams

B —— Contour line (200 m)

0 1 2 km A
]

Sources: Natural Earth - Free vector and raster map data (countries); Land Tirol,
Abteilung fiir Geoinformation (DEM)
Author: Andreas Kollert (2022)
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Webcams

0 Tkm
|
Sources: Natural Earth - Free vector and raster map

« .| data (countries); Land Tirol, Abteilung fiir
Geoinformation (Ortohphoto)

Webcam imagery

3 Webcams autonomously

operating since July 2021

Sulzkogel : m
* Canon EOS 2000D | c@

* 24 Megapixel

* RGB imagery (high quality, consumer

grade SLR camera)

e >= 30 min temporal resolution

* Main application:
Derivation of high resolution snow

cover

Bockkogel Webcam
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Webcams

0 1km A
—

Webcam imagery

3 Webcams autonomously

Geoinformation (Ortohphoto)

operating since July 2021

=

Sources: Natural Earth - Free vector and raster map
« .| data (countries); Land Tirol, Abteilung fiir

Sulzkogel W e

* Canon EOS 2000D
* 24 Megapixel

* RGB imagery (high quality, consumer

grade SLR camera)

e >= 30 min temporal resolution

* Main application:
Derivation of high resolution snow

cover

\ Bockkogel Webcam
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Challenges

e Shadows

* By clouds

* By topography
* Clouds
* Precipitation

 Limitation: RGB only

2022-10-06
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Current reference data set Clir

36 images covering an entire year
Polygons digitized - extracted pixel-wise

»,Complicated” cases included: small patches of snow,

shadowed areas

Temporal distribution of reference data

B No snow - land B Snow
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Webcam-based snow retrieval: current stated'N

Threshold-based Machine Learning-based

/\/\ Salvatori et al. (2011)  Various Models o a’

(parametric, non-parametric) Qﬁ

N MW+ PCA Improved by
; Harer et al. (2018) * Mostly monotemporal or intra-day (e.g. median)
features
Used, e.g., by Arslan et al. (2018), Salzano et al. (2019), * E.g., Fedorov et al. (2016), Salzano et al. (2019)

Portenier et al. (2020)

—->Widespread use of multitemporal features in satellite remote
sensing and novel algorithms

Improvements for classification of webcam imagery possible?
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Tested implementations Clirs

Threshold-based Machine Learning-based _, g4 Deep learning-based
. Qa
* Random Forest Classification

» Single (adaptive) threshold on blue band * Convolutional neural

(Salvatori et al., 2011) * Single RGB image network (by Felix Dahle)

* 3x3 window + local average + global average

No snow | Snow
: of each channel
: (Fedorov et al., 2016)

+

* One image for current day

* Previous 2 days




Blue-band threshold c\assnﬁcatlon

¥2021-07-10 (13:20 AM)

Blue band classification
(threshold-based)

10 snow

No snawyland (excluded For visu

2021-11-07 (12:00 AM)

Blue band classification
(threshold-based)

10 snow

No snow/land (excluded For visual impressior

2022-09-08 (13:10 AM)

Blue band classification
(threshold-based)

] snow

| No snowyland (excluded for visual impression)

2022-05-06 (13:10 AM)

Blue band classification
(threshold-based)

] Snow
No snow/land (excluded For visual impression!
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Works well for
uniformly illuminated
scene

Shadows, both by cloud
and topography, pose
problems

Overall accuracy:
96.15 %

Metrics are very good
(1) despite obvious
issues seen here 2
positive bias due large

validation polygons
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approach monotempora\)d'”\

"2021-07- 10 (13:20 AM) 2021-09-08 (13:10 AM)
Random Forest Classification Lt Random Forest Classification

(monotemporal features) (monotemporal features) I L] Wo r kS Wel I fo r

| snow e | snow

| No snow/land fexcluded For visual impression) P4 s g | No snow/land fexcluded For visual impression)

uniformly illuminated
scene

e Shadows, both by cloud
and topography, pose
problems

e Overall accuracy:

2021-11-07 (13:20 AM) 2022-06-05 (13:10 AM)
Random Forest Classification Random Forest Classification

T%T?ffi’ "/”(’ 1 ?%T?ffi’ "/”(’ ! 98.03 %

| * Metrics are very good
(1) despite obvious
issues seen here 2>

positive bias due large

validation polygons



Machine learning

Image 2021-07-10: no multitemporal
data available

2022-11-07 (12:00 AM)

Random Forest Classification
(multitemporal Features)

[ snow

| No snow/land (excluded For visual impression)

2022-09-08 (13:10 AM)

Random Forest Classification °
(multitemporal features)

[ | snow

| No snow/land fexcluded For visual impression)

2022-06-05 (13:10 AM)

Random Forest Classification
(multitemporal features)

[ | snow

| No snow/land {excluded For visual impression)

using temporal features
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Works relatively well
under most conditions
Shadow issues reduced
Overall accuracy:

98.08 %

Metrics are very good
probably still positively
biased

- visual impression is a
lot better than previous

methods
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Comparison

2021-11-07 (12:00 AM)

Blue band classification
(threshold-based)

No snowland (excluded For visual impression)

Blue band threshold

2022-09-08 (13:10 AM)

Blue band classification
(threshold-based)

] snow

| No snow/land (excluded For visual impression)

2021-11-07 (13:20 AM)

Random Forest Classification
(monotemporal features)

| No snow/land (excluded for visual impression)

Single timestep

2021-09-08 (13:10 AM)

Random Forest Classification
(monotemporal features)

Snow

| No snowyland (excluded for visual impression)
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2022-11-07 (12:00 AM)

Random Forest Classification
(multitemporal features)

| No snow/land (excluded For visual impression)

2022-09-08 (13:10 AM)

Random Forest Classification
(multitemporal features)

Snow

| No snow/land (excluded for visual impression)
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Deep learning approach
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B sky
Snow
Cloud

Il Land

e U-net architecture
* Semantic segmentation (compared
to pixel-wise classification)
 Some promising results

* Quantitative validation pending

(Implemented by Felix Dahle)
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Conclusion & Outlook

* Previous issues by baseline methods

reproduced
* Multitemporal features improved result

* Future work:
* include quality indicators
* implement algorithmic improvements

* Thorough quality assessment of

multitemporal approach

=ikt M/CO
e clips

Interested in

e Alpine microclimate?

* Modelling of alpine plant distribution?

* High resolution modelling and monitoring of

snow cover and soil temperature?

Follow Microclim here:
mountainresearch.at/microclim

https://twitter.com/microclim?2
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Wannenkogel - Blick zum Schrankogel
20.11:21:23:00" 2.15C

Viewing direction north Viewing direction north-east
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Monoplotting — work in progress clirs

Some established methods (e.g. Portenier et al., 2020; Harer et al., 2013) but camera calibration externally

realized

Accuracy however dependent on calibration

Main issues:
* Cameras already mounted
* Accessibility: physically and technically demanding

* Housing with additional lens (might introduce further distortion)

* Planned:
1. Calibrate same camera model — better than no calibration at all
2. Calibrate actual cameras in the field with a checkerboard (potentially realized at some point)

2022-10-06 mountainresearch.at/microclim 18
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Study site — Sampling density o cm

;Ambérger Hut o¢
1y ’“ U:\l P

4

[ ] Sampled area 0 1 2 km
(Soil temperature, Vegetation properties) [ | |
e Temperature logger positions Sources: Land Tirol, Abteilung fiir Geoinformation (DEM)

Author: Andreas Kollert (2021)
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* 900 temperature loggers
(GeoPrecision MLog-5W)

* Placed at 10 cm soil depth

* Hourly meas. interval

* Predefined sampling scheme

*  Wireless in-situ readout

*  Measuring since summer 2021

* Main application:

* Development and validation of soil-temp.

model

¢ Validation of snow cover maps through distinct

signature of temperature

2022-10-06

Temperature logger and
reference

GNSS-Measurement of logger position
(Image: Andreas Mayr)

mountainresearch.at/microclim
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e

Logger placement
(Image: Andreas Mayr)

Standardizing logger placement
(lmage: Martin Rutzinger)
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Remotely sensed snow cover - scales” ™
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Sentinel-2
10 m resolution
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660500

ca. 500 m resolution .

y [metre]
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660000
x [metre]

mountainresearch.at/microclim
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Snow cover downscaling

MODIS snow cover product

ca. 500 m resolution
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Topographic variables @ Sentinel-2 resolution
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Random Forest Model

Training data
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Draw 1 to n bootstrap samples from population

m
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create tree

tree; tree

Forest of n decision trees (random forest)
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Sentinel-2 like show cover

e = 2021.06-15T10:2021

56500 67000
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Temporal data coverage

Climate model output
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v

Webcam (high res. snow cover)

- Field data
(high res.)

Soil temp.

Planet cubesat =

N

Sentinel-2 » L Optical remote
MODIS R sensing
- Landsat :
Meteorological data R
| | | | | |
I I I I > I > I >
I I I I ast I resent I Future
2000 2015 2017
(Start of modeling (today)
period in project \ Y J
context)

Operation of temp. loggers and webcams
(likely to be extended)



