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Relationship Between Air Temperature and Soil and Plant Surface Temperatures
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ABSTRACT

This study focuses on changes in air, soil surface and plant surface temperature. The principle results are as follows: (1)
The ratio of change in soil and plant surface temperature to air temperature was 0.80-1.17 and 0.88-1.19°C/°C, respectively.
(2) The difference in temperature between air temperature and soil and plant surface temperature was a linearly decreasing
function of soil surface temperature and plant surface temperature, respectively. (3) A model for estimating air, soil surface
and plant surface temperature was developed as a trigonometric function form (TFM) with Root mean square error (RMSE)
of 1.75, 1.90-2.41 and 1.85-2.21°C, and NSE of 0.51, 0.37-0.58 and 0.39-0.61, respectively. (4) The longer change frequency

the sooner inflection point for air, soil surface and plant surface temperature.

Key words: Soil Surface Temperature, Plant Surface Temperature, TFM (Trigonometric Function Model), RMSE (Root
Mean Square Error), NSE (Nash-Sutcliffe Coefficient)

1. M2

[

W 7}5HA ¥M3F(Li and Becker, 1993; Qin et al., 2001).

AEAET EFLEY 2 9FE U] Owen et al.,

Sejipet 7)Ao FeETEHs) Woh B 2020,
of oJstd -2t Bt AIE 712 1981 ~ 20109 7]
7+ B2t 0.41 °C/109, 2001~2010E 7|7 0.5 °C/10
ol WskaS Hol d AF Bt & 53417 1
Bt AR 71e A AL T AelolA 35 4
o YehAw, $E L WEA G4 o Fsich
ol e|uete] Ak 7| Aol BAS] BHA X
dEo] 7] WEo® WHETL SHTHKMA, 2020).
7\ Saster Bisl WA 2AS 9% ZY(Mode)] T8
AZ & 8202 "4 dFHQRlo|tKWatson and
Challinor, 2013; Ye et al., 2013; Kim et al., 2014). 7|25
ofUz} 7|20 okt EQFEH -2 (SST : Soil surface
temperature) GA] 7] EH3}] F Q3 X H(indicator) F

Shiolet. B3, SSTE: 71 Fwstel £pe] E4o] uhet

1998; Zhang et al., 2009; Li et al., 2018; Urqueta et al.,
2018; Chi et al., 2020). T2tA] SSTE EGET} AE
9 5EZ S &5t Hle o] &E I JTH(Weng et
al., 2004; Han et al., 2010; Karnieli et al., 2010; Son et
al., 2012; Muro et al., 2018; Ferreira and Duarte, 2019).
SSTE= 7|9®3t 53] AT t7]12d 2 EFY &
g]-3}ed E4o] A I W=tk Ty & AFA
H Y FaoA AR 723 B 9 AE 2E RS
monitoring o= ¢ EYEA0] HolA] g Agolnz
Arlegt dh7] 2AR olviet G w)% Aeje 44 A
7} SST wW3}e] 9%t Q9lo] FHth(Zhang et al, 2009;
Bertoldi et al., 2010; Karnieli et al., 2010; Eleftheriou et
al, 2018). EF 9 A4 #H 2E+= 7|A3E o=t
EGTE oy AEA 4AE 5ol et SEA L

‘tCorresponding author : kceom6578@hanmail.net (16432 Kyeonggi Suwon

Suseong street 92, Nongminhoikoan 205. Tel : +82-31-291-3346)

ORCID %71& 0000-0002-8098-4876

Received: October 10, 2021 / Revised: October 27 2021 1st, December 10, 2021 2nd / Accepted: December 20, 2021

http://www.ekscc.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2021.12.6.755&domain=http://ekscc.re.kr/&uri_scheme=http:&cm_version=v1.5

756

2 wslalAle, 71 80] Wald B % A% EE LEk
olof Qjakg wol Wl HER AE /1L 1C ol
dotel ohe £rRgo] dukikd Welsx T Wert
At 1Y o] & &£%3t raw data = T plotting
of Sjete] JleFa el WapgS seto] EIAG, 0|5 7}
AT ewe] Wapy 2 Wt AEo| Wt 714 1
ws WRd A7l 52 ARdes Aga] ojeen
2. modelingoleh & Fatol AZA0) 2AT 2
Auyge dAsta 4% =
MEAS AZHoz mote 4 Jonz o Wl
T modeling A7 @o] £ JTH(Fu et al.,
2011; Derradji and Aiche, 2014; Sofyan et al., 2020;
Islam et al., 2021). T3 ojH EX9 2 58 =4
A9 1247 9 w0l g FHAL oAE
T Slek. o 9A7} Wikt of Hx el HolS 1
7He Besh= Aol HEE(Accuracy) 40l A
o) 5ol Ak & 5 YOHR FIE B4
sbetel, AebHoR 1 SR tek Ay = AU
(Precision)S BA5HA Hth o9t 2 Hdx BA2
2} B4 o]Z(Goodman, 1960; Kendal and Stuart, 1963;
Mandel, 1964; Shein et al., 2013; Irsyard et al., 2019;
Eom et al., 2020)°] H}&S T3l o|F0jx Q211 QIt}. E
St, 1 =ARFP9l ZHA(Appropriateness)S A X
(Observed value)?} X &o| 9ot 374 X|(Estimated
value)Q] Zjolo] ZAS] AAAL(R* Coefficient of
determination) F+= AFIA| 4 (r: Correlation coefficient),
B+ HXK(MD: Mean deviation), Root mean square
error(RMSE), Nash-Sutcliffe coefficient(NSE) & o2 7}
A A 3o ZASE] 1 ®Po] FAEStth(Appropriate),
2 & 4 Q=R #wAstA EHrh(Nash and Sutcliffe,
1970; Moriasi et al., 2007; Naseri et al., 2021). F§l=7]
33} ©7F B4 2020, RMSES 7|50 & slo] 1
49| RAE Bl wast £ At oA 712
I AE E T AEC] St Qe EYY Y 2EF
SAstaL SAA| o IASH A& 7| WHIlo] }E E
]

gl

Ry
rQ L mol

fo HT Mo rgb rfr ok

F 9 AE 3H 259 HSFALS £451a, o8 of
St F3YEFPL  trigonometric  function  FE{QI

four-parameter sine-wave model (TFM)Z A 3}o], R?
FA ) E= r(AA FH), MD, RMSE, NSE 5=
AFEste] Hg9 HEAdS Idtt &, 44H EEE9
A%g wasto] A2 7|80 B W 4% BY L5
WEAS FERA AN

Journal of Climate Change Research 2021, Vol. 12, No. 6

2 ATY 2k A= 7% YA 5 57F 2
oA 20159 5 2145E 79 249 7|3t 5 71 2
o] Bt IA= AlQdstar 4297 wd 24 11:009]
S5kt AR 7|22 A4 30 cm %09 7] 2EE,
AU, ], 3, 115 5 459 AEA B 9 _*E
= = o] AARgS A s WURkelA A4 30em =
ojo A 2&A9] Zxo] 7MY & W= 15cm AFofA &
U= €7] 39 B2, UHA AE52 o #9H0 49
AL PAAA SHoIAT EGRYE 2542 AT}

B9+ EGHHO| &5 nE ® A7} ofy
UEEH 25 ST AHY e 7o) YAR =&
H FEY AAREAS wA] gy YR OE5E AT &4
#H, 3FEY 159 Fe= o] B4
of EGHEHE &HA| A AdHlolH YREEH 2%
et 2] B B2 EGRH tiste] 15cm A
T EGHEATG $4 R0 g HoHE TARIA 53
At AlE 1Y 229 EY 3H 2k 47 A4E
7 AN BH LEE 77 5314 JHE S4oto] 11
TAE SEE ASIth(Fig. ). 2] EFS ESER 4
HeFEo|H, FE = AMAMJE(Fine Sandy Loam)o|1l A&
= YE(Loam)o|H EF Hip7F G2t Holth 2 A+
A A AES AU, A, AGE, 135 A9 olf
ot EF W AE HH 255 RAH H olf= 7]=0]
715Hslol A FRSAIT EG H AE 9 #H 257} 4
HAA o= 7|FRske] JIF2 B7iok=dl © Sasithal 4
Zote, AE Q BH 2= XA AR, HHEgOl
i3t Albedo, A 5 B4 2R okl A1E F20
w2 g 57 A, GuE A5, SAk] g2 g
£A, B A7) 5 AE WE 219 £E2 2%l I
S Hron, ERY 2% A 34 278 o A4
o o3t EYHY &L, EYSE 3, EYEA e
EoR o5, EYYA 240 wE EHEE, EY
HAZ 5% ESSE S99 AlE FEE 83 Ak 9
o EGTE ARI(FTADoIAY HE £, EY A2
o W& AL, A& e 4o uE EY 249
Hol 5 EGTE 49 E2 g2l I3 W=Th(Rattan
and Manoj, 2004). Wb HRR7HA] AlE 9 ESFHEYH 2
Lol gt HEet 25 ¥g HZo] x| A gt
A7o|t}. o|et T2 o] {2 E =FojA 2x9] W5kt
o tiste] A& AEAoR ke EYTECE ojd
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Fig. 1. Schematic diagram of the experimental field
= A 29k 22 AT Uitk Hes] dele A = (1/n)[ 3. ABS(Pi-Oi)] )
S ARE 23] 3 A4S Bl Coom
Doz AT B oA 2 maold AL5 ok, Pi : Ei‘éc_ﬂ] 95t F% X](Estimated value)
T gon, A% 7w, GuA A, FUAE, HEIS O+ J57|(Observed value)
. 2~

Al e EYRBE So] Az ThE A 7P s n o sample
wrek o 2 2ot e AliEEd] e 71 E‘iﬂoﬂ
g3t B 250 W3le, #H3l 27 & 2% Hkeo A7 RMSE = SQRT [(l/n)(g(Pi-Oi)Z) 3)
ok Zloleks 744 2Aste] A7) U] 7K Ale] e o pi . mao] oJst =4 (Estimated value)
ZEg FARH =i Oi : A=X](Observed value)

AR 7123 AE 9 EGY #H 2&0] gt P2
< trigonometric function FE|QI four-parameter sine-wave
model (TFM)Z 417(Paul et al., 2004; Derradji and Aiche,
2014; Eom et al., 2014; Lee et al., 2015; Xu et al., 2020;
Islam et al., 2021)3}21 FAAFHI| ot Q27| F A9l
S APEHATH).

TFM = yo+a-sin[(2Pi-X/b)+c] (1)

X ¥ 5 o 0] A (108 4%) ~ 36129 3]
yo, a, b, ¢ : A

o1714 yo= Y AA9 gl YL vA= dHoEHN
B Aol a= W3}t AE, b= WS} 37, ci= WA
o] Al7|et HHAF Aot

oy A5S Y9t A EZ 42 MD, RMSE ¥ NSEE 4]
2, A 3 %2 A @I Zo] A5kt Moriasi et al,
2007; Frot et al., 2008; Wang and Li, 2010; Moriasi et al.,
2015; Nruthya and Srinivas, 2015; Fu et al., 2018; Chen et
al., 2019; Fuamba et al., 2019; Naseri et al., 2021).

n : sample 4

NSE = 1-[(1/n)(i(Pi-Oi)z)/(l/n)((i(Oi-Om)z)) )

ok Pi: 2gof 93t =4 X](Estimated value)
Oi : A=X](Observed value)
Om : AZX9 HF

n : sample

3.1. 7|21} EQF 3l Al

224 7]1719] Julian date 'E 2% WHIIFALS | ~
29 ApoJofN e 2= Zpo|7}F IA U= FAFE HoH
(Fig. 2), B 7| (Ta)¥ EFEH 25(Ts) L A& B
L5 (Tp)= 22t 23.99, 22.17 ~ 22.85 & 22.16~23.31°C
ol Ao B ], Ta>Tp > Ts £ & =9QIth E3] 1%
9 Ts ¥ Tp= UHFE9Y Ts ¥ TpET WtcH(Table 1,
Table 2). BE £42|9] 53] WHE 7F #FHA= 1.0°C

o|5tZA] uij-e- 2ttt o]9} T2 Adt=, IA T LA
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(PET: Potential evapo-transpiration)°] ™3t A& A5
whAbeo] 1|89l AEA 4 (Kp: Plant coefficient)’} 113
+= 0.84(Eom et al., 2010), YF5< 0.4-0.6(Doorenbos
and Pruitt, 1977)0]7] w20l AlEA4|9] FAkel gt
S} R Fublol] gt e wdo] T3 bt

wERT o g tiolet Aw Hek

Table 1. Statistics of air and soil surface temperature

(a) Air temperature

Air
Tmax 30.0
Tmean 23.99
Tmin 19.0

(b) Soil surface temperature

Soil pine rose boxtree red pepper
Tmax 27.0 28.4 28.6 28.4
Tmean 22.85 22.77 22.31 22.17
Tmin 16.0 16.4 15.0 14.0

Table 2. Statistics of plant surface temperature

Plant Pine Rose Boxtree Red pepper
Tmax 27.8 30.2 30.4 27.6
Tmean 23.31 23.16 23.01 22.16
Tmin 17.0 16.4 16.4 15.4

7183 EFEY LE W A2 Ed 2Eolo] 4T
L A% 2% EAG0R %O $o4e HYrhFig 3,
Fig. 4). 0|9} 2-& AT 7|27} EoreEt 28 A
A7 AotE A+ ZAIHRomanovsky and  Osterkamp,
1997; Vancutsem et al., 2010; Zhu et al., 2013; Kloog et
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(b) Soil surface temperature

(c) Plant surface temperature

T(Air)], soil surface [b : T(soil)] and plant surface [C : T(plant)]

al., 2014; Huang et al, 2015; Yoo et al, 2018;
Bayatvarkeshi et al., 2021)2} 9-ASH 29& R F
THA 2E9] AN A 7120 Hie EYEH 2= |
319] 71&717F &k 712 1°C 710l e EGHH 2
T 372 auy BES AT B IYE EY H 1L
F B9 #H 219 AL ZZF 080, 0.94, 1.05,
L17°CIC ol " Ao ® & o &AUE EGH v EF
ol B 2% Wohg2 7| 2K} Ugto} S|FE Bk}
15 EGO 39 2% ¥ske2 7|2 ET EUTHFig. 3).

71 1°C 3710 ©& AE 7Y 2k 7R &Y
5, A0, JFE, 150 #H =9 FL 47 0.88,
1.07, 1.19, 1.06°C/°C °|¢d AOCZ & ufj A5 #H
2k HIkg2 7|2HET Werout AAn|, g, 139
A 2 HIlE2 7| RET EUTHFig. 4).

Fig. 33} Fig. 49] Ajo] TA3t0] Tso| Wato] that
Tp2] W3 (dTp/dTs)= 4 (5)° &Jste] APt 23}, 4

5, 40, JFE 9 9 AFe 47 1.075, 1.138,
1.133 9 0.846°C/°CEA YEE2 1.0HET FHOoY IF=
.02t} 2ttt

dTp/dTs = [(dTp/dTa)/(dTs/DTa)] )

ok dTp/dTa: 7|2 1°C Z7j0] w2 A% 9] ¥ 2% Z718
dTs/dTa: 7]-& 1°C Z7}0] 2 EYHYH 2%

o o
N
o

ojet &2 A¥te 7|2 Hstol| oet AE FAtq] 9t
T2 EH(dp)t EFE STA] of't FE &A(ds)el

giste], YHE 9 139 Kpo}, ¥5AY Kp7t B &
=

B2 A2l o3t SAtET EgEY Skl B B
T} ALZATHEom et al., 1990)0] LA 5to] 1&sto] 2
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T(P-soil) = F(Ta) T(Ro-soil)  FCTa T(Box.-soil) = F(Ta T(Red.-soil) = F(Ta)
g g’ - g
g T g’ 2 §
s * Slope = 0.80 g slope = 0.94 a:',_ slope = 1.05 g : slope = 1.17
2 I = 0.68% Qe r =082 £ r = 0.80% 2 r = 0.80%
' 30 - - = 0 260 280 300 320
o - Air temperature(°C) 00 =0 200 280 S0 =20 - o T
Air temperature(°C) Air temperature(°C) Air temperature(°C)
(a) Pine-soil (b) Rose-soil (c) Boxtree-soil (d) Redpepper-soil
Fig. 3. Relationship between air temperature and soil surface temperature
T(Boxtree) = F(Ta) T(Redpe.) = F(Ta)
T(pine) = F(Ta) T(Rose) = F(Ta)
g, g, 9. g.
£ £ £ I
ué i ° Slope = 0.88 né‘ slope = 1.07 g- slope = 1.19 g- :slope= 1.06
K R @ = 0.90% 5 L= 000+ 5 L= 085
Air tre;nperatm;;"C) Air ;;mperatur;;;c) 240 260 280 300 20 240 260 220 0
Air temperature(°C) Air temperature(°C)
(a) Pine (b) Rose (c) Boxtree (d) Redpepper
Fig. 4. Relationship between air temperature and plant surface temperature
Ta-Ts(pine) 60 Ta-Ts(rose) Ta-Te(Bontree) 80 Ta-Ts(Redpepp)
A A oo | o e
T M < o T g . r=0oms €., . o r=019w
3 £ : .. : st
g2 - H Eoezaice . N : O
g, HH : 3z ci 3T g o legd
»;Ef :..° ae, ;': 5,2 é S .;57 N ;.'
Air temperature(°C) Air temperature(°C) - Air temperature(°C) Air temperature(°C)
(a) Pine (b) Rose (b) Boxtree (b) Redpepper
Fig. 5. Relationship between the difference (Ta-Ts) and air temperature
W, HREL dprh DFE a7t AHoE o wokd of%A] QekokFig. 7). Ul 7H A BE A% EW &
o 719l Hl9iTk AlE Heh. Eole FAFe Ro JuAE HtFie §). =
(Ta-Tp)s 712HTh 42 Hd xol o 7e Auw
3.2. 7|23 EYHM 2290 Xi0] Y AlE HM 2 £ 23tk
Eole] X0| Bty N n
33. 7|12, EY ¥ AE HEH 29 FHIY 41
EQEY SEL 7|20] FHHQl S WA, ] \ agmae 41 (o ol A
7|& SF =% 2 2] (6 Zto o
:17—]' E Eﬂ ~9—5:_9~]'-4 x]'o](Ta-TS)t Lﬂ 7]-1] _C’>_ El':_ ]L.oﬂ EH; T o o2 ( )“’]’ ] ]1 _E H}J_\ U:L
= =] Al =% = Z
783t BAReR ol G guEAS weigy  DRO L BEATE 1e 99 % I E
. A 9] AAASR? : Fi 9: b) B%F EAAHOZ {94
ok} O Lk (Fig. 5), Y| 714 A% BF EYHEH 259t : 0-14;:41:]}—;( . g ) 14 o4
. o 1g.
AAHel 2o AuTAS E‘}i‘:]‘(Flg. 6). %, (Ta-Ts):= AB =K (Fig. 9)

7 2EY EGRY 220 ¢ A% 4UHAE Bt
7123 A8 FH 25919 Xo|(Ta-Tp)y= Yl 7HA 7g
G BE 7R3 BAXCE o4 e AuHAE

TFM(Air) = 233 + 2.64 - s

in[(2Pi - X/87.2)+0.686] (6)
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Fig. 6. Relationship between the difference (Ta-Ts) and soil surface temperature

56 Ta-T(pine) 55 Ta-T(rose) 56 Ta-T(ontree) 55 Ta-T(rgdpepp.)
= y = 0.1195x- 2.19 N .« * N
¥ 35 r=0.21Ms . G . y = -0.0705x + 2.5164 g‘; e y = -0.1862x + 5.45 g . y £-0.0562x + 3.18
¥ . . M g = 014N 5 . r=032* g . r = 0.8oms
2., N 3 ° [ 2 - . 5 * 4
o . =04 480 S a0 ' om0 =04 150 *230 80 = 230 28
o Air temperature(°C) ” Air temperature(°C) “ Air temperature(°C) ) Air temperature(°C)
(a) Pine (b) Rose (b) Boxtree (b) Redpepper
Fig. 7. Relationship between the difference (Ta-Tp) and air temperature
56 Ta-T(pine) 56 Ta-T(rose) Ta-T(boxtree) ¢ Ta-T(redpepper)
9 Z Y =-01844x + 497 g i y = -0.2384x + 6.35 9. = -0.3097x + 8.1044 x? y,= -0.3113x + 8.7255
7. , =034 S r =055+ 2, ’ ' 069+ 7, C - oson
5 £ . : 2., . 2 ©
i L. . g
Pine temperature(°C) Rose temperature(°C) - Boxtree temperature(°C) Redpper temperature(°C)
(a) Pine (b) Rose (c) Boxtree (d) Redpepper
Fig. 8. Relationship between the difference (Ta-Tp) and plant surface temperature
2 35
wl . o T(Ain
- T(Air) 3 3
L = . =
T R?=0.51* cee e =
E 28 o] 25
g 2
@ 24 put L] =
E. E = .. Y = 0.5076x + 11.811
3 7 a r=0.71%
20 15
. . 15.0 200 250 300 350
* 140 180 180 200 Observed value
Juliandate
(a) Estimation model (b) Relationship
Fig. 9. Estimation model and the relationship between observed and estimated value for air

temperature

ESHEY 250 gt 2ARFL 2] (7a) ~ A (7d)TH
Zro] AAEqlon, ¥ 714 AL BT w@o AHFAS
R)7} BAZHCE §94o] 1 UTHFig. 10).
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TFM(Pine-soil) = 22.2 + 2.60 - sin[(2Pi - X/79.3)-0.54] (7a)
TFM(Rose-soil) = 22.0 + 3.09 - sin[(2Pi - /83.7)+0.07] (7b)
TFM(Boxtree-soil) = 21.6 + 3.24 - sin[(2Pi - X/82.4)-0.11] (7¢)
TFMRedpepper-soil) = 20.2 + 4.63 - sin[(2Pi - X/107)+3.15] (7d)
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Fig. 11. Model to estimate plant surface temperature
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Fig. 12. Relationship between observed and estimated value for soil surface temperature

AE HH 250
(8d)I o] A= oH, v 714
FALRYT SAZHCZ F9Ao]

TFM(Pine) = 23.0 + 2.33 -

Rikels

1

TFM(Rose) = 22.6 + 3.29 -
TFM(Boxtree) = 22.5 + 342 -

TFM(Redpepper) = 21.1 + 3.35 -

R

sin[(2Pi
sin[(2Pi -

- X/70.1)2.54]

o
%
1

o
R

22t A (8a) ~
DE EE
| 9ickFig. 11).

(8a)

X/76.8)-1.19] (8b)
sin[(2Pi - X/75.1)-1.57]
sin[(2Pi -

(8¢)
X/105)+2.69]
(8d)

34. 712, EY ¥ AE HH 29| FHRI HZ &

A4 2
ofH =Pl fhat AL AL AZHet BFo] o
3 3470 Uet JUAEES LAstolof st o] B9 A

AAZ(R* Coefficient of determination)o]| gt <A 5}o]
gt glgeta, HE Rgro] B4 4ol Ut 3
Eﬂf‘JrE RMSE % NSE 59| X|#9} 37 ¥

wgrstofof 5

™, o]uf] RMSE&= W& Ho|HA NSE7} ol &2
5 2o ot FHA E= 1 BFPo] THEsith e
Bt Ao| o gej=el wgolet SHITHMoriasi et
al., 2007; Moriasi et al., 2015; Naseri et al., 2021; Zhang
et al,, 2021). WEtA] 2 AFoAE HAH Fgrgof of
st} raAsich e WAY 71202 R NSE
RMSE®] A3t0] Btz gk, 7]-20] ghato] A2
e 4219 #A= Fig. 9b)ol UetHdeH, EFHEH
emet 4% BY 2zo) gE ASA% 29X BAS
Hd glo] 111 lineQ] 12} Ao it A=

vl 7HA]

A% 5 BAHoR oj4o] I UTHFie.

http://www.ekscc.re.kr



762

T (rose)

T (pine)

N (ol
X

y = 0.9937x
r = 0.60**

Estimated value

*°y = 0.9925x
r =076

Estimated value

Observed value Observed value

T (boxtree)

T (redpepper)

25
o y = 0.9912x
r=0.37*%
15
150 200 250 350

Observed value

y = 0.9909x
r = 0.40%*

Estimated value
Estimated value

Observed value

(a) Pine-soil (b) Rose-soil

(c) Boxtree-soil (d) Redpepper-soil

Fig. 13. Relationship between observed and estimated value for plant surface temperature
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Table 3. Error analysis of the model to estimate air
and soil surface temperature

(a) Air temperature

Air
MD 1.43
RMSE 1.75
NSE 0.51

(b) Soil surface temperature

Soil pine rose boxtree red pepper

MD 1.97 1.57 2.06 2.06
RMSE 2.30 1.90 2.41 2.36

NSE 0.37 0.56 0.46 0.58
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Table 4. Error analysis of the model to estimate
plant surface temperature

Plant Pine Rose Boxtree Red pepper
MD 1.65 1.54 1.93 1.80

RMSE 2.03 1.85 221 2.10
NSE 0.39 0.61 0.54 0.53
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Fig. 14. Relationship between coefficient b and
coefficient ¢
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