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&S, S BHIBRYEYETH D, GPR (Ground
Penetrating Rader) &—f#iC TDR O#gE4% L T\ 7z,
Z LT, TEIRGOYBERIEREEIC O W TOr B H98E
LTV,

iz, 1970 FERE OB GFEHR) ZFH Lt
HoKkAEHATEOBIFIRIIC O W TN L & 5. LHEDH
EBHE (K IK20T, BREEKE (0,) ~DIEFHED W
FEB AR E 107~10°Hz TdH 5 T & 13, 1960 %R
IZlidbr > T\, 72, 1971 412 Lundien (3, 1.07 GHz
BT 2FHERE HHRGBEOBKRE I 5mn T
& A HE-> Tz (Selig and Mansukhani, 1975), %72,
TDR (3 Fellner-Feldegg (1969) 1T & » THI® THAR
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AIEICEA SN TV (Hoekstra and Delaney, 1974 ;
Davis and Chubodiak, 1975), Davis and Chubodiak
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EREERFICREKREFEL, tHPEEICHT IKEFEL
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TEERROBRERAI5BRZ KD TW5 (Davis and An-
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Sensing of Soil Moisture and Groundwater &8 L 72
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BHo— A TORMELHEICBEWT, FU6,—K, B
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nzboTlFwirtEEbint: (Topp et al, 2003 ; Topp,
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KAGEH A[RE T & AR L7z Topp 5D X (Topp et
al., 1980) 7% Water Resources Research IZfE# =113
&, TDR % :HoKsEHllEE L CRIRIRES C & DA
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PIF T, 1980 iz S 17z Topp 5D TDR B
55X (Topp et al, 1980) ODHNAEZEFNML L,

3. Topp >DEER

3.1 FEXRLFEESKEDOAERE
Topp 51, Davis and Chubodiak (1975) ASEA L
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S5NB T EMNEZW (FHD, 1986), Topp 5DEBRTH
FlERE ZH W CTWic, Topp &2 W 7[RI E
WK EHEEI O 729, mHNC 5em B TEE Lem ©
BT Ly 7 EMEEERE SN Wi (Fig. Do &
KD EREZIVE LT 3 v 7 B8 L iEEKE/HK
BAHIE L T 1% LINDREEcRkd T3 (Fig. 2),

1976 4FITT - To i D FEERFE R D Fe K%, TIHEPHFE
e, [, BXNREo R 2 2ka e 2L
BIREHRICO,— K BRZREST 5 EDNMETH D
& Topp 5 REZ 12, COHWT, 4 EHEOIE 1 (b
Ho—2ahokil), AWEL, ~—3IFa2a54 b, 28
HOH 52— %>, LT, THEPwIRERE
R, R, X570 Y20 0,- K BARICE A B8
TR 5 72D D 18 FEBOFEESG M EZHEL T, 0,—
K, Bafgaske 120

3.2 ELEERER

Topp 5 (& TDR ZHWT 0, & K, DEARZ FH4MIC iz
L7, TOEBEBIL, D 2L IEARRE LT
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B-1 Topp A H W 7o [ EE. KoymIiifio oo,

5cm R CTHER lcm OB+ 5 3 v 7 B0k

EXINTWiz., (Topp et al. 1980, Figure 2)
Diagram of the coaxial transmission line soil
column, showing the position relationship of
the ceramic-capped cups. (Topp et al. 1980,
Figure 2)

Fig. 1
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Fig. 2 Diagram of the water input and removal
procedure. (Topp et al. 1980, Figure 3)
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S DOMFRBARICHE B C & &EL&OOuQ%%ﬁ.f
13, 6,— K, BRI T PEPRREE IR S 37 —> ot tldh
feRETE %,
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RUEIMOFEPH S 2 E— XL D REL LT EITHE
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EHKOFEAEH L TV E, N ORI, Co
BIEM S N B TIEOFERE O CEEL ]2 R
29T &t b (fIZ1E, Dasberg and Dirksen, 1993),
PIgi, & 25 ) ¥ ZDW5E% LTWic Topp & (PIA I
Topp, 1971), 13D 0,— K, BRICIZE 25 Y & 2hHE
LW Eldbh->TwickHThsH, EhkERA2T

ICHERR L TV %,

Fig. 513, 6,=0.324 DR +E o — 2 D KD EE
(10~36°C) 2 AT, FHEREZHUE L ERERLTOL
5o HIEMBDOEE MR TR L ICBIERELINICE -
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-3 4@@@#Hi§rkth K, BatE. Mo

TR I EREE S & 2B S ol R, BRI
¢%§m+fiw%@§gﬁTLBMt@ﬁ
EERE S 1L Topp et al. (1980) thd Table 2 2%
&, (Topp et al. 1980, Figure 4)

Fig.3 The measured relationship between K, and
0, for the four mineral soils. The solid line
is the empirical best-fit equation and the
dashed lines are shifted *£0.025 in 6,. The
experimental numbers refer to those used
in Table 2. (Topp et al. 1980, Figure 4)

&, HROZLIZIER U e HHEK B0 HA LB S
1L (Wrath and Or, 1999), = OFEHEDORI & € 7 v
E23tThbn T3 (Or and Wraith, 1999),

TDR % H\ 72 37K 53 3HII D (#1455 C o (H FH 23 &I
BHototzdd, Topp SIIIEEEOEEICHS>WT HIRETL
TWwb, Fig. 613, 001N ® CaSO, T+ /KN EEZ(L
SH78E & 2,000 ppm @ NaCl Z2 W ¢ k) &E %
ZA S 2756 @ Rubicon HHD 0,— K, F%RTH %,
Twpéiiﬁﬁﬁ¢@ﬁﬁﬁﬁ%<moféﬁ%ﬁﬁ

CREFBEASEEL TS SO, TEREERET A1
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A 2 BEOHIEFEE & 75 5 (Dalton et al., 1984),
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50 + t t t t
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=
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T o M AR 2 (R RS & K3 € 0.025 B E)

SETESNIAEE. (Topp et al. 1980, Figure 6)

Fig.4 The measured relationship between K, and
6, for the mineral soils, 30um glass beads,
ground vermiculite, and an organic soil. The
area between the dashed lines is the same
region as between the dashed lines in Figure
4. (Topp et al. 1980, Figure 6)
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NS DIEYPAPFEAEL S HENS Topp TH b,
Topp RDOFE%, £ < OFTIHET 0,— K, FARHMIRIE S
1, Topp ROBHMSMET SN, T OFE, G¥Y

o
> I T T T
—
2 -
% 20~ oo°o°§. ° * 7
=
o
(&)
(&)
x 0F —
[
(&)
(V8]
-
e
a ol ] | |
0 10 20 30 40

TEMPERATURE °C

X-5 6,=0.324 @ Bainsville ki 1+ o — 4 o fhak{k
DR (10~36°C) A2 T, AHERENEL
TAER. HHRIEAIERZE GRERTED &R
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K, versus temperature from experiment 6
with Bainsville clay loam soil at 6,=0.324.
The vertical bar at 7=20 is £1 in K, and re-
presents the measurement precision. (Topp
et al. 1980, Figure 7)

Fig. 5

+ (Topp et al, 1980 ; Herkelrath et al, 1991 ; Roth et
al, 1992) 5+ D% W+ (Dasberg and Hopman,
1992), ‘KilJK+1 (Weitz et al, 1997 ; Tomer et al.,
1999 ; =A - HlZk, 2000 ; Regalado et al, 2003 ; Sten-
ger et al, 2007) TREHATEL VA, ooz D
F3ETE Topp AWEH AJRETH 5 T LR S 17,
Z 0¥, Topp &Rl TDR THEIkS 254 5 KD
EHEE LTHOON A LD ici 7, F, Topp
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te HEOYIEE: & OBIEEST N S, TR RN R
WHTHHR S N TV 2 REKPREIFRERN R E W T EEEN
FRFKNTH 2 EpFASrIcs N FIAE, Dirk-
sen and Dasderg, 1993), FiZ, bAEITILL T 5
KUK I S ETR A3 F0%E L € € EL i [
MWREL, K blE-Tw 57, HR#ESED 0,—
KRABRICEEEZRIFL TV EEHLMITH > TE
TWw53 (Miyamoto et al., 2003 ; Miyamoto et al., 2005),
KILKEEORIERIZ, Topp K& BHID & DhskdD 5
nTHH (FA - HgL 2000), F/, HEMEZ-TH
FE KK EEThNIIKRER BN b D L5 2 &
bbhr->TETWS (Stenger et al., 2007),

ok, EHERLE LTO Topp DT, TDR
IZ & B HHOKGFHI O RIS 2 HEIc & £ 57,
THED 0, — K, BfRIc RE T K EoEbFiconwT
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50 : } . } :
EXPT. No. MEDIUM  SOLUTION
x 2 RUBICON SL 0.0IN CaSO,
o 4 RUBICON SL 2000ppm NaCL

< 40+ T
x
[
Z
% 30 T +
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o
(8]
Q
e 20T +
(&}
w
-
w
a

10 T+ 4

0 : = } i :

WATER CONTENT (f,)

-6 0.01N® CaSO, & 2,000 ppm D NaCl Z W\ 4%
IRy B AL X B 7284 @ Rubicon 13D 9, —
K, Bif% (Topp et al. 1980, Figure 8)

Fig. 6 The measured relationship between K, and
0, for the Rubicon soil, where the water so-
lution (0.01 N CaSO,) for experiment 2 was
replaced by 2,000 ppm NaCl in experiment
4. (Topp et al. 1980, Figure 8)

DFLED IR & SodITERD B EIE L 18 - 1,
4. FRIFERRD Topp DiERE

Topp et al. (1980) DFwFEREK, <DL WllER
FCED < HBRAFHEDE U O iFE S EIcZ T
ANbhnsd kS, Topp (FHBEKIFHANCHEHAL L 25 HA
22 OBHFE & TDR OHERITAIE D S DFEFE D 72 DT
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