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Changes in Air Temperature and Surface Temperature of Crop Leaf and Soil
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ABSTRACT

Temperature is one of the most important factors affecting crop growth. The diurnal cycle of the scale factor [Tsc]
for air temperature and the surface temperature of crop leaf and soil could be estimated by the following equation
: [Tsc]=0.5xsin(X+C)+0.5. The daily air temperature (E[Ti]) according to the E&E time [X] can be estimated by following
equation using average (Tavg), maximum (Tm) and minimum (Tn) temperature : E[Ti]J=Tn+(Tm —Tn)x[0.5xsin{X+(9.646
Tavg+703.65)}+0.5]. The crop leaf temperature in 24th June 2014 was high as the order of red pepper without mulching
> red pepper with mulching > soybean under drought > soybean with irrigation > Chinese cabbage. The case in
estimating crop leaf surface temperature using air temperature and soil surface temperature was lower in the deviation
compared to the case using air temperature for Chinese cabbage and red pepper. These results can be utilized for

the crop models as input data with estimation.

Key Words: Crop Leaf Surface Temperature, Soil Surface Temperature, Scale Factor

.M E

A &

ofAE &% Q9]2 T4 ¢12 g olojtiWatson & Challinor,
2013; Ye et al., 2013; Kim et al, 2014). £3] 7|59 Ik
Aoz = FUEoklie B 2= 2%(Crop Model)
o] 7etz]o] 8% ¢J o m(Wiliams et al, 1984; Brisson et
al., 2003; Jones et al., 2003; Challinor et al., 2005; Bhatia et
al., 2006; Challinor et al., 2007; Challinor et al., 2009; Bal-
kovic et al., 2013), A|G-2\Hd3= 2HEAS0 578 4Q] W
qlov}, WA odakg whe Ao R ofZE7]E FikLobell o
al., 2008; Lim, 2013; IPCC, 2014; Lim et al., 2015).

o1 AL 0k g A Al olujel, Bl Folw

A2} BjeFRe] fluxrh Pet 1 L EE A7)
I QU B EALel] ofsl A Fe tf7]-AlE-Ede
Aol 1 F wek 23 oA de w2 ddE 4
37 ek 7] AE-Epe] i AlA A ol5e] A5
AEZ0] I Aolo|HE 712, Al 3 EOO] 2
AR ek o9 =35t 8 4= QITHEom et al, 2014).

53], 2 Auix] o] BEF 2= A sl 93 v
£ 7P a3t a3 5 shdoltk

AE SIS 913 BSRS89l e EYRE A
djo] wet 2] Sex|n, Eopre] el A (viscosity)
= B o] mt gEru g, EQREEAJ4(soil moisture
characteristic curve) @ Hydraulic conductivity function> &
F 229 FeFs A W=th B3t B BT O]
o] AAUEYS Bl F&F = 71 4= Hslol| st
o] ZQglo] Wkl QItiLal & Shukla, 2004).

K R
fo & 1H o

I~

rE
i
o2

' Corresponding author : kceom6578@hanmail.net

Received August 19, 2015 / Revised September 7, 2015(1st), September 14, 2015(2nd) / Accepted September 21, 2015



210

o] e Ea e d S5} 3 dirlete] ZA e
sk ejord B oo mRe WhAkEhs w5 ol
Q0lo] olate] WalAaL o] B2e] ATka eht= Ho] 2
B F3H gty B 4 Qlovg ZE 9 FHLLEL V)
23} EoF FHL o} by AHE ALt ol g}, 7|AFERA
Ao A= Hiets] Fa%t Qs Z=ttal & 4= qlth

2= HskE Akl Qlof 1 drjAQl 2o WY
= A9, Al 1% S AR T ol AR thEA YRt
ok olo} e A o}52 A Mt THSES Sh- W F
37} scaling techmque(Hlllel & Erick, 1990; Eom & Eom,
2008; Eom & Eom. 2013)0|tH, o|= o] UAsE A ofA] 2
A5 2wo] Wig} o] ThE 2 E 18 4 9]
SHAIG= = scale factors 1510 ©]5 7|EA| & 4o} H]
Ak ol

e 2 AFoAE 71the] 718 datast $ S B
o] w AT Fofo] 2 9 FWULE 2 B ¥
&5 monitoringd}e] 71 WS} ol dstel A Bl &
Aslal, ol 7|23t BESF FHLLE o] gsfo] ZHE 9l &
Her = -7]: A} ’8} D% St scale factorE ©
=

27 SHet.

ﬂr
e (& A

Kl

ofr
-

2t N

it
H

o] 2= =4S HE‘H 1% thermocouple(Scott, 2000;
gulet AUt 24 7)ol 2
Qht ZE o HHeEE ﬁo/\]x_]_g ZA317 o= HAst
shH, AoA L&A & 1HASE S 719-E o8]t E A
A "o] =2 o] 853l Q1o T Z(Eom & Eom, 2013), &
%Lowh 2914 2% A|(model : SK-8700 IS o]8-5}0] 2k
Hewol 2o 9 vld BHLES Sl
7:}5'3— o EHT éﬁﬂ 20149 A G __\zxkoﬂ/q
2 10410l 27 TApAle] 7ejs of 3
01]*1 A & sekgo R =74 o}—gj\r/]—
: 2 19 TEsi0], 1 7o) 79 of
© 20 mm %711?; Tl Hej7et BAE sl ok 2
ol =3t R AP AL 6 1645H 2+ 10
A 28U71A] 1359 F4 HiSHET - 8= 5¢ 25 4
sto] 6 8UNH 7Y 7Y FEHA] 30 B LFETS ¢
PR Q7]OFS) 59 239 AAlste] 1A Afujel S8 vl

W2 JIN- u:

Journal of Climate Change Research 2015, Vol. 6, No. 3

ol - LA -

2.2 Data slf{Ade| O|2X H{A

H oI Lol|A] T7|9} AHE o) 1l EoFo] o WFk= 2|
© 2 Fig. 13} Zo] Wal7}, d% W&l= Fig. 19] 17) cycle
] el sine R Liepd 4= gk At ATKLal, 2004)

o 724G £, 4 ()3 22 sine YT o1§3F L1 ¥

T(X) = axsin[bx(X+C)|+d (D)
(¢h, X= julian date or E&E time(Eom & Eom, 2013), g,
b, C d= A5 )

A L5 Qo A AR B
olaloon, 71 (TIA]), % 9 FALE(TILY, £ %8
=(TTS) @ 2 u)d w

EoF BHES} zg% o ;:L%Efl}iﬂ X}OI(T ) ‘ﬂlu
FEALES} 7120 2o (TV-A]), Hld FH-2=9h 2H ¢
T2 50ko] 2o|(T[V-L]) 52 HﬂEL% 3hof A% AR
Bl 22 ex 99] 7} AMS A matrixS 2F

71 9Pl ) 71 2 ) 3

12000 -
11500 -
11.000 -
10500 - |
10000

9560 -

9000 -

Temperature (oC)

8500 -

8.000
o 100 200 300 400

Julian Date

Fig. 1. Schematic of annual and diurnal change pattern
in temperature.



720t 2= @ U EQF FHRLO| KA B 211

Sfe] ZJol(T[S ~L)S] AT R u]d TR ewe} 7129
HoI(TV-ADS} v ERlewe} 4% o) wemste] o]

(TIV-LDS] A4 A olg3t 395 vl BAsiet

Z, (i) T[L] = AXT[A]+B )
(i) T[S—L] = axT[S—A]+b A3)
2] (3)9] T[L]oll tigt &f : T[L] = axT[A](1 —a)xT[S]—b

@

3L ARl ofd B ] flsted, AR
HRFoRTk sfiAo] ofele - Wl A== 8ol scaling

= HS=
Al4=2] scale factorES L5} 0] scale factor®] 412 4

o] 54 @A A} AlEE= o], scale factors
Sh= Heoll wle} dimensional E-44H, inspectional F-A1H,
similitude 4% 2] 3712 t¥= 4= JITHEom et al., 1995).
Dimensional E45-2 524 A 54T} T E= B2 891
= A% 719] dimension WAHIE ©]-85}9] scale factorsS L5l=
Holm, Inspectional A1 £ @At WREE= oY
=% H2E £ 3851 scale factorg Fok= ol
Similitude A% EF] FF224] AMIS] 71 ol =9

.
BF WS olgsle] T SHe @A T 9l Wat
a

—4. 23 —E—E[Ta] =, 24 —r 75

@

2

3

e 350

&

2 =0 w

E 150

i

= 5.0 : : .

0 500 1000 1500
E & E time [Kmin]
—8—E[Ta] 6 20 =530

g

= 300

2

il 250 A g

5 .

£ 200 W Y

£ |

- 150 : :

= o s00 1000 1500
E & E time [Kmin]

- =M= E[Ta] =8 27

2 300

g 250 — ‘-'"355...

£ 200 SR

- |

= 150 T i

o o 500 1000 1500

E& E time [Kmin]

TEAE EAJo) WS Miller & Miller(1955a, 1955b)2] o] =
off 7125 il AR WS 08319 scale factors -5}

golo, Eokait o] 29 ofe] 714 43k mao
Ot Z Kt scale factore]] 915+ F=42|7F AEA] 0] 2217}
HQAcks AAT7} QLo (Reichardt ef al., 1972, 1975; Pa-
tricia & Nielsen, 1984), scale factorg G-oh= W ZojA=
4713 7 7HA] W B similitude 24O 712810 3197
4 fmo] o 7]4le] 74 817 ks 7T Russo
et al., 1980; Patricia & Nielsen, 1984)0] w2}, E Ao A=
A2 [Tm]e} A E[Tn]E ©]-8<t scale factor[Tsc]E 2
(5)2F ol st AT E48IAHh

[Tse] = [(Ti—Tn) / (Tm—Tn)] 5)

e

3. 21t { 1H

3.1 Scale FactorZ 088t 7129 UZHs At

£ AT 717k 201410 49 She~9% B Fok ofl 4]
[4] (6)~(1)]7 7o) A718 At A2 ke sine T4 4F
e A7 Q% A0 7120 ASA(ETA) : Fig. 2]
A EADSE ASHIAENS] 7 VA « Fig. 29 A4 EA)e]
Mok QAR Fig 29 2k

@ — 528 =f=E[Ta] =3 29 =35 30
2
o
o
@
(=9
£
o
=
.
{ T T 1
o 500 1000 1500
E & E time [Kmin]
—l—EfTa] - 7. 28 e— 20
o
= 350
=
& 300 - _
E- - .
250 r
= * =
. 200 T T 1
= o 500 1000 1500
E& E time [Kmin]
& —@—E[Ta] = Q. 25 =——g 26
5
=
g
o -
E‘ 26.0 ‘ \
= 210 - =
- -
= 60, A T 1
=
o S00 1000 1500

E & E time [Kmin]

Fig. 2. Changes in daily air temperature at at each month from April to September (measured value : line, estimated

value : dot).
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Fig. 3. Relationship between estimated and measured scale factor of the air temperature at each month from April

to September.
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Fig. 5. Daily air temperature (line) and estimated air temperature (dot) [a], and relationship between the measured

and estimated scale factor [b].

http: //www.ekscc.re.kr



214 =
26.00 Looo o
) 5 0800 - i
g
8 o
o 2100 & vmn
— ]
2 g 0400 o
) g o = 1.0882x
& 1600 = r=0.89~"
E_ % 0.200
2 E 0.000 : : : !
1100 ul 0.000 0200 0400 0.600 0.800 1.000
0 00 1000 1500 Measured scale factor of soybean-
E&E time [Kmin.], Soybean - irrigation irrigation
(@) (b)
1000 -
26.00 L B
L
) @
q E 0.800 o .
e 2100 8 oc00 - = .
= o @
b S 400 - *
g 2 * y = 11222«
o 1600 -g 0200 - ® r=0.85**
= & H
= £ o000 > & ; ; .
11.00 ] 0000 0200 0400 0600 0.800 1.000

o 500 1000

E&E time [Kmin.],

©

Soyben - Drought

1500

Measured scale factor of soybean-

drought

@

Fig. 6. Daily leaf surface temperature (line) and estimated leaf surface temperature (dot) [a,c], and relationship bet-
ween the measured and estimated scale factor [b,d] of soybean for irrigation [a,b] and drought [c,d]

24.00
2200 +
20.00
18.00
16.00

1400

Temperature (oC)

12.00

1000 - T T 1
8] 500 1000 1500

E & E time [Kmin.],
Chinese cabbage

@

L 1000 -
2 e »
o *
£ o800 - * .
@ &
= *

S 0s00 -

w & Py

T $

& 0400 - 5

© y = 0.0136x

£ (3

£ 0200 b4 r=0.88%

w

L L 2 ¢

0.000 $ e : : .

0000 0200 0400 0600 0800 1.000

Measured scale factor
of Chinese cabbage

(b)

Fig. 7. Daily leaf surface temperature (line) and estimated temperature (dot) [a], and relationship between the mea-
sured and estimated scale factor [b] of Chinese cabbage.

2] A S E Y cH(Fig. 8(c)). E3L, scale factor
gk 89) 2Ae] 71&717F A 132] 79 1.08c} 2}
Aog Hol AlA 139 FHLE X} under estimation
9 Wy 150) 49 1080} 2 Z0R wol A4
=W} over estimation E|¢ichal ECh

o
KO
Bz
rE

;

Journal of Climate Change Research 2015, Vol. 6, No. 3

3.3 X2 Q HHRLO| A|7|H M5} Ui
71 FA ST 2] ASAIZIE e o BEREE
monitoringdt Ay}= o2y} 2ok

3313



vient 2g o W EY HHREO| Ha 2 215

3000
2500 -
20,00 - g

15.00. - d

Temperature (oC)

10.00

5.00

o 500 1000 1500

E& E time [Kmun.],
Red pepper-bare

(@)

30.00

25.00

20.00

15.00

Temperature (oC)

10.00

3.00 T T 1
o 500 1000 1500
E & E time [Kmun.],
Red pepper-mulching

(b)

# Mulching
1.000

0oon - y = 1.0158x
RZ = 0.90**
0.800

0.700
0.600
0.500
0.400

y = 08838

0.300 Rz = 0.91**

o200 WP

Measured scale factor

0.100

0.000 L ] T
Q.000 0200 0400 0600 0800 1000

Estimated scale factor of Red pepper

©

Fig. 8. Daily leaf surface temperature (line) and estimated leaf surface temperature (dot) of red pepper without mul-
ching [a] and mulching [b] [a, b], and relationship between the measured and estimated scale factor [c].

3.3.1.1

T o F 159 AFARE 1509 FaHA7tA] 1359 7k
Bt 2=E E hiFig 9), T ¥ FH2E= PHDT[Ls]) 2
TNETLs])Q] 39 25 71 (TAs)HT 10T oo}, =
oF FHer SMKDT[Ss]) ¥ IH(ITSs])2] ¢ 7]
(T[As]ET} ZHE 4.1°C 9 34T o] &9k} =3t shito] 4o
£ 9] 792t vlaste] B, F Q) FHEEE Zfol7t ¢l
oL}, BEoF FHLE= 0.7C lﬁnaku}(Table 2). 3h4, 7| &3}
T S FH2E0] zjol= ghe] -+DrT[As—Ls])<}t #7h2
7 HIT[(As—Ls]) A= Zpo]7} glolom, EQF HHE} 7]
29] 2tol= ghie] Z-H(DrT[Ss-As])= 70| 78-HIrT[(Ss
—As]ET}0.6T B =L, B F Q) U= Zjol=
§haro] ZA9(DrT[Ss L)) THO] H-(IrT[(Ss —Ls) T} =
gk 0.6C T =THTable 2).

O

o HE2E Het A

b

N
rfo
B

ol

OHl

ol o
o U £

E9| )\I-I'.I-ﬂl-j:”

O - -

H
rfo

al

r

2
TR B 87 1359 7o) Bt )ent B o W =Y B
12 0] AFS AFA|S(correlation coefficient)S & w](Table
A2 (DrT[Ls])= 71-=A(T[As]) ¥} aL%=9] F-24

- —T310)  e—TL10 Ir =—TS10 Ir

(@)

9, —TL10 Dr =—T510 Dr

o

5 450 -

)

(1]

| .

a8 250 -

g

= 50 ; ; ;
150 200 250 300

Julian date [Soy bean, 2014]

Fig. 9. Changes in air (Ta10) and surface temperature
of soybean leaf (TL10 Dr, TL10 Ir) and soil (TS-
10 Dr, TS10 Ir).

DrT[Ls] = 0.9007 T[As]+1.3866 (14)
(=0.85")

http: //www.ekscc.re.kr



216 OIET - HLF - 02T - U

o
I:IQ
d
T

Table 2. Air and surface temperature of soybean leaf and soil (unit : C)
T[As] T[Ls] T[Ss] T[As—Ls] T[Ss—As] T[Ss—Ls]
Drought[Dr] 24.0 23.0 1.0 4.1 5.1
Irrigation[Ir] 24.0 23.0 1.0 35 4.5
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DrT[Ss] ns 0.71 0.66
DrT[As—Ls] ns ns
DrT[Ss—As] 0.83
DrT[Ss—Ls]
r value : significant at 1 %, * : significant at 5 %, ns : not significant.
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IrT[Ss] ns 0.78 0.66
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IrT[Ss— As] 0.80
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r value : significant at 1 %, * : significant at 5 %, ns : not significant.
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Table 5. Air and surface temperature of Chinese cabbage leaf and soil (unit : C)
T[Ac] T[Lc] T[Sc] T[Ac—Lc] T[Sc—Ac] T[Sc—Lc]
Average 243 18.3 28.3 6.0 4.0 10.0
Range 7.7 6.4 18.8 5.8 14.8 13.6

Table 6. Correlation matrix for Chinese cabbage

T[Ac] T[Lc] T[Sc] T[Ac—Lc] T[Sc—Ac] T[Sc—Lc]
T[Ac] 0.79 0.92 ns 0.84 0.89
T[Lc] 0.84 ns 0.82 *
T[Sc] ns 0.98 0.97
T[Ac—Lc] ns ns
T[Sc—Ac] 0.96

T[Sc—Lc]

r value : significant at 1 %, * : significant at 5 %, ns : not significant.
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Table 7. Air and surface temperature of soybean leaf and soil (unit : C)
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Table 8. Correlation matrix for red pepper
T[Ar] BT[L1] T[St] BT[Ar—Li] BT[Sr—Ar] BT[Sr—Li]
T[Ar] 0.57 0.52 ns ns ns
BT[Lr] 0.72 0.63 0.55 ns
T[St] * 0.90 0.85
BT[Ar—Li] 0.56 ns
BT[Sr—Ar] 0.84
BT[Sr—Li]
r value : significant at 1 %, * : significant at 5 %, ns : not significant.
Table 9. Correlation matrix for red pepper
T[Ar] VT[Li] T[V1] VT[Ar—Lt] VT[Vr—Ar] VT[Vr—Lt]
T[Ar] 0.53 0.56 0.57 ns ns
VT[Lr] * * ns ns
T[Sr] ns 0.94 0.95
VT[Ar—Lr] ns *
VT[Sr—Ar] 0.94
VT[Sr—Lr]
r value : significant at 1 %, * : significant at 5 %, ns : not significant.
exte] Ao|(VI[Vr-A)st B HHEES} M2 FRLE o] B uf, By Auf 1Y FALEL 7|28 ofgslo]
O} Zo|(VT[Vr—Li])= =9 o1 Q= AAARI 4t 43 4= qlvkal Atk
TAS HAHA (23)] webA 4] (22)0f] ofsf 7] 3t ks
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. = —
@304 S8 4] 4)°] oft TR FHLES 23 3
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(EIVTILAae] 5200f te BAS] Bk 2201263 8 s o e s e spera) sl 3
1.4040]3{t}. 0|9} hE Atz = uf WA 159 FHLSE _ V . o
' M2 F ke B oh, A 1% 9 udEy nRs
= eA] Aok g, 723} EoRRH 250 F S o% _ = L
_ _ _ s AplstaA, 712 22 ¢ 2 EFO] H-2=S monitoring
Stelet 71 g WS ol§ats Aome WA IEY E .
slo] o5 &9 UF W3t A E AE ST B =
R A= ot AL sk Utk i i i
= ¥l 2= 99l E AT IAE AR Ak o
oo} 22 Ait= B4} v FHA 9] & o]F 77| 1} 7}
A= T2 Aol 7|gttha AlREc) N )
e T Al Zideter A 37, A7) 7] 2ol tfat scale factor{ Tsc]2] 25 3} o
ARS olf] Al (1)} o] Y= AJZKX: E & E time S} sine
VT[Lt] = 0.49xT[Ar}+13.349 @) ° el A (2ol e ApAC 1
=055 B el 4 QIglon, of Ao A C ghe A Bt
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7lea 1w o] Lol 9= A0 Ao] AFE Hr)
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