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ABSTRACT

The main objective of this study was to develop the estimation models for air temperature (Ta), soil tempe-
rature (Ts) at 15 cm depth and the difference (dT = Ta - Ts) in Sandy Loam under Napa Cabbage cultivation.
The verification process was based on the error analysis criteria. Results indicated a positive correlation bet-
ween Ta and Ts, with higher Ta corresponding to higher Ts. The estimation models for Ta and Ts according to
Julian date were developed as a log functions (log model for Ta, LMTa; log model for Ts, LMTs) judged "Fit,
and "Fit wells, respectively. The linear regressions for Ts and dT as the LRMTs (linear regression model for
Ts) and LRMAT (linear regression model for dT) judged "Fits and "Unfity, respectively. Furthermore, an ana-
lysis revealed that higher Ta, combined with lower water content, led to an increase in dT. A double regression
model for dT, considering both Ta and Qv (double regression model for dT, DRMdT), was found to be a good
fit for the dataset. In summary, this study successfully developed estimation models for Ta, Ts, and dT, em-
ploying both logarithmic and linear regression approaches. The models were rigorously evaluated using error
analysis criteria, providing valuable insights into temperature dynamics in Sandy Loam during Napa Cabbage
cultivation.

Keywords: Double linear regression model, Linear regression model, Log function model, Model verifica-
tion, Relative sensitivity

DRMdT

Estimated value (°C)

dT = 0.8128x
& R? = 0.6689

Measured value (°C)

Relationship between measured and estimated value by the DRMdT (double regression model for
dT) for the difference (dT=Ta-Ts).
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Introduction

EF ZoRE ofuzt 5 @ B 7|5t Zof Aol 2k 8912 1’41 51 8%k g3lo|th (Watson and

Challinor, 2013; Kim et al., 2014). 7]-2 (Ta)2 ol 2} EQFL T (Ts) GA] 5 313 Wsto] 595 2] 3 (indicator)
Z ool H, Tse= A28 EQkrio| 2 43S U]Z‘JE]' (Li et al., 2018; Urqueta et al., 2018; Chi et al., 2020).
oA Tse= EQREET A1E9] 594 SHES of| S5 H| & o] 8531 215t (Muro et al., 2018; Ferreira and Duarte,

2019). Ts+= 20} EQFO] 2k8of 22 Q1 JS n|X k= B2 A7} Q)31 (Delage, 2013; Thota and Vahedifard,
2021; Hashemi et al., 2022; Pham and Sutman, 2023; Pham et al., 2023), EF FLof| 0] Z]+=Ts @] FF A+ (Garcia
etal., 2023), EF 5-50f n|A]+=Ts 2] 9F A+ (Lloyd and Taylor, 1994; Ning et al., 2020) 5] 21.2™, £3], 2=
A-go]| 1| 2= RS TaH T} Ts7} B Ati= A7 At QIth (Chakraborty et al., 2021). Ts= 7] AR O}Hﬂ’r EY
T2 A (Q), A Foll wet Feha] o7 HSlSEA|T, Taz} Ts HSlo]] o2 nlal= 7P 837t Q=

A3} (Smith et al., 2010)7}F 2.2 ™, Kang et al. (2000)-= Tax} Ts+= -2 A7 Itk 2Har ST, w2t Ta7]'
HSHA Ts e o] of] FeFS ol HsHA| =l 8= Ta H2lo] tiste] Tse o B A Msh=x] 5T L a7t it} 12t o]
S 577 Y HlolE (raw data) =3 724 ol ofste] ZiefA 9] M2 njeto] HR|9h o 9 7Rx| = 2
& O] Hsh g2 AlRFa o = AHdsh] o ¢ 2=, HHE (modeling)©l2h= Y8 Folo] Ao 27t 37 1
= B RPS 2Ast] T S AR o' el 4= glo B g ok wsle yheleh mHl|] A7t
o] 4=8%] 11 It} (Derradji and Aiche, 2014; Fu et al., 2018; Islam et al., 2021). 121} thF-E-2 Ta % Ts|| J,{f?}
AT Ao 0, Ta®} Ts O] 2 20| (dT = Ta - Ts)ofl Tt At Ark= 2lopi 7] o] k. 2= H 2} o

o4 Ta 2 Ts AP 508 Q210121 AT £ /el dT o4 523 aolek A1z ek, wreb %
AP Ta B T B2 0Tl o) SUYE FASISIL BT, o B9 L5 58 FYL 5915
Ao} ol ofgt A= 0215 ZHSHT 9lck. o] AP} Ak} ol A HolE ehiier S ke o]
“JSH (accuracy) 240 U AFARFE] S oll= i B¢ A ke & = flo =, o] ot 742 7F
]

09.4

l‘_&

]

AS2]9} laste] o= Qe @21E Aftetal Yl el E1ske] T1 o] A (fitness)S WtSH Hrt. Lt
Hog HYo] HHEA L E’ruﬂr E2 Al 7FA19] B4 (Liemohn et al., 2021)°4 TS ot 24, Aete

(accuracy) @] o]t} o5 Wdsh= X| EE A= Bl Al {3 B} (root mean square error, RMSE: Wang and Li,
2010; Zhang et al., 2021), Nash & Sutcliffe A<= (NSE: Nash and Sutcliffe, 1970) ‘50| 5= ARE-=| 11 I}, 2 A

A RMSES 8}z o] 2|52 Al AHE}let. 7, 458214 (association) 0], M 71e] gke
HA510] A A4 (coefficient of determination: R*)S | X2 4o} FA A F-2o4do] QA= =r15 HrtkslA| Hit.
SHEA|GE 23 0] HZ-S QoA R? shutelut 27 5to] mad o] A8 mhtkels A2 -LHlE g pZolagfa dh 4= gl
T} (Legates and Mc Cabe, 1999; Krause et al., 2005). A&, AU (precision) 2] T-Y ot} UL 242 0 2} BA

o] Zof| vierS A1 AT L (relative sensitivity, RS)E |32 459 ™ (Mandel, 1964; Shein et al., 2013), &3
ol oJet %] TR} (standard deviation, STD) ] A=%] STD] thet H]ER1 A=X] 7|5 EEFHA} H|E (ratio
of standard deviation, RSTD)= A|EZ 47| % $tt} (Liemohn et al., 2021). 2 Aol 4= RSTD2} RS T+ 7HA&
AEE O] A= AN AFESIH: 2 A= 7R HIS Al oA Ta, Ts B QvE =745k, Ta W Ts Halof o
SHAAID EAS et -sAl ol Ta 9 Qv HSte] W Tst dT o] Wizt de FAI6HY, ol tigh 2%t 4
% (model)®] o= FHIE AFskL Aol et @27t 24l A& APsto] e AAstalon, 7t

-
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g 4 RMSE, R?, RSTD, RS 5-& 4F&slo] 2o 284S AT, 24 H35& 2451 Ta, Ts &
dTo] WS TE2A AT

=
T

Materials and Methods

e W W 2 A SR gt ol 4| t‘h‘iﬂl 707-19 FEXEH T A E2 e
74 147.033677 5, 915 35.840791 )0l 7HaviE (F58: W 7R E 202219 94 7 At 11 1692 815
ch. 718 7-.0] Sfzahiz TPl Ao LA Ml S ofke B HYg, Make B2
S 2740 EAJS ARRFE (sandy loam, SL)O]ITE Ta= 717d2] (ENCOSYS, W. W. Norton & Company,
USA)2} Data logger (DT80 Series4, W W Norton & Company, USA) & 5510 52 7H4 0 2 AA7F 25 S H o)

o[E] 1Y 10:002] Ta (°C)= o-&5titt. 7HallS= Aal 272] Ts (°C)E S78517] IRt AlA (TEROS21, T21G
20010849, METER, USA) ¥ Qv (m’ m”, %)& =4517] Yt A4 (TEROS12, T12-00109142, METER, USA) S
2|5} 15 emol] AAA|5F 3L Data logger (ZL6 series, ZENTRA Cloud, METER, USA)E E51] 1082 7H8 02 A5
TR & FAEA A AFRE o-8510] Serveol| 41 Hlo[B1E o855I & Aol AR Hlol8l=20221 9E

AHE 2022'A 119 169784 Ts7F 4 Bt Tsell 7F sk # 9ol slid == A12+¢110:00 (Eom et al., 1990)
©| Ta, Ts 5 QvE A7 tHd o= A3

TaX} Ts ] A A|E WSt tisto] 21 o] Hajoldo] Al Wolx|= 7|7to| B g =37 7toleh= PHofl L 54
PSS 717 Eq. 1 YEq. 28t ol 21 (ln) 3= FEfQ] LMTa (log model for Ta) ¥ LMTs (log model for Ts))= 41

Aot 2 aA ol whet @27t | 491 Al-E 45T
LMTa: Ta=a-In(JD)+b (Eq. 1)
LMTs: Ts=c-In(JD) +d (Eq.2)

&]7]A, ID : Julian date
a,b,c,d: Al

Ta®} Ts @ dT2] Z+2} 214 3] 4] (linear regressions: Eq. 3 2 Eq. 4)& Ts 4% 3 (linear regression model for
Ts, LRMTs) ¥ dT2] 4% (lenear regression model for dT, LRMdT).C.2 Aol | AAEHl uet 27t
290 AFeE Agsisict

LRMTs: Ts=a-Ta+b (Eq. 3)

LRMdT : dT=c-Ta+d (Eq. 4)

o714, a, b, c,d : Al
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Ta¥} Qv F 719 SHHSE AEet o]F 3|7 4] (Eq. 5)= dTS] F4 23 (double regression model for dT,
DRMdAT) 2.2 A7stal 5‘4 AAFHf et @2t A1 A4~ APdottt

DRMAT : dT=Yo+a-Ta+b-Qv (Eq.5)
714, Yo, a, b : Al

REASS 9t A E =2 A2 RMSE= Eq. 6, RMSEQ] A1&%] STDO]| gt H]-8-01 A1=%] 7|5 RMSE H|-& (the
ratio of RMSE to STD of measurement, RRMSEM)-2 Eq. 7, RMSE 2] B o] 2]§t 3712] STDO]| tsh Hl-&<1 374

2] 7]% RMSE H|& (the ratio of RMSE to STD of estimation, RRMSEE)= Eq. 8, RSTD= Eq. 92} Zo] 44519
T} (Moriasi et al., 2007; Naseri et al., 2021).

RMSE = \/ [f}(m M) (Bi— M) | fn (Eq. 6)

1=1

7|, Ei : Iagef| oJet ] (estimated value)
Mi : A=X] (observed value)

n : sample <

RRMSEM = (RMSE / STD of measured value) (Eq.7)
RRMSEE = (RMSE / STD of estimated value) (Eq. 8)
RSTD = (STD of estimated value / STD of measured value) (Eq.9)

o] 7% e oA RRMSEM2} RRMSEE ] 7 74| glo] B 0.5 ofsto]d 11 K ago] Mmj-e- 22sl,

[2H2.0.5 - 1.00]H 1 o] M2t o|afar et} Toh, Uk ¥HHolA RSTDL] #to] 1.0 o|sto]H

71 o] M Adeh T= AAe) o]2kal WA} (Liemohn et al., 2021). A E ¥ 0] & ThE 7]5=21 Tax}t

Ts @ dT2] A=) (M)e]l et ARl ogt 4] (E)2] AatatAlol| thet AT AU (relative sensitivity of

q. 1056 Eq. 137F] 9] 78S 55to] 2416130, o] RS

[EM)]) gfol 25 FUrt =ot ("ol 88 = P29 ) TF3t (Goodman, 1960; Irsyard al et al.,
2019).

-

7HA] 2o

estimation to measurement, RS [E/M]) 242 E

E=a-M (Eq. 10)

RS [E/M] = [(dE/dM) / (St / Sm)] (Eq. 11)
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(Se/ Sm) =(@*/ R?) (Eq. 12)
S[EM]=a/(a’/R*) = (R¥a) (Eq. 13)

o714, Sg : E€] 3522} (standard error)
Sm : M@] =9 2} (standard error)
R : Mof| tigt EQ] 24 5] Ao tigt A AL

Results and Discussion

712t XHHH 712te] 7|2ut EURT HEIAA A A HE FHDYE AF RS AN 71Kl
TRt Ta, Ts B dT 2] BA1A W9l % = W (Fig. 1 3 Table 1), Ta % Ts= 57 =0l t4 08 e 2ehfjz]e)
SHARE AR B2 27 Al WobRl oM, dT SFF = ol & M o8 @ 2ehfjz|e} SRRt 3A)] A2 25
7F 7T B da T 47ER Bde HolA] ettt Ta B Ts o |1 29 et 2= 2171 35.30 B 27.70°C2F
19.89 2 17.32°CE2A] Ts7} TaR T W3k oL}, # A= 7821 5,03 9 10.10°C2A] Ts7}F TaR o =934Tt

Ta ¢ Ts " dT

~— 5 15 300
U — 33 Lo
‘?-, g/ 6.00
S . o G ..
= 25 5 = o Y
et S
«© " P
- 2 . 00
0 5 % -
o - '

15 Q‘ 15 Y
£ £ ﬁ 250 2 330
] 200
= g I
= _ — - 00
< o °

73] © 600
250 270 2% 310 330 25 0 2e0 o 33 o
Julian date Julian date Julian date

Fig. 1. Changes in air temperature (Ta: left), soil temperature (Ts: middle) and the difference (dT: right) according to
Julian date.

Table 1. The statistics of air temperature (Ta), soil temperature (Ts) and the difference (dT =Ta - Ts) at 15 cm soil depth
during napa cabbage cultivation in autumn.

Statistics Air temperature (Ta) Soil temperature (Ts) The difference (dT = Ta - Ts)
(°O (°C) (°C)

Maximum temperature 35.30 27.70 7.60

Average temperature 19.89 17.32 2.58

Minimum temperature 5.03 10.10 -6.67

Range 30.27 17.60 14.27

Standard deviation 6.02 4.90 3.51

Standard error 0.771 0.627 0.450
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F3E Ta 9 Ts 2] AlAIE Wisle] tisto] 25 0] #sjeldo] Al Woll= 7[7te| B g =3 J17tolel= THollA
0 3RS 712 Eq. 14 Y Eq. 1591 20] 27 (In) == el (LMTa 2 LMTs) 2 A4kl 2|4l whet
QA7) &40l ALE AHASte] RS A4St (Fig. 2). LMTa @ LMTs 2@ 2] A5 a 3t (Eq. 14 2 Eq. 15)S
&, Ta % Ts 27} -82.45 9 -74.340]31tt. o|= Alto] 73} glof| whet 25 7h ofR]= A = Ta7} Ts Ht 5 %1
The 712 oj]sict

LMTa : Ta =-82.45 - In(JD) + 487.23 (Eq. 14)
LMTs : Ts =-74.34 - In(JD) + 438.72 (Eq. 15)

&]7]A, ID : Julian date

ol LMTa ;Cj‘ oo LMTs
~— . e
2. e
=3
o -
5 5
o o
Q £
o g
E 1 - y = -74.34In(x) + 438.72
Q y = -82.45In(x) + 487.23 H— - .
- R - 07147 . 0o ° Rz = 0.8771
= ' “v
g o0 ) o N 0
260 270 280 290 300 310 320 330 260 270 280 290 300 310 320 330
Julian date Julian date

Fig. 2. Estimation models for air (linear model for Ta, LMTa: left) and soil temperature (linear model for Ts, LMTs: right).

LMTa % LMTs 28 #5237}, A TdolA & o, LMTa 2 LMTs 2] RMSE+= 21713242 2 1.7320]31.2
RRMSEMI} RRMSEEX 717} 0.539}0.637 2 0.2887} 0.378°] 1T} (Table 2). 0|5 7150 2 5}0] LMTa: 2]
Agh 02 LMTsE Mf¢ 24 © 2 WA =it A TaAd oA & o, RS LMTa 2 LMTs 212}0.715
2 0.8772A] B FAH 0= Mk o] fropdo] QI o] I ¢ 27d el © = A E|3I (Table 2). =
oA £ w, LMTa 2 LMTs2] RSTD:= 212} 0.845 2 0.7622A4] B5 0.5 - 1.0°0]91.2™, RS [E/M]= ZH2}0.626

Table 2. The parameters and indices of measured (M) and estimated value (E) to verify the accuracy and association of
the LMTa (linear model for Ta) and LMTs (linear model for Ts) for air (Ta) and soil temperature (Ts), respectively.

LMTa LMTs
Parameter Value Index Value Parameter Value Index Value
2 (M-E)? 971.5 RMSE 3.242 2 (M-E) 206.8 RMSE 1.732
N 61 RRMSEM 0.539 N 61 RRMSEM 0.288
STD (M) 6.018 RRMSEE 0.637 STD (M) 4.898 RRMSEE 0.378

STD (E) 4.475 R? 0.715 STD (E) 4.533 R? 0.877
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2 0.867%2A] (Table 3 X Fig. 3) LMTa+= "2dgh 02 L MTse= M- 24gH © 2 mEE|dct. o]e} e Ao
met oo = £ o, LMTat:= "24%H 0= LMTs+= Mifl¢- 249t o 2 m=|qlrt.

Table 3. The parameters and indices of measured (M) and estimated value (E) to verify the precision of the LMTa (linear
model for Ta) and LMTs (linear model for Ts) for air (Ta) and soil temperature (Ts), respectively.

LMTa LMTs
Parameter Value Index Value Parameter Value Index Value
STD (M) 6.018 STD (M) 4.898
STD (E) 4475 RSTD [E/M] 0.845 STD (E) 4.533 RSTD [E/M] 0.762
R’ 0.611 1§ 0.861
a 0.976 RS [E/M] 0.626 a 0.992 RS [E/M] 0.867
LMTa LMTs

? 35.00 G
L e-r‘ 25.00
QO 0
3 . E
® ., 2000
S o g
e
@ 2000 8 o
whd =1 ALY _
T = y = 0.9924x
E 5.00 y = 0.976x E . R2 = 0.8607
T 0w R? = 0.6106 7
L Ll

500 N B B __ B 500

Measured value (°C) Measured value (°C)

Fig. 3. Relationship between measured and estimated value by the LMTa (linear model for Ta) and LMTs (linear model
for Ts) for air temperature (left) and soil temperature (right), respectively.

7120] chet ELRE ¥ 2 X0| FHEZY HF  Ta Wl ThETs X dT9 ‘i‘is’}—féz 2 F& 472 Taoll

it 214 217 2191 AAFeHQ1 LRMTs 2 LRMAT= A7g5tar 2|24l 5 ol whe} @217} 2491 Al AFdste]
RS A5 91 (Fig. 4), LRMTs % LRMAT 2] 3¢ ZZFEq. 16 2 Eq. 172 2t Taﬂﬁ‘—r%TsE =30
0]e} 7o Avk=Ta7} Ts Wale] kS nj2|= 714 ZQ 51 Qlxfel= AE (Park et al., 2014; Grosse et al., 2016) 2
4 Tad}t Ts= Z-2 FHAPF k= 93 (Kang et al., 2000) 22t -FARE A0S e SITh T3, o]of 2=

m&

rlr

= Ta7t =255 el dol2l= =<4 Q1A (input parameter of heat) 2] F3FC 2 Ta2} Ts= A1 TAIE et

U AbE Ho E3E, TaZb 5255 dTE E0Th o]oF -2 Ak A AJ A717F- 257} Al WolA]
710144, Ta2} Ts SIS A nle] TAlC oM, 257t HolA = A= TaZt Ts Xt B Z1= (Eq. 14 2
5) Zel 7191 = ATt Al Fet

rr ;.:

1

Eq.

;_a

LRMTs : Ts = 0.6607 - Ta + 4.1737 (Eq. 16)



426 - Korean Journal of Soil Science and Fertilizer Vol. 56, No. 4, 2023

LRMAT : dT =0.3393 - Ta + 4.1737 (Eq. 17)
5)
8_’ 25 —
o (@)
E 20 8
® (7]
§ ° G C ) lT
L 4 )

+ R ©
R -
] I
-g ] Ts = 0.6607x + 4.1737 B . 4T = 0.3393x . 41737

2 =
R? = 0.6589 o | . R? - 0.3375
Air temperature (°C) Air temperature (°C)

Fig. 4. Estimation models for soil temperature (linear regression model for Ts, LRMTs: left) and the difference (linear
regression model for dT, LRMdT: right).

LRMTs ¥ LRMAT 2 #3523} 8] 3dolA & o, LRMTs 2 LRMdT 2] RMSE+= 55] 2.8850]%1.0.H,
RRMSEMY} RRMSEE+= 22} 0.5892}0.726 2 0.8213} 1.4130] 31T} (Table 4). 0|5 7|22 5] LRMTs+= 0.5
- 1.0 oJst=A] T2l el 0 2 T EL, LRMAT+ 1.0 oVdo=A] TAEsHR] ¢hs o= T =|Qle) Aovheld ¥
ZelA] 2 o, LRMTs 9] R*3E2 0.6592A4] SAK 02 Foido] /1A =|o] M3l 0 2 A =gl om, LRMAT <]

R¥EZ 0.3382A] HIE BAIA 02 fo)4d- AR oM 1 gho] LR Wrlof] sk kg o= Ty =] lrh
AT oA & uff, LRMTs 2 LRMdT2] RSTD= Z}2}0.812 W 0.5810]%1.2™, RS [E/M]2 Z}2} 0.508 2
0.213 (Table 5 ¥ Fig. 5) 224 LRMTs+ 2439} © 2 T E|Q] oL}, LRMAT+ A A51A] 98 o &2 T
t}. oje} g2 Aol wiet FotA 0 = E uf, LRMTs= A&9h 02 fHELy LRMAT+= "Adehr] obs o2 it
T At

Table 4. The parameters and indices of measured (M) and estimated value (E) to verify the accuracy and association of
the LRMTs (linear regression model for Ts) and the LRMdT (linear regression model for dT) for soil temperature (Ts) and
the difference (dT =Ta - Ts), respectively.

LRMTs LRMdT
Parameter Value Index Value Parameter Value Index Value
2 (M-E)? 491.0 RMSE 2.885 2 (M-Ey? 491.0 RMSE 2.885
N 61 RRMSEM 0.589 N 61 RRMSEM 0.821
STD (M) 4.898 RRMSEE 0.726 STD (M) 3.515 RRMSEE 1.413

STD (E) 3.976 R? 0.659 STD (E) 2.042 R? 0.338
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Table 5. The parameters and indices of measured (M) and estimated value (E) to verify the precision of the LRMTs
(linear regression model for Ts) and the LRMdT (linear regression model for dT) for soil temperature (Ts) and the diffe-
rence (dT =Ta - Ts), respectively.

LRMTs LRMdT
Parameter Value Index Value Parameter Value Index Value
STD (M) 4.898 STD (M) 3.515
STD (E) 3.976 RSTD [E/M] 0.812 STD (E) 2.042 RSTD [E/M] 0.581
R? 0.495 R? 0.122
a 0.975 RS [E/M] 0.508 a 0.572 RS [E/M] 0.213
LRMTs LRMdT
g . y = 0.9751x g :
R? = 0.4953

g 20.00 g

1] o '. ¢ ©

- -w.- ‘N ‘e g

- 15.00 } - o0 .'; -

Q . ¢ Q

e . et

[ R S - 90

E : E

t; o 5 1] 5 2 25 0 ‘.J;

L . - - L RZ = 0.122

-600
Measured value (°C) Measured value (°C)

Fig. 5. Relationship between measured and estimated value by the LRMTs (linear regression model for Ts) for soil tem-
perature (Ts: left) and LRMdT (linear regression model for dT) for the difference (dT = Ta - Ts: right), respectively.

7120 EYE BEol gt 2= X0| FHRY A TadhQv 7Y FHHSE AT o] F 2] A
& dT2] 24977 (DRMAT) © 2 47gaka F2Akgde] met 9447} qm Aeg Aslol BRE A
Eq. 18 &t} £, Ta7t 22505 Qv 25 dTe w2 AU BAE Hlrh o] &2 itz o
A F4r HEL =1 0] AMG A1 A o] olvlakA|le sfAs = %}\JO],]— gofkdolel= 44
Tt Al Bl o™, QuEHESE Qu7t e AR, ST Er} ik Bk B 7o) A9 A7|7H
E7FAIE Rl = Al7101907 10l At o & Bl o] wot & ’iabeo] T 7] W2 (Lal and Shukla, 2004) Ts ]
olA)i= AR 7} o whE Ao 7191 s 9icka Abs k.

DRMAT : dT =9.4036 + 0.7127 - Ta - 0.8875 - Qv (Eq. 18)

DRMAT 2] 521}, AsH #HollA & wfl, RMSEE 1.907°]21.2H, RRMSEM @ RRMSEE:= 217} 0.543 2
0.644241 0.5 - 1.0°] 31T} (Table 6). ©15 7|57 5] MZAGH © 2 IRt AT T4 oA & ff, R?
F20.711 24 AR 2 15 o foldo] QI E|o] Mlje- A4t o = mHyw|let. I ¥dollA & o, RSTD
=0.847°]21.2™ RS [E/M]=0.823 (Fig. 6 @ Table 7).0. 2] Ml>- 214¢H © 2 wAL|Qict 0|9} 4-& Ao wh
2} 617 0 2 B uf], DRMATE % 243} o 2 wehw|9i)
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Table 6. The parameters and indices of measured (M) and estimated value (E) to verify the accuracy and association of
the DRMdT (double regression model for dT) for the difference (dT =Ta - Ts).

Parameter Value Index Value
2 (M-E)? 214.5 RMSE 1.907
N 61 RRMSEM 0.543
STD (M) 3.515 RRMSEE 0.644
STD (E) 2.963 R? 0.711
DRMdT
G ) L ]
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Fig. 6. Relationship between measured and estimated value by the DRMdT (double regression model for dT) for the
difference (dT=Ta-Ts).

Table 7. The parameters and indices of measured (M) and estimated value (E) to verify the precision of the DRMdT
(double regression model for dT) for the difference (dT =Ta - Ts).

Parameter Value Index Value
STD (M) 3.515
STD (E) 2.963 RSTD [E/M] 0.847
R? 0.669
a 0.813 RS [E/M] 0.823
Conclusions
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