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Lake ice formation processes and thickness evolution at Lake Abashiri, Hokkaido, Japan
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To clarify lake ice formation processes in mid-latitude regions subject to significant snowfall, the properties of lake ice at Lake
Abashiri in Hokkaido, Japan, were examined from field observations from November 2012 to March 2013 and from December
2014 to March 2015, and a one-dimensional thermodynamic model. At all sites in the lake, the ice was composed of two
distinct layers: a snow ice (SI) layer on top and a congelation ice (Cl) layer below. The fraction of snow ice layer to the total
ice thickness ranged from 29% to 80%, much greater than that in high-latitude lakes (10-40%, in Finland). In the model, the ClI
growth rate at the bottom was estimated using the traditional heat budget method, while the SI growth rate on top was
calculated, assuming that the excessive snowfall, leading to a negative free board, is converted to snow ice by a reduction rate
(). The surface melting rate is calculated when the surface heat budget becomes positive. By tuning the value of $, the model
outcome successfully reproduced the observational thicknesses of CI, SI and the break-up dates in both winters, although
meteorological conditions were quite different between these two winters, showing the validity of this model to some extent.
The experimental study with this model suggests that the role of snow may be to mitigate the variability of the total ice
thickness caused by the change in meteorological conditions together with the production of snow ice.

BT DLW G RIS OWPK OB Z A LT 5720, 778 AD0RWHEEBICEBW T, 74—/ REH
(2012/11~2013/3, 2014/12~2015/3) & — IR TLEAS)FE T M K o THOKOMWE 2~ 7=, O EDH A MW T
HoKIF B snow ice (SI) & FHEBD congelation ice (CI)D @M 5 72 » Tz, JKIEIZKT 5 SI D % 29
~80% TV, rEifEEE s DK (10-40%, Finland) &k 0 K& 2ro7z, E7 /L TIHIEEHO Cl BRIk O BN L
EHRD, EEO S| REFHE IR T 477V —R— RERBREIZENHEL TSIHIELT D ERELT
FHE L7, REMABIIRIBUSN T 7 Ao RICHAE Lz, B=2 ERETHILICL Y ETARERIL 2 H
DRBEMENKEL RIRDHAZEIZBIT S CLE, SIHER LUK B OBNE 2 HEE9 5 = L 23 CTE = (Figure 1),
B, WA DA RITEARSE O BHAEIC L DKEHEZBE L TWhWnicw L Bbhd, 2014/15 4 (12 A~
3 H) 1% 2012/13 4F4 T, SRR 2.9 Cri< . IS 10.6 cm Do 7ohy, K& SIAKRIZ I VoK
JEIEH 15em JEWEE S OKJE 42ecm N SIS 19cm; 2013/2/18, JKJE 57cm PN SI JE 35cm; 2015/2/24) T -7z,
THE, FEFEBEENLEKIZED SI BDRESEKR LD EEZOND, BT, FIIOKEEZ 63 25 8
TLEITBYDERICIVKRELZET 2 DMK T 2R 03H D03, FEENMOKH A 7 —/L TRIZES
DEENCDONWTZOET NV EHNWTELZ L, TORE. FIERIEECQJURR EORGEFEOEIZL - TR
SNDEKIEOE ZRFEMT H&FE O LR RNTE I Tz,

(3)2012/2013 (b) 2014/2015
80 80
80 s (Land) & Snaw depth (0bs.} w0 A | ~ < Snow depih [Obs)
now (Lani — thi p /N 7N\ N mSnow ice thickness (Obs.
JP— ——— — = Snow ice thickness (Obs.| / — ] N \ (Obs.]
o I ~ —\‘\\ o Total ce thickness [0bs w0 Snow (Land) d - @ Total ce thickness (Obs.)
'E / — 5\10\/\/ (Lake) * ™ -
) Snow (Lake; E 2 / e~ i ‘ B
Sal /T mowide L B oL S N N
; -20 " L] Snow ice % 20 —_— — 2 Snow ice
& - L2 —_ -
F D Total ice = S Tolice
—-
-60 60 .
-80 - - v T T T - - -
i Dec.1 Dec.16 Dec.31 Jan.15 Jan.30 Feb.14 Mar.1 Mar.16  Mar.31 Apr15  Apr.30

Dec.1 Dec.16 Dec.31 Jan.15 Jan.30 Feb.14 Mar.1 Mar.16 Mar.31 Apr.15 Apr.30

Figure 1. Model outcomes of the thickness evolution of total ice, snow ice and snow with observations.
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