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Abstract

Climate change induced by global warming is expected to increase heat stress in
livestock during summer months, negatively impacting the economic viability of livestock
farming. This study used weather data collected from 160 districts during the summers
of 2016 to 2022 to create distribution maps over time and analyze changes. Excluding
mountainous regions like the Taebaek Mountains and parts of Jirisan, the temperature-
humidity index (THI) was found to be above 70-80, indicating high heat stress levels.
Livestock experiences adverse effects like decreased feed intake and weight loss, with
the proportion of days exceeding critical heat stress thresholds for cattle (79), and pigs
and poultry (74), being 60% and over 80%, respectively. Mitigation strategies such as
improving livestock breeds, dietary adjustments, environmental management, and facility
upgrades are necessary. Additionally, forecasting THI changes and preparing accordingly
are essential for adapting to climate change impacts on livestock.
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Table 1. The stages and range of the temperature—humidity index

Livestock Safe Caution Danger Emergency Dead
Hanwoo/dairy cow 72 72-78 79-89 90-99 99 t
Pig 64 | 64-73 74-83 84-94 94 1
Poultry 63 | 63-73 74-80 81-92 92 t

Table 2. Stages of livestock condition based on the livestock condition

Stage The stage of livestock condition
Dead Mortality occurrence
- Intake of over 20% of feed and severe weight loss
Emergency - Increased respiratory rate and body temperature leading to hormonal changes within
the body
Danger Feed intake and weight loss, respiratory rate and body temperature increase
Caution Mild stress
Safe The optimal environment for livestock rearing
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Fig. 1. Annual trend of temperature-humidity index variation.
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Table 3. Annual daily maximum temperature-humidity index (average from June and August)

Year
Mean
2016 2017 2018 2019 2020 2021 2022
Mean 82.5 82.0 835 81.1 81.0 81.1 81.0 82.2
Max 86.0 85.5 86.8 84.0 83.5b 84.0 835 85.3
Min 75.2 74.2 76.4 74.2 74.4 74.2 74.4 75.0
SD 1.81 2.05 1.83 1.72 1.74 1.78 1.73 1.80
Table 4. List of top municipalities with a temperature—humidity index above daily maximum of 84

Municipalities 2016 2017 2018 2019 2020 2021 2022 Mean
lksan-si 86.0 85.0 86.7 83.8 83.5b 84.2 84.5 85.0
Gwangiju 85.3 85.5 86.8 83.6 83.4 84.3 84.4 84.9
Naju-si 85.2 85.3 86.7 83.6 83.3 83.8 84.3 84.8
Jeonju-si 85.5 84.3 86.5 84.0 83.4 85.0 85.4 84.7
Gimje-si 84.9 84.1 85.9 836 83.3 86.5 85.8 84.4
Gumi-si 84.5 84.2 85.3 83.7 83.2 85.3 85.7 84.2
Damyang—gun 84.1 84.3 85.8 83.2 83.0 84.3 85.0 84.1
Nonsan-si 84.6 83.8 85.6 83.2 82.9 84.1 84.9 84.1
Jeongeup-si 84.5 84.1 85.8 83.0 82.6 84.2 84.6 84.0
Gunsan-si 84.9 84.0 85.6 82.7 82.7 84.3 84.7 84.0
Changnyeong-gun 84.2 84.7 85.0 82.7 83.2 83.7 84.2 84.0
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Fig. 2. The distribution of annual summer season temperature—humidity index (THI).
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Table 5. Exceedance day ratio of summer season warning stages for livestock

2016 2017 2018 2019 2020 2021 2022 Mean
Mean 64.1 66.4 68.6 60.6 612 64.1 65.4 64.3
Hanwoo/ Max 82.0 82.0 85.0 76.0 79.0 81.0 82.0 81.0
dairy cow
79 Min 320 180 330 180 16.0 34.0 19.0 243
D 8.7 14 8.6 116 12.2 8.8 1.3 104
Mean 84.6 845 85.1 82.9 816 843 846 83.9
Pig/poultry Max 91.0 90.0 92.0 920 89.0 90.0 91.0 90.7
(84) Min 56.0 50.0 59.0 53.0 58.0 50.0 56.0 54.6
D 6.5 6.1 5.9 6.8 6.2 6.1 6.5 6.3
St A A Hxlzts
1000 s T wE1 wEH . s ZF w1 =X
90.0 90.0
80.0 80.0
70.0 70.0
60.0 60.0
50.0 50.0
40.0 40.0
30.0 30.0
20.0 20.0
10.0 10.0
0.0 0.0
%ﬂ‘ﬂ 2016 2017 2018 2019 2020 2021 2022 o gt 2016 2017 2018 2019 2020 2021 2022

Fig. 4. Trend in annual exceedance day ratio of summer season warning stages for livestock.
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Fig. 5. Exceedance day ratio of summer season warning and danger stages for Hanwwo and dairy cow.
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