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CVL as an Open Science Component

e a wide variety of data relevant for the Cryosphere
o In-situ, model, EO
software tools for processing, visualization and discovery of data.
e five predefined workflows for data access, visualization and processing.
e ageneric platform supporting scientific work in an interdisciplinary
context.
° champion science use cases

Hardware, Software
and Applications

1 of 5 workflows



In order to understand and quantify the ongoing processes in the Cryosphere, the CVL aims to “Facilitate the exploitation, analysis, sharing, mining and visualization of }
massive EO data sets and high-level products within Europe and beyond.”

o o
= .
2 g
r sk i i ity 4| R ] LY
2 -5 il )
] s - ol (14 .
< . I
G $
g It .
\ £ -104. % 4
] £ 4
£ !
s -
ST 15

Near-surface ground temperature (0.2m)
Juvvasshge (1894 masl)
Mean Value1999-2017 (+/-'stddel,min,max)
2019

15

Pl
mpod

Near-surface ground temperature [°C]

. ! Graph was plotted 07/05/2019 23:20 UTC 8
Y Source: MET Norway (http://eklima. met.no} K

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A



What about the data

Challenges

variety, velocity, volume, heterogeneity, access -> Big Data

FAIR guiding principles of Data Management:

Findable
Accessible
Interoperable
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° Reusable

Distributed data management

remote access utilizing OPeNDAP
allows for subsetting and aggregation
supports streaming of data over the internet

Harvesting of metadata
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Execution Environments and Workflows

isualizing / Publishing Interactive analysis on
results hosted VM

Search for Data Visualizing data Processing chain
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For Information about flelds and help about how to search see the "How to search” page.

IPython: home/trygveh
File Edit Vi Terminal Help g
trygveh@pcas ipython "1~ aromearctic pp 2 5km latestnc
Python 3 |Anaconda, Inc.| (default, Apr 29 20
Type 'copyright', 'credits' or 'li For more information
IPython 6.4.6 -- An enhanced Interactive Python. Type '?' for help.
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@ Look at the temporal change of
#arctic #glaciers using #Sentinel2
¥ They all seem to shrink .
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Work flows Ni %R CE

e CVL allows a wide variety of work flows for the |
implementation of scientific code

e |nteractive or batch processing

List of Create virtual machine

e Local /virtual processing

e Integration with VRE (Virtual Research
Environments) i.e. PTEP

A

Create local
Virtual machine

Local virtual machines

e Virtual processing (Jupyter scripts) (et s e an sl |

v Interactive
Transformation of dataset Selected Jupyter Noteboolk to run data d. S
analysis and visualisation
E I ill b ilabl GitHub —
I Download data I l Selected data to operate on I l Modify Jupyter Notebook ] l CVL data catalogue I

l Publish data ] I Share modified Jupyter Notebook I




Visualization
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Cryosphere Virtual Laboratory

Home About v Services v Data News My Account v

CVL enables users to access and interact with data to improve the understanding of the cryosphere.

Launch CVL3D in a separate window. The 3D view is still under configuration concerning content shown and support in various browsers.
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e CVL have implemented a dedicated 3D visualisation tool where examples are
available on the Landing page cvl.eo.esa.int

e 3Dviz can be embedded in Jupyter notebooks for vizualization of results
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- ° Snow Avalanche Detection

" Avalanche detection
NORCE
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Ex. Avalanche detection on Svalbard
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Jupyter notebooks

e CVL utilize Jupyter notebooks
for implementing scientific use
cases

e 5 initial use cases

Marginal Ice zone —validation
e Marginal ice zone —biology

e Arctic amplification

Snow

e Avalanches

Snow-Svalbard

In [4]:

# make a dataset from contents
dataset = xr.open_dataset(df)

lat = dataset.lat.values
lon = dataset.lon.values

# view and extract preperties of the dataset
# variables are snowfr, time, Lat and Lon
snowfraction = dataset.snowfr.values

# snow fraction is stored as a byte array in the Net(DF file
# convert to float type to do the averaging
snfr = snowfraction.astype('float32')

# script to read in the output files and check/plot out the data
ndays = snfr.shape[8]
meanscf = np.zeros(ndays)
# for each day in snow cover map get the mean SCF for entire Svalbard
for i in range(ndays):

# extract snow map for a single day

snfr_day = snfr[i,:,:]

av_scf, nl = get_mean_sca(snfr_day, veg)

meanscf[i] = av_scf

return snfr, meanscf, nl

Make figure:
make_figa()

Total snow cover fraction (% of land area excl. glaciers)

SCF, %
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Ice zone-validation

jtral longitude--45, true_scale latitude-98)

-100_amsr2-tud_202006811280.nc" )

jtral_longitude--45, true_scale_latitude-78)

Form_points(ds2_crs, ds2x, ds2y).T
2[6][::-1], ds1x2.T[@]), ice_conc[::-1])

jc - dsi_ice_conc]

), dsly.min(), dsly.max()]

figsize, subplot_kw={'projection’: dsl_crs})

S[i], cmap=cmaps[i], extent=img_extent, origin='upper’)




Marginal ice zone —biology

1]

primary_production = nc.variables[ 'npp'][®,
primary_production = primary_production/168@.

aice = ncice.variables['aice d'][®,:,:]

thick = ncice.variables['hi_d'][e@,:,:]

#create a masked array with zeros as filled values . L .
primary_production = np.ma.masked where(aice < ©.01, primary_production).filled(fill_value=0) Arct I C a m I Icat I O n
#store a dictionioray for properties of plots

plotted = {}

plotted[®] = {'data’:aice, 'max’ , 'title':'Ice area fraction'}
plotted[2] = {'data’:thick, ‘max':5., 'title’:'Ice thickness (m)'}

plotted[1] - {'data’:primary_production, 'max':1., 'title’:r'Integrated primary production below ice (g€ m$~{-2}% d$~{-1}$)"

Plot monthly temperature series with linear trends.
cmap = plt.get_cmap('jet') B
figure=plt.figure(figsize=(18,6)) Create a new DataArray with linear trends
projection=ccrs.Stereographic(98, -45) # set the projection of plots
z = jection. i c # conver i I Lati c =
xyz_pro pFDjE(t.an transform_points(ccrs.PlateCarree(), lon, lat) onvert Longitude and Latitude mydict = dict()
for p in range(3): N
ax=figure.add_subplot(1,3,p + 1, projection=projection) i-9 o .
# set the maximum and minimum of values of spectrum of plot(as well as colorbar) for item in airtempmonthlymeans['stations’].values:
norm = colors.Normali

(vmin=@, vmax-plotted[p]['max’]) print('Processing:', item) A I h _S | b d
# drowing peolormesh mytrend = estlincoef(airtempmonthlymeans[‘time"].values,airtempmonthlymeans[@].values) Va a n C eS Va a r

imfe; E;gﬁ;lg;m:!(gigpm[ 30352l SRkl AECEE [ EE ]y Ep-Emy, SRS QEs, Du=TEy mydict[item] = xr.DataArray(mytrend[ ‘values'],dims=["time"],coords=[airtempmonthlymeans[’time"].values],attrs={"s

ax.set_extent([500060, 2080060, -1580080, 580080], crs=projection) emperjatur‘eizm slunits': CK'})

# make coastlines i+=1

ax.coastlines(color="red’,resolution="1em") tmp = xr.concat([mydict[s] for s in mydict.keys()], dim="stations’)

ax.stock_img() airtempmonthlymeanslintrends = tmp.assign coords(stations=("stations”, list(mydict.keys())))
# draw gridlines for better preceiving of projection view

gl = ax.gridlines(transform=projection, draw_labels=True, linewidth=2, color='gray', alpha=0.3, linestyle="--) Processing: SHS@718

# remove some labels in order not to overlap with colorbar Processing: SH3G728

gl.right_labels - False

ax.set_title(plotted[p]['title'], fontsiz Processing: SNGG848

figure.colorbar(img, ax = ax,fraction-8.83, pad=6.04) Processing: SN29918
plt.subplots_adjust(left = None, bottom-None, right=None, top-None, wspace=0.5, hspace=None)
plt.shou() Plot the monthly means and the linear trends for all the stations in one figure

Ice area fraction Integrated primary production below ice (gC m=2 d=?) Ice thickness (m.

fig = plt.figure(figsize=(15,5))
airtempmonthlymeans.plot.line(x="time" )
airtempmonthlymeanslintrends.plot.line(x="time")

[<matplotlib.lines.Line2D at @x7f988876fdds>,

404 10 10 0% . . .
£ £ <matplotlib.lines.Line2D at @x7f9880713588>,
D 08 08 D <matplotlib.lines.Line2D at @x7f988971363@:>, Region: A
08 08 <matplotlib.lines.Line2D at @x7f98897136d8>] " Winter season 2016-2017: .
ot g w0 = Avglanche Activity Density — oo H
04 i 04 2 e
280 g 400 - 2
02 - 02 A < |
». 1 oo { [la
00 00 275 | | /\A/\ m AN
= I * 2016-11 2016-12 g g 4 2017-06
= |
~, 270
t g | Winter season 2017-2018
0 3 = B ¥ z S0
W ¢ - | B — vaianche Actiy Densty — o 8
g 8 o0 - vam &
' 260 g <
° stations £ 200 - 0g
SN99710 H g
5 — SN98720 z 0- o &
SN93840 2018
SN99910 Time
=0 . . . . . . . . = 5 Winter season 2018-2019 %
o) o 0 % o o "] ) @ — e — E
o o o o M £ £ £ ¥ 5 . Avalanche Activity Density |
time z - 5
g - =
H §
H 5
5 g
2 &
Time
Winter season 2019-2020:
z o
2 = Avalanche Activity Density —— Cold 3
g o0 - wam 2
£ 2 E
5 400 - <
H g
2 . . A ‘Av‘ r\ R = -10F




Virtual machines

e CVL will utilize ESA’s Polar Thematic Exploitation Platform (PTEP)

e PTEP will allow CVL users to have Virtual Machines where they can run

Jupyter Notebooks
e https://portal.polartep.io/

NEW USER REGISTRATION SIGN IN

INTRODUCTION

The Polar Thematic Exploitation Platform provides a complete working environment where users can access algorithms and data remotely,
providing computing resources and tools that they might not otherwise have, avoiding the need to download and manage large volumes of
data. This new approach removes the need to transfer large Earth Observation data sets around the world, while increasing the analytical
power available to researchers and operational service providers,

Earth Observation is especially import in the polar regions at a time when climate change is having a profound impact and excitement about
new economic opportunities is driving increased attention and traffic, resulting in concerns about the state of the region’s delicate ecosystems.
Developing tools to model, understand and monitor these changes is vitally important in order to better predict and mitigate the resulting global
economic and environmental consequences. Polar TEP provides new ways to exploit EQ data for research scientists, industry, operational
service providers, regional authorities and in support of policy development.

Visit Polar TEP forum

e @:esa ~@ Polar View


https://portal.polartep.io/

Early adaptors call

CVL will issue an early adopters open call (Sept 2021) where early carrier
scientists at PhD/Msc —level can apply for grants

20 grants, 3000 €

The grant receivers will be obliged to develop a Jupyter script that utilize
CVL infrastructure/data/processing tools

The Jupyter scripts will be stored on CVL GitHub for further utilization



summary
N:i *RCE
e Cryosphere Virtual Laboratory - CVL (cvl.eo.esa.int) is an ESA project that
provide access to ICT tools and data for easier access, processing and

visualisation of cryosphere data
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