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ABSTRACT

Taiwan has a special geographical location, with tropical and
subtropical climates, and it rains all year round, especially in summer,
where there are frequent typhoons and heavy rains. The average summer
temperature in Taiwan is over 30°C, and even affected by climate change,
it has exceeded 40°C in recent years. High temperature records have been
recorded, and Taiwan has not only experienced high temperatures in
summer (May to July), but also gradually increased temperatures in
autumn (August to October). Under the influence of high temperature and
high humidity in the livestock industry, animals are prone to heat stress
( Heat Stress), under the gradual warming in the future, the livestock

industry will continue to be impacted and harmed by high temperatures.

This study focuses on the thermal damage and decrease in milk
production of dairy cows and milk production in future high-temperature
environments. This study uses observational data, Taiwan's historical
climate reconstruction data (TReAD), statistical downscaling, and
dynamic downscaling data for testing and validation. It explores the
potential heat stress and decrease in milk production of Taiwanese dairy
cows under future high-temperature conditions. After testing and
validating the climate data, the report adopts dynamic downscaling as the
basis for data parameters, establishing a Temperature-Humidity Index
(THI) for Taiwan and utilizing a related milk loss model to calculate and

present the results.



Under the scenario of global warming, the Temperature-Humidity
Index (THI) in the plains of Taiwan is projected to exceed the threshold
value of 72, leading to a significant number of dairy cows experiencing
heat stress. According to the milk loss model, in a scenario where global
warming reaches 4°C, the average milk production is estimated to decrease

by approximately 20% to 30%.

Keywords: Climate Change, THI, Milk production, TCCIP
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1 P RCP26 2 i 2 5 i B H R =E >

AR T GCM/ESM 1.5°C 2°C
bcec-csm1-1-m 2031 -
BNU-ESM 2025 -
CanESM2 2021 2043
CCSM4 2041 -
CESM1-CAM5 2027 2057
CNRM-CM5 2044 -
CSIRO-Mk3-6-0 2031 2082
GFDL-CM3 2016 2038
HadGEM2-A0 2046 -
RCP2.6 HadGEMZ2-ES 2019 2040
IPSL-CM5A-LR 2029 -
IPSL-CM5A-MR 2030 -
MIROC5 2041 -
MIROC-ESM 2026 2048
MIROC-ESM-CHEM 2020 2037
MPI-ESM-LR 2040 -
MRI-CGCM3 2071 -
NorESM1-M 2072 -

TR kR ARG SR R FARM ¢ 2, TCCIP(2023)

%2 PokEe o RCP 85 2 5% & of it 4 B & i

AR T GCM/ESM 1.5°C 2°C 4°C
ACCESS1-0 2026 2038 2079
ACCESS1-3 2024 2037 2077
bcc-csmi-1 2032 2046 -
bcc-csmi1-1-m 2025 2043 -
BNU-ESM 2022 2034 2073
CanESM?2 2018 2031 2071
CCSM4 2026 2041 2086
CESM1-BGC 2027 2042 -
CESM1-CAM5 2024 2037 2076
RCP 8.5 CMCC-CESM 2031 2042 2082
CMCC-CM 2029 2041 2078
CNRM-CM5 2031 2045 -
CSIRO-Mk3-6-0 2031 2042 2081
EC-EARTH 2029 2044 -
FGOALS-g2 2030 2046 -
GFDL-CM3 2017 2030 2068
GFDL-ESM2G 2039 2056 -
GFDL-ESM2M 2037 2053 -
HadGEM2-A0 2032 2044 2079
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MIROC5 2030 2046 -
MIROC-ESM 2023 2033 2072
MIROC-ESM-CHEM 2020 2032 2068
MPI-ESM-LR 2027 2044 -
MPI-ESM-MR 2030 2045 -
MRI-CGCM3 2035 2048 -
MRI-ESM1 2035 2048 -
NorESM1-M 2032 2047 -
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B0 R H SRR TR PR NLASEE S UK RAT R F B G TR

B fEIT R TA(RF § 0 2021)

RNl B FARERAREE T A1t 340 - & F %

RlebiE 2 2 R R-APHEA TSN EFAPHREATE > £ RCP
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2.6~ RCP 8.5 2. 2022 & 2050 & % {4 L # & (TN ABF 1L B2t
FoPdEAERS v THIEZ R T ER 3540k 3~ & 4577 > I

Rkl fe8 2022 2 2050 Wi E TGN TIEGL B E2 (S
(e E) LAclpirdpiEd §F hxbore B eh2 THI GRRE ) 42

It A % 2050 & THI > 3402 5 997 o

REEG I R AR TE (P T RS R
CRREHEEPFERE THI G E - F 2 L XAT2 § %
B2k 1E 5 LT dcH) o PRISHRAR 2050 £ 1 5 % (2 5t 0 IR A F

JREFFEAS  RHERR A WA B THFRE &

i)

BEMIDg (s SR THI h B g R 3 ~ > 1 B f ] A0 50357 ¢

W
Y
~’
S
)
5...
beit
-‘-ﬁ‘;\
W
A4
\1’\)
30
ol
St
=
i
=

ik F R L R R

* 3 fu;‘l'm B )iﬁxrg /ﬂ.—»#ﬁé’]’/l&.&;}ﬂ‘— ""u E‘ ?7* '/)"J(RCP 85)

£ > P 172»3%425%167* 7" 8%[9*%|10* |11 * |12 *
2017-2027 BF R 25.7|126.5|28.7|31.2|32.9|33.6|34.0|33.5(33.1| 31.9| 29.7| 26.9
2017-2027|# % 8 49 $5 K |76.3(76.4|76.7|77.0(77.3|77.4\77.4{77.3|77.3| 77.1| 76.8| 76.5
2017-2027 THI 75.6|76.9(80.3|84.3|87.1|88.1|88.8(88.0/87.4| 85.4| 82.0| 77.5
2045-2055 - -7 26.5|27.5|29.7|32.1|34.0|34.5|34.9|34.4(34.1| 32.9| 30.6| 27.8
2045-2055| % % £ 40 $1i5 & |76.4(76.576.8|77.2(77.4|77.5|77.577.5|77.4| 77.3| 77.0| 76.6
2045-2055 THI 76.9|78.4/81.9|85.8|88.8(89.6/90.289.4/89.1| 87.0| 83.3| 78.9
ATHI 1.32]1.58]1.66|1.55|1.76(1.57|1.45|1.51|1.69| 1.68| 1.46| 1.51

04 B3 E R REE 2 MHIEANG-LF L 4 6|(RCP 8.5)
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# i P 1222 3%1425%16% |72 8% 9*%10* 11 * 127
2017-2027 | %« <8 14.4/115.4|18.1|21.2|23.7|25.0|25.3|25.024.3| 22.7| 19.8| 16.1
2017-2027 |5~ 8 4p $4i5 & |74.8|75.0|75.3|75.7(76.0|76.2|76.3|76.2|76.1| 75.9| 75.5| 75.0
2017-2027|THI 57.9(59.6|63.7|68.6|72.4|74.5(75.0|74.5|73.4| 70.9| 66.3| 60.5
2045-2055| %« 4§ 15.2|116.4|19.0|22.1|24.7|25.9|26.2|25.9|25.3| 23.7| 20.6| 17.0
2045-2055| 5« 4§ 4p $+i5 & |74.9|75.1|75.4|75.8|76.2|76.3|76.4|76.3|76.3| 76.0| 75.6| 75.2
2045-2055|THI 59.2/161.1/65.0(70.0|74.1|76.0{76.4/76.0|75.0| 72.4| 67.5 61.9

ATHI 1.33]1.54/1.37|1.43|1.64|1.53]|1.37/1.50|1.61| 1.49| 1.20| 1.40

%5 S35 2 R 2050 & THI# -1 F > 2 bI(F % ipl=k)

E i I P 17124 3%4%5%|67* (7% 8%|9*% (10" 11 % |12 *
LI 25.3|26.1|28.1|30.4|32.5|33.6|33.9(32.9|33.4| 31.7| 29.6| 26.3
2022 & | BB AR ¥R R |76.3]76.4|76.6|76.977.2(77.4|77.4{77.3[77.3| 77.1| 76.8| 76.4
o THI 75.0/76.3|79.3|83.0({86.5|88.2|88.7/87.0/87.9| 85.1| 81.8| 76.6
2050 # s f3 THI 76.3|77.8/80.9|84.5|88.1|89.7|90.1/88.5/89.5| 86.7| 83.2| 78.0
R MR 16.0/16.7(19.3|22.2|24.9|26.0|26.0|25.5|25.5| 24.0| 21.6| 17.7
2022 & |ZRiw ke R 4P ¥F% & |75.0(75.1|75.5|75.8|76.2|76.3|76.4|76.3(76.3| 76.1| 75.8| 75.2
R THI 60.4/61.6|65.6|70.1|74.4|76.1|76.2|75.3|75.2| 72.9| 69.2| 63.0
2050 # |#¢fz THI 61.763.1/67.0|71.5(76.1|77.6|77.576.8|76.8| 74.4| 70.4| 64.4

24 # 4% % R FTH-HIRAM
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Poand 4t B HER P S R 1979 £ 1 2005 £ 0 11 % RCP8.S
B8 21 & % ¢ 2039 & 3 2065 & ~ £ & % 2075 # % 2099 & o (B

¢ > 2021)

$eh > ARSHIRAM Tkl * w fE 7 b chia B 8 & 7 ke #&
Bw g ES R FETIH(CO~CL-C2-C3)» & " M f 2 % A
T ETHBRP DM AN RERZBMENBEQC ~40) ) waH
4 RA Y HIRAM RCPRSHH THE & ¥ 28 % k2 &F i UPF
FRFEINHEFBRZEFEFER I ¥ e ? 2 % kiifz 20
£ TR A HR  FRAPRN AP LE 2 C- 4 CLEEER

(£ 6) o APEOT S LR T 0 B4 C FARGF BB REBH

N

K F B o F AL S - ERAHEY CO L BLPER
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SRR S BT EYEE L SR Lt

% 6 HIRAM 38 5 & >

TR 2°C 4°C
F5 Hp 1995-2014
CO 2034-2053 2073-2092
C1 2032-2051 2072-2091
C2 2033-2052 2074-2093
C3 2036-2055 2076-2095

TR kR TCCIP Bp i
25 BEEMFEMB

#0536 (Heat Stress) - 6% 4 ¥ ¥ fe b e o ILIL L § At
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R :}F, #ic(temperature-humidity index, THI) %>+ 3 4248 # 4_&
FAdp o THUR B4 ¥ AL 175326 5 4 8 R 487 3 04 THI
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SAFERES RGN S8 THL 54 < 3k 1971 #R5E ] ¢

(National Research Council NRC)#7# 21 2. THI ©;% 5 4 » 3% = }E’%éﬁaﬂg
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THI Load #& 7 F 3 A 535 4 £ » 4B 11 #7157 o

% 8 THI = \?f%%%

38 =% AR RS
1 THI = (0.15 X Ty, + 0.65 X T,,,) X 1.8 + 32 Bi‘;récza’
2 THI = (0.55X Ty, +0.22 X Ty,) X 1.8+ 32+ 17.5 NRC,1971
3 THI = (1.8 x Ty, + 32) — (0.55 — 0.005 X RH) x (1.8 NRC.1971

X Tap +32)
Yousef,
4 THI = (Tgp + 0.36 X Typ ) X 41.2 1085
Tyt 5B R (CC) S Typ t BIERCC) S Ty * BEER(CC) s RH : 405 R (%)

THI4

THImax = e .
-~ S,

N Tl O R SN cllowsisimisnswpissis e s e e /_ R S
THImean 4M 4 PM

duration »  time
X1 X2

THImIn Lo e S e e e e e e e e e

4L %k ¢ N.R. St-Pierre et al.,2003

ek

Bl 11 - =% 24 | p54533 THI Load % 3 4 #7% E'J%iflzf
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PEE THLT2 15 407§ 3 308 2 3 o Sk THL 2 53¢ 5
THI = (1.8 X T + 32) — (0.55—0.0055 X RH) x (1.8T —26) (1)
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32 FdeH
2010 & ~ 2050 & A & i
j&_p,ﬂ‘e’

17
"

¥R 24.05 2 R FE FIE
ERERE L E T
v 0 2050 & B
9 2% > 4o 18 7

I 35 THI *§ & #& 2010

b o A 45 2050 E £ Y
POTHI» & % &7 - & 365 2 p ¢

200 = > 4[] 19 P71 o

R
B
LON

2 2
B FRERT
=2t

LAT
119.2

IMERT F R T P #Hke RE
3 A
4 215 1995
5 192 215
6 1192
7
a8
9

H Tx
1995
21.5 1995
1192 21.5 1995
1192 21.5 1995
1192 21.5 1995
119.2 21.5 1995
119.2 21.5 1995
12 119.2 21.5 1995
13 119.2 21.5 1995
14 119.2 215 1995
15 119.2 215 1995
16 119.2 215 1995
17 119.2 21.5 1995
18 119.2 21.5 1995
19 119.2 21.5 1995
20 119.2 21.5 1995
21 119.2 21.5 1995
22 119.2 21.5 1995
23 119.2 21.5 1995
119.2 21.5 1995

H
Tmax

1 2873395

11

K
Tinin EH

L

EHmaxz  RHmin
20423 253259 51.20174  T71.9485 429184
2 2833715 290264 273053 550129  60.8268
3 28682404 290585 283128 8340297 786205 52.2419
4 2823235 288216 259972 T1H4323
5 2643986 I
6 2677295  27.7461

45.381
27647 251156 8563349

86.339  60.8194
92955 11417
24644 BLOL1EG 905827 69.3343
7274075 284383 254824 78778833 86,7459 68.6692
8 2872059 296119 .
9 289360 293121
11 2883488 29.1048

10 2865279 202257 281245 7114023 784195

27056 6711298 89.7726 486508
284745 69.12193  T7.2485
13 29.05323 294221
14
24

63.101

438767
28.165 6873014 TEET23 004467
16 28.5531

12 28779092 29.2276 280210 6319009 779538 48829
283132 5545487 0635037 441732

28.284 286031 . .

15 2897835 29.2543 28.0968 61.47801

17 26.7784

18 2773095 28.7554

27715 254586 806129 64.9902
29.2677 258202 58.71036

81.3311
Bl 14 & HiRAM

27487 256479 8644736

50,2749
25.959 7278091

83.392 486504
92212 16.6476
. 890751
19 2769762 28.0955 269999 TTOZT/4 853568 70.9998
20 2765825 281353 Z0.109 8182359 86.8538 153458
2l 2782437 284834 269962 8126156 89.6927 716912
‘ Ty

50.9506
FLE B 2 5{3{?#:1(1995 £91)
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4 A | B || D L [ I L = 2 | ™ ) A
3 LON LAT Tmax Trnin RHmax RHmin  THImax THImin THlmean D THIload LOSS
4 | 119.2 21.5 1995 9 1 2942 25.33 71.95 42,92 80.80 71.44 7612 114 100.28 2.55
5| 119.2 2L.5 1995 9 2 2903 27.31 60.83 45,38 78.59 74.20 76.39 240 10545 302
6 | 119.2 215 1995 9 3 2906 28.31 862 52.24 gl.el T6.41 7881 240 16342 5.90
7 119.2 21.5 1995 9 4 28.82 26.00 86.24 60.82 81.93 74.31 78.12 240 14693 6.36
8 | 119.2 2.5 1995 9 5 2785 25.12 92.76 77.14 80.82 74.79 7781 240 13933 540
9 | 119.2 2L.5 1995 9 6 2175 24.64 90.58 £9.33 80.70 73.26 76.98 240 119.59 5.26
10 119.2 21.5 1995 9 7 28.44 25438 86.75 63.67 81.35 1444 790 240 141.57 6.08
El 119.2 215 1995 9 8 2961 27.06 89.77 48,65 83771 7429 79.03 240 168.66 9.62
12 | 119.2 215 1995 9 9 2931 2847 77.25 48.77 8141 76.14 78.78 240 162.61 6.16
13 | 119.2 21.5 1995 9 10 29.23 28.12 7842 63.10 81.45 7163 79.54 240 180.90 6.20
14 119.2 2.5 1995 9 11 29.10 28.17 7887 60.45 81.32 7132 79.32 240 17576 6.04
15 | 119.2 215 1995 9 120 2923 28.02 7796 48.83 81.38 75.56 7847 240 155.33 6.12
16 119.2 2L5 1995 9 13 2942 28.31 63.56 44,17 79.56 75.30 7743 240 130.27 397
17 | 119.2 215 1995 9 14 2860 27.78 8061 £4.99 80.77 7137 79.07 240 169.71 5.34
18 | 119.2 21.5 1995 9 15 29.25 28.10 81.23 50.27 81.92 15.85 78.89 240 16529 6.34
19 119.2 2L.5 1995 9 16 2927 2582 83.39 48,65 82.24 7269 7747 240 131.26 729
20 | 119.2 2L.5 1995 9 17 2749 2565 9z.21 T6.65 80.47 75.58 7802 240 144,57 4.99
21 | 119.2 21.5 1995 9 18 28.76 25.96 89.08 50.95 82.21 73.13 TIET 240 136.16 725
22 | 119.2 2.5 1995 9 19 2810 27.00 85.36 71.00 80.59 7700 78.79 240 163.06 5.13
23 | 119.2 215 1995 9 20 2814 27.11 86.36 75.35 80.36 7L 79.28 240 17482 546
24 | 119.2 21.5 1995 9 21 2849 27.00 89.69 7169 81.85 71.08 79.46 240 179.06 6.74
25 119.2 215 1995 9 22 2849 27.16 83.71 71.05 8l.02 71.25 79.14 240 17125 5.66
26 | 119.2 215 1995 9 23 2831 26.93 84.45 63.50 80.83 75.97 78.40 240  153.51 541

THI 2 5445 £(1995 # 9 1)

B 16 HIRAM 2. 2010 & & *
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