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Comparison between temperature gradient and heat flux plate methods and effect of heat storage

for determination of soil heat flux at near soil surface

Shinji SUZUKI !, Keiko ITIDUKA?3, Fumio WATANABE!, Sawahiko SHIMADA! and Satoru TAKAHASHI!

Abstract: The soil heat flux is an important component
of heat exchange across the ground surface and is an es-
sential input component used to help quantify evapotran-
spiration ratio based on the heat budget. Consequently, it
is useful to understand the characteristics of soil heat flux
measurement methods. One objective of the current study
was to compare the temperature gradient method with the
heat flux plate method at a depth of 0.02 m. A second ob-
jective was to assess the effect of heat storage in the soil
surface layer (0.02 m thickness) under different soil water
conditions. Further, the effect of the Philip’s correction on
the measurement of the heat flux plate method was also as-
sessed. The results indicate that the soil heat flux measured
by the heat flux plate method was almost identical with
the heat flux measured by the temperature gradient method
when the soil thermal conductivity was approximately half
of the conductivity of the heat flux plate (i.e., wet condi-
tion). In contrast, the heat flux plate method overestimated
the absolute value of the soil heat flux with a constant ra-
tio when the soil thermal conductivity was approximately
1/10 of the conductivity of the heat flux plate (i.e., dry con-
dition). In addition, the practical effect of the Philip’s cor-
rection was not observed. Further, the heat storage in the
surface layer showed a diurnal variation with a range com-
parable to the variation of the soil heat flux at a depth of
0.02 m, whereas the net daily heat storage was quite small.
Key Words : measuring methods of soil heat flux, thermal
conductivity, soil surface temperature, heat budget, evapo-
ration from soil surface
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WZRPEZRD. ZOTDHPEGERY, AN—= Uik
Ry B E, BUCC RS LI LTRSS EE HE -
HET LA THOEERBRER L R> TS, HHPE
MEOPEFEIIL, BERSESCEGRNIER ED 5
2% ([, 1983; JAH 5, 2001), =0 9 HLEGEARIEE, #
TR &7 — & a T —n BT eIl E T 572
DIZIES s TWS. Buiitiisx, U ToRXTERT
Fourier OERNCHE S W THIFEUTREZJET H5H DT
H5b.

29T

G=
dz

(1
ZZIT, GIEHPAGERE (Wm™?) TTFRENE, 4
BB OBAER (Wm™' K1), dT/dZ 3RSk
CCm™' £721FKm™!) T, BfiROFEDIEE: (°C)
PEGBROEE (m) THRLEDLDICHYE TS, EEEIZ
1, EAAREREOREZEIC L - TEVEEHE (BA\EXT % E 5
WCHEEERERE L2 b o) 1B A RENC, A—h—IZ
FoTEDONT-MARKEZRLD Z LIk > TEUEE
NEHEIND. FEGINRIE, BEEZET729, BX
PR —%EE L CHEEFEESEIHLESENS, =
BoHigt IS, — T CEAUCEIRI O EBREICIE, IR
BE A VEDSERAT ST 5 (Sauer and Horton, 2005) .
IR AELE S Fourier OER] ((1) &) 12ES<0, 2o
B, ATBEAROPLESICET D BEORRER
Wm™' K™D, zi3s (m), TR (°C) Thb.
IO LD ITIREARE T, REAR L EVRERNKRD
BIAUE, HIHPEGUREZ RO D ENTE S,
BARIEORBES & LT, () B 1 & 13872 %
W THRL SN TWD 2 &nh, T L BURIR O BRH
BN BYET, BGRE ZDORFO TEOEnEh
BB T HBEVEIE VRN ELDIBEERH D 2 L, (b) B
AR 2N LI F OWCIR K E L OKEK OB E & H [R5 7]
HEMERH D Z L, (c) &HIT, B & HEoBfito R A
ENRERICEEL RIFT L, P55 (Saver and
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Horton, 2005). —HIREABETIE, (d) HEOBYLE
ROEMRRMEEZHELZENELNE SN TS (Sauer
and Horton, 2005). Z® 55 (a) (25T, Philip @
#HIE (Philip, 1961) 23 LIZ LIEAWS L5 (Harazono et
al., 1998; van Loon et al., 1998; Sauer and Horton, 2005;
Frey etal., 2011). Ziuid, H3EEBGRROBERESR, I
FOBGROTARITIE UT, BAGAR CTHIE S L7 il %
ET2500ThHS. (b) 1%, BURHRO LTIZ, B )E
EIXR D TEAKSBEOENELDRRA LD LI
Mz, BGRRPKARROBE 28 L6, BkiX
BRREZFT 5 Z B TERNVENI LD THD.
ENFAE SR AREIL E b, ERRONE EOFRH
Wk, HTEFOHIBEIICBITIEWMEEZNET S.
TOTDMERRICH T 2B EE D T2OI2IE, ZAEK
ERPREARE TP EZE LIRS L b |k
JEITHTE Sh DB E DIk S 2T iuide sy, 2o
Mk ENLBEZRERMMEIC Lo TRHEL, #EHEIC
BT B HHEGE R 2R D B 1A, MAG bRk LT
nTWwWa (M, 1983; JAH 5, 2001; Sauer and Horton,
2005). ZDORE, FGEARECIRE ARLEIC X o THIHEL
MEARET DRSOV TITER N L. Saver and
Horton (2005) 1%, Z\itkz 0.05 m DIERICHERT 5 2 &
W2k, (b) OFEEELRITDHIENTE, £ ()
OIBIZ LY, REABEITES 020 m BETHIET
HRETHHELTWND. 6T, HFEHTIIHEOR
MERRENWT &ITINZ, WikeiIic BN TE THHMRN
WOENDHENRDH Y, HERE~DAFOLEIT L - THl
FHRENPRKE BT 52 25 (Heusinkveld et al.,
2004), MR ELEE CEVRE A IIE L7oSa 12, R0
ISENREICEEL RIETTZ ENBEINE. —T,
HIROIRIFBIZIRLS R A IZHONTHET H (ROVALETO
REARPIEFITNSLS2D) Teb, BIPER
% &, BORBUERIRE ABE CORMEP NI 5% D
’ab 5 (Heusinkveld et al., 2004). Z D 7= O FEFED
WEFITY, HLRDICHONTIREARIEIC &L D Hid#h
MEORIEREENR ELZE 45— (Kimball et al.,
1976), EFRAECIRE ABEIZB W TENRER, ES
0.02m LYV EWZETORENRG THoT2L WS LD
H %5 (Heusinkveld et al., 2004; Evett et al., 2012) .
ERGEA I SOUL B A BLIEAT & 5 8 A 2R 1 1 1 C Al RE
THIE, HETIEIC X » THIP GRS ET BRI,
IFEAEOHBEIZLE RN T A —F— (RS TEOHE L
THEDOR RS O EKER) OREWSTZ LN
TX 5. UL, BRE & EE QLD ik %2 544 0
Fl—DWE TITo T2 HE TN O SN TWnBEHL 00
(Cobos and Baker, 2003; Sauer et al., 2003; Ochsner et al.,
2006), FN 5L EFEOEEIZEY 0.06 m LLUEZ X5 &
LTk, &ICREARLEOMREIIE CTCOFEMAMEID
DOWT DML T T2 oz, MrPEGEEIL, Fem
WZBT BB O EBLICHERREEE Thh 729,
WEHEZ L OFEEMD Z LIFEETHD. TITA
MrgECik, WIS & TE OBt X ORI 1T 5 IRE

WEICEEZI, UTFO 352 ML Lz, T42bb,
(1) MR AT BV TERHGE & IR AEL k% i L
T, MEBOKMEHOLIZT D L, (i) 20,
EGEARETIT ERD (a) ORBIZOWTHRERT 2 L E D>
%, Philip DHIEDEBICSWTHRETS = &, (i) &
HIZRBOIFAOEBIZONTHRIT LI L, ThHDH.
e B TEOBREROERBANEIX, KoEIZL>TE
352 Enn, RAFIEICEIT 2 -CmahI R 25 +
BAKSEDL &ETITo7-.

2. BAMB L VAE

2.1 &Rl R

AR T 2BLNE, FRURERFHEAF v o3
A DAEFERREE TR ERER Y, (N 35° 38 337, E 139° 38’
47, Alt47m) |2C, 7 RAREFICHREENTZTA VA —
Z— (it - BEhFn1.0m, & 08m) TITo7-. T
A 2 A—4—IZ1F 2008 FIZ, Smm 5DV EEIE L7218
Akt CksL: v b O R =27 :35:38) %,
WM 091 Mgm ™ L7225 K5I/ L=, 2010
ELRE, KRR ERD D ETIE, T4 A —F =K
LTBLT, HENIEEICEE (RS KK 0.03 m?
m3) LTWe. DI, ZOKMSIREEZ G REE L 4 5.
AR O ERTIZ, JERATHITEE LT < RD LI,
FTAVA—H—DFEJE005m OLHEE 2mm 55 0%
WRSE, T4V A—F—DFEFRTLUTOUE
1To7-.

22 REAREMPEREDRERESDRE

REARE T, REAR (dT/dZ) % FEfMIKkD 5
TENEBEERD. AT /dZ ORI, R H5RS THE
LR DOZEZ RS OZETHIR L TRD 5 HIER KT
% %. Cobos and Baker (2003) %, BVRERA RO -1
X (0.10m) ® EF 6mm TdT/dZ #f51-8%6 L, BT
12mm CTHIZGAZE L2 A, WHOEWITIEE
A ERIPSTZERRTND. E MR DO /i & iR
(o & TR S BN E Uz 2 BA%Ze &) Calrfll
L, BETWHTHILICE-TAT/dZ 25556 b
&% (Sauer et al., 2003; Sauer and Horton, 2005) . A#HF

Photo. 1 TEREICEHRE LoV — I A X —IREGH & BRI,

Radiation shield covering on a thermistor placed at soil surface.
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Soil temperature profiles observed at 17:40 on 13 July, 2011 (a)
and at 5:30 on 18 July, 2011 (b). 72 is the coefficient of determi-
nation.

ZETIE, TAVA—X—OWMEBEHERNHHES 0.04m £ T,
0.01 m filf@CH— I A& —iRJEE (TR-0106, T& D) %
AEFMICERE L, 201147 A 8 B 8 A 25 BT
¢, #ig%E 7 —%a A — (TR-71Ui, T& D) (2 10 4>fH
fRCRisk L7z, MIREICRE LR, B0
NEFEICHEDIAEND L H5I1CL, HHEEZBET D 7Z0OICE
V% &5 7= (Photo. 1). HURDENESAR A~ &
Z5, Fig. 1 (@) &7 L9, BSITx L TR 4 E
TR L 7B 0B ERR S (P) 2N E L, BB EN
BANBHSN=—77T, Fig. 1 (b) IoRTXLoiT, 2
DREL, BBERIEFICEL RDGAENL LN, #
IT, THOBMREREZRDDHHESEZ 0.02m & L, #iR
HASES 0.04m £ TORIBZES OB E L CEMB
LU 72K, 12 28 0.990 28 % W4 D dT /dZ GI{PL
EMOMEE) Z2BHATI L E L. 202 Enb, B
TR OHZREEH 0.02m & L.

2354 A=A —LTORTEEQRTE LERTER
EDRER

V7 =— FABEEMEEE (KD2, Decagon devices,
Inc.) o7 uv—7 (EA&127mm, £ 60mm) ZES
0.02 m [Z/KFECHER Lz, #iRmEICH Lz e —70=
I B —EGET T AT v I FamsOFITANTEE, Hl
TR AR E o — 7 cik L, HIER &
21 ~20, HEOBMRERZMEL, Zhx A &L
7o, F2 A OREICHRHE, —I X F —REFHIC L D1
IRBE & B CRZIC, BIRZRRE L Ch D IR0 T
IEWT, $0.15m OF S5, KEHEEF (THI-300,
BRIV R) EHOCCHRREIREZME L. S
REF CoMERmIBEOHEIX, 5HHRET 3 E#Y IR
L, & OSEIfE%E T AV,

24 BERAEREAICL AP ETENOEL

FRkow@ Y R dT /dZ & As % (1) KUfRA LT
HPEREAZ KD, Ggoop & L7z, — T, HIEEIRLE
CHCHEEE R CHIE LR E 2 VW CQREAB 2R,

P BT 2 G LT G'goe & L2, Ggoo2 & G'g0.02
BHEET D Z LI X o C, HIFREIEE ORIE HIED Y
PEIZOWTHET L2, Ggoor & G'goon DB, st
IREEFHC &> CTHIRHREZWE L, 232 dT /dZ RED
ST LIRS B 2 P ENRE O ik & 72 % .

2.5 BRiREIZ K HRITE

TRE 0.02 m 2B (HFT-1.1, Radiation Energy Bal-
ance Systems, Inc.) Z#Fk L, 10 R CH I OEE %
7 —4 1 #H— (U12-014, Onset Computer Co.) Z7E8k L
7. UL2-014 (ZEVEXM IR SN T — 2 a i —Th
5729, U014 \ZEENSANEIND &, WEMIZIRE
LLTab—lfifksns s, oz 5 kKA TERIZ
FEWTHZLITED, BRI H) S 2557 EE
FRELISHETLZENTED K 5,2011). HFT-
L1 XMk <c, EREESNEZNEN 38,39 mm, #
EHERIT 1.0Wm ' K! Th% (Radiation and Energy
Balance Systems, 2004) . LAF%, ZWiHIC TRIE L7z #iHp
BgiEm % Gpo & L, dT/dZ %8 L7122 D Ggom
LR U7z, Zpdefli il U2 Bitad, FamckE CERo
WY S LCHhE L, R TERNRNT L 2MRL
7=. F£72 Ggoor & Gpoor DEIZEIT D Ggoor DFHE
(ZONT, A 1F, HPERECHIRIC A~ TRIFIIC X S
BACH DI Tz, A ZHERZ&IC T HORT—iEL
L7z,

2.6 Philip O#IE

Philip (1961) 1%, FHERROBGARICK T D/ EREK %
UFDORIITRELE.

G. h As

%_1_1'92(d>x(1_m> )
Ge, Gum, h, d, An ITZENETN, FIEZ O
AR (Wm™2), BURiIC X9 JE S e o
B R (RPFFE T Gpoon), BARROIZ S (mm),
BB OB (mm), BEROBEER (Wm ! K1)
ThHhsn. 2) KX >TGpog ZHIEL, TDEEIZD
TR L7,

27 ERFES L UARBEEKEDRIE

FTAVA—=E—ETO A BLOSIREFIC L D H
FREFEEOHEIZE B R->T, WEMAEREL TH DML
T, WERENHES 0.02m OFREEL L, EE 0.01
~0.03m OARBEL A, 27 L A RMERLS (ER
S0mm, B 25mm) ZAWVCERRLZ. MEmEROHE
S 0.02 m OFRBELTEIX, e MEBmRMOHES 0.02
m ETHEIICHFATDLIZ LIZL-T, FHEX 001 ~
0.03 m OARBEEL L, £EOTHEAE X 0.01 m By
B, AEAZHEE0.03m E CHEICHA L TRR L.
PR L 7 NI EBREICE BIR Y, 105 °C T 24 BF
MIHMR S, WRBE (pg, Mgm™3) LIEREG AR (6,
m® m™3) ZWE L. FEELEEORBUERRIL, A &
TGHEEE G CHREIREZJE LA 2L 1T > T
b5, MEENPOHES0.02m D pg & 0 13FKEOITEE
DOEHICHW, HE0.01 ~0.03m D 0 1% A, DOFFfICH

el e
— e,
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Table 1 #ds X ONRIEIRRE D 2 241 Thdk S U7z MR
Soil temperatures recorded under dry and wet condition, respec-
tively.

Temperature (°C)

Depth (m) Dry* Wet*
max min max min
0 46.9 27.8 15.2 2.1
0.02 43.7 28.8 13.2 3.6
0.04 40.6 29.7 13.5 4.8

* Approximate volumetric water content at a depth of 0.02 m for the dry
and wet condition was 0.03 and 0.27 m® m~3, respectively.
Wz,

28 REDFTRENEH

HFREIC BT D P AR (G, Wm?) (1,

G"'=AG+G 3)

LREIND. AG ITIEE ARESCEGEHE THlp Bt &
FRIE LIRS K212 0.02m) LY BEolrés
(Wm™2) <hy,
AT

AG::CAzK; (4)
TEROOLND., 22T, ClIEtEoFERASRE Tm™3
K™, Az IZBOIEE (0.02m), AT/Ar 13 H3E 0 #%
% CCs~ ' EF-IEKs™D) T©hsd. CizbllToRkic
kotTkdons.

C = Cspy+Cwpy 6 (5)

T ZIZ, Cs & Cw i HHEOE &M O EE BT,
ZHEN 837, 4,186 Tkg ' K~ & L= (JKH 5, 2001).
Py [ZAKDEE (1,000kgm™3) THDH. FA 2 A—H—
FVBM U AEEL TS (MR ~ES002m) O py &
0 % (5) MUTRAL (272 L pg DHALE kgm™ &5
%), C&RbI. AT X, HDRA jIZBWT, ZOH]
% (W% j—1 & j+1) OFEmEEHES 0.02m ORE
@™, Tt T, T e,

JHL gl el el
Ly AT Iy +Te
2 2

AT

(6)

TR, FO7, Ar1E 20 min (=1,200s) &L
7=. AG WIEDEFEIL, HIED EHIZE 172 5 B\D I
ERL, ADEAIT, HIEOKTFICE b2 o e R
M B B BT AG DT SOWTHRE L=,

29 B 51BN EICETIAIE

20124E 11 A 4 HD, FA 2 A—#—IZ 100 mm O
KiEAZE 10 BICHTTMZ, FA4 v A—F—KE%xE
==y — N THE-o T2 EMEE L, WiERRE (K8
DOEFEERFFK 027m> m™3) &L, 20124 11 A 30 H
~12 A 18 BIZLFEOREZ#VIK L7z, LK, Z ok
REZEIREE & 5. HMRIREE, EIEREE L BT,

OHRIEE, FHHREHREL TN 2 BRRICHG L. 72
BRI EE, WERE L BT, Ggon & Gpogr DL
LREOITEE (AG) OFHMIIE, WikthI72 B A o7 —
ZERAWTITo 72, ZHUE, A X0 py, 0 ORNED B EVEL
TR, FEONTA VA —F— ETIThRoTol®d
Ths.

2.10 BB E DR

EBIT, FAVA—F—ITRHE LB LR s
FERENIZTRGLZE, 2 mm 525 W\ 2l s, A A4
KOTM, D VITIFFERIC L > TRy EEZFALG L, 7
A VA= =TT ENTRIE L U pg (0.91 Mgm™3)
W75 L 20c, ERS50mm, &S 75mm DAT VLA
WUMEARRICHIE Lz, (ER L3RRI, &R A<
IR bz 77 AF v 7 7 4 VA THEEAL, 20°C
DEBRBENITIBNT 24 FFRILL EFE L7k, 70
=— FVBVREE G2 T A 2 BIE L7, fIERIT A
OWER, FERIET O ZRD7-. WEINZ A %,
0 LORARE LTERL.

EIAT, TA VA =L —DOHIBORKME & /MBI
Table | (IZRIfEHE YD, TFA T A—F— T A 2HE
L7cERE 0.02 m OHR Y, #gikieTlL 40 °C ## %,
WERETIX 5°C 2 TR~ 7. LEIZBWT, (1) X
DA (THbH A) 1T, BEICITERRED ST
FTOBRERTH L (HiIR 6, 2005). THEHOEREIZ
B HEEGE DX 51X, BEIZL > TEILT B2,
A IRIREKGEEEZTRL, FLUB LD ERE, —
WA ED EH L & B2 A WKE <725 (Hiraiwa and
Kasubuchi, 2000; Sakaguchi et al., 2007). % Z T, As @
IR AFE DS P R &I KT T B LR D570,

60 -
o//
40 -
o
& [ ]
£ 20 1 i
\;/ ,,‘
3 ;®
& 0 - %
E &
1:1 Line
_20 .
® r2:0.963
RMSE: 3.6 Wm=2
_40 T T T 1

-40 -20 0 20 40 60
Ggoo, W m~2)

Fig. 2 Fourier M LH|C3RD 7z M HpEVR B2 B3 1) 2 MR i i E
Y — I AX —BEFCHE LI5S (Ggogn) &SRR
TRELESE (Ggoon) DR r? B3 XU RMSE i32h2
MIRTERRE & 07 ) — e 2R T

Comparison of soil heat flux calculated by the Fourier’s law using
surface temperature measured by thermistor (Gggg2) with that
calculated using surface temperature measured by radiation ther-
mometer (G’ gg 02). r* and RMSE represent the coefficient of de-
termination and root mean square error, respectively.
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Fig. 3 (AHEEKEOMHRTE LI HEOBREER,

Soil thermal conductivity as a function of volumetric soil water
content.
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Fig. 4 GoHREBICR T DIREARE (Ggoo) & PURMRIE
(Gpoga) TROIMPBEGTROLE. A& LBV ORI
ZZN Philip O ESH Y, ELARL, 0 1THFES 0.02m I
B 2B L ZORBEARFELTRT. WERK (F) BLOFS
W) T 5RAZE (RMSE) 13 Table 2 (TR

Comparison between soil heat flux measured by the temperature
gradient method (Ggo o2) and that measured by the heat flux plate
method (Gpg.g2) with (open) and without (closed) Philip’s cor-
rection under dry condition. 6 denotes approximate volumetric
water content at a depth of 0.02 m. Coefficient of determination
(r%) and root mean square error (RMSE) are shown in Table 2.

BRIREE, BIONEHRETOIA T A—F—D 0 (EE
0.01 ~0.03m) IZIFFELWIEKREHEL, [HET v
VR—NIZTENEN 4 BEI R4 °CITiREEZREL,
As ZHIE L7,
INBLDOEBRENTD A, ORETIE, 1 20 0 1%
LTk zE 1 DHEL, SR L, A & 154
BEIZ3~SEHEIELT, ZOEHMEERD:.

J.HBRBLUBE
31 HhEREEEREDNZE LM
(1) RTRDOEIREAREIC LD P EGERIZOW
T, MERmOBEEIL, FIVEEZRV T —I A& —
BEHCTHE L EZ2AVCEEARFEHLEZH O

(Ggoon) &, MUHEHEERHT & - THIE L=l 4 v Tk
D=HD (G'goo) X, —30~51Wm2 254 Loo
Bhbrh—%L, W&ORERK () BILOELEY
TR#EE (RMSE) ZFNER, 0963 £ 3.6Wm 2T
»H-o7- (Fig. 2). Z® RMSE OfElx, %92 Ggoo
L Gpooy PHIZET D875 LIZIEHEE, HHWIEENR
DT Thotizth, REAEIEIC L 2 P EGEEO R H
IZBWT, T —I R F —REFCHIE L7- R mikE %
AWDZ LIClBIX erolzbDeEZLND.

32 BMEERATEDEEN

Fig. 31R T L H1C, fBRRETIE, REIEAKE (0)
13 0.02~0.03m’m™3 LD TRWETHY, T4
A= — ETHE S A 13 0.09 ~0.10 Wm~! K™!
Tholo. Ziicxt LIREREETIE, 6 2% 0.25 ~ 0.29
m*m 3 ThHY, FALA—F—FETHIFEEINTE A 1T
042~048Wm 'K Thotz. A4 A—2— T
D As OREMIE, EBRENTHE L-EE BRTeh—%
L7- (Fig. 3). ERENTHELZ 4 BLV4°Clck
J5 A 13, WARRRETIZ T A v A —F — ETHIES L
As LD O FNITRE oMl BBERETITDTMTNE
B E 72 o7y, FOETIEFIT/NEN->72 (10.03 W
m K., Zozind, SAA—Z—ETD A D
HEIZBNT, Bt 7 a—7 & 18 L oEMoOR
HA%OME X ol EZ2bN5.

3.3 BFiRE & BENEED HE

HRRAE COH P A RIE, —16 ~ +43 Wm™2 D]
ZHER L (Fig. 4), REAREIC L DHEE (Ggon) I
%3 B BGARIE S K BBEN (Gpo.ga) @ r* & RMSE 1%
FhZh, 0997 L 154Wm 2 Th-7-7° (Table
2), HEMTFE3 L7420 (BURITL TRV, TREAE
BT U CEAGRMOEIE, MR EEENE (TrhE) Ok
ITERKFEm L, HPEYTENA (LmE) ORpZE/NGE
L7z, DF VY, BFHETHHEGEEOHHEZ — &
DEE T REM L 7=, Sauer et al. (2003) =° Ochsner
etal. (2006) 1%, AL L [E TR OEGTR 25 > TR
JERFLYE & Ll U7 A5, BRI RIR S AREIZ -,
Hh A 2T B O M SRHIE & — E O BIA Tils/ N L7z & s

Table 2 #24%, WWEREOZNAZNICK T DIREANE & B
FMIEDMOWRERI () & FHTH - FiEE (RMSE), &
& O Philip OHIEANRIGE O RS EE I KT IR

Coefficient of determination (r2) and root mean square error
(RMSE) between soil heat flux measured by the temperature gra-
dient method and that by the heat flux plate method under dry and
wet condition, respectively. The effect of Philip’s correction on
the accuracy of measurement is also shown.

o’ Dry* Wet*
Fhilip's RMSE > RMSE
correction (W m-2) r (W m-2)
No 0.997 15.4 0.983 2.1
Yes 0.997 11.0 0.982 34

* Approximate volumetric water content at a depth of 0.02 m for the dry
and wet condition was 0.03 and 0.27 m® m~3, respectively.
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Comparison between soil heat flux measured by the temperature
gradient method (Ggo.o2) and that measured by the heat flux plate
method (Gpgo2) with (open) and without (closed) Philip’s cor-
rection under wet condition. 8 denotes approximate volumetric
water content at a depth of 0.02 m. Coefficient of determination
(%) and root mean square error (RMSE) are shown in Table 2.
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Diurnal changes of heat storage in surface layer (0.02 m thick-
ness) under dry (a) and wet (b) conditions. 8denotes approximate
volumetric water content at a depth of 0.02 m.
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Table 3 ®f%, ImEIREEDZ L ENIHT 2RE 0.02 m DF
B o AFESR AL

Daily heat storage in surface layer (0.02 m thickness) under dry
and wet condition, respectively.

Heat storage (kJ m~2)

Dry* Wet*
Mean 24.7 12.3
Standard deviation 21.6 52.0

* Approximate volumetric water content at a depth of 0.02 m for the dry
and wet condition was 0.03 and 0.27 m® m~3, respectively.
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