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Table 1 Soil physical parameters of test area
e P s ORI KR . : : :
T . gk Silt - ' AR KR
Qb FR 5 2 THE Fikr Clay R Si ki Sand Saturated A 7K$ i IHJ. FACH
Dry (0.002~ - Natural moisture Field
Treatments . 3 (<0.002 mm)/% (>0.02 mm)/% moisture o o
density/(g-cm™) 0.02 mm)/% content/% capacity/%
content/%
#iih b # Bare land 1.41 14.34 36.90 48.76 47.67 23.98 34.25
H 4R %7 Natural snow 1.57 14.27 35.89 49.84 43.54 23.59 32.21
FE 5 Snow compacted 1.51 14.45 36.13 49.42 45.89 23.05 32.92
FHTINJE Snow thickened 1.59 14.37 37.12 48.51 42.15 23.28 31.57
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Fig.1 Frozen soil depth curve change process
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Table 2 Regression analysis of soil moisture and temperature under conditions of different snow cover

feigid
o . ORI E R 25
e ST _ _____ Model establishment ____ — lid . B UEAH T 1 2
I LIRSy Oy FULIE T R AR AR PE REL SR ZE Relative error of model
Classification Treatments : ! . A S
Regression model between soil moisture 6y Determination Average validation/%
and temperature T coefficient R error/%
#iith 4 3 Bare land 0,=8.39+28.45/(1+exp(—Ts+2.94)/1.72) 0.898 0.31 0.42
Y s [
’fféﬂ WrB [ 4K 14 Natural snow 0,=12.26+30.17/(1+exp(~Ts+2.90)/0.95) 0.927 0.27 031
;f:slgg FAE7 F 5 Snow compacted 0,=18.2+31.34/(1+exp(—Ts—0.99)/1.52) 0.946 0.15 0.13
FAE IN)E Snow thickened 6,=18.9+35.29/(1+exp(—Ts—0.94)/0.77) 0.978 0.07 0.06
#ih b # Bare land 0y=24.5exp(—((Ts—10.43)/12.34)%) 0.904 0.35 0.47
=1 N FIL J—
'*‘f/ﬁf{' B [1 4% (%5 Natural snow 0r=—4.412exp(—0.28 Ts)+20.58 exp(0.015 Ts) 0.843 0.73 0.81
p;alszg FHEE He 5 Snow compacted 6,=—0.006T5*~0.055T*+1.57Ts+19.06 0.785 1.23 1.21
)5 Snow thickened 0,=0.02T5*—0.13T5'—0.44T*+2.88 T+23.95 0.739 2.78 2.73
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Fig.2 Soil moisture, temperature change process under the condition of different snow cover

%3

. MBTIEERE. KEERFERI

Table 3 Characteristics statistics of soil temperature and moisture content variation on freezing and melting period

VR45 M B Freezing phase

Rl BT B Melting phase

fabr

: ARy 5 IS ONE SSON: KA i KA /M BfE i
Indicator Treatment Maximum Maximum Maximum SD " Maximum  Minimum Average SD "
value value value value value value
#iith 4 BE Bare land 5.2 5.2 5.2 5.28 10.1 -1.7 4.45 3.98
CEVEL
ilf/’?”llﬁ [1 %% F% 5 Natural snow 53 53 5.3 3.31 9.9 -6.5 3.15 475
01
temperature/'C FUT TR 52 Snow compacted 6.9 6.9 6.9 3.04 10.7 2.6 4.18 438
NS Snow thickened 3.8 3.8 3.8 1.89 10.5 .14 3.85 4.42
il b P Bare land 26.54 6.03 11.56 6.34 21.00 14.03 18.08 227
- {75 A~ ke 2% N
Liﬁsﬁ,l’ki 1%k f%% Natural snow 26.37 9.83 13.01 4.77 29.86 15.55 21.06 423
01 s
moisture/% AT TE 52 Snow compacted 25.83 12.54 15.89 3.54 31.46 15.66 22.22 4.61
FHE 5 Snow thickened 27.76 12.63 16.03 3.34 33.27 16.36 23.78 5.18

H P 2b v, VRESH, S K R R g D
Jorp, BRMAER S N 1) RS AR N RN ZY, AE
o iRai i, HA KRR EMEN 6.03%, 11 HARRES .
R He SEFAR 7 I JE A BE A& AR 1 3 5 KR B/ ME S
AT AR AL PR N 3.8% 6.51%F1 6.6%, 1 4 Fhib
BEAAT T B I 0R S KR AR, Bsknr %0, B
R o SR TR B IR B R, UK A B AR R
BN . SAh, AL RS AR T IS KR P A bR HE 2
H6.34, HARBET. BUS R SRBE NS AR B4 1F R i
PRI ZE AF 0 4 A HAR U 2 IR P A

BAEIA, AT 2b FIEE 3 i EdE nl g, e s
AT, RIEE K ZE R AR BT P s IR AR T
LS, BT REEERIARN, SKENAREA
A —EMER. L, ARETGIEAMT HEEK
A TEAE A0y N 14.31%, FF RSEAIA S I JE AL #1 4
P K Z ZEH AGy 533 K 15.90% K11 16.91%, [F]
B, BV KA TS, LSRR 20 BRI 8)
PE, I Hazikgh MBI E Ao . Gl I 2 AT K e )
FPHNMIARE ZEmT 50, RRHBARBE AR (05 K 27 41 it
ZEN 227, BEERTE SR, BTN E A&
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ZaR N g N EOE 2 2 i P R T B U 1Y B R YY) 5
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Table 4 Fractal dimensions of soil temperature and moisture content series

VR 451] Freezing phase L1 Melting phase
Sk v 244 T o 21 2

Inji?j;;or Tréft}n%ent Fractal (;S:;ijz»i\oif P A Fractal {;SQEE'\O%? P
dime;r;sion coefficient R: P value dime;lsion cocfficient R P value
#H 4b B Bare land 1.6019 0.9895 0.0141 1.4621 0.9988 0.0039
A [ 4R %37 Natural snow 1.4620 0.9962 0.0031 1.5394 0.9966 0.0133
tem}feo;;ture T 52 Snow compacted 1.4160 0.9989 0.0023 1.5610 0.9925 0.0123
B N5 Snow thickened 1.4149 0.9989 0.0019 1.5775 0.9969 0.0131
#H 4L Bare land 1.5973 0.9900 0.0074 1.5470 0.9964 0.0109
Lﬁ%ﬁ/](% 4k %27 Natural snow 1.5634 0.9877 0.0045 1.5919 0.9923 0.0128
mosi(S)tllllre 97 52 Snow compacted 1.5568 0.9929 0.0052 1.6001 0.9920 0.0133
FAE N JE Snow thickened 1.5047 0.9926 0.0025 1.6607 0.9905 0.0199

OHTR 4 FORINSER, SAFH 2 e 25 R
PIRT 095, I HEFERL P<0.05, A2 [0 e
e fE IR B, MRHAL A4 N IR
I dEECA 1.6019, TRy 0 JE AR BRAS AT B RE P 471
SRR N 1.4149, WIEFAIME I EH T N #iih
ARFE > AR B > FUH RS >R IR AR . bR B
AN TR A B4 A 1 - 338 7 90 5 2 P R S AR T —
SEMZE R, PR AL B4R N IR 3 1 52 2% 5 A
SRR, HAYERCh 1.4621, 11 3 MRS EEAMLT,
Iy HER S BIARRE TR AN R Bt i, AN R AR B 4
PRI AR R, R IL R ok P o

TIERL I B, B e N AN TR RS KRR A
AEFRASRGE AR, R A BE AR TR 0 80 4 dE R
1.5973, 1A IS AR ER A 1741 4y ERCR 1.5047,
HARBFE . BT R SEALEL A T 1T 41 4 e 50 AT 4R Hb
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GG AR A e B, 5 R R B [+,
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g R 5 ER KRS E SO IE LR 91 2 S v o3 i
PRFF—30 0 N RIOAE TR R B S 40
TR IR ZE RO R

g LETIR, g AR TSNS RS 0 T
TEON T AN [R) B 300 - 498 5 K 3R Rl 5 1) 5 2

VRN AT A, (EREE I, B TR IR G B
TR KR, EE SIS R REEAC e, BN T
IR S AR IR, 3% Z A AR ELAE FH 32 20 5L 38
BRI 2w A, R, T /K R L R A A 7 Ak
PERE S SOR AL T AR AL PR 4. RN, B AT 7

it J3 L (R INA S L IR 35K, H K IR N = 28 1 S IR
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fsem, BEERS B ign, —F KRR
BB BRI o

3 #5itit

1) 3R % S 39825 2K R IR AR s 55 R
B, CEAEASZAN IR 4T HAT R A AR
KFZR. BB, BMEEN—F 200, HEGT A%
R 2506 T R K IR TP BT 7 26 A 21 4% A
IR BOK R A BRI TR A R S 1, o, #ih
AL FREAE T HIAHRHR ZE 4 0.42%, B N 44 T i 2
h 0.06%, BHA AR A IO, g UK AR A BT
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Soil moisture thermal interaction effects under snow cover during freezing
and thawing period

Fu Qiang, Hou Renjie, Wang Zilong, Li Tianxiao
(College of Water Conservancy and Architecture, Northeast Agricultural University, Harbin 150030, China)

Abstract: Seasonal frozen soils accounts for 54% of Chinese total acreage, mostly distributed in Northeast China where
snowing is frequent. Soil moisture under snow cover may interact with temperature, both affecting many processes of
biogeochemistry. However, few studies have focused on soil moisture and temperature interaction under snow covers.
Therefore, this study investigated the soil moisture and temperature characteristics under seasonal frozen soils in field
experiments. The experiment was set up in an experiment field of Northeast Agricultural University, Harbin, China. It was
located in south Songnen Plain. During November 8 of 2013-April 28, 2014, four treatments were designed including bare land,
natural snow cover land, snow compacted land, and snow thickened land. Each treatment was repeated three times. In bare
land, snow was removed by hand. In snow compacted land, snow density was manually increased to 0.256 g/cm’. In the snow
thickened land, snow depth was increased but snow density was similar with natural snow cover land. During the experiment,
soil temperature was measured by thermometers at 5, 10, 15 and 20 cm soil depth, and soil moisture was measured by time
domain reflectometery at same depth. Soil moisture data were divided into two parts: one for model establishment and the
other for model validation. Relationship between soil moisture and temperature was described by exponential models. Fractal
dimensions were used to evaluate complexity of soil moisture and temperature. The results showed that: 1) The whole
experiment duration could be divided into rapid freezing stage, stable freezing stage, and melting stage; On March 1, the
freezing depth reached the highest value of 118 cm; 2) Soil moisture and temperature could be well described by exponential
models with determination coefficient about 0.9 and relative errors less than 5% for the model establishment and relative error
less than 3% for the model validation; 3) The complexity of soil moisture and temperature interaction was simpler during
freezing phase than the melting phase since the relative errors of the former were less than that of the latter; The relative errors
decreased with increasing snow density and thickness during the freezing phase, but the contrast was observed during the
melting phase, indicating the interaction of soil temperature and moisture is greatly affected by freezing-thawing process; 3)
During melting stage, soil moisture was 14.31%, 15.9%, and 16.91% for natural snow, snow compacted, and snow thickened
treatments, respectively, and soil temperature ranged -5.9-5.3, -3.6-6.9 and -3.1-3.8°C for natural snow, snow compacted, and
snow thickened treatments, respectively, and the interaction between soil moisture and temperature weakened; The complexity
of soil temperature and moisture interaction increased with snow cover; and 4) The fractal dimension of soil temperature under
different treatments lied between 1.4149-1.6019 during the freezing phase and 1.4621-1.5775 during the melting phase,
revealing a downward trend with snow thickness and compactness during the freezing phase but an opposite trend during the
melting phase; The fractal dimension of soil moisture ranged from 1.5047 to 1.5973 and from 1.547 to 1.6607 during the
freezing and melting phases, respectively, with a similar trend with soil temperature changes among different snow cover
treatments. The results are helpful in predicting soil temperature and moisture in sowing stage, and revealing soil moisture and
temperature dynamics.

Key words: fractals; snow; soils; freezing and thawing period; complexity; moisture thermal interaction effects



