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Calibration of the capacitance type of ECH;O soil moisture sensors

Shoichi MITSUISHI! and Masaru MIZOGUCHI!

Abstract: Volumetric water contents, 0, measured with
various type of ECH,O soil moisture sensors (STE, 5TM,
EC-5, 10HS, ECH,0O-TE, EC-TM) were evaluated for
Toyoura sand, Andisol and Kanto Loam soils in Japan. The
calculated value of ECH,O sensors reasonably estimated
volumetric water contents for sand but underestimated for
Andisol and Kanto Loam. It is necessary to independently
calibrate the relationship between 6 and € obtained from
each sensor for accurate measurements of 6 for Japanese
volcanic ash soils such as Andisol and Kanto Loam. The
soil water content measurements could be improved by us-
ing the calibrated third regression equation with the deter-
mination coefficient more than 0.95.

Key Words : ECH;O soil moisture sensor (EC-5, 10HS,
STE, 5TM, EC-TE, EC-TM), Toyoura Sand, Andisol,
Kanto Loam, calibration

1. ZC®HIZ

Decagon Devices, Inc. CK) 1%, BIEEOHES &M+
Bk Y — (ECH,O Soil Moisture Sensor) % K58 L
T\%. Decagon ®F —# v f— (Em50 %) & ffH+
544, ECHO Tkt v — DR EITRS <, HIE
T — 2 IMEREEARENTLE SN D . ECH0 13Kkt
=D RO FFEERITKIST D B2 RBTE KR
(AT D Ky 8RR L, Decagon 23MERL L 72K
& Topp A (Topp et al., 1980) 23% 5. Li#%, ECH,O t:
BK oyt v — D 1K Sy B H A (Topp X, Decagon
X)) AR, R TRO RS KR A FH R &
3. L L, Decagon I 7 A VU H ORYVE LA AW T
EonTnbZ &, Topp RIFAADOERR S £+, R e —
LtDRGEEENFHET S 2 L (EA L, 1998, H
A - K, 2000) LAY OO EEO K EEKL
Y 52 L (Herkelrath et al., 1991) ST\ 5.
ZD7=®, ECH0 13Kyt o —2 T 2561,
FHRAE & EEO THOK S BOEEHRT 2LERD L.
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AEETIE, BARDEE HWTECH,0 HHKkgt
Y —DWEEER PRI L D IREEE KR (GERE)
DR %ZR LT, ECHO 18Kk & o — DOFEAERD
DRDI-HBMEDOEFEEIZOWNTEL L. £/-, &
% ECH,0 H3K 0t o —0RTHEFEERICOVWTE
e L 7.

2. RERETE

2.1 ECH,O £#XkAat Y —DF¥ ) ITL— 3>

211 il —¢T—40H—

FEBRIZH W= > —Ii%, Decagon Devices, Inc. ®
5TE, 5TM, EC-5, 10HS, ECH,O-TE (LL#% EC-TE), EC-
™ Thbd. T_XTOLEKRGE U — T EREXT
bo. ZoDE U —DOIRIE, SRR o 7o EE D
oY —my FEATL7+—IRITHD. KV —
DO~FiE & R % Table 1 (2R, (BBEEKE 0 1%, #
BABETROEZE Y —DLHOLTFEER e 1Tk
)3 B A EICR LT, 5TE, 5STM Cid Topp =X, EC-3,
10HS, EC-TE, EC-TM Ti% Decagon iz L W HH L T
W5, Fie, V7 ERULEE BC X 4 s (EC-TE)
L 2 EMmiL (STE), EE T 13+ X Ty —IcmS
NP —I 22 THBL TS, ERICHN T —%
2 77 —% Em50 (Decagon Devices, Inc.) T& 2. Em50
OflER L OT —# oL, ECH,0 Utility (Ver.1.65,
Decagon Devices, Inc.) % L7=.

21.2 #EHLTIE

PR B (B A IR MRS, g &
), BAEOMBMN KUK E LTERRY & (S
IR A: SREUEE 10 ~30cm), B e —A+ (K
FRVEH TP 7 ¢ — /L R BREBGEEE 40 ~ 60 cm) %
A, RS oM & L% Table 2 (27”7, fit
RIBORE AL, AN~ A XY VBT Y
TAEMHEAL, EFE JISA1204) THIE L7z, 5&EL
HEITER~ v 7 &2 HWT 800°C T 6 Refa Rz L
7o, WA THRF L CREZ Lz, BAR 7 LB X0
o —at0E, JBAFEIC 2 mm 6 AR S S TR S
OHEEMEREL, RifREl—lz L.
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Table 1 ECH,O -3ik4o& 2 —0 K.
Characteristic of ECH,O soil moisture sensors.
Sk o _— e
Sensor  (£F x I x JEE ;em) Py RE HEHH bk sy EFHE
5TE KFEEAKE (0), HE (°O) Topp =
EC-TE 10.0 x 3.2 x 0.7 3 »Uv7 ECHE (dSm™h), Decagon = (Mineral)
5T™M e e (o Topp
EC-TM 10.0 x 3.2 x 0.7 3 KFEEKE (0), HE (°O) Decagon . (Mineral)
EC-5 8.9 x 1.9 x 0.7 e Decagon . (Mineral)
10HS 14.5 x 3.3 x 0.7 2 btEAE (0) Decagon = (Mineral)
Table 2 {3 - EEDOWPEfE.
Physical properties of sample soils.
Soil [Zaie Sand (%)  Silt (%) Clay (%) +E TREH R (%)
W (ER) — 99.4 0.6 0 Sand —
BrRs+ THERS BRI Z0AT 57.5 27.5 15 Loam 18.5
B — At HORCERVE B 48 34 18 Clay Loam 12.5
13am > EHABELIE TR L, AT, HH% Sy RMOJA
< R R T LS R S, RO G
I LB 2RI/ Lie. —7F, &KLY
WG K EERBHTIZEE TR LTz, T P& KD
6om HHAFEL, FTEOGKLE 2D EROKEHEREIC
FEVWTIERE sz, BiE%, 3 RHFE L%, MEL

Fig. 1 J9ei.
Experimental apparatus.

213 *xvyJL—Lavh&k

77V VELIZ ECHO Rkt o — &k
ERE L LEAFE LT, KoyEEBEond e 0l
a7z, ECHO L8kt o —D K& S
THREDLZDT, TNZFhot Y —oflEHEH (Cobos,
2008a ; Cobos, 2008b) #&EIZ L CEHFEKOT 7 U v
Rk 3FEER Lz, NSTTIE X 28 x Ban L X,
EC-5121%5 x 11 x 5¢cm, 5TE, 5TM, EC-TE, EC-TM [Z
L5 %x 13 x 6cm, 10HS 1215 x 18 X 7cm ODEZR%
Az (Fig. ). Em2HRE 2 BERMIE 5720,
R DEHIZEL 1 mm OREY A XZEDE T8~ 12
NFIEHE 72 MR TR T 72, ECH0 & ¥ ¥ — XA %IC
RN L, LR B TR BZRIE L=
BOWEZIT-T-.

DK EDOFIENNIAKSTINEE A=, FiEDsE
K& 72D X HITA VIR AK LIFR (105°C, 24
) L7cbz AN TRALT3IRMFE Lz, ZOEE
RV L, SRR 2B A BRERR L, T
NAEREH—ICFHRE LT

BAR7 LR n— AT, Pk (105°C, 24 KEfHE)
TEKEZRE LI, &K L0 ARG KRR

1Totz. BEEOH AL, HHEOKSTHE & FEEER
B TEDHZ L, TEAFRELRVOTE T 20O+
BRSENEL LW b, 2okt rY—L LEORE
fimAE 2 HEFF CX D 2 &R E T N D.

F7o, TRTOMRLHOBFIZE 6, 13, Banz 7
ANy MIANTHREE E TERABKEEE, THPOLEE
i S TER L. MR, BRMORME /T T (L
LTHEMALUTEBEELE, 1 MR T 20 srhEeileE L
TEHMEEAFRMEE LTz,

22 R TIEDOFIEHIZTE

Hr IS B DR T T A 729, S REIX K
I TRE & 7R R SR L CHIE L7z, W13 1.40 ~ 1.64
Mgm—3, BARZ +130.50 ~0.81 Mgm~3, B u—2L
F13042~082Mgm > TH5. BRZ LR —
A HIFRRT B LG B O T, RELEE TR L2tk
OFEEREFKDENMEVIZEREM L., TofE, &
HEE S IRVEVE DR FE % el S B & ML IR O K 4y iE Ik
DHIRBENE L TR o Tz,

REHEOE K & B D, LU OB L 0 R
HkE 0 (FEANE) %RD7= (Topp and Ferré, 2002) .

Pa

w

0 =owmx (D)
I, 0 EEAKRER (mPmT3), o: gkt (kgkgT),
pa @ FIEEE Mgm ™), py: KOEE Mgm™3) T
»H5.
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Fig. 2 5TE &2 —OREER O i ESR & K& KR D
BAfR.

Relationship between the dielectric constant of STE and the volu-
metric water content of soil samples. Numbers in the figure mean
the dry bulk density (Mg m~3) of the soil sample.

2.3 ECH,0 XKDt o—DHAELFEERD

E3LE

Em50 N®F — % % ECH,0 Utility TH¥ 7 > u— K9
D&, RSN 0 EHAEICAWZHAEREOLNS.
ZOWAfEE ECH0 LAk —D~v=aT
WCRHEIN TV EMKTHBER e BB L (%
ECH,0 Kyt —D~v=a TV ESM).

24 &+ Y —OFEEDOEHEEOFE

BRI R E D SR D T2 0 1Tk 54 ECHy0 +
Bk oy v — ORERERD B R O 1 G EAE O TR % F
¥)_aZE (RMSE) TiBMiL7z (Luetal., 2004).

i (6w — Bech,0)°
RMSE = \| =2 2)

n

ZIT, Oy AR L RN DR 0 (mPmTY),
eECHZO : %“E .‘/'ﬁ'_‘@%‘%rﬁ (m3 1'1173) , N ?_&éﬁf
H5.

3. MBREER

B1ERBEDEE

AHFZETIE, RO KRBT IRIC X 0 s 1 R
pofz. £IT, £THEREEO ECHO HHKSE
P—IC LB HFBERME~OFEL P~ —fFlE LT
Fig. 2 12 STE 2L % & & 0 DI D BIR % WL Hps s
TETTay N UERRERT. ROMBREEITRKS
L TRR D2, 01T 25 e DIELOXIINE o7
BRZ LeBEe—A+LE, 0>0.7m3 m3 OmAKSE
WTORELSERALNTN, R 012835 e DIE
LOXIINS ot WEREEDOREL, ot ¥—
T% STE OfE 8 LIFIEF U2~ 7-. ECH0 HHAkS+
=ik B e fIFEIL, @% O TDR & v ¥ — & RERIC
TR BEOHBIKEE R S KR L, FRE R o8I
NSV AU, AR TRV KRS BOREEEDO R Y
HERLTND., INLORREEE 2T, LIEOHIE
MRTIE, WRBENEL-TYH, TR0t —
O—#HORPE & L THRHEREZRT.

3.2 EANE LBERXN RO I-FTEED LLBL

ECH,O +HiKkSt P —m e & 0 OFENEOHEGRE
Fig. 3, Fig. 4 IR, 7ok, T2 L9110 e OUE
EIXER T Y —FIC R D720, fafEEHI RIS
T5 e DIRRELEV =XV R 22C, 7
T 7 DERD & OIKAEIE, #Cik 30, 2R 7 T 40,
B e — AT 60 128 — L7z, AEafslehT R,
MRBHIARNTH S, KL —0fEEX)HRkDT-E
Bl % XA ISR TR, b, STE, STM O -5 IX
0 < 0.15m® m=3 TILEPE X 12T B L2, 6 >0.15
m® m™ TIEEEEITERE L VNS o7, 10HS
FHRMENY, 2Ky EEE CIAME S B<—H L. EC-5,
EC-TE, EC-TM D FEEIZ, 6 < 0.40 m® m™3 Tl
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Fig. 3 ECH,0 T3k % — (S5TE, 5TM, EC-5) OFx U7 L —3a ViR, KR o BH~ — I — T fnslp o 520 iE 2
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Dielectric constant of STE, 5STM and EC-5 as a function of volumetric water content for all investigated soils. The open circle in the
figure shows the measurement value of the saturated water content sample. The arrow in the figure of Loam and Andisol indicates that
the moisture content adjustment method was different (Upper: Infiltration Method, Under: Air dry Method).

EEIFFE—FH LA, 0s~040m> m3 TiE, #EMHA m3 (Table7), BI#H = —2 103 0.153 ~0.217 m®> m3
FHE L W K& o7z, (Table 8) & 720, WOEMEIZE WD, BAR7 L LBK
HAR7 LB e —A10E, 2 ECHO LKy E 72— AT OIEFEEIIR - 7.
P—OFEMEIE, 0 <0.10m? m TIXENE & FHEE 1R Topp AEEH LT % 5TE & 5TM DFHH
DFEF/NENA, 0> 0.10 m? m™> THEFFMEIFEME  ESKLKEED 0 2{8< RS > 7201, RN
FO/NEL, KGENHEZ D EEDEITIEN T, Y WK EINTZKDOHEELRNHHBHAK L VKOO RK &
AT, BARZ LLEEe—41+00200m’ m3 <0<0s  ZEx 515 (Miyamoto et al., 2003). £7-, EC-5, 10HS,
DKy B/ N (STE & STM IZFERE D) 0.60 5,  EC-TM 13 ® 6 =0 » & &, EC-5,10HS IZEA 2 +0
EC-5 1349 0.65 f%, 10HS 129 0.55 %, EC-TE £ EC-TM 6 < 0.10 m®> m™3, EC-TM (2K z— 2 +o 6 < 0.10
1359 075 %) L7, fE%Eo> RMSE 13, #1032 0.037 ~ m?Pm™? OFHEMEIIAOHEEL R L. Znbok s #—
0.056 m®* m™3 (Table 6), HARZ +130.141 ~0212m> BT % Decagon RUTJFEZ L2 &, FFHE
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Dielectric constant of 10HS, EC-TE and EC-TM as a function of volumetric water content for all investigated soils. The open circle in
the figure shows the measurement value of the saturated water content sample. The arrow in the figure of Loam and Andisol indicates

that the moisture content adjustment method was different (Upper: Infiltration Method, Under: Air dry Method).

X0 /NS B 2 LS, AN EEBEOAD 0 OFE m3 »5 0.022 ~ 0.056 m* m3 (Table 7), B = —A

WThs.

3.3 EAHE L EIFRKM SKRO-ETEED LB
EFhEnotv Y —o e L 0 OREFREN ORI FIEE
HWT, Topp & BRI 3 kR E RO, HH1
7 lER % 2T Fig. 3, Fig. 4 107 L, ZOR%E% s ik
TEFRE R? % Table 3, Table 4, Table 5 \Z79. 7238,
P ORFRORREEHITET 6 ETE L. §XTO
EUFROREREIL 0.95 BLEE 720, BRI EZHIfE
WP A AT RV, BRR S AZREXOFE D RMSE
ZHwed 5 &, 7513 0.037 ~0.056 m® m3 725 0.019 ~
0.030 m* m™3 (Table 6), HARZ +i30.141 ~ 0.212 m3

+120.153 ~ 0.217 m®> m—3 75 0.033 ~ 0.058 m®> m~3
(Table 8) 72V, EEEIIEEXNLY G o7t

3.4 ECH,0 1k n+t oY —RDLFEERDLE

Fig. 51X, =N o ECH,0 H8kyEr¥—D 3
RENFRHROLETH 5. KIZK B —0D & OREN
ELL, FUEZRER, ThZ2no b <
7%, WoYE, EC-TE, EC-TM ORIFHifE, 121E4
KOGEKTHOE =L BTz, Fiz, Zofiot
v —oRIFHHR S, 0> 0.2 md m3 T FF o
X 2ENRKEL ooz, FARRIZ, BARZ 1136<0.3
mm3Le>05m’m3, MEe—2+1360<03
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Table 3

WD EIFX DR,
Regression coefficient of Sand.

O=axe’ +bxer+cxe+d

Sensor a b c d R2
5TE 1.145 x 1073 —1.366 x 1073 4.930 x 1072 —1.390 x 107! 0.993
5TM 8.231 x 10°° —1.060 x 1073 4.576 x 1072 —1.401 x 107! 0.991
EC-5 1.173 x 1073 ~1.378 x 1073 4.824 x 1072 —1.339 x 107! 0.995
10HS 1.071 x 1073 —1.250 x 1073 4.456 x 1072 —1.234 x 107! 0.985
EC-TE 1.257 x 1073 —1.460 x 1073 4.921 x 1072 —1.133 x 107! 0.982
EC-TM 9.958 x 107 —1.154 x 1073 4.092 x 1072 —5.811 x 1072 0.982
Table 4 A7 +OFRIFROZEEK.
Regression coefficient of Andisol.
f=axe> +bxer+cxe+d
Sensor a b c d R?
5TE 5.036 x 1076 —7.770 x 10~* 4230 x 1072 —1.025 x 1072 0.957
5TM 5.271 x 1076 —9.503 x 10~* 5.304 x 1072 —1.080 x 107! 0.992
EC-5 6.245 x 1076 —9.115 x 10~* 4,558 x 1072 —3.863 x 1072 0.961
10HS 5.768 x 1076 —8.428 x 10~* 4233 x 1072 2917 x 1072 0.946
EC-TE 7.262 x 1076 —1.028 x 1073 4.800 x 1072 —1.568 x 1072 0.972
EC-TM 2.574 x 1076 —4.756 x 10~* 4,756 x 1072 6.892 x 1072 0.967
Table 5 Bi¥E o — A+ FEEROEE.
Regression coefficient of Kanto Loam.
O=ax e +bxel+cxe+d
Sensor a b c d R?
5TE 7.448 x 1076 —1.093 x 1073 5.266 x 1072 —6.160 x 1072 0.964
5TM 1.046 x 1073 —1.475 x 1073 6.498 x 1072 —1.597 x 107! 0.982
EC-5 6.133 x 10°°© —9.027 x 1074 4.552 x 1072 —1.969 x 1072 0.969
10HS 7.890 x 1076 —1.140 x 1073 5.328 x 1072 —4.078 x 1072 0.946
EC-TE 4723 x 1076 —7.036 x 1074 3.772 x 1072 —4.823 x 1073 0.959
EC-TM 3.475 x 107 —5.610 x 1074 3.427 x 1072 7.398 x 1072 0.951
mm 3L 0>05m m 3 ICBWCEIFHHEDOIZS X FEZBRIELE. St ¥—Ld, WHEEE

MBS - 7=

BARDEWTE Y —HD e DITHHOX

5 HRORIREE ORI/ NSV L FMHR ST,

IR > T2 DX, KK DT — 2 Fan3 D72 <, Al
HBROBEMEWEZD EEZ DD, BASEKTE Y
=MD e DIXLHOENREVDIE, AIERFOT 7 VL
KRN TTHITKGBEE YT, FEREEOFEK
SR —NRET LREAOKSEN =L A
Dl EZOND. LELDY, ECHO LKy
P—THELND elL, BTt Y —RTRRDZ L
Nbnd., Z0kD, HEBIGEV P —TLOEAD
XX VT L—varz(7H2 82k, BEOBWHIE
MNHEEIZ 72 5.
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6 fi¥H > ECH,O 18Kk p& % — (5TE, 5TM, EC-5,
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Table 6

FHEAE O IEME (RMSE).
Accuracy (RMSE) of the calculated value of the Standard

and Regression equation in comparison with volumetric

water content of Sand.

W ORFEE AR (0) 1ITHF DEEHER & YR

RMSE (m? m~3)

Sensor
STE
5TM
EC-5
10HS

EC-TE

EC-TM

Standard Eq.
0.043
0.053
0.049
0.037
0.046
0.056

Regression Eq.
0.019
0.024
0.015
0.024
0.029
0.030

Table 7 HR27 EORBEKE (0) (3T HHEREX L

ER R O EE O E#EE (RMSE).

Accuracy (RMSE) of the calculated value of the Standard

and Regression equation in comparison with volumetric

water content of Andisol.

RMSE (m? m—3)

Sensor
5TE
5TM
EC-5
10HS

EC-TE

EC-TM

Standard Eq.
0.186
0.212
0.170
0.141
0.159
0.165

Regression Eq.
0.045
0.022
0.033
0.056
0.038
0.041

Table 8 BIS  — A LDOERFEE KR (0) 1087 2 EHEX L

EFXOF RO EREE (RMSE).

Accuracy (RMSE) of the calculated value of the Standard

and Regression equation in comparison with volumetric

water content of Kanto Loam.

RMSE (m? m—3)

Sensor
5TE
5TM
EC-5
10HS

EC-TE

EC-TM

Standard Eq.
0.211
0214
0.187
0.217
0.153
0.175

Regression Eq.
0.058
0.033
0.045
0.056
0.052
0.057
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