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Estimation of THI Index to Evaluate Thermal Stress of Piglets in Summer Season
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Abstract

Thermal stress of pigs causes decreased feed consumption and weight gain rate, immunosuppression, reproductive disorders, and increased mortality. The
concept of the temperature-humidity index (THI) has been widely used to evaluate the degree of thermal stress of pigs. However, use of this concept
is strongly restricted for animals living in the enclosed facilities. In this study, Building Energy Simulation (BES) technique was used to realize the
energy flow among outside weather conditions, building materials, and animals. Especially, mechanisms of sensible and latent heat generation from pigs
according to surrounding air temperature and their weight were designed to accurately evaluate the THI values inside the pig house. The THI values
computed by the BES model were compared to those calculated by method of the report (NIAS, 2016), the model of this study predicted the start date
of heat stress about 9~76 days earlier compared to the NIAS model. Results of the BES model also showed higher frequencies of the THI above the
THI threshold for pigs, indicating that conventional model has a possibility of underestimating the degree of heat stress of pigs.
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2016). W} &E0] 1 2w iof 1Y AL, A5 Ao
oF 30% 7} TASIL, B S ZUsH HRE B
7t Astelo] FA 9 AREEe) P47t Stk B
= H} ¢l o H(Swiergiel, 1998; Collin et al., 2001; Patience et
al., 2005; Ferrari et al., 2013), £& =9 AL A7 AT

i AL A2 I G 9 Ak S o) e
Qom, U] mek Sol e wy Ao, 2ee w B
go) g 5 AW BAGH AS o1 4 Aol
(Quiniou et al., 2001; St-Pierre et al., 2003; Renaudeau et
al., 2005; Suriyasomboon et al., 2006; Renaudeau et al., 2008).
E3L 1.8 AE AL HRL AL ol g}, 5 EX]

H&]O}'L L EN=S /\Egﬂ/\ uuqu ;GEEE 2~ o]‘— =
HEE s=of Ut welo] Slckal thro] At AlE F
3] HE1E vl QIthKim et al, 2014). ©&o°], IPCC
(Intergovernmental Panel on Climate change)of| 4] ¥33F RCP
AUl 7]uE FHIEE Z]F AR A (KMA, 2012)0] T2
H, dA A7 739 29 %‘E‘%‘?ﬂ RCP 4.59] 79 21A]
7] Adb7] 88¢, 4] 11.1Y, 36| 13.1Y9 o7 =7}
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7ol Az 3024 o8 AA F7FE Aolet & E L
o] 7 B WAL Qg 1% Tl A0 57}
9 Aojet |28 4 ok

31H, NRC (1971) X Dikmen and Hansen (2009)2 17.2-9]|
02 7lzo] 1o AEAAS HH o Wlsl] 9sle] 7]

Fraase=R g Ac0d A4z, 2018 « 113



SHE7| A= T2 AEYA FILE AF THI X5 29|

23} AE5E0] $H2 3 E+= THI (Temperature-humidity
index) A& AJA|S}THHa et al., 2018). St-Pierre et al.
(2003)= Hl= W 22 AEg 20 wE S5 FAA 1s)
TFEE APY3lr] 9Jste] THI A5 AMEslgon, 1.8 &
Ega Ao r Qlsto] 7150] Aol sttstr| Aldtehe
e 9 HSES A 2% 3k 242 74, 122 A|AJsESIh
=W &] %%, IPCCE| RCP Al o w2 w2 9)7] &%=
A Gk ASAE olgstod, da, A, SA, A 5 55
4 ol THI 2|4 o532 AAJZE HE QITHNIAS, 2016). 1
U A& F2 AAghs AR g, S, A AN
Aol 7S = A, WE A FEY] Aol ARs A
sl WEe] o /e U SE ARE o2 EET TH
A, AR 7150) e AEAA A4S Hoel Fole
B, T4 52 Hrfjgrte] $2E AUl Sltk(Ha et al, 2018).
ole], Ha et al. QOIS 22 59 AUE R0 o] 52
o] gl Hal Aol 2his] A-8-Eal §li= BES (Building
Energy Simulation) 52|01 %] s}4]7]%& o]g-sto], AlXt A

37 wio] uhE AR el ofulx) WA 712ke me
ok, ) 70 Ao §A0] ne A=A WS Sl
o A4 U THI 218 welat v ork

olol, 2 =Bl AEIH B AEAES ko
BES 7198 ol83lof A4 el o« WAl 9 55
gt 712k HALskLL, ot 2 WHatol] whE AXHE A
Wi 2= 3 G ALK $9fl THI X545 AHEsfalt st
oh EQL U 8 A =L AL AEHA E ¢
BEE HlskaA; skeih

S
ool 2 owr 2

of

[

A RS U 28 AFAGHE =K AR T ARE B
&, O|FA] (214,173, A7]%), A (100,590F, ZH5k),
Wikt (87,1415F, SAEE), S8 (375,683, T HEw),
Al (2079675, AetRE), Febt (131,976%, Hebd),
Z8TA] (124,092, 74+E5E), H8iAl (123,462, 34 HE),
AFEA] (263,772%, AFE)E A8ttt AHEAL YR oy
A 5 HOE Qg AARA F 7V AR A, 2 A
i Aol 7H Q1gE 714 BE549 20179 2%, B,
AL, A 25, FA7I ARE D85t YRR A5
& AA|5}T} (Table 1).

114 + Journal of the Korean Society of Agricultural Engineers, 60(4), 2018, 7

Table 1 Research area for each administrative district and location
of weather station for acquiring weather data,

Selected weather stations for
acquiring weather data

Temperature,
Research areas
relative humidity, Lo
Solar radiation
and atmosphere
pressure
Icheon,
) Icheon Suwon
Gyeonggi—do
h
Cheorwon, Cheorwon Bukchuncheon
Gangwon—do
Goesan
’ Chungju Cheongju
Chungcheongbuk—do 9 9
Hongseong
’ Hongseon
Chungcheongnam—do 9 9
Jeonge
geup, Jeongeup Gochang
Jeollabuk—do
Muan, Jeollanam—do | Mokpo
Gyeongju
yeongju, Gyeongju
Gyeongsangbuk—do
Gimhae
’ Gimhae
Gyeongsangnam—do
Jeju, Jeju—do Jeju

2, A3l THA Al

AT AL 20161 FBZAAES oA Wk 24}
ERAAE F AHE ASALS YO Stk (MAFRA,
2016). S AAL AAA 2 AL el A
SAENo] 3 X He] ol ABARE Fxolch AH A
2] H7)= £ 185 m, 23133 m, £ 65 m, & 20| 773
m oje] A T F HES FHOR 29 o)y Yo 91
SITL Qi AHEe] Tt oA 58 9 Hat AE 4
%t} (Fig. 1).

APEAL FEAAE (MAFRA, 20165 53] 2 23] ths
o] 22} 57 100 mm, 150 mme] AI=9]%) S o] g3}l
B AL TAFT glor], wAe] dajis doaae)
£ Heol A 12 m Fol7h 150 mm FAR H4e
A& AASEAL Stk 9 E S vig S £ 150 mmE A
Aok F P UES AN5 MY EaeE 50 mm, B3
F7e)E 200 mmE AlFe AL TABKL Yk EEAAE
oAl TALE WA, A W e AW VRO R AT o
A=A} BES a4 mRE AAslgon ojn Qg Auw 3
83 A4 B4AE ket 2t (Table 2)
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Fig. 1 Standard design of a piglet house published by Ministry of Agriculture, Food and Rural Affairs (2016) (Unit : mm),

Table 2 Physical properties of the materials used in the piglet

house,
Th |
Materials Conductivity cas;z:y Density
= =1 =l 3
(ki 7 M KD | o kg k| e ™)
Sandwich
0.1368 15 100
panel(THK 100) : .
Sandwich
1404 1 7
panel(THK 150) 0.140 5 3.33
Reinf
einforced 702 0.84 2 800
concrete
Concrete 6.3 0.84 2.000
Gravel 72 10 1800
Polyethyl
.oye ylene 0.8792 2 3037 0.96
film
3. THI X|$

NRC (1971) ¥ Dikmen and Hansen (2009)& &%= 2 Al
SR olgelel 70 1 AEUAS Flel] $i TH

58 AAJsIom ool tigh Abgale theat 44 (1)}
ZcHHa et al., 2018).
THI=(1.8x T+32)— 1)

[(0.55—0.0055 X RH)* (1.8 X T—26.8)]

o171, RH= A=Al Y-
2k (C)ofrt.

FHEE (%), T A=A UF

& AFoA A=A HFe2 7St BES AlEdold
34 mdg o]gsto] Aol e g 2rlo] mE Al
R 25 9 TS E] AAIE #SkE mofstal, ofF 4
THI %4> AARS $=3519ic). St-Pierre et al. (2003)2] &1+
ANE Edi= A THI A3 722 d3siglen o5
23 79, A2 AEHAZE AR Zlo g Thpsto] B

RRLT S

4. BES(Building Energy Simulation)

BES 7|52 ol A2 W Aol w2 ofji#] Ay 9l 5
FHOR RSt 7GR, e Ystust BgyoR

wh A% Rolmut ohjel A2 59 A4 ofiiX) &
H3} o= E8-511 It Hong et al., 2008, Jang et
al., 2009, Alvarez-Sanchez et al., 2014, Ha et al., 2015, Ha et
al., 2018). BES 3f4] 7]* % TRNSYS (TESS, LLC., USA)=
AIZEe] B B A APdof whE BieF ALk Hske} HEst
A A" FAQ oluA] &5 3 Feh ks 915t
M E2A4 AEgheio] 2As] 3t W @ 35 2

SAT WRE AL O, S e, A 52 5
13t T4 A4S =P 4 Q) (Ha et al., 2018). Ha
et al. (2018)2 RE7|HF 2 7302] TRNSYSE o]&3}e] &

ARE UL o g 7] WA, &4 9 57 3_ ERog 1Hslal
3 w714 9 ot o)

L= mlo

Ha et al. (2018)—4 {‘——coﬂ 7|2 =] of %E}
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SHE7| XtE 12 AEA HILE

Qs THI X4 =29

5. AIEgo|d &g =A
7h Zh=E Ol X e

Pedersen and Sillvik (2002)°] AJA|5H= 20T =4 A] %]
o Agol me ofuA TAFE v 4 ()9 Lk

Brop = T4 XM +17.908 x m "% )
[1—(0.47+0.003 % m)]

AZIA @y EHAIS] A TR AT (W)olH, m-
A% (kg)S 2Ju|glit}. Pedersen and Sallvik (2002)-2 A 1
T 1,000 WO ©9] o | A7} HERE wf 5% wsto] wE
offA] Aol tigt HAALE thy 424 (3)} Zol] AAlst
e

¢ =1000+12x(20—1t) 3)

o714 ¢t ¥ 718 2ol wket WAE AA] U]
P (Wpolu, = 2% (O)F oJulath. 4l 54 @)
(3 olg3lel 57 741 7120 et BAE F ofuix) By
F 1o T4 @SF o] Ao 4 ek ol o, W (4,)
2B (0) WAFE 24 (5)2 0= T 5 Urk

By = {7:45m" % +17.908 Xm0 [1— (0.47+0.003xm)]}  (4)
1000+ 12 < (20—t)
1000
¢, = {7.4m"% +17.908 xm"% [1— (0.47+0.003xm)]} (5)
XﬁQ62X[Mm0+12x(m}—ﬂ]—115x10’7Xf
1000

¢Z = ¢tot - (bs (6)

A7IA p,= L AR TAF (W), = FE olldA]
WA (W)elth
71 ANE =A 1E E
AlEdlold ®d W BA=A
Sl AV UF 2 Heh 9 QA ARl et g€
ofulA] Aol Wakd 4= J=E Hds A5

rUR
b
N
)
e
)
Z,
oft
4
1
o
w
£
w2

Lt Algalold it x7d
B =Bl 20 kgo] AEL PO R BES AEHoH
B A7) 9 ouix) shake Adstgon], B g AR
F 71 AR A9, 20179 A
719k ARLE S A7 A42E B
P W
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of AEL ASATLT /PS4 AEAS] BIAA
8 2GS U 25 Wl wkzk MWPS (1983)9]4 AJAJ3}
3 e AL, 2], 18] WY WP 71E0R A
58 wekg A (Table 3). 20 kg A=) U AL
250l 2TE 7|1202 19~25C 7o) thste] Her| @
A 1% 2ES A83g0m, 16C ofst 719 495 A2
A 37|k, 28°C oake] SL7he] Ao, 1.e7] AR §}7]al:
Agstetet et 71 7 I ke A9S] e
uHECha 7Hgstel, EAF i Q8o 1E 3] Az
& FE3A90 (Fig 2).

mlo

Table 3 Recommended ventilations rate of nursery pig according
to weather (MWPS, 1983)

Cold Mild
. Hot weather
Weight weather weather (CMM
(kg) (CMM (CMM head™")
head™) head™)
Nurser
SV113.6~34.0| 0.08 0.42 0.99
pig
12
Cold weather Mild weather Hot weather
= 10 P00 00E
= 08 @
= v‘ y=0.1887x+ 0.2363
% 06 .‘1_ (R2=1)
s
§ o4 eecooood
© y=0.1133x— 0.0283 ./
= (R=1) 7
g 02 ),."'
0.0 -

111213141516 17 181920212223 24252627 262930313233

Indoor air temperature (°C)

Fig. 2 Designed ventilation rates for nursery pigs (20 kg)
according to indoor air temperature (MWPS, 1983)

BES AlEgold e f 3] AJAH at FAsH
TR S Bl AR A H%Er 2%
LS 7|Eo 7 Ao AAZ
ATt o, AlEHo1A A Al i‘?loﬂ ofgh FF
o P& G 7|5 2o M2 A YPAAE &
3l7] 9lato] WAL AR]E] o] 7] Yth= 71§



| Construction of weather database}—‘_' — -
= Alrtemperature = Atmospheric pressure ‘ Definition of boundary condition |

= Relative humidity = Ground temperature » Algorithm of ventilation operation
= Radiation " etc.

* Generation of latent/sensible heat from nursery pigs

\Geometrydesign of nurserypig house \ Energy generat\on / Energy loss / Energy flow
= Geometry design
= Definition of physical properties of materials | Computatlon of mternal energy flow} |
such as conductivity, thermal capacity, material
density, etc.

= Based on thermal equilibrium equation
= Computation of real-time variation of air temperature and humidity

Ventilation control
(periodic/continuous operation) (Loop operation)

(Comparisonwith MWPS recommendation for nursery pig)

|EvaluationofTHIindex \

= Converting absolute humidity to relative humidity
= Computationof THI index
= Comparison with THI threshald

Fig, 3 Research flow to evaluate THI in nursery pig house using BES method,

— —4@— Cutside relative humidity —
L:i — 4k Inside relative humidity with boundary conditions of pig energy generation B0 i
@ —.— Inside relative humidity temperature without boundary conditions of pig energy generation g
2 E
i >
g £
£ 2
2 K
= [T}
=T o

—4@— Outside sirtemperature

—ah— Inside airte mperature with boundary conditions of pig energy generation 10

Inside air temperature without boundary conditions of pig energy generation

20 o

0:00 12:00 24:00

Fig. 4 BES computed air temperature and relative humidity inside the pig house with and without the pig
energy generation module in Hongseong city (0:00~24:00, July 1, 2017)

A 9 WS AR sttt (4] 4~6).  AsRioH =EE ARE o83t ZF AZPE THI A5
2 E=Rolde A Wi AdFshe AEC 2R E 9 ouA] APtk AlEdlolde S8l APgE ZF A1 THI A4

Y, Ao RREY g5, o BHCRRH HAE  ANE EUR, 12 AEAS WA o gl 3= it

¢ 4 E5 9 &4, @l A & B5 Y &, AVE WS sl Fig 32 2 =20 HA 350 tfgh 24

ol AT ouA &4, 2 9 W 23S 19sto] =

AAZEO R WRlehE A=A Wi 2E B AHSEE
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SHE7| XtE 12 AEA HILE

Qs THI X4 =29

m. 23 3 23

1. HiX| oflLix] 2y 20 WE R 7
JUiEE Hlw

2 o

=<

BES m&l% o] 835t X[ A=Al YR 12 AEYA F
Aof 9FA, Pederseni} Sillvik (2002)0] A|AJSE AF=9] A=
2 7|20 w2 dg 9 3 A 7R AR
Ldlof| SLAste] sy axte] it B7HE AAISHIE Fig.
4= A=A W HA] oy R iy el AE fiof e
S/ A9 7Y 1Y OAIRE 24A71R] 9] AZHE Al U5
712 9 s WS} 1o] Aufof thel ofjAjock =AF R
AE O] U A] ¥ mEle ALl ke AL YH 7|e
D AEEs R 71 2 G FAILE v fARH
Hslsh= Hgo] ZOE U S A|9el tigt BES 2 &
A A, o e A85HA] o 7, 201749 195
129742 29] 77k F3t Ui 7122 Hea oz ok 05C
=, AdEEs oF 37% WA FAE= AR YeRyth
Y, AEo 2 HE WAles dE W JEe gk 712 A
AxAoR FET A, WE 7122 95 7|2 dfb] Ht
2k 9.9C A FAENoH AGE A4S 7SR
HshE e FEREOlE EekaL o s o
H] PFHOZ OF 11.8% e g Hole Aoz vehygrh
olF AUGEE SHelE A, A= 2REY Y 14
Al A Y AhSE7} 001152 ke-da kg' 0.2 95 &I
T AHHE(0.00852 kg-da ke) ofH] oF 35.1% A P
Aog molx9les 31Tt 4= 99t o] Al Y 7=
O 2 HEO| FrIiTt ofuzt dYo] ¥ o= WEH
whet Y 7]2o] F7Rh FAlol Z3lpF7I¢ke] S|
d&of| ASErt W FAEE Aoz Hosl 4 it

2. XFE A=A LR 712 & dUigE 29

Fig 5= A8, 84, AlF Ad9e o= 2ofRh 74 1
S 317K O] A7 RFEAL U 71 9 ST
A} oAJoleh. AEAF U 2= ARRE o
e U} PRI FABH S7F 3 A BEE 2o
o] ocq LHH]—X]—y\]ﬂ. /\47\]E]X] o]-ol— s
e sast7] o] AL (2T
ol MAYSHE RO rehgek. Fig 5ol =AIE m
FhH ez FEo RISz AlFEodlA Wi 71
Ho@ A YYHE Ao melHgich it W%
A5 AIZPE ol AT WSt T AR TS
U SPA AR kel o), ZisoriE WEEHE dE W
LR Qlste] Yt 712 S7te] met 235719
ke Qs Al Ao R e s ol glow
wetEloh

R AP AFEAL 71 D A
ot A3, AlEdlolAd st 71zt F A
= 9 e ghe) W A, A W e S
ask 2t} o Bl FHE ST 4, 20179 89 5
0 1A730] AHEAT vt 7120] 354 C2 8412 5 74
T2 SEh HoEglon] of Ao A o] A=A Wi A
ST 69.9%2 Zo|E]lth HA7)7E AAol et A=A}

0BT 718 AR oA, HAF JAE THE

é%*l, TRk, AFAL AeliAl, AlFEAlol A Zb2F 223C, 21
9C, 22.5C, 22.6TC, 22.7C, 23.1TC, 23.0C, 23.2C, 24.1C=&
mojE|glon o= ot Wit 7|2kt oF 95C &2 o=
A=

)
m1> i

Table 4 BES computed occurrence time of the highest air temperature and averaged air temperature according to research area,

Research Occurrence time of the | Air Temp. Average indf;or air Average out(foor air

areas highest air Temp. (c) RH. (%) Temp. (C) Temp. (C)
(1. 1.~12. 31) (1. 1.~12, 31))
Icheon 2017-08-05 16:00 36.7 422 223 11.8
Cheorwon 2017-08-05 12:00 345 64.3 219 10.6
Goesan 2017-08-05 16:00 36.5 46.8 225 12.1
Hongseong 2017—-08-05 13:00 35.4 69.9 22.6 12.6
Jeongeup 2017-08-05 12:00 36.1 65.3 22.7 13.1
Muan 2017-08-04 12:00 35.3 65.1 23.1 14.3
Gyeongju 2017-07-13 15:00 38.6 32.0 23.0 13.7
Gimhae 2017-08-07 14:00 36.9 38.4 23.2 14.6
Jeju 2017-07-21 15:00 37.1 56.9 241 16.8
— Temp. : temperature / R.H. : relative humidity
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Fig. 5 BES computed air temperature and relative humidity trends inside pig house in (a) Cheorwon, (b) Hongseong and (c) Jeju city

(1.~31., July, 2017)
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S| RHE D2 AEA BB Y3 THI X4 29

7

A=A YR 12 AEYAS B85 Qfste] 2 A
E &9l 7 BES AEAl HEE o]8-sto] RO A7HE
AEAR YR 7] 2= 9 AdigE 23E v e ® THI
A5 A&t B3 HA)7F 2 AEYAS W] AR}
Sh= A THI gk (72)2 7|22 24 7|13t F A THI
e sk ARE A dapof] tigh 242 AATSHTE 974
A i A1 FollA A THI ghs 23fshe AR Al
Al, FoEE AL AL Bl 578 HARE, o H Al
YT 08 22 208 Yeyth of= AA| ARSAIZTL
H| ko] ZFzF 49.9%, 46.1%, 45.0%, 42.2%, 41.2%, 41.0%,
37.8%, 36.4%, 34.0%2 A3 Ao UeR) tjidos
=7t 2 dE A JASE A THIE 23)6)+=
Hlgo] =2 A 02 FA =t} (Table 5). gHA| THI 27} Y
50| - AFAIZE AR A i 71t 5 oF 57.0%F 23}
Sh= 2o & Yehon, Ft (56.2%), 78l (54.0%),
(53.7%) Fol 1 FI& W2 ACE A=t &4 THI
Al 23} Hlgo] 7P =& AFA1Y] A 1AE &9 AIZE
H QJR7] 290 A w= 147,308 CR oS A3t 97)
Ao F 7P =2 A 0E Ve on] HATUAES 5,194 MJ
m” 2 97l 2| FoA 2HAR £A BSHUh HA A Y
of thgt gHA| THI A]4= 23} AJ7F (Hour) %! %7+ (Days)>
IAZE &9 A7 Ao tiste] AEgHer F7t
(R*=0.96, 0.88)31= 2L HYoL; ZAatdalee] 749 F7

Feg 43 (R=002, 006/ Ho|x|t gh= A= Leh
et (Fig. 6)

AZAe] A9, 20179 we] 7|7k % 29 1790 Agom
3 THI 3 Z3}el= gro] AREEIglon), 1 9] A7 ot
7)o YRR 49 504 79 Aolo] 22 3 THI S
2351 02 Yepit), o] 7j&9] 1.8 AEH AT} 1)
o ol 7]yt ohjel, S 7|ow HAle 4 9leS whEal
£ AT B 4 9k JEAS A HAAHNIAS, 2016/ £
o AR T Gl THI AV HP¥S ojgatel, 22 3
THIZ 2351 X718 243 7$ X8 49 16204
59 209 Alojol] FAE= Ao HAEQT) B oA
BES WS o] 8-alo] THI 3t& AH&3t Ao} vlwd 49,
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Fig. 6 BES computed hours above the THI threshold and accumulative air temperature according to research area
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Table 5 Hours and days over THI threshold based on BES and NIAS methods and cumulative ambient air temperature and outdoor radiation,

(1. Jan.~31. Dec. 2017)

BES method NIAS (2016) _ _
Research Cumulative Cumulative
area Hours above Days Hours above Days air Temp. (C) | radiation (MJ m=)
the THI TH. | above the THI TH, | the THI TH. | above the THI TH.

Icheon 3,192 (36.4%) 170 (46.6%) 1,467 (16.7%) 116 (31.8%) 103,245.7 4,437.8
Cheorwon 2,975 (34.0%) 162 (44.4%) 1,361 (15.5%) 100 (27.4%) 92,603.9 5,163.4
Goesan 3,307 (37.8%) 174 (47.7%) 1,668 (19.0%) 119 (32.6%) 106,050.6 5,090.6
Hongseong 3,594 (41,0%) 5 (50.7%) 1,825 (20.8%) 132 (36.2%) 110,783.3 5,452.0
Jeongeup 3,609 (41.2%) 186 (51.0%) 1,894 (21.6%) 132 (36.2%) 114,867.5 5,138.7
Muan 4,038 (46.1%) 205 (56.2%) 2,052 (23.4%) 130 (35.6%) 125,432.2 4,643.3
Gyeongju 3,699 (42.2%) 196 (53.7%) 1,825 (20.8%) 132 (36.2%) 120,381.7 4,278.9
Gimhae 3,944 (45.0%) 197 (54.0%) 1,792 (20.5%) 130 (35.6%) 128,306.4 4,153 1
Jeju 4,374 (49.9%) 208 (57.0%) 2,170 (24.8%) 128 (35.1%) 147,308.4 5,194.0

— Temp. : temperature / TH, : threshold
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