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EarthSky

The Arctic hasn’t been this warm for 3 million years

The last time CO2 concentrations reached today's level was 3 million years
ago, during the Pliocene Epoch. Hear from geoscientists who see ...
2 days ago
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'Sleeping giant' Arctic
methane deposits

starting to release,
scientists find

NS New Scientist

Arctic sea ice loss could trigger huge levels of extra
global warming
Arctic sea ice vanishing in summers by 2050 could trigger 0.19°C of extra

global warming — almost enough to wipe out any savings from China ...
17 hours ago
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Earth system data cubes unravel
global multivariate dynamics
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Research Questions

« Which are the changes of the sea ice
concentration between 2002 and 20157

« Which are the changes of the terrestrial
vegetation between 2002 and 2015?

 Which is the most suitable way to visualize
spatio-temporal environmental phenomena in
the Arctic?

* Is the idea of Data Cylinders understandable
enough by a broad audience?
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 Sea lce Concentration
 fPAR

 Time Series

Methodology

« Anomalies
« Development of the data cylinders
« Time Flattened and Juxtaposing Maps

« Web application



Sea lce

o Sea Ice concentration is the ocean area fraction covered by

sea ice, the values of which are given as a real number 18 T T T T T T T T T T T
ercentage (0-1 OOO/) [ a) Arctic Ice Extent .
i ’ - g —— 1989-1998 "
’ —— 1999-2008 :

14 —— 2009-2018

2012

o Level 4 processed data used are derived from a medium 2020

resolution passive microwave satellite data-source from
the Advanced Microwave Scanning Radiometer series
(AMSR-E and AMSR-2).

12}

10F

| Ice Extent:
t  Current: 4.7x10° km? (10/7/20)
B Meon : 7.4x10° km? (1979-2020)
L Min  : 4.7x10° km? (2012)

Ice Extent (10° km?)

o AMSR-E stopped rotating in October 2011. That causes a 4 b Mox : 9.2x10°km? (1987) ]
gap of 6 data-less months, between October 2011 and July B
2012 until the AMSR2 got on board the Global Change Arctic Ice Extent graph (Comiso et al, 2020)

Observation Mission-Water (GCOM-W1) satellite.

o The anomalies were computed as the difference of the
absolute values from the mean monthly ones.



B 1978 November extent [l [Year] November extent

Maps of Arctic Sea Ice Concentration (Earth Observatory, 2076)



Arctic Vegetation

o The Arctic region supports plants such as dwarf

shrubs, herbs, lichens and mosses.

o Warmer summer temperatures cause changes in

the size, abundance and the variety of the plants.

o Plant activity can be measured remotely via
satellite observations.

o Fraction of Photosynthetically Active Radiation
absorbed by vegetation (fPAR) is defined as the
fraction of incident photosynthetically active
radiation (400-700 nm) absorbed by the green
elements of a vegetation canopy (R. Myneni, 2015).

o The anomalies were computed as the difference of
the absolute values from the mean monthly ones.
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Circumpolar Arctic Region
Vegetation

Cryptogam, herb barren
Cryptogam barren complex (bedrock)
Noncarbonate mountain complex

M Carbonate mountain complex
Prostrate dwarf-shrub, herb tundra
Prostrate/Hemiprostrate dwarf-shrub tundra
Rush/grass, forb, cryptogam tundra
Graminoid, prostrate dwarf-shrub, forb tundra
Nontussock sedge, dwarf-shrub, moss tundra
Tussock sedge, dwarf-shrub, moss tundra
Erect dwarf-shrub tundra

M Low-shrub tundra
Sedge/grass, moss wetland
Sedge, moss, dwarf-shrub wetland
Sedge, moss, low-shrub wetland

7. Nunatak complex

Glaciers
Water
Lagoon
Non-Arctic Areas

Denved from: CAVM Team. 2003. Circumpolar Arctic
Vegetation Map. (1:7,500,000 scale), Conservation of Arctic
Flora and Fauna (CAFF) Map No. 1. U.S. Fish and Wildlife
Service, Anchorage, Alaska

Map of Circumpolar Arctic Vegetation (Walker et al., 2005)



RCTIC VEGETATION

Examples of plants in Svalbard, photos by Danai-Maria Kontou
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* In the 1970s Hagerstrand
placed the fundamentals
of time geography, which
was revolutionary in social
geography.

* The space-time theme is a
sum  of  phenomena,
physical or man-made.

Space Time Aquarium, after Hagerstrand (Thrift, 1977)

Time geography




Time he\ephome
L Meeting
/ \
Space

Man-Machine

Space Time Aquarium, after Hagerstrand
(Bach et al, 2014)

Video Snapshot of the ESA's data-

cube showing extreme events of
Screenshot, Arctic Centrered Sea Surface Spatio-temporal events represented in a temperature

Temperature Anomaly & Peak Wave Period, SpaceTime Cube. (Andrienko et al., 2003)
for 1/09/2020, earth.nullschool.net

Time-space visualizations




» Time Series & Anomalies graphs

» Table maps aka time juxtaposing maps

RES U |tS » Heat maps aka time flattening maps
 Data Cylinders
» Web application

 Poster




Time Series

(for all the Arctic)

Arctic Sea Ice Time Series 2002-2015
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Anomalies

(for all the Arctic)

The anomalies were computed as
the difference of the absolute values
from the mean monthly ones.
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Fraction of Photosynthetically Active Radiation
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DATA
CYLINDERS

2015
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2010




ARcCcTIC DATA CYLINDERS
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Web application




Developing Data Cylinders to map
changes and feedbacks between
Arctic Sea Ice and Vegetation

by DANAI-MARIA KONTOU

Living on @ planet which is facing a global climate change, the und ding and the of those vast
environmental changes have great importance. The objective of this thesis is the development of 2 3d spatio-temporal
visual, in a cylindrical shape due to the circularity of the Arctic region, depicting the analysis of the changes of the sea
ice and vegetation in the Arctic. The context of the "Data-Cylinders” includes the visualization of the changes of climatic
and physical phenomena in the form of time-series. A cyfinder in this case could be described as many circular maps on
top of the other in chronological order. “Space’” in this scenario is placed across cycles, while “time” is gmn along the
height of the cylinder. A —

SEA ICE CONCENTRATION ARCTIC ENVIRONMENT -

Sea Ice concentration is the ocean area  The Arctic is the northernmost region
fraction covered by sea ice, the values of  enclosing the North Pole. It consists of a
which are gven as a resl number large ocean surrounded by land. Due to the
parcentage (0-100%) (Toudal Pedersen et Arctic Ocean, its spacial location climate and
al, 2017). land is having a uniqus ecosystem. The sea
ice in the polar regions is influsncing the
glodal climate due 1o itz bright suface Sven
a small change n this chain has a big mpact
©on the sensitive polar regions (NSIDC, 2020).

SPACE-TIME VISUALS

spatio-temporal  representation of
ciimate data aliows the user to look at th
timing, shape and/or dynamics of indiv ndua|
events through space and time. In order to
visualize 3n understandable 3d  spatio-
temporal visusl on climate and emviron-
mental changes, the extreme events are
selectad The aim of extrems event repra-
sentation can be achieved by caculating and
visualizing the anomalies cn indices
and fractions {Zscheischler et al,, 2013).
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ANOMALIES

The anomalies of the Sea ice Concentration

and fPAR were computed as the difference

of the absolute values from the mean
iy ones.

ARCTIC VEGETATION

Vagstation can also b2 measured by CONCLUSION

The interdisciplinary focus of this thesis

mofdnatng it with its photosynthesis via *

the Fraction of 5y
nca!ry Active Radiation (fPAR). ‘he fﬁ.’nR
is used for calcudating surface photo-
synthesis, evapotransipation, and net pri-
mary production (R. Myneni, 2015).
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allowed to the analysis of remote sensing
data, the creation of innovative visuals, and
the development of an imeractive web
application. The analysis of sea ice con
centration and fPAR and their correlation,
cannot be studied independently of cther
climate phenomena taking place in the Arctic,
such 23 temperaturs atove se3 3nC above
land, snow and fires (Bhan et al., 2010).
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