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Estimation models for soil water contents and soil temperature
during drought season in autumn

Eom, Ki Cheol
Director General, Sejong Data Research Institute, Suwon, Korea

ABSTRACT

This study focus on development of the estimation models for soil water content (Qv), soil temperature (Ts) and difference
(dT) between air temperature (Ta) and Ts (dT=Ta-Ts). at 15 cm depth in Loam under Napa Cabbage cultivation. The cation
process of the models were based on the error analysis criteria. Principle results are as follows; (1) The estimation model
for Qv according to elapsed drought was developed as a sigmoid function (SWSM: sigmoid model for Qv) jufged FFit welly .
(2) Results indicated a positive correlation between Ta and Ts, with higher Ta corresponding to higher Ts. (3) The estimation
model for Ts as a three dimension function considering both Ta and Qv (3DTs: three dimension model for Ts), was found
to be a TUnfity; for the data set. (4) The linear regressions for Ts and dT as the LRTs (linear regression model for Ts)
and LRAT (linear regression model for dT) judged TUnfit; and FFity , respectively. (5) An analysis revealed the higher
Ta, combined with lower water contents, led to an increase in dT. (6) The estimation model for dT as a three dimension
function considering both Ta and Qv (3DdT: three dimension model for dT), was found to be a very good fit for the data
set. (7) The estimation model for Ts (TsFdT: Ts model from dT) using the estimation model for dT (3DrdT: three dimension
model by Dr for dT), was found to be a good fit for the data set. In summary, this study successfully developed estimation
models for Qv, Ts and dT, employing both sigmoid function and three dimension function approaches. The models were
vigorously evaluated using error analysis criteria, proving valuable insights into soil water and temperature dynamics in Loam

during drought season in Autumn.
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1. M2
Fot=r 7151} g7HEALA 20205(KMA, 2020)0] <] 71491 s & A l";r*ﬁi’} &0 2% FA ko] B
S, EdrEe AR FTAF] dFe AL W d< oldfisty] 913t EFSRS] wato] diste] AgH
719 A Q] oA Fuf ‘3—4 = T A|(Water budget)E 4 A o] Jéﬂoh:}(KMA 2020). EF9] S8t
Asto] 7| FAIA”0] JFZ X th(Seneviratne et al., A B2 EF2E (Ts)oh ¢ 22 d¥de vehdn

2010). Iyt A HE 7]—9 HE 9 249 gt oS (Alsherif and McCartney, 2016; Lahoori et al., 2021;
wol7] 9} FF LU AAolH EFSEO] A Pham and Suman, 2023). 7| TR Bof ATlH L
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90912 tiFs] 523 22lo]tk(Kim et al., 2014; Watson
and Challinor, 2013). 7]2 (Ta)¥ ofyz}t Ts FA|] 3+F
wis}el 203 AR B shtoln], Tk AT £
SE Atgfof & 93 v|ZITh(Li et al., 2018; Urqueta
et al, 2018). WehA Ts= EFTEL 489 U4 o
e of|&sl= gk o] 853l tf(Ferreira and Duarte,
2019; Muro et al., 2018). £3], Ts= X35} E9F9] z-&
of 2449 @S VHTh: B A7} T (Delage,
2013; Hashemi et al., 2022; Pham and Sutman, 2023;
Pham et al., 2023; Thota and Vahedifard, 2021), & 7
Lo oxE= Ts9 JTF A (Garcia et al., 2023), EF
5359 uX|= Ts9 I3 A-(Lloyd and Taylor, 1994;
Ning et al., 2020) 5°] 1o, §3], & A& A
£ QTS Takt Ts7b § At A+ 23%= Ao
(Chakraborty et al., 2021). Ts= 7|48 oty Qv, 4A]
ol @t SH o0& §iSkelA|Rt, Tazl Ts W3] ¥
= A= 7P $2% QAR A ZTH(Smith et al,
2010)7} 21 2™, Kang et al. (2000)2 Tad} Tse= Z-2 Af
THAZE A 2L sl wEbA] Tazh HSHE Tske
olof] FFZ wro} BisHA EHEZE Ta W3] thsto] Ts=
ojgA W= s davt ik 2y ol =
4% ¥ HlolE(Raw data) = G 24 5 95t
M Ql #sHg2 mhoto] HANL o] &%t 7HAAlE B
FrEolud 2k 59 HIMS AFH R 45 of
Heu=g, Hdg(Modeling)olZt= S &oto] A5
Aol 2AT 24ue AYeT AP 2L B4
o 1 WEHES AFHOR Tl 4 Utk ey e
Wslel BT wdY A% Wl uHn 9t
(Derradji and Aiche, 2014; Fu et al., 2018; Islam et al.,
2021). 22y HEE2 Ta 9 Tsof] #3gF A+ Ao| Y
o, Ta® Ts9| 2k Z}0](dT=Ta-Ts)o] ¥+ A A}
= ZotE7] ofH Yt 2% W3l #H A4 Ta &
Ts 7L AA = 583 QoA il 2% 7jE<d
dT FA] 593 g<lojekal Ab= Hth(Eom, 2023). ot
A 2 AFolAE Ta 9 Ts 85k ofy2t dTof| et =g
F= FHAY. BT, AAYH Y EFeE dHY &
T 5= 38T A4S 1 S8AY 2P o7t 8 A=
oA THET et o] LA} BEHH} ol AE Mol
£ Yetl=7HE wdste 2ol ZEk(Accuracy) 4
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4o 444 WA Bk o S Cairo (2020)2
LatE 79| Fooi7t ofy il &£/ (Uncertainty)
9] Fololg} 59t YRt oE nPo] HHEAGS
I 22 Al 7FA1 9] ¥4 (Liemohn et al., 2021)0] 4 &t
sHA €t AR, 4/ (Certainty)] O[T o] & #
Gole AERZA = HAAFL BXHRoot mean square
error, RMSE: Wang and Li, 2010; Zhang et al., 2021),
Nash & Sutcliffe #A|4>(NSE: Nash and Sutcliffe, 1970)
0] &2 AREHIL St & AFolA= RMSEE &4
49 ARE 4 AESIldt =4, As#dEs
(Association) ¥Hgo|ch. HF 7He] AJHLAE &4 5}
A A A 4=(Coefficient of determination: RS A X E A
of BAA {94do] A= =71 BHsHA Hot. 54
9 BP9 HFZ oAl R2 shtof|gt ZASH] 29
2142 Basts A U2 wgPFeldy ¥ 4
@t (Krause et al., 2005; Legates and McCabe, 1999).
o] 7§ Cairo (2020)> WH=F 719 AiTA = AA
£ %ote Zo] otyza ZEsid. AA, JEk
(Precision)®] #TFolct. HUE BHL o B4 o]2
of vgrS Fi1 A U I (Relative sensitivity, RS)E
A ®EZ Ao ™ (Mandel, 1964; Shein et al., 2013), &

of 9t 4] (E) FHX}(Standard deviation, STD)
o] A2 (M) STDO]| Hiet Hl&dl 54 7€ #Ed

} H]€(Ratio of standard deviation, RSTD)S A HZ
M471%  Stth(Liemohn et al, 2021). & HHojA=
RSTD®} M3} EO] A 349 7]&7] (a) & %
RS[EM] 5& AL AHE 41 4&s190 & 4
T= 7HHE A ZFolA Qv, Ta @ TsE S35t
Qv ®ig}o] tisto] 7hg A &Ko WE AAE 4
otk Al Ta & Qv #1380 wWE Tsof dTO| WH3}F
EA5taL, o] 5o et AEg 4 2P (Model)S]
FHE At LA FHA w2t A7 4
|5 Abdsto]l B3& AAsilon, 44, 4=
A FDL Al 7HA] oA 2P HEAH=
t, A8E 2P 24519 Qv, Ts ¥ dT9] ¥
TEIA A
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2022 94 79 AGA5to] AA G0l &S F B
ey 717 S 73S-7F QIIE 202219 10€ 11Y5-E 2022
W 114 399] 249 &Rt Qv, Ta & TsE SAIA Ts
(°C) 7 AA(ZEE: TENS2DSH Qv (m’ m”, %) Z7
AA@EDE: TEROSI2)E A3} 15emo] X511,
Data logger (Z@%; ZL6)E Bot°] 10 HH0= A
AR & FAHSA A AFE 0]8-510] Serveo] $415+31
t}. Taxe 73 R(REH: ENCOSYS)Q} Data logger (2
dg: DT80 Series4)S E3lo] 52 7tA0 7 25 S35
T FATA AAEE o]&5te] Serveol| FAlsH &
Aol AREE HlolEE MY 10:000] S E TlolEo]
ot B A 29 EFL FE(Loam)o| T

7Hr A% 717t (Dol HE QveE 8T & Sl 29
2 A ()3 Zo] Sigmoid $+<(Eom and Eom, 2008;
Lieth et al., 1996; Yin et al., 2003)2 A% (SWSM)3}1L
FaAFH ol eA7F ARl ASE 4HYsto] 1Y
= st

SWSM: E(Qv) = Yo + a/(1+exp[-(Dr-Xo0)/b]) (1)

o, E(Qv): EFFE T 44, Yo, a, Xo, b : Al

Tao]| gt Ts & dT9] Z| A 3]74](Linear regressions:
2] 2)& Ts ¥ dT9] 423 (LRTs E LRAT)22 A7
st AAAFHO] Tk A7t HA ASE Aol
23e /st

LRTs and LRAT: [Ts and dT] = a - Ta + b
o, a, b A

@)

=

Tath Qo] 5 74X Wkl Tt 4 Uil Ts 9
dTo] 4wHE 4 ()3} 2ol AAY FHGDTs 2
3ddT)E AsET HAAFH] et 037 el A%

€ Agstol 282 sk

=

3DTs and 3ddT: [Ts and dT] = Yo +a - Ta + b - Qv (3)
&, Yo, a, b : A

Ta®} Dro] = 714 ¥igo] igh 32 Yepd dT9
ARFE 4 (42 2ol AR T4 3DrdDE AAst

AAAEH T} QA7 H4Q ASE A B
o purstoiet.

ofl lil 'lN‘

BT EYSr SN0 it 209
3DrdT: dT = Yo +a - Ta + b - Dr “)

RPASES AT AEE 42 RMSEE= 4] (5), RMSE
o] 42 STDO| tfat M&e 424 71% RMSE Hl&
(The ratio of RMSE to STD of measurement, RRMSEM)
L 2] (6), RMSEQ] 2] oI5t 4 A] STDo| tist v
9l F4%] 7]% RMSE H|E(the ratio of RMSE to STD
of estimation, RRMSEE):= 4] (7), RSTDE 4] (8)3} Zo]
A4St tH(Moriasi et al., 2007; Naseri et al., 2021).

RMSE = /[i(Ez’—M) (Ei—Mi))/n %)
o, Bi ¢ g0 9Jst =4 X|(Estimated value)

Mi : AZ=X](Observed value)

n : sample
RRMSEM = (RMSE / STD of measured value) (6)
RRMSEE = (RMSE / STD of estimated value) (7)

RSTD = (STD of estimated value /
STD of measured value) ®)

o] ¢ &4 ¥4 RRMSEMSF RRMSEE®] +
7HA] go] B 0.5 o|sto]d 1 Kgo] fufl% AEdd,
st 742 ZrolEt: 0.5~ 1.00]H 1 Z3o] rxA3} o)zt
T sk As e B4 2AHEE ] Rgrel of
skl SAXCE o4 ofFo ZASH TS, B =
BAA ool A= E R*GLo] W2 B9 A4
oL olety WA 3, FUE A RSTDY]
gkol 1.0 olsteld 1 mgo] fufS AT, WA 4
3hy0l2ta WA FH(Liemohn et al., 2021). AUE 349
T T} 729l Ta} Ts @ dT9] A2 (Vo] st 274
Hgoll ofgt FEA (B)] oA digt dHigdee

(Relative sensitivity of estimation to measurement,
RS[EM]) E42 4] 9XE 4] 12712]9] 4L Ed}o]

E4519100, o] A9 RS[EM]) Fo] 252, 3 Mo|
gt EQ] AABAE & o ¢ line A(EHO] 0)2] 7]&7]
() gkol 1.0 7Wh&5E AUErF okl W STHal
Irsyard et al., 2019; Goodman, 1960).
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E=a M ©9)
RS[E/M] = [(dE/dM) / (Sg / Sw)] (10)
(St / Sw) = (a° / R?) (11)
RS[EM] = a / (a® / R?) = (R%a) (12)

o, Sg : B9 ¥ QX(Standard error)
M M9 ¥ QX}(Standard error)
R* : Mo tigt E9] 24l 3740 gt

29AS

24
=

=

w

by o

3.1. EY+E oF Haldy X FEEYE e
311 YR Qv Hatyy

7ha Aol g Qvel WakRAE EW(Fig. 1), 7t
= A1 o7 A= Qv ‘ﬂﬂrﬂ A9l gt ol
Eopaiol 32T A S0l AT Lo wA
Whe 42 2, 38471 AWED A08 77
AT AR "ok O FHE Qve ¥4 ] daste &
go Hgom, 13URY H(Fig. 19 A% Yoz EA

EB) “Bottleneck effect” (Lal and Shukla, 2004) 2+
=3 d4o] UEURA Qvel 4 71&7|7F ertst
H5E7] AZFTE o= o] AR ol28 F59] A
of ool ARl EFO] 5= FollA 7ol vl
& F=°l EfEol AW o] BF HUZ =
A=Y, 22447 1 (Fig. 19] LEZF do=
HB) ETHA] “Bottleneck effect” @AFo] LEFLY
o 4 71&717F HE s I S RE=
_‘é‘}— ]— %\4 T:]— O]J:_ O] /\]Z-]oﬂ O]Ea 117:]0] l:l]
< =0 EfEo] Y sRupA B s L
Aot A2 siAHE 7HE A 249 0 Qve Ve
AZE 9] 31.40%Z2 ¥ 22.1%7HA] ol A thFig. 1 4
Table 1).
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Qv = F (Dr)

Soil water content (v/v, %)

Elapsed drought (day)

Fig. 1. Changes in soil water contents (Qv) according
to elapsed drought (Dr)

Table 1. The statistics of soil water contents (Qv) at
15 cm soil depth during drought season with
napa cabbage cultivation

Soil water contents

Statistics . %)
Maximum 31.40
Average 25.62
Minimum 22.10
Range 9.300
Standard deviation 3.165
Standard error 0.646
SWSM: E(Qv) =
22.003 + 12.507/(1+exp[-(Dr-6.478)/-4.475]) (13)

SWSM 23 HS2%, A4 T4 & o, Qv
RMSEE 0.1730]%1 91, RRMSEMI RRMSEE X%
005524 - Zgk7]o)(Table 2) o9 HAF, 02 W
AE AT ATHEg BHA £ 9, BP9 RGOl
099724 EAHoR 1wo] go4o] AFE o] rufs-
AAsH oz AL AU WAHA & o, RSTD



2. SWSM

Soil water content (viv, %)

0 10 D 0

Elapseddrought (day)
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320 SWSM:E =F (M) .

200 y = Tx
R? = 0.9969

Estimated value (v/v, %)

Measured value (v/v, %)

Fig. 2. Estimation model (SWSM : Left) for soil water contents (Qv) and the relationship between measured

and estimated value for Qv (Right)

£ 0.9982 4 1.0 o]sto]lom, SWSM Zgo] oJgt £
29t AZ=29] A5 1 o 1 line AA4+9] A4 (Fig. 2:
Right)ol 273t a Z+2 1.000]%11, RS[E/M]E= 0.9978
A HjL QLo B g (Table 3) TS A A3 08 WAL

At} olet e Az E o, SWSME Qv 34
S 2AE Mg Hdeh,or waE It
3.2. EY2r U 7|21 2 X{0| FHIDH 4w

3.2.1. EYRE(Ts) & 7|21 2% Xt0|(dT)

7ha Ao WE Ta 9 Ts9 FAIH #H3FgE B
H(Fig. 3: Left ¥ Table 4), /1= 3} 244 =919] Ta
2 Ts9] FAEE= Zh7F 18.31 © 14.42°C o|QloH Ts
7} TaX o WOkt E3L, H 1 2Eof A9 ZolQl
H9J(Range)= Ta YU Ts Z}Z} 13.60 ¥ 6.10°C 0|3l o™
Tst= Tad} v]|s}o] 2 9] HIlEo| A it} Tax %
T o]E 71407, Tse O|8 BE AIE 71407 Q

§|-Ff

2= AT HA| ¥ &7t Al RolAl=
PAS H YO L(Fig. 3: Left), dT= 315 E= AMES 7H
Aoz emehfele saw AA AT Lt 27

© #a 5 AT AFE HolA YSHi(Fig. 3:
Right).

Table 2. The parameters and indices of measured
(M) and estimated value (E) to verify the
certainty and association of the SWSM for
soil water contents (QV)

Parameter Value (v/v, %) Index Value (v/v, %)
Z(M-E)? 0.715 RMSE 0.173

N 24 RRMSEM 0.055
STD(M) 3.165 RRMSEE 0.055
STD(E) 3.160 R? 0.997

Table 3. The parameters and indices of measured
(M) and estimated value (E) to verify the
precision of the SWSM for soil water contents

Qv)
Parameter Value (v/v, %) Index Value (v/v, %)
STD(M) 3.165 RSTD[E/M] 0.998
STD(E) 3.160 R? 0.997
a 1.000 RS[E/M] 0.997
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[Ta, Ts] = F(Dr)

—e—Ta Ts[L]

- h o

O = T ™ T L% N % |

[ U= R T VT
%

\Y

0 5 10 15 20 25

Elapsed drought (day)

[T T SN

Temperature (°C)

dT = F(Dr)

Ta-Ts (°C)

dT

Elapsed drought (day)

Fig. 3. Changes in air (Ta) and soil temperature (Ts) (Left), and the difference (dT=Ta-Ts: Light) according

to elapsed drought (Right)

Table 4. The statistics of air temperature (Ta), soil
temperature (Ts) and the difference (dT=Ta-Ts)
at 15 cm soil depth during chinese cabbage
cultivation in autumn

Air temperature Soil temperature The difference

Statistics
(Ta) (°C) (Ts) (°C) (dT=Ta-Ts) (°C)

Maximum 25.50 18.00 7.500
Average 18.31 14.42 3.896
Minimum 11.90 11.90 -2.100
Range 13.60 6.100 9.600

Standard
o 3.078 1.681 2.777

deviation
Standard error 0.628 0.343 0.567

322 EYSE 2¥DY Y

32.2.1. 7121 EYREO| NBEE 0|83 EYRE
(Ts) 82

Ta ¥5}o] W2 Ts9) Wak FHRFL Tao] 3

A 217 A9 YAFSHLRTZ AL H LA FH

wheh 937k Ha9l ASE APl 4 (14)9} Zo] B
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& Aol tH(Fig. 4: Left), Ta?7l S5 Tsk =
AEFolUrt. ojet T2 AF= Tarl Ts ¥3to] J3F
2l 7F =235 QdAE = AL (Grosse et al.,

2016; Park et al,, 2014) A3} 9 Tad} TsE 742 A4HH

A7t Aot 7 (Kang et al., 2000) A7k} SAVSH 2

= UEr Qe E3L, oo B2 Adte TaZl 25

& g FLolzteE 4 QA (Input parameter of heat)S]

FFOE Ta?t Ts= FHH TAE UEHIHL AR

Hr.

o rlo ofk

LRTs : Ts = 0.242 - Ta + 9.9853 (14)

LRTs 13 52, g4 T4 & o, RMSE=
1.4750]9)2 5, RRMSEMI} RRMSEE: 77t 0.878%F
0.981°.2 4] (Table 5) 0.5~ 1.0 o]5}o]g}7]o] FH AT, 0
2 B AsAA THAM £ uf, R°F 0.196
OS2 HF BAXHCE 5%2] FoFFolA 9482 <l
AEoY 1 gho] YR 7)o Tdd4] 92,02 1A
%9 th(Table 5 9 Fig. 4: Left). AUE -4 & uf,
RSTD+= 0443019101 a g2 SAH 22 240l §lSl
3l RS[E/M]+= Y YolA] (Table 6 2 Fig. 4: Right)T4]
AR FF, 02 WHEHAS ol T2 AR E
LRTsZ Ts $HRPO 2= T84 5,02 wot

=9}



12 712 JIZiel QT S EYRE FHDY Y 213

LRTs : Ts = F (Ta)

Ts = 0.242 Ta + 9.9853
R2 = 0.1963

Soil temperature (°C)

in

5 20 25

Air temperature (°C)

E=F(M):LRTs

y = 0.9897x

Estimated value (°C)

Measured value (°C)

Fig. 4. Relationship between air and soil temperature (Left), and measured and estimated value by the LRTs

for soil temperature (Right)

Table 5. The parameters and indices of measured
(M) and estimated value (E) to verify the
certainty and association of the LRTs for
soil temperature (Ts)

Parameter Value (°C) Index Value (°C)
(M-E)? 5224 RMSE 1.475
N 24 RRMSEM 0.878
STD(M) 1.681 RRMSEE 0.981
STD(E) 0.745 R? 0.196

Table 6. The parameters and indices of measured
(M) and estimated value (E) to verify the
precision of the LRTs for soil temperature

(Ts)

Parameter Value (°C) Index Value (°C)
STD(M) 1.681 RSTD[E/M] 0.443
STD(E) 0.745 R? NS

a NS RS[E/M] NS

3.2.2.2. 712(Ta)2t EY2 QWO 23 EYRE
(Ts) FH=ZY

HIE Ts7} TaZt gulE] TA7F o, Tsoll S v
a2lo] Ta shvtetl B7)E ojPcka wakEo] Qv
E e 9yt EeHAQl 289 Axfo] whet Ts7t
I Zlolghs 7Hdsto], Taot Qve] F 7HA] Hgof| gt
2 Uefi= Ts9 23S 42 F4GDTs)=
Stal HaAFH PHE olgste] L7t a4l A
Agstol BES A4S A}, Fig 50 Left 9 4]
(15)9} At &, Ta7t 2255 & Qv 255 Tse
=34tk ol9h Ze A HdDolE: 8 IR I
FO R Tad} Tsi= Guld BA7F L, EF Qv7t 25
E EYSEO] H|Y(specific heat)o] ATH o E zofA]
HFARg-0] 2 Z(Lal and Shukla, 2004)0] 7191 =Tty
Ata "t

Rl

i rlr

A oz (B

1Y R

3DTs : Ts =
4.8250 + 0.052 - Ta + 0.3134 - Qv (15)

3DTs 3 A543, g4 B4 & o, RMSE=
1.2070]9J.2™, RRMSEM 2 RRMSEE: 7+z} 0.718 @
1.0562.24 0.5~1.0 HYZ 2 4= A7]ol(Table 7) T4
gk, o2 AN AsaAAY BHA & o, R°F
2 046224 vHlE FAZRl Fo42 A=Y O
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E=F(M):3DTs

19.000

y = 0.9931x
R? = NS

18.000

17.000
16.000
15.000
14.000
13.000

12.000

Estimated value (°C)

11.000

Measured value (°C)

Fig. b. Estimation model (3DTs) for soil temperature (Ts) as a function of air temperature (Ta) and soil water
content (Qv) (Left), and the relationship between measured and estimated value for Ts (Right)

Table 7. The parameters and indices of measured
(M) and estimated value (E) to verify the
certainty and association of the 3DTs for
soil temperature (Ts)

Parameter Value (°C) Index Value (°C)
> (M-E)’ 34.96 RMSE 1.207
N 24 RRMSEM 0.718
STD(M) 1.681 RRMSEE 1.056
STD(E) 1.143 R? 0.462

Table 8. The parameters and indices of measured
(M) and estimated value (E) to verify the

precision of the 3DTs for soil temperature

(Ts)

Parameter Value (°C) Index Value (°C)
STD(M) 1.681 RSTD[E/M] 0.680
STD(E) 1.143 R? NS

a NS RS[E/M] NS

Journal of Climate Change Research 2024, Vol. 15, No. 2

ol Yonz TA-A k3,08 WHEIT U &
o)A & o, RSTDE 0.68001%12H a 312 BAH R
frolidol AL RS[EM] 4 WA71°l(Fig. 5: Right
5l Table 8) FAHA] F5,02 WHHUS. ol 22 2
Tz B, Tso 2HEFO2A 3DTse= THEA] g,
o7 doEh

3.2.3. 7|21 EYRE 2% X0|dT) FEZY ML

3.2.3.1. 7I2(Ta)3 & X0|(dT)2] HTEAS 0|3t
dT 228

Ta ¥3}o] W2 dT9] ¥} FHHFS Taof Higt 4
39 491 AGFL(LRITE AH3I HA4AFH
gk o247 Al AleE APgste] 4 (16)3} Zo] Y
A5t THFIg. 6: Left), Ta7l 2S54E dT: =2 4
o|qit}. o]t T2 A= F7|HTt EFO H|go] ¢ A
7] wj&of WrARgo] AtjA o0& # 0 H 2 (Lal and Shukla,
2004), Ta7} A& RolPA4E TaBth Tso] RolA|= Ak
7 9 Ad Aof 7191 HATAL Abm Hoh

g

LRdT : dT = 0.758 - Ta — 9.9853 (16)

LRAT 2g 4523, 2474 #HoIA & 1, RMSE=
1.4750]91.27, RRMSEM¥} RRMSEE: 7}zb 0.5313}
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LRAT: dT =F (Ta)

dT = 0.758 Ta - 9.9853
R2 = 0.7056

The difference (dT : °C)

Air temperature (°C)

E=F(M):LRdT
19.000

y = 0.9035x
R2 = 0.623

14.000

Estimated value (°C)

Measured value (°C)

Fig. 6. Relationship between air and soil temperature (Left), and measured and estimated value by the LRTs

for soil temperature (Right)

Table 9. The parameters and indices of measured
(M) and estimated value (E) to verify the
certainty and association of the LRdT for
the difference (dT=Ta-Ts)

Parameter Value (°C) Index Value (°C)
> (M-E)? 52.24 RMSE 1.475
N 24 RRMSEM 0.531
STD(M) 2777 RRMSEE 0.632
STD(E) 2.333 R? 0.706

Table 10. The parameters and indices of measured
(M) and estimated value (E) to verify the
precision of the LRdT for the difference

(dT=Ta-Ts)

Parameter Value (°C) Index Value (°C)
STD(M) 2.777 RSTD[E/M] 0.840
STD(E) 2333 R? 0.623

a 0.931 RS[E/M] 0.632

0.63210]9}7]°l|(Table 9). T A3}, 02 WAt A5
TEA THoA B wf, RPG2 0706024 BAHOo=
foigo] Q1o FEgh 082 WA= ITH(Table 9 4
Fig. 6: Left). FUr #HoA & o, RSTD= 0.8400] %
o a S 0931ZA 1.09] ZHIY T RS[EM]
0.6320]%17]of(Table 10 & Fig. 6: Right)f &g, 0=
A=t ojet 2 A¥Z & uf, LRATE dT9] 32
FOEA THEgh 08 k=)

3.2.3.2. 7I12(Ta)t EY=2 SZHQV)O| st 2 X}
dn =829

Ts 3¢-A ™ dT E3t Ta®}t Qve| 7 714 HFof digt
Tz YEls dTY FHRFES A7k F9(3ddD=
At HaAlE S o8t LA 4 Al
FE At 23S AT 2T Fig. 7: Left & 4] (17)
oA &, Tt €55 £ Qv $e5% dT= &%
tt. o9} T2 ATHe= Ta’t Ald Rold4E F7Ht B
9] vgo] o 27] 2ol Ts7} WolAl= F&rt o 2
ord Zlofl 7]Qlske] Tat dT& AHuld BAE Yeti ol
A, 2 AT AT AZI7E 227 Al YobAlE Al7]9]
Q7lo] Qv7t 2B Quit & AoRT AHos
|go] Yol & ¥rAREo] o 37] wfEof(Lal and Shukla,
2004) Ts9] Yopxl= H=rt o w2 Aol 7191 =it
AteE

jn s
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E=F(M):3ddT

y = 0.9355x
R? = 0.7705

7000

=300 & -

Estimated value (°C)

-3 0

Measured value (°C)

Fig. 7. Estimation model (3ddT) for the difference (dT) as a function of air temperature (Ta) and soil water

content (Qv) (Left), and the relationship between

Table 11. The parameters and indices of measured
(M) and estimated value (E) to verify the
certainty and association of the 3ddT for
the difference (dT=Ta-Ts)

Parameter Value (°C) Index Value (°C)
2(M-E)? 34.96 RMSE 1.207

N 24 RRMSEM 0.435
STD(M) 2.777 RRMSEE 0.485
STD(E) 2.489 R? 0.803

Table 12. The parameters and indices of measured
(M) and estimated value (E) to verify the
precision of the 3ddT for the difference

(dT=Ta-Ts)

Parameter Value (°C) Index Value (°C)
STD(M) 2.777 RSTD[E/M] 0.896
STD(E) 2.489 R? 0.771

a 0.936 RS[E/M] 0.824

Journal of Climate Change Research 2024, Vol. 15, No. 2

measured and estimated value for dT (Right)

3ddT : dT =
-4.8250 + 0.9148 - Ta — 0.3134 - Qv 17
3ddTo] A5Z, A4 T4 & o, RMSEE
1.2070]91 2™, RRMSEM % RRMSEE: Z+z+ 0435 ¢
0.4852 4] 0.5 o]5}o]7]of|(Table 11) Fuj> AAZ}, 0=
BAHAY. FoTHAY THA B o, R 0.8032
2A BAHCE 1E9] foj/do] IgE o] ML HH
oz A= AdE #HolA & o, RSTDE
0.8960]902™ a ZHE 0936024 1.0 LTI
RS[E/M]+= 0.824 (Fig. 7: Right & Table 12)C.2 4] Toj
o AAgho2 WHHAL. olg e AT E ),
3ddT= dTY FAHLFO A Mo HHgh, 08 pets
At

3.2.3.3. 7|2(Ta)t 7t XI&7|ZHDONO| 23t 2 X0
dn =429

Ta2} Dro| = 7HA| ¥ it g2 et dT2
A2 F4(3DrdT)E A5kl HAAFH
sto] @xp7F XAl AFE Aste] HYES
3} Fig. 8: Left & 4] (18)3} At} &, Tav} =2
o] 455 dT= =34t ol9F 22 23+= Ta
371Et EFO] H|go] B A7) 4
et o ZA%d Aof 71915t Ta
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E=F(M):3DrdT

5| y=09311x
5 Rz =0.7518

Estimated value (°C)

Measured value (°C)

Fig. 8. Estimation model (3DrdT) for the difference (dT) as a function of air temperature (Ta) and elapsed

drought (Dr) (Left), and the relationship between measured and estimated value for dT (Right)

Table 13. The parameters and indices of measured

(M) and estimated value (E) to verify the

certainty and association of the 3DrdT for

the difference (dT=Ta-Ts)

Parameter Value (°C) Index Value (°C)
> (M-E)? 37.35 RMSE 1.248
N 24 RRMSEM 0.449
STD(M) 2777 RRMSEE 0.506
STD(E) 2.468 R? 0.790

Table 14. The parameters and indices of measured

(M) and estimated value (E) to verify the

precision of the 3DrdT for the difference

(dT=Ta-Ts)

Parameter Value (°C) Index Value (°C)
STD(M) 2.777 RSTD[E/M] 0.889
STD(E) 2.468 R? 0.752

a 0.931 RS[E/M] 0.807

o} dT+= A8[E TAE YetH L, Dro] 245 Dro] &
< ASET Qu7t Wobx]7] wof] AtiFo® H|ho]
o}l o HpAgo] T F7] wjio] (Lal and Shukla, 2004)
Ts9] WolR|= F=7} ¢ w2 Aof 719 =tk A=
Hr

3DrdT : dT =
-14.6895 + 0.9231 - Ta + 0.1346 - Dr (18)

3DrdTo] HEA, F44 BHoA & o, RMSE=
1.2480]91 9, RRMSEM % RRMSEE: Z}HZ} 0.449 9
0.5060.2 4 0.5 o]st=2 & 4 Q= HJo]]l7]|of|(Table
13) fuj9- 243,02 WA= U} AT T-fA
E o, RPG 0790024 SAHoz 159 Foj4o]
oo} FujQ- &gt oz WAEch FEUx
Al & 4, RSTDE 0.8890]%1 0™ a ZF 0.9312A4] 1.09]
243193 RS[E/M]E= 0.807 (Fig. 8: Right & Table 14)
oA e 2AEg}, 07 WY ol9t L ANE
E |, 3DrdT= dTe] FHRFL=A] Mg 4k, 0=
= A

3.2.3.4. 3DrdTE 0|2%t EYRE(Ts) THEY H

B o)A £4% Ts 4R YE %, LRTs 4 3DTs
A71el af-e- 243,
o7 wH 3DrdTE ©]&3t TsS FAHRP(TsFAT)S

http://www.ekscc.re.kr
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dT = Ta-Ts o|E& 2] (19)2} Zro] AA3}1, TsFdTo| 2
3t TsO] 2|9 AE5A|] 4AB/AE Yehd Fig. 9
o|t}.

TsFAT : Ts =
14.6895 + 0.0769 - Ta - 0.1346 - Dr (19)
E=F(M):TsFdT
19.000
&3 12000
g y = 0.4254x + 8.282
o R? = 0.4253
E 16.000 . e
S ©
T,
2.000
-
Qo .
L o 4000
[
g 13.000
pd . *
“woo
Ly 12000

17 19

Measured value (°C)

Fig. 9. The relationship between measured and
estimated value by the TsFdT for Ts

TsFdTS| AS5A}, 44 FHolA & wf, RMSEE
1248024 3DrdT9] 7399} Z9row, RRMSEM %
RRMSEE: Z+ZF 0.742 @ 1.1370]97]9]|(Table 15) T4
Ashy, WA THEA g, 02 BHEUY. S
F-o|A B o, RS 042524 EAFHOZ §o]io]
IFg=o] THdsh, 02 A=Y U HHA &
], RSTD: 0.6520]9.0™ a ZH2 042524 H]@A @
k3l RS[E/M]E= 1.0000]217]9(Fig. 9 & Table 16) 2]
A3, 02 WA o9t T2 AFE & o, TsFdT=
dT9] FHLFPo2A 43,02 o=t

ool AME Fgoto] 2EFoZ & u, Drof 2
Qvel A2l SWSME 9 -t o, Tsof of
gt HAgo] QA== FHHFZ TsFAT o], dTo]

L
gt A 4ol ¥ FHRFLS 3ddT % 3DrdT °] ek,

»

24
=

rhu

o

£ d7e AE g5l 24 =5

rho
oY
OIOII
ox!
i
r
)
)
A|m
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Table 15. The parameters and indices of measured
(M) and estimated value (E) to verify the
certainty and association of the TsFdT for
soil temperature (Ts)

Parameter Value (°C) Index Value (°C)
2(M-Ey 37.35 RMSE 1.248
N 24 RRMSEM 0.742
STD(M) 1.681 RRMSEE 1.137
STD(E) 1.097 R 0.425

Table 16. The parameters and indices of measured
(M) and estimated value (E) to verify the
precision of the TsFdT for soil temperature

(Ts)

Parameter Value (°C) Index Value (°C)
STD(M) 1.681 RSTD[E/M] 0.652
STD(E) 1.097 R? 0.425

a 0.425 RS[E/M] 1.000

215t o] GE Al TR 7HSHiE AulishE A, 7t
E 7|7Fo]9E 20228 10¥€ 11Y9FE 20224 11¥€ 03Y
7HA] B 10:000] SHE EFTE FFHQV), 71(Ta),
EG2E(Ts)2F A Ta2t TsS 2% 2}o](dT=Ta-Ts)=
245k, 7k 7He A&71ZHDne] ©E Qv FHRE
¥, Ta®t Qvoll 9J3t Ts B dT YR Y-S 7ot 1L 2
Fo] AAHS AT A 2 2ok

AA, Drof] W& Qv AAE W3l HHPE 4 (1-DY
Sigmoid $H=(SWSM)Z A5t 2™, SWSMo]| st A
A, e A3, 082 wHEQ

SWSM: Qv =
22.003 + 12.507/(1+exp[-(Dr-6.478)/-4.4751]) (1-1)

A, Taol et Tso] 24 5190 4] (4 2-1)& Ts 374
59 (LRT9)2 Aet1 LRTso] st A5} F43
%) g, 08 BerE gl

LRTs : Ts = 0.242 - Ta + 9.9853 2-1)



A, Tadt Qvel F 7HA] W=l gk 42 verd

Ts FHRFZ 4] (3-1)9 AAHY Tq+(3DTs)2 A5+
o} Tse TaZl 11 Qv7t 245 £t} 3DTso High
A5AY, "H44] 33,08 waEih

3DTs : Ts =
4.8250 + 0.052 - Ta + 0.3134 - Qv 3-D

9, Tao] st dTQ] A FHA(A 4-1)S dT 34
BY(LRANOE 4A5}T LRATo et 4543}, 149
08 WHE I

LRdT : dT = 0.758 - Ta — 9.9853 4-1)

A, Tat Quel T 7HX] Wl Tat g R
dT #4REE 4 (5-)9 A F(3ddNE 44519
o dTE Ta7l &30 Qu7b Y842 9tk 3ddTo] Hhat
A5Z2Y, Ms Hdgh, 02 wdE

3ddT : dT =
-4.8250 + 0.9148 - Ta — 0.3134 - Qv (5-1)

o A, Tad} Dro] = 717 Weko] that sk Uehd
dT 3429 4 (6-1)9] A4AY F4GDdT)Z A5t
At} dT: Ta7} =31 Dro] 442 =9kth 3DrdTo] blst
ASAT, Mo HEsh, o2 daE

3DrdT : dT =

-14.6895 + 0.9231 - Ta + 0.1346 - Dr (6-1)

AEA, 3DrdTE 0|83t Ts FHEF(TsFAT)S A
(7-1)3} Zro] A3}k, TsFdTo| th3t A& AT, 243,
o7 THEEHAH.

TsFdT : Ts =

14.6895 + 0.0769 - Ta - 0.1346 - Dr (7-1)

AE2xdog B 4, Dro] W= Qve AR FQ SWSM

= W% FEstdoH, Tsof] thgh H@Ado] JAFHE F

AR FPL TsFAT 0] 3, dTo] tigt Fdgo] w2 &7
_CL

2l
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