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Widespread warming of permafrost is observed (Biskaborn et al. 2019) — Warming leads to permafrost thaw

» Thaw monitored in isolated locations, but not systematically.

» Thaw can lead to major greenhouse gas emission, so we must include permafrost thaw in global climate
models.

» Arctic landscape and thus thaw rate is highly heterogeneous: Factors vary on multiple spatial scales. We
need to better understand this to make global assessments.

HELMHOLTZ &ici:

Thawing Permafrost worldwide 1



J. Boike & N. Anselm

T-MOSAIC Permafrost thaw action group
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Coordinated by Julia Boike, Simon Zwieback, Sarah Chadburn, Julia Martin (2019-2021) ‘

15 participants from 10 countries

» Better monitor and understand permafrost thaw

» Establish a baseline of data from around the permafrost region

» Develop a sampling protocol for standardized field
measurements of processes related to permafrost thaw

> Establish cooperative work (e.g. INTERACT)

> Planned: Get everyone on board (citizen science)

omeN Access | Deview fvinm

of thaw: a user-friendly,
multi-parameter protocol

*un PR = |

Abstract

Climate change i i landscapes, alfecting cosystems and

human livelihoods. The rate of permatrost thaw s controlled by surface and subsurface properties
and processes, all of which are potentially linked with each other. Yet, no standardized protocol
exists for measuring permafrost thaw and related processes and properties in a linked manner. The
permafrost thaw action group of the Terrestrial Multidisciplinary distributed Observatories for the
study of the Arctic Connections (T-MOSAIC) project has develaped a pratocol, for use by non-
specialist scientists and technicians, citizen scientists and ind 1o collect

‘metadata and data on permarost thawThe protacol introduced here addresses the need to jointly
‘measure permafrost thaw and the assaciated surface and subsurface environmental conditions. The
parameters measured along transects are: snow depth, thaw depth, vegetation height, soil texture,
and water level The metadata collection includes data on timing of data collection, geographical
caordinates, land surface characteristics (vegetation, ground surface, water conditions), as well as
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I Measurement modes and timings

# season

Vegetation
= Height

Soail
+ Organic layer

«Ice
+ Texture

Transect

‘Weekly or monthly m Monthly m m

HELMHOLTZ 5000 e Thawing Permafrost worldwide



J. Boike & N. Anselm

*
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-

UND MEERESFORSCHUNG o

Snow depth Thaw depth Vegetation height
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Evergreen
needleleaf tree

Soft needle leaves, that
change color and are
shed in winter ?

Deciduous

>
Is there needleleaf ? Broadleaf tree

%}
Does it have a pointed shape
‘N—O» like conifer trees an_d thin
- needles or broad thick leaves
with a waxy coating ? @

w
>
START )| Woody plants ? ‘ Is it leafy or grasslike plants ? ‘ Colorful, showy flowers ?

m Soft, dense green clumps Graminoids
or mats? (grasses or sedges)
7 = 7
2 %
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myThaw mobile app to collect permafrost data UND MEERESFORSCHUNG c

What do you see at the site?

Ina30x 30m area

Ground surface
ﬂ V| Rock [ so

How wet is the ground?

Choose source for 'Overview'

Moist (solls
are damp)

_Z\ ’ Google Play

@ camera M Gallery O QO unkaown

Protocols
Water features.

cance [ wetond [ ke

Wet

e esions W River/reek

Zeeﬁ;r'l;l [ wetertracks [T] None

] koo

Please contact us if you would like to use it and contribute data!
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datasets until November 9, 2021

>

VVVvVyVvVyVYVvVYYyYy

Bayelva

Bayelva March 2021
Cambridge Bay
Toolik Lake

Siksik Creek (TVC)
Kevo Vaisejaeggi
CNRG@Bayelva

01 Samoylov
Toolik Field Station
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‘O station:mythaw_app:thaw:depth [cm] ‘O station:mythaw_app:thaw:depth [cm]

500.0 120.0 u]

90.0

250.0 O ] 60.0

125.0 30.0
Edn Data References 0.0 Edit Data References |FETS TSV
1 08 17T00 00:00.001 2021 01 -17T00:00:00.221 2021-08-31T00:00:00.001 2C »1-08-31700:00:00.081
Trail Valley Creek Bayelva
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consequent in sensor.awi.de

myThaw Permafrost Observation App
I ==
Current Version v
Select your site  Reassign G Edit

‘Sensor (2021). Metadata for station myThaw Permafrost Observation App at Current Version. hitps://hdl handle.net/1001/sensor 9dse7c8a-
hb 051b-4174-8924-127b920af655

Snow depth 1D 7938
Parent:
Device URN: station:mythaw_app
Thaw depth
Short Name: mythaw_app
. . Long Name: myThaw Permafrost Observation App
Vegetation heigh
Collections:
This metadata description follows the protocol of the T-MOSAIC Thaw Action Group. Via App permafrost thaw and the
Tree helg t Description assoclated surface and subsurface environmental conditions are measured. Each sub-protocol is defined in a sub-
device here. The app can be found i) for Android OS hip: i permafrost,
and i) IS https://apps
Serial:
Water level el
Manutacturer:
Model:

Soil Pit

Type: station

Asset Number:

Download sensor metadata as: Sensor ML | JSON

Close
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myThaw Permafrost Observation App

Select your site

Overview Contacts Actions Parameters. Resources Properties

hb

Current Version

2]

Snow depth
Subdevices:

Thaw depth myThaw App Hydrology section (hydrology)

myThaw App Site Metainformation (meta)
Vegetation height myThaw App Soll Pit section (pit)

myThaw App Snow section (snow)

Tree height myThaw App Permafrost Thaw section (thaw)
myThaw App Tree section (trees)

Water level myThaw App Vegetation section (vegetation)

Soil Pit

HELMHOLTZ Thawing Permafrost worldwide
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myThaw App Soil Pit section

from ground level down to the boundary.If

there is no brown, peaty soil at the surface, Overview  Contacts  Actions [EEIEUSEINN Resources  Properties  Local Frame  Subdevices  Images  Ingest
enter 0.
Current Version v
o
Show 25 v entres Search:
Is there any ice (at the bottom of the .
pit)? D Short Name 1= Name Type Unit Tools
Are there rocks in the soil? [ ) SED = Sollpitice presenceat - P
the bottom
Soll pit ice presence at
91990 ice_photo the bottom photo text text [}
Soil texture @ tep
91994 notes Soll pit notes. text text [}
Select the soil texture which most closely Soll pit estimation of
describes your soil. 91988 organic_layer upper organic layer height cm [}
thickness (m)
O Clay O Sandy 91987 photo Soll pit photo with scale ~ text text [}
91991 rock Soll pit rock presence text text [}
91992 rock_photo Sollpitrock presence ., text )
photo
91993 soll_texture Sollpit texture text text [:)
description
Showing 1 to 8 of 8 entries Previous D Next

Close
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consequent in sensor.awi.de
myThaw Ap on
Overview  Contacts  Actions [ECSETNSHIMM Resources  Properties  Local Frame  Subdevices  Images  Ingest
Vegetation height @ Hep Current Version v
)
When to measure: Show| 25 v entries Search
* Tundra: At least once during peak growing
season. D Short Name I: Name Type Unit Tools
* Preferably a seasongl overview, once Vegetation height
every month from spring (shoulder season) 91969 helght_p1 point 1 In quadrant height cm o
to autumn (shoulder season). (m)
*Mark out quadrats and revisit the same
Vegetation height
locations for repeated measurements. 91970 height_p2 point 2 In quadrant height cm [:)
(m)
Quadrat 1
Vegetation height
Moss or Lichen present [ ) 91971 height_p3 point3inquadrant height om e
(m)
Vegetation height at
Vegetation height
91972 height_p4 point 4 in quadrant height cm [:)
Point 1 ) t (m)
91968 moss_lichen Vogetation pregence | text (i)
of moss lichen
Point 4
91974 notes Vegetation notes: text text o
Vegetation transect
91967 transect_point point D index number [:)
91973 vegetation_photo Vegetation photo picture text o
Showing 1 10 8 of 8 entries Previous D

Close
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get a glimpse on what's coming in
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devicelD dom sitelD idx thawDepth thawNotes thawPhoto thawDepthError
e5e0f050-1764- 2021-08-31 CNRG@Bayelva 0 75 the site has a rocky 20211103 e2801f9c- 10
4c90-a514- soil and so some 97c2-405e-9a89-
07aecf0530ab measurements could 292d567dc2d3.jpg
be underestimated
e5e0f050-1764- 2021-08-31 CNR@Bayelva 1 107 the site has a rocky 20211103 e2801f9c- 10
4c90-a514- soil and so some 97c2-405e-9a89-
07aecf0530ab measurements could 292d567dc2d3.jpg
be underestimated
e€5e0f050-1764- 2021-08-31 CNRG@Bayelva 2 98 the site has a rocky 20211103 e2801f9c- 10
4c90-a514- soil and so some 97c2-405e-9a89-
07aecf0530ab measurements could 292d567dc2d3.jpg
be underestimated
e€5e0f050-1764- 2021-08-31 CNRG@Bayelva 3 85 the site has a rocky 20211103 _e2801f9c- 10
4c90-a514- soil and so some 97c2-405e-9a89-
07aecf0530ab measurements could 292d567dc2d3.jpg
be underestimated
e€5e0f050-1764- 2021-08-31 CNRG@Bayelva 4 57 the site has a rocky 20211103 e2801f0c- 10
4c90-a514- soil and so some 97c2-405e-9a89-
07aecf0530ab measurements could 292d567dc2d3.jpg
be underestimated
e5e0f050-1764- 2021-08-31 CNRG@Bayelva 5 920 the site has a rocky 20211103 e2801f9c- 10
4c90-a514- soil and so some 97c2-405e-9a89-
07aecf0530ab measurements could 292d567dc2d3.jpg
be underestimated
Tab. 1) excerpt from dataset 1264013 (originally 10 X 73 array)
HELMHOLTZ Thawing Permafrost worldwide 10
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02A

> steady stream of consecutive
measurements

» datetime as central index

myThaw

> repetitive but rather
sporadic measurements
» index? what is it and how

much do we need? < based
on datasets

value

12

e myThaw
— 02A

10

08:00  10:00  12:00
datetime

14:00

16:0C

HELMHOLTZ
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02A

> steady stream of consecutive
measurements

» datetime as central index

> simple aggregation possible
on numeric data

myThaw

>

>

repetitive but rather
sporadic measurements
index? what is it and how
much do we need? < based
on datasets

no aggregation possible

value

12

e myThaw
O2A

10

08:00  10:00
datetime

12:00 14:00

16:0C
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fitting a workflow
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02A

> steady stream of consecutive
measurements

» datetime as central index

» simple aggregation possible
on numeric data

» for near-real time data until
03/2020 focus on numeric
data only

> easy" automation of data
handling & analyses

myThaw

>

>

repetitive but rather
sporadic measurements
index? what is it and how
much do we need? < based
on datasets

no aggregation possible

several flavors (metric vs.
interval, strings vs.
numerals)

(expert) knowledge required
for processing

challenge to cover

» strings as in

comments/notes
— Approximately 150m
away from camp

» strings as in Booleans

— True

> strings as in filenames

— 20211103_0c£62570-
8f2d-4ce9-b844-
c£316dd3dadd. jpg

> strings as in categorial data

— Lichen

HELMHOLTZ
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we're doing pretty good — mostly

o))

METADATA DEFINITION
https://sensor.awi.de
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DATA VISUALIZATION
bttys:aasincoard.awi.de

! @ |

=

UND MEERESFORSCHUNG

DATA PUBLICATIOAS
https://www.pan ‘¢ 2a.de

DATA ACQUISITION DATA INGEST

myThaw

mobile app m"

@

HELMHOLTZ &0

S

https://inges iwi.de
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what we can do for now.

Playstore

myThaw permafrost app

a sampling protocol for standardized field measurements of processes related to permafrost thaw

™\-r

Description: Bolke et al.(in press): Standardlzed monitoring of permalrast thaw: a user-Iiendly, mulls parameter protocol, n: Arctic cience. Metadata descriplion In sensor anld can be found at here

20211105 120, sau Have ook at the spatal disriouton (and beyond) via apgc-map.awide
e Latitude fongruce pevie 1D W link
easurement ©

[ouResayea 0210719 raszoson f11sssrs  s0roso.t 764 dcs0-as1a07actosaoan | 155 b0 d anldc/dats
= 1cashboard s celata

[onReoayea 0210831 520302 11855752 b0f0s0-1704-4c50-3514-073cT05303

ety bovtresuatordacase
e e . (2D

[cnR@Bayeva 0210711 18020002 11855752 501050-1764-4c00-a514-07acios30ab [\ ,'1:::7;:;1.‘;: S

[Skelk Creex () 0211101 |58 74813331135.497666br41b-20-41babsoc s [0 Stboard anl desdats

—— 027 loacares |sesriys PiCSADBBESTATIABOTS os/dashboard. aw derdata
fo33e13814 focirestcataraaraserids- 1238613
a1 [BiCBAMbEST 4774 5074 rtosin . derc
alik Lake: po2i1023 fsmeazes [ransrizo PIRERS e
ps/dashboard awide
fcambridge say 20210512 69112926 [109.405285 ca10s-0320-43b-ac0 oadanty |10/ oxdanderdats

shboard aw.de/data

[skeik creex (rve) poz1-0817 |68 2 416-20-41ba-bs0c- 762671 Toct

sshboard aw.de/data

Kevovaiseaegsl  pozt-to17 ogass  pr.roaes B e
oo v derdsa
ot 122008

fevovaisciacggl 20211017 08235 7174249 7210620253 4996 819 250754697422 0> "

tosi/dashboard, aw defdate

Snow Depth Measurements Thaw Depth, Vegetation Height, Soll myThaw App vdeo tutorial
Properties, Water Level Measurements

AIC Transe
Dksntaeiin

S | TMOSAiCransect  §

e —————————— ' myThaw dashboard
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> make use of existing infrastructure/know how

» VMs — marketplace.awi.de/
> make use of APls
> functions — (partly) existing
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> make use of existing infrastructure/know how

» VMs — marketplace.awi.de/
> make use of APls
> functions — (partly) existing
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> make use of existing infrastructure/know how
» VMs — marketplace.awi.de/
> make use of APls
> functions — (partly) existing

Ll Sting, . .
application as a central place to go

> avoid ,coding" — click and go

> hide" complex procedures

> per protocol type — specific topics,
questions, plot types

HELMHOLTZ NGES Thawing Permafrost worldwide 14
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what's the plan ...
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0o~ G, A WN =

©o

10
11
12
13
14
15

16
17

Listing 1) 'harvest dataset IDs’

declare —a ids
for i in $len; do ids+=("echo $tmp | jq .[$i].id"); done
idsSorted=""printf "%s\n" "${ids[@]}" | sort —n *
idsSortedTop="printf '%s\n' "${idsSorted[@]}" | tac | tr '\n' ' ';
echo’
table=""
for i in $idsSortedTop; do
did=8%i &&
id="curl ——silent —X GET "$link$did" —H "accept:
application/json;charset=UTF—8"" &&
a="echo $id | jq .data[0][3] | sed s/\"//g" &&
b="echo $id | jq .data[0][2] | cut —c2—11 | sed s/\"//g" &&
c="echo $id | jq .data[0][1] | tr —d 'null | sed s/\"//g"" &&
d="echo $id | jq .data[0][5] | sed s/\"//g" &&
e="echo $id | jq .data[0][6] | sed s/\"//g" &&
hyper="echo $link$did || sed s/\"//g" &&
table=$table'<tr style=\"height: 18px;\">\n<td style=\"

10%; height: 18px;\">'$b'< /td><td style=\"width: 7%;

href='Shyper'>'$hyper'</a>< /td>< /tr>'
done

##

width: 16%; height: 18px;\">'$a'</td><td style=\"width:

height: 18px;\">'$d'< /td><td style=\"width: 7%; height:
18px;\">'$e' < /td><td style=\"width: 27%; height: 18px;\
">'$c'< /td><td style=\"width: 27%; height: 18px;\"><a

> make use of existing infrastructure/know how
» VMs — marketplace.awi.de/
> make use of APls
> functions — (partly) existing

Ll Sting, . .
application as a central place to go

> avoid ,coding" — click and go

> hide" complex procedures

> per protocol type — specific topics,
questions, plot types

HELMHOLTZ
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what's the plan ...

o
3
g N
> make use of existing infrastructure/know how
8 » VMs — marketplace.awi.de/
= > make use of APIs
Eg . . -
S, functions — (partly) existing
-
IS >
8 (y application as a central place to go
< o . o .
2 ©] — 2021-07-19 > avoid ,coding” — click and go
5 o —— 2021—08—31 > hide" complex procedures
o — 2021-09-27 > per protocol type — specific topics,
questions, plot types

2 4 6 8 10
index/point

Fig. 1) snow height of CNR@Bayelva from 1246014,
1246013, 1246011
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what's the plan ...
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o
-
-
(=]
o
-
o
(=2}
= (=]
5 3
ER
3
g
2 ©] — 2021-07-19
S .| — 20210831
B | — 2021-09-27

2 4 6 8 10
index/point

Fig. 1) snow height of CNR@Bayelva from 1246014,
1246013, 1246011

> make use of existing infrastructure/know how
» VMs — marketplace.awi.de/
> make use of APls
> functions — (partly) existing

> B L
fy application as a central place to go

> avoid ,coding" — click and go

> hide" complex procedures

> per protocol type — specific topics,
questions, plot types

» can be adapted — extending user domain

HELMHOLTZ
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conclusions UND MEERESFORSCHUNG 5
> novel approach to collect data on permafrost (thaw)
> we want to go big data
> easy to use tool needs easy to use exploration
» complex data needs complex treatment
> extending the field of application for O2A
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