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Studies on the freezing and thawing of the volcanic ash soils
in eastern Hokkaido

[ . The seasonal aspects of the soil freezing and thawing in a
plowed field

Michiyuki TAKEUCHI

B =1

KUIKHBEF 1T 35 1 5 Mt BE D BREIR DL IC BE 3~ 2 BUEAS R 2 ME U, BERARD 6B

BT TOBRKBBEEEDOHERHEIC>NTRR S, BELE, RIS GEibEE) o =R
FREd 2 HE A AR BItEEEE KO BEEIZ B8 T19756~1T6, 1976~177, 1977T~T88 L Ot
1978~TIFEDRFIfT 512, BlHIHSDOEEE L, N2Bm TH5, BHZBRIIROLBHTH

%o

1
2)

3)

4)
5)

6)
)
8)

HRERBWKR Fices s (05TH), EmcBEsHELR (3K,
=+, 11 THS 503128 Eaicissy, 81, 2, FIFEF R4 ATHK,
Fiz, HAEEIE 5 BRRICERIERL: 2RI E LX),

BRHBEE L, WThOEE s s AEaiciEL,. #hah 82.5cn, 48.0cm, 44.0cm,
54.5mTH -1z EE2HE),
EZHELOHEIIZ, F1EEDIBEML B 4EEDOITIRMETIEIE Th-o1,
WA EORMRIE, TTHEETCHTHE» BT Y, BEOKRAURE hEBE»S b #AY
&E4D,

WEEORM I, HMPORIENERICHEET LT, FLEO LTHEY SHEAT,
BMESI5mL Lic/s 5 &, BEOEBTHRERIBRICNI -1z (B4,
HABEE T CORKEMERE R,

Xmax=2.6/F(15)

zzT, FO5)1ik, BE15nEHE CORMBEBETS 5
k> THET AL EMNTE B,

2 L » I«

FERDOBEES MBI L - TRBHED EE s h, BRELSEKFUTORKICZ 5 & +OH

FEKPBEH S, chd Lo Soil Freezing & L dh3BRTH S, £z, BELIZIIFHE
4 Frozen Soil or Frost, Hi-+ & RETOERIIHETSE Frost Front 25, HIFEEEHS



118

KETICRizh s &, BUSITGe ctificBAL, BErEoEsBiERd 3,

el CRG S HE TR, XFEHESERET A LRI ->TIIIELHERV OB Eh
3, BHREI ChoOBEROEELHRIR, &, EEMMORRCH LE - BEENE
i ERBHEICIZA S NSV L OHISRBERFRLET B,

TidERET L 202 ) - MRICEELL, BEPRESERT Y, 2oy, LOHEHH
UL, BHAEEIZIIEALTEY, PATHIFRECRETCH 5, T2, LOHKERRIE—HEHD
W& S 725120, BEES CHRMOBBREOERELE 25 & Vb T3,

—fiz, LOBiKNE, MEORED Epss B L] Bg Frost Heaving %AE5, Hiliz, #Hifp
WWHECTERE (74 21> X Iee Lens) 12k 33 0T, HROHEECER - BEYOHED
BRE 2%, &ic, RBHIZ, BEEOWHS I OBEHICES BB 2B IR, HEOBE
EVBERICKEL LB, 20O, BROBWD Py J v vz 8 ORER, HiE - KRk
EHREDHERZITLT,

#ZE, FEUEPHREL» SRAT 5 & &, BAEOBENBLESHFICERET 5120, @
E0REIC L 2 BREUKSEEEAICER L, BREIIE S USRZREL 2V KBILT 5, @
BB FECBROCER S5 & cofAHRE h, EELUZEBLBOT»ZEFTEHRT
TALOiKEh, HERBTORBOREKEE X5,

JEEERE T & KT DN, XEHEGSE LUV LITEENB L (EZ Dm0
BHit, TOBEBCERTIWEBZEL L, £, COMH TR, BEEISHTHECETEBATS
tewic, EELZ L ETHRIHELBSEREL, HHEEORHEBIHVIERILE (NS,

TBEEORBOHFERE - MBREOFHELS EHEREOERBL2HELU(ANSC LR, £
TRk 5 B LOBMEICHT A ER T ABICEETH 3, HEIL, JbEEFEEs
OKILKHE IC 8 1) 5 TEEMEOEBZ2INET 2008 H - IR 243D TV 5, ARG,
1975~76, 1976~77, 1977~T78%3 & (F1978~TUED 4 XEM T T BEEEE OBAREE » HilT

BT B OFEA RO FEHELic o> &
- hELDIBEDTH 5,

~nN

(=]
T

e
\

\ / 1. BEHOBE - BREE
NN / B X CEES

(]

N S e —— D) B

AN //f’ B 21T - 1 E R BN B EEHK
o ,f _____ Maximum JEBEEENR (BHEX) oMz, JtEd
S — Mean N EESRZRAT # L FNCATE L, FIBETTOR
...... Minimum Jex4skmic B3 5, JLi#48° 17 HAE14T°
37" THhbh, HKkERN M THB, LB
1%, FIBIIOTREERHO MO icE L H#

BMUNRBEZROKLKETS 5,
[T, ERZARGNEE ORI ALE
H qnnll H H H FARDIC O ABEORER DT 5, £
SN 121 23 45 8 7 Fix, HET 2 LAEEHESIEEOETR

Fig. 1. Monthly air temperature and RZ# 2 TR 129, EROHEBE L B
precipitation in Shibecha KEIRZDZ W (81 KBR),

Air Temperature(°C)
o
.gf/<:
A
7/
//
\\\
\ e
AN

& o A
S S o
1 T T

=)
S

Precipitation{mm)

o



2) BEEHE®B L CBRGE

a) TRASORE
+OBRORERICET S AT
HAERE IR b AN SERATH 5
bbb b5 Y, TORAEIZED
TH7RV, &g, BT
vy ) — MRIEEL, Bl

5 JENFEBCRNBESIZDT H5
3. Uip L, B8 Wiz & 5 9,
EEBEHNOFEDKZ LA TERICH
HaeT, TOHBEIUECTHEL
B UikEoRs 2H s Eick
> THEEDNE L B 2HBICA
5T ENTEBHED, JLHERE
EEREHEFOE EHMicL - T
EZRINEF I TNHEY, D)5
Tz hiE, EEREORENHER
RRFBIC, UbbL2ETCE2L
A—#E BT 2 EMBTE %,
EPTFEIT R B BT S hor EAS
BEEHE, EREERR (T 2 )
&z, 100ppm BBEOBED 2 71
TNV —IKBREH LI DT, B
RS O AR 2 RN T B 12D ic e
OEEE (Tagiigr=—nN) »
milie UTBASh TV A, RIEY
X, BRREEERZIETRELET S
Litic, EANRkEORREZS by
5z etk - CHREREF OSHE,
HH%2 3 5Bz Lz,

&=E, B, 8 2EFIRNE R,
Fz, B3, BEAEERIBRERHE
LR LTz, 82 BIIRENHR L
BB DO HAERE ST OEE 2R L
ADTH B,

233,
BREAELHFRER»LOESTH 5,
b) HEEE

119

Soil _Surface

e

:éﬂcm

Frozen Soil
Frost_ Front
Untfrozen Soil

100cm

— A

Apparatus for measuring frost penetration

(A) Measuring instrument (B) Vessel
(C) Cross section of measuring instrument
(1) Vinyle hose (transparent, diameter :
10mm)
(2) Plastics (incorporating measure
to vinyle hose)
(3) Pin (setting measuring instrument to
vessel)
{4) Measure (smallest graduation :
(5} Methylene blue (100ppm water
solution)
(6) Plastics (supporter for fixing apparatus
on soil surface)
(7) Vinyle clolide pipe
(external diameter : 26mm
internal diametel : 20mm)
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Table 1. Frost Penetration and Emergence

| 197576 i 1976-77 | 1977-78 | 1978-79

Eirst day of continuous frost Dec. 2 Nov.22 Dec. 2 Nov. 21
Maximum depth of frost penetration (Xmax) (cm) | 32.5 48.0 44.0 54.5
Date of Xmax occurrence Mar. 1 Mar.9 Mar .2 Mar. 1
Last day of continuous frost - Apr. 22 Apr.21 Apr.29 May18
Duration of eontinuous frost (days) 143 i 151 150 179
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of frost, and mean weekly air
temperature for season of 1977—78
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Table 2. Comparison frost depth on oceasion of
15em snow cover with maximum frost depth

X(15)* Xmax** | X(15)/Xmax

4 RBEOBE15enEHICE T 5 HE 1975-76 27.0 32.5 83(%)
BEREXZBORANEMEEED ZTh T 1976-77 42.0 48.0 88
N, 83%, 88%, 100%, 100%Td- 1977-78 | 44.0 44.0 100
7o BRLAERES & U582 MR CHAS 1978-79 54.5 54.5 100
ETNILE>TWADIE, BEH30 : :
mPBABCEDIFEAE L, BE * X(15) : Frost depth on oceasion of
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Table 3. Freezing index value on oceasion of 15em
snow cover and caleulated maximum frost
depth

Freezzing index value
on occasion of 15em

Snow eover X=2.6/F(15)
Date f F(15)
1975-76 Dec. 17 | 98 25.5
197677 | Jan.12 302 45.0
1977-78 Jan, 20 203 44.5
197879 | Feb.o 421 53.5

Table 4. Freezing index value on occasion of 15em
snow cover and calculated maximum frost
depth in 10 winters,

from 1965 to 1975.

Freezing index value
on occasion of 15em

| snow cover X=2.6+/F(15)
Date F(15)
1965-66 Jan, 4 214 38.0
1966-67 Jan. 7 330 47.0
1967-68 Mar, 1 710 69.5
1968-69 dan, 27 429 54.0
1969-70 Dec. 7 69 21.5
1970-71 Dee. 20 144 31.0
1971-72 Jan, 20 273 43.0
1972-73 Jan, 11 158 32.5
1973-74 Jan, 23 335 47.5
1974-75 Dec. 14 112 27.7
average Jan, 10 277 43.5

R D PIPELT - EERTICHTES 2 BEllth»s, dEEOFRBHHIcE N TEDL 5 BN
Fohsp 2P oIy BIcdic, LTORBREONT &BEEYT 2ERE UTORRERER %,
REBHT 8 K (REH - BIHE - FRELEE - 3HIRYI - 508 - RSB - W01 - BIX , SliEsts1is Ol
B BT - PSRN - BIK - HBIE - AP0 - WET - K - BB 9IS - ), HESi5 18
A (BB « B - B - B - A5 - 18 - Bl - 5ol - HE - H0L - ME - HiE - R &
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Table 5. Freezing index values in eastern Hokkaido in 1978-79 winter

Nov. 30 Dee. 31 Jan. 31 Feb. 28 Mar. 31 F(5)*

\
Rausu 0 | 516 | 2347 336.6 440.5 16.9
Shibetsu 0.7 108.0 | 356.8 507.5 648.5 51.6
Nakashibetsu 2.3 135.7 \ 419.8 | 591.7 735.4 366.9
Kenebetsu ‘ 3.6 122.0 380.7 532.3 667.1 332.0
Bekkai 3.9 118.6 |  392.1 541.8 654.9 415.4
Nemuro 0 39.1 | 202.6 275.0 346.3 275.0
Nosappu 0 34.1 | 187.4 261.8 334.6 261.8
Attoko 0 93.0 \ 332.7 448.9 555.8 448.9
Kawayu 7.4 191.6 |  558.4 785.5 1005.6 399.4
Teshikaga 8.3 133.7 \ 424.4 589.0 751.7 448.5
Akankohan 32.1 233.6 594.8 849.1 1083.1 273.4
Shibecha 12.9 144.3 \ 430.0 606. 4 747.4 454.4
Tsurui | 4.7 | 109.6 | 366.5 539.1 649.1 393.6
Nakateshibetsu ‘ 8.7 | 119.9 | 368.7 552. 1 674.5 395.3
Sakakimachi 0 78.8 307.5 425.1 542.9 425.1
Ohta 0 80.6 303.5 428.2 525.8 322.5
Shiranuka 0.5 284.7 315.8 465.7 586.6 336.4
Kushiro ‘ 0 75.4 294.8 417.7 498.4 313.1
Chihomanai L 0 49.3 227.6 331.8 426.8 242.0
Rikubetsu : 25.9 243.2 600.7 863.9 1059.2 537.0
Nukabira \ 57.9 2142 | 612.7 867.5 1090.7 70.6
Kamishihoro 13.8 152.7 | 422.9 609.1 756.3 342.2
Ashyoro l 9.5 . 149.8 |  447.7 659.1 776.9 441.0
Honbetsu 5.8 \ 123.6 398.0 594.0 707.1 391.2
Shintoku ‘ 8.6 |  84.9 \ 287.3 452.5 551.7 169.3
Shikaoi 1 7.7 99.0 | 324.1 490.7 606.9 316.5
Komaba 9.2 122.2 \ 360.9 551.3 680.0 298.4
Memuro 4.8 | 1261 | 392.3 612.9 741.5 251.2
Obihiro ‘ 1.3 90.4 321.8 498.2 580.3 315.0
Tkeda 8.1 183.9 392.8 602.8 728.3 385.3
Urahoro 1.9 91.6 333.4 \ 502.8 594.2 327.3
Nukanai ; 15.0 152.1 460.6 718.1 862.2 296.7
Kamisatsunai ’ 11.7 130.5 402.5 \ 605.5 748.1 263.2
Sarabetsu 14.0 129.3 416.6 626.6 772.3 268.0
Ohtsu 1.9 84.5 341.7 537.7 655.5 335.2
Taiki 2.4 88.7 249.8 440.2 576.6 199.9
Hiroo 0 48.3 216.9 321.9 396.3 112.8

* P(15) : Freezing Index Values on oceasion of 15em snow cover
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Résumé

The seasonal aspects of the freezing and thawing of the voleanie ash soils were observed
in the plowed field during the winters of 1975~76, 1976-77 1977-78 and 1978-79. The
observations were made in the nursery in Hokkaido Experimental Forest Station of Kyoto
University, Shibecha, in eastern Hokkaido, at an elevation of about 25m.

The results obtained were as follows;

1) The daily minimum air temperature had descended below the freezing point at late
October, the ice filaments were observed on the ground (Fig. 3) .

2)The continuous frost began to penetrate in late November or early December and
emerged completely from late April in the first, second and third winters to mid-May
in the fourth winter (Table 2 and Fig. 4) .

3)The maximum frost penetrations occurred in early March in every season and were
32.5em, 48.0cm, 44.0cm and 54.5cm, respectively (Table 2).

4)The period during which the soil was continuously frozen varied from 143 days in
the first winter to 179 days in the fourth winter (Table 2) .

5)The thawing of the frost took place from the subsoil up prior to the melting of the
snow cover, and the frozen soil began to emerge from the soil surface after the snow
cover had disappeared (Fig. 4) .

6)The frozen soil thawed out from both the bottom and top until the frost had comple-
tely disappeared.

7)When the snow cover had accumulated more than 15e¢m, the frost penetration was
retarded extremely (Fig. 4) .

8) Under the undisturbed snow cover, the maximum frost depth (Xmax) might be presumed
from the following equation (Eq.4) ,

Xmax=2.6/F(15),

where F(15)is Freezing Index Value on the oceasion of the 15em snow cover.



