


OSNOVA

Permafrost a aktivna vrstva
= vlastnosti
Vyskyt permafrostu vo svete
Odolnost voci klimatickym zmenam
Metody monitoringu
= Modelovanie teploty
Dizertacna praca
(Rekonstrukcia teploty permafrostu)
= Zaujmova oblast
= Model TTOP
= Zber dat - expedicia na Antarktide
VysledKky ...




PERMAFROST
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(upravené podla: SANDELLS, FLocco, 2014)
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AKTIVNA VRSTVA
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» vrchna Cast zamrznutej

) Active

pody, v ktorej dochadza Layer

k sezOnnemu topeniu

" monitoring teploty a

mocnosti

Permafrost

Ice Wedge

(USGS, 2022)



TERMALNE A FYZIKALNE VLASTNOSTI PERMAFROSTU

~ Hodnoty tepelnej vodivosti (k
ﬁ teplota pody (1-5 cm) \ - ypend Tefme:;né vodivost
Material (W/m.K)
= vplyv dalSich faktorov vzduch 0,024
voda 0,605
» podny pokryv (vegetacia, sneh) Tad (pri 0 °C) 2,23
. sypky, cerstvy 0,086
\ » obsah vody v pode J sneh na povrchu 0,121
husty 0,340
raselina, sucha 0,05
C tepelna di ) \ organicky material | ragelina, nezmrznuta 0,50
pe na vodivost raSelina, nasytena l'adom 2,00
= tepelna kapacita ﬂ;’;’;ec o
\- tepelna difuzivita D rominy E;‘Zﬁvec o
granit 1,7 -4,0
beton 1,3-1,7
stavebny material | gcel 35-52
drevo 0,12-0,16

(upravené podla: CERMAK, RYBACH, 1982; FRENCH, 2007)
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Life on frozen ground &

Permafrost population per region (2019)
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VYSKYT PERMAFROSTU
- ANTARKTIDA
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ODOLNOST PERMAFROSTU NA KLIMATICKE ZMENY

ﬁ Interakcia viacerych faktorov:

" topografia

= geologia
* hydrologické pomery
= vlastnosti pody

= pokryv (vegetacia/sneh, ...

k = zrazkova c¢innost’

(NUNATARYUK, 2022)



PERMAFROST A OTEPLOVANIE...

* Dopady (priklady):

= Degradacia permafrostu
(stenCovanie povrchovej Casti)

» Erdézia pody/pobrezia

= NaruSenie vymeny energie a
uhlikového cyklu

= Zasah do hydrologickych procesov

= Zmeny lokalnej ekologickej
rovnovahy

* 7Zmeny v migracii zivoCichov

= NaruSenie stability obyvanych
lokalit a dopravnej infrastruktury




Stable
infrastructure

Sediment, carbon

and nutrient _ .
transport Ice in relatively

lce wedge —calm sea

polygons

s Offshore
m

Massive ice layer transport

'y

lce wedges

Barrier

island
Climate warming leads to:

t Sea-level rise, = Reductionin

A m sea-ice extent,
enhanced storminess

WV thickness and duration Sedimentation

and burial
® Permafrost ﬁGreenhouse lce [ Permafrost

m
y thaw gasrelease | rease in seasonally thawed layer thickness

(IRRGANG a kol, 2022)



Damaged
infrastructure
More
thermokarst
lakes

Melt and ' lce
thinning of wedgesy

massive ice bodies

Ice wedge
Impacts polygons
(1) Coast
* Faster erosion and higher floods
* Thaw of coastal sediments
» Warmer and deeper water close to shore
* Stronger waves and longer wave impacts

Marine environment

* Ecosystem composition and
function shifts

* Enhanced sediment, carbon and
nutrient fluxes

* Changing light conditions

* Ocean acidification

* Change or loss of fishing grounds

Changing vegetation

Abrupt thaw Coastal cliff collapse

®

Little ice, stronger waves

Increasing water turbidity

=

Landward mig ratic.n,"’
and breaching

Thawing
sediment

Changing

ecosystem

composition

Terrestrial environment

* Ecosystem composition and
function shifts

* Increasing thawing depth of soil

» Changing vegetation

* Changing hydrology

* Increasing landscape instability

* Change or loss of hunting grounds

(4) Built environment
* Damage of built structures
and cultural heritage
» Damage of refuse sites and
waste lagoons, causing
contamination of environment

(IRRGANG a kol, 2022)



ESD11.015
(GRAHAM a kol, 2012)




(THE SIBERIAN TIMES, 2021) (AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE., 2023)



(EARTH, 201

S (BBC, 2021)



IMPACTS

Negative impacts on
natural ressources

Negative impacts on
natural ressources
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METODY MONITOROVANIA PERMAFROSTU

" priame merania (teplotné) - vrty

* horské prostredie - vacSia narocnost
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» http://gtnpdatabase.org/boreholes

Home > Boreholes

Elevation Range (m)

Depth Range (m) 8

Country Gtn-P Vegetation Permafrost Elevation Depth Data Select

0 (Deputatsky) Deputatskiy Russia RU 118 ‘?:r?:jl:a Continuous 462.00 88.00 No

01TC1 Yukon Canada CA 196 Grassland Continuous 18.00 8.00 No
- Vegetation Type - 01TC2 Yukon Canada CA197 Grassland Continuous 95.00 10.00 No '
- Permafrost Zone - & 4
03TC1 Yukon Canada CA 195 Grassland Discontinuous 3.00 6.00 No e
- Responsible Person - et
\lariah! n R Denutatskiv Russia RU 119 Syt Continuous 473.00 96.00 No =



http://gtnpdatabase.org/boreholes

, METODY MONITOROVANIA PERMAFROSTU|

ﬂ proxy data \
= geofyzikalna technika

* pouzitie modelov

= (napr. CoupModel,
Stefanov model,

\_ TTOP model) /

(USGS, 2022)



DIZERTACNA PRACA

(Rekonétrukcia teploty permafrostu v oblasti Antarktického polostrova}

1) Zhodnotenie variability teploty permafrostu na zaklade priamych pristrojovych merani
(obdobie 2004/2011-2020)

2) Rekonstrukcia teploty permafrostu na zaklade historickych merani z bliZsich stanic
a ERA5-Land reanalyz (obdobie od roku 1950)

NG

3) Predikcia teploty permafrostu na zaklade klimatickych modelov CMIP a emisnych scenarov
(obdobie 2020-2100)




ZAUJMOVA OBLAST

ﬁ SV Cast’ Antarktického polostrova
= (Ostrov Jamesa Rossa

= polostrov Ulu

* najvacsia odladnena plocha v oblasti AP

» kontinualny permafrost

~

k Ceska stanica Johanna Gregora Mendela /
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MODEL TTOP

-

\_

TTOP =

kt.nt. TDD — kfnf FDD

k;. P

~

J

k;- tepelna vodivost pody (W.m=1.°C1)
n;- n-faktor (topenie)

TDD - index topenia (°C.dni)

k; - tepelna kapacita pody (W.m=.°C™!)
ng- n-faktor (mrznutie)

FDD - index mrazenia (°C.dni)

Q— rocna perioda (pocet dni)

ﬁ TOP - priemernd roc¢na teplota vrchnej Casti permafrostu ( °C]\

ﬁ teplota vzduchu \

* teplota pody (5 cm)

= teplota pody (75 cm)

» fyzikalne vlastnosti pody
= vlhkost pody

* tepelna vodivost (k)

K * tepelna kapacita (c)/




Expedicia - ANTARKTIDA 2021/22

ﬁ praca v teréne (vplyv poéasia)\
* ]aboratorne meranie

» zakladné spracovanie dat

» odber reprezentativneho

mnozstva vzoriek

k—> odvoz do CR /




. . * podne sondy
TERENNA PRACA

* odoberanie vzoriek na laboratérne meranie a odvoz
* kovoveé valceky

meranie podnej vlhkosti priamo v teréne
meranie teploty pody/permafrostu




TERENNA PRACA

* podne sondy
* odoberanie vzoriek na laboratérne meranie a odvoz

* meranie podnej vlhkosti priamo v teréne
 HydroSense

* manuadlny zapis

* 3 merania pre 1 bod
* meranie teploty pody/permafrostu




TERENNA PRACA

* podne sondy
odoberanie vzoriek na laboratéorne meranie a odvoz

meranie podnej vlhkosti priamo v teréne
meranie teploty pody/permafrostu

* Greisinger
* 1 meranie pre 1 bod

GMH 3230 (¢

Digiaitmarmaenater
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» podna sondyrka -monitorovanie mocnosti aktivnej vrstvy
e georadar

/= CALM-S

(Circumpolar Active
Layer Monitoring - South)

* na OJR od roku 2014
k vyznamny vplyv litologie

*= pravidelné a podrobneé skiumanie

zmien aktivnej vrstvy/vrchného permafrostu

~




ANTARKTIDA

ﬁ{ontrola a zber dat

" meranie priamo v teréne
* servis a udrzba AWS
» zakladné spracovanie Casopriestorovych dat aktivnej vrstvy

(vlhkost, termalne vlastnosti)

* odber pédnych vzoriek na nasledné laboratorne analyzy

&geomorfelogické mapovanie

~

(AWS stanice, podne dataloggery, fotopasti - snehova pokryvka)

/
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VYSLEDKY

Science of the Total Environment 869 (2023) 161690

Contents lists available at ScienceDirect

cience «n
Total Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Permafrost table temperature and active layer thickness variability on R
James Ross Island, Antarctic Peninsula, in 2004-2021 e

Lucia Kaplan Pastirikova >*, Filip Hrba¢ek *, Tomas Uxa ", Kamil Laska®

* Department of Geography, Masaryk University, Brmo, Czech Republic
Y Institute of Geophysics, Czech Academy of Sciences, Prague, Czech Republic

HIGHLIGHTS GRAPHICAL ABSTRACT

» Permafrost and active layer changes are e Py o Reconstruction
important indicators of climate variabil- I
. RS M permafrost table temperature active layer thickness
ity. e s TTOP mode! Stefan mode!

Regular study of the properties and o o’
changes of permafrost and the active '

James 2 -
Ross. o R » I ™ i
g : ; s A 100
layer is crucial for revealing long-term A hslang csh A X iz E: : t ;3 1] |1
4 R [ 41 | SREA
trends. 65’8 ."-_— I 7 " et : TR . ;‘n ] j t] ‘{ 111 l |
A 33 S ) ] 1 1] A
+ TTOP and Stefan model has advantages in N } S o | 1 L
obtaining data of the frozen ground. 8 Wedded Soa » v ™ ' 2-s2zez2z22
2. FEEE PSSO S0 RERRRGARRRARRAG
: o ~ WU Wodutes ALY Beten mocet) T Obaerved ALY
wsh L - Changes in permafrost and the active layer are indicators of climate change In polar areas
. - Regular g of and soil prope 1 crucial for more precise research

- Variability of the temperature trend influences the sod environment
- A number of factors (especially abiotic) affect the dynamics of the active layer




VYSLEDKY

Air temperature (°C)

— GTs daily  —— GT,, daily  ——— GT, daily
=~ GT; monthly ——— GT; monthly ——— GT;; monthly

— 1 T 1 T 17 T 1 T 17 T 17 T 17 T 17 T 7T 1

Ground temperature (°C)

03/2011 03/2012 03/2013 03/2014 03/2015 03/2016 03/2017 03/2018 03/2019 03/2020

GRAF 1: Variabilita teploty vzduchu (°C) a teploty pédy v hibkach 5, 50 a 75 cm (°C)
na stanici Johann Gregor Mendela v obdobi 2011/12-2020/21




VYSLEDKY
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GRAF 2: Rekonstrukcia teploty permafrostu pomocou modelu TTOP vratane porovnania s teplotou vzduchu




VYSLEDKY
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GRAF 3: Vztah medzi teplotou vzduchu (MAAT), modelovanou teplotou permafrostu
(TTOP), aktivnou vrstvou (ALT) a sezonnymi indexami topenia (TDD) a mrazenia (FDD)




VYSLEDKY

Temperature anomaly (°C)

>

AWS-JGM (+0.6 °C/decade)
Marambio (+0.4 °C/decade)
Esperanza (+0.6 °C/decade)
Bellinghausen (+0.2 °C/decade)
Faraday/Vernadsky (-0.02 °C/decade)
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GRAF 4: Trend teploty vzduchu na staniciach staniciach Bellinghausen,
Faraday/Vernadsky, Esperanza, AWS-JGM, Marambio a teploty permafrostu (TTOP),
vrdtane hrubky aktivnej vrstvy pre obdobie 2004/05-2020/21




REKONSTRUKCIA TEPLOTY
PERMAFROSTU S VYUZITIM DAT
Z REANALYZY (ERA5-LAND)

ERA5-Land
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TEPLOTA VZDUCHU

» Kkorelacie ro¢nych a mesacnych priemerov

ERA5-Land & JGM
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TEPLOTA PODY (5 cm)

= Kkoreldcie roCnych a mesacnych priemerov
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ﬁorekcia dat z reanalyzy \
» vyrazny sezonny efekt

= 7ima, leto — nizke korelacie

= vplyv snehovej pokryvky (nadhodnotenie)
= ERA5-Land

= vacCSie rozdiely pri extrémnych (vyssich) teplotach
* Jokalne vplyvy

= vietor (fénovy efekt)

* Clenitost povrchu ostrova
\' okrajova oblast’ Antarktidy (variabilita podmien(y




ZHRNUTIE

» yyznam vyskumu v periglacialnom
prostredi

» dlhodoby a pravidelny monitoring

» poukazanie na rychlost zmien v polarnych
oblastiach

» komplexnejSie pochopenie procesov
= suvislost zmien permafrostu:
= klimaticka zmena
= zmeny ladovcov
= svahové procesy
" zmeny vegetacie

= zmeny hydrologickych procesov, ...
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