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OT COJIEHOCTU

3 Liguid (density increases as
temperature decreases) Salinity (g/kg)
0
2 o [ 100 200 300 4
)
. & /
S & N /
@ Temperature of maximum density for liquid water \ }
= b ™
g / & =10 S
E' 0] § \
s « By
Coincide at 24.70 h 13 ‘\
o
» / and—1.3:ﬂ“0m 5 [y
& N\
_20 Y7
—2
=29
. Freezing point of salt water
0 A 10 15 20 25 30 35 40

Pure Salt content (g/kg)



CoJieBble SUEHUKHU

Detail view: Sea-ice structure
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SEAICE o
meereisportal.de [Weeks and AssuI‘, 1969]



CoJieBble SUEHUKHU

Samples sea-ice habitat (Arctic and Antarctic)

tintinnida (ciliates)

. bacteria

snow covered ice

seaice

algae/diatom

algae :
g chains

nutrients

seawater
harpactoid ciliophora
copepods (ciliates)
meereisportal.de Portal

l M"* «C: ce Brine
J‘ #‘ '& Temp Salinity
e 7h; . ,
> 3‘ ‘;,, : .~ -6°C D 100

~ .10°c [ 145

& 21°c [ 216

Fig. 4. Seawater has a salinity (in kilograms of
salts per kilogram water) of 34. As ice consol-
idates, salts from the seawater are expelled to
form brines that collect in brine channels and
pores (40). This series of color-enhanced mag-
netic resonance images of the same piece of
sea ice shows how the pore space and size
reduces with decreasing temperature, with a
corresponding increase in salinity of brines con-
tained within the pores. [Adapted from (47),
with permission from Elsevier Science]

[Thomas, Dieckmann, 2002]



Brinicle (“Ice Finger of Death”
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BepTukajibHOE pacipeesieHue
TeMIlepaTyphbl U COJIEHOCTH

Temperature curve of snow and ice

0*

Atmosphere
50 —

Snow
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350 —

Ocean
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Depth along chain [cm]

Temperature [°C]
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I SEAICE
meereisportal.de

Brine lo
Temp °C Salinity Volume % SNO
SEA ICE
K' 1.5m
| 1 1 -
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Fig. 2. Gradients of temperature, salinity, and brine volume are
established across an ice floe. The underside is always at the freezing
point of seawater —1.8°C and the top of the ice close to air temper-
ature, although this is largely dependent on snow cover. The illustra-
tion shows how snow cover can significantly reduce the amount of
incident irradiance (lo). [Adapted from (3), with permission from
Springer-Verlag]

[Thomas, Dieckmann, 2002]



ITallbl pa3BUTHUA MOPCKOTO
JIbJIA, JIeJOBasi TEPMUHOJIOTUA



Jlessabie UTJIbl

« (OOpasyroTcsa IpH CIIOKOMHOU IIOrO/IE;
* 2=3—4MM




JlenssHoe cajio

« (OO6pa3syeTtca U3 CMEP3IINXCS JIEASTHBIX UTJI;
e ToJsmuHa OKO0JIO 0.5 CM;
« Tacut KanuJUIAPHBbIE BOJIHBI.




«CHexxypa  obpasoBajiach  M3-3a
TOI'O, UTO BCTPETWJINCH CHUJIbHBIN
CHEromajsy, W IIOYTU  HYyJeBas
Temnepatypa Bozabl. [lagaronuii Ha
IIOBEPXHOCTh BOJbI CHET HE pacTasi,
a cOwiIcA B BA3KYI0 ILIAaCTHYHYIO
Maccy. B TakoM BuUze CHexypa
IUIAaBAET B IIOBEPXHOCTHOM CJIOE
BOJIbI. »

@AARI_OFFICIAL
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Humaac

OO6pa3syeTcsa B CHOKOMHYIO OTOLY
13 JIEJISTHOTO cala;
DJIacTUUYeH, N3rudaercs Ha
HeOOJIBIIION BOJIHE;
I'acuT BosIHEeHUE;
TosmuHa:
 (OKo0JI10 2 CM — TEMHBIN HUJIAC;
« 7—8 cM — cBeTJIbIM HUJIAC,
e 8—10cM — MOJIOOUK.

11



bJyinHUYaTBIU Jie/

Obpa3syeTcs U3 HUJlaca Ipyu BETpe U
BOJIHEHUU;
@ 710 2 M.

12



MoJtoou Jien

* Cepniii 1€ (10—15 cMm);
» Cepo-6enbiii 1€ (15—30 cM).

13



O/THOJIETHU U JIE

ToHkUM €7 JIen cpemHel TOJIIIUHBI ToJICTBIN JIEN
30—70 CM 70-120 CM 0oJiee 120 cM

14



Crapblu Jieq

He pacrasi seToMm;
[IpocytiiecTBoBasI 2 Wiu OoJiee
3UM;

XapakTepHad uepTa — CIJIa’KEeHHbIE
TOPOCHI OT CKaTHUA.

15
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[TupamuanbHbIN alicOepr:

« (OOpa30BaIUCh OT BBIBOJIHBIX JIETHUKOB;

* OcHOBHBIE UCTOYHUKU BO3HUKHOBEHUA B ADKTUKe — ['persianus4,
[MInunbepreH, 3emuisa @panna-Nocuda, Hoas 3emisi, CeBepHas
3eMJI.
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Cros10BBIH aiichepr:
» O6pazoBanuch OT MeTb()OBBIX JIETHUKOB;
« TouuHa — 1epBble COTHU METPOB B AHTApKTHU/IE, 30—50 M B ADKTHKE,

17



 HenoasBmXHBIN JIE,
oOpasyronuicsa B IpUOpEKHbBIX
paroHaX;

« HauuHaer pa3BUBATHCA U TASATH
paHbIIle, YeM ApeUQYIONINU JIEN;

18



Topoc

— A3 Floe 2
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Puc. 1. beperosas 3oHa 3aMep3aioniero Mops.
Yenosupte o6o3Hayenus: 1 — npunast, CMEp3IIMIACA € IHOM; 2 — NPHIIAN «Ha NMIaBY»; 3 — apeidyoume nesaHble nons;
4 - TopocucTblie ejsibie 06pasoBanus (TOPOCHI, CTaMYXH, JIE/isHbIE TVIOTHHDI), HABA/IBI M HAJIBUIH /IbA Ha Geper; 5 -
BHEJIPEHME KMJ/ISl TOPOCA B I'PYHT; 6 — GOPMUPOBaHME CE30HHO-MEP3/IbIX TPYHTOB B KOHTAKTHOM 30HE JIeJ| ~ IHO; 7 — NpH-
JIMBHAA TPELUINHA; 8 ~ BHICOKOMUHEPA/IM3OBAHHbIE BOJIbI B MEXKBA/IOBBIX 10KOMHAX, KpHOTIern
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JlegoBad sk3aparius

Topocucteie

00pa30BaAHUS_ L=

[Oroponos u ap., 2019]

‘,n-‘.—-_'\
I"" -‘.
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Jlen 1 B3auMOJIeUCTBUE
OKeaHa U aTMoc(pephl



JIea Kak «KpBIIIKa»

Heat transfer between the atmosphere and ocean

~1000 W/m? ~10 W/m?

I SEAICE
meereisportal.de
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Jlea u ainpbeno

Sample albedos

Surface

Fresh asphailt
Open ocean
Worn asphalt

Conifer forest,
summer

Deciduous forest
Bare soil

Green grass
Desert sand
New concrete
Ocean ice

Fresh snow

Aluminum

Typical
albedo

0.047]
0.06!%!
0.127]

0.08,°1 0.09 t0 0.15!'%!

0.15 to 0.18''7
0.170"1
0.25("
0.40('2!
0.55(""]

0.50 to 0.70"""]
0.80(""
0_85[13]]4:

Ice and snow albedo feedback

100% Incident radiation 100% 100% 85-95%
radiation
reflected by

60% the snow's
radiation surface
10% reflected
radiation by the ice
reflected by the surface

ocean'’s surface

90%

radiation ra:igzlioon 10%
absorbed by radiation
absorbed
the ocean 3 absorbed
by the ice
Warming by the snow
OCEAN
100% incident radiation 100%
60%
10%
Seaice

Sea-ice retreat

Intense warming of the ocean

meereisportal.de
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IL1omaas 1essHOro MOKpoBa ApKTUKU
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ILnomazas 1egAHOro MOKpoBa ApKTUKH
(MJIH. KM?)

@ Show all years

Arctic Sea Ice Extent R Hide all years

(Area of ocean with at least 15% sea ice)
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a part of CIRES at the University of Colorade Boulder

Charctic v3.5.0



[ Lnomaae jieIsTHOro IMoKpoBa
AHTaApKTHUKU
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[ Lnomaae jieIsTHOro IMoKpoBa
AHTApKTUKHU (MJIH. KM?)

National Snow and Ice Data Center
a part of CIRES at the University of Colorade Boulder
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JIen B ApKTHKE

Russia

fr
. Alaska
A

ear-real-time data

median ice edge 1981-2010

National Snow and Ice Data Center
a part of CIRES at the University of Colorade Boulder

National Snow and Ice Data Center, University of Colorado Boulder

near-real-time data

Sea Ice Concentration, 19 Mar 2025
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AHanus neosoi obcTaHoBKK
no AaHHbIM MC3 [
lce conditions analysis
based on Satellite Data
09-11 mapTa 2025 r./
March 09-1, 2025

oTHpeTas Bona/
openwater

winac/
nilas

monogon
young

oaHONeTHUA [

I <
cTapedit/

___E

&\f 1 ota.none/

y e

z i;zﬁ npunai/

| fastice

\vog

LeHTp "Cesep" AAHWMK [/
Center "Sever", AARI

r. CaHkr-MeTepbypr, Poccua [

Saint-Petersburg, Russia

| Ten. [tel. +7(812)3373181, e-mail sever@aari.ru

9g°

120°

604

31



JIen B AHTapKTHUKeE

Sea Ice Extent, 19 Mar 2025 Sea Ice Concentration, 19 Mar 2025

o, i

0

East
Antarctica

East

Antarctica " ‘

South. America
South, America

West
\ W Antarctica

West

‘ Antarctica

B median ice edge 1981-2010 B median ice edge 1981-2010

= o
7] []
el kel
=) =
5] <]
@ @
(] ]
° °
© ©
< i
© S

©
O O
“— —
5] o
> >
= =
w w
o 2
[7) (7}
2 2
c c
= =)
£ £
[ [0}
o o
= =
7] ]
O o
© ©
S S
© ©
(=) (a)
] (7}
= -
° °
c c
o S
2 2
o o
(= =
0 )
© ©
c (=]
(5] 5]
=} =}
© ©
= =

near-real-time data
near-real-time data

National Snow and Ice Data Center
a part of CIRES at the University of Colorado Boulder




JIen B AHTapKTHUKeE
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