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ABSTRACT

Heat stress is a significant concern in dairy cattle production, even in high-altitude areas typically associated with
cooler climates. This study investigated the temporal and spatial variations of the Temperature-Humidity Index
(THI), air temperature, and relative humidity at a high-altitude dairy farm during the rainy season in West Sumatra,
Indonesia. Environmental data were collected bi-hourly from 08:00 to 16:00 at three different locations: outside the
pen, inside a pen equipped with fan ventilation, and inside a pen without fan ventilation. ANOVA and Tukey post-
hoc tests revealed significant differences across both time and location. The highest THI levels were recorded
outside the pen during midday (12:00-14:00), with a mean of 80.18 * 3.76, compared to 76.17 + 1.96 in the fan-
ventilated pen and 74.96 + 1.88 in the non-ventilated pen. Notably, there were no significant differences in THI
between the two indoor environments, indicating that fan ventilation had limited effectiveness. All indoor THI
values reflected moderate heat stress. Additionally, Pearson correlation analysis revealed a strong negative
correlation between temperature and humidity across all locations (r = -0.88 to -0.97; p < 0.05). These findings
highlight the limitations of current ventilation systems and emphasize the urgent need for improved microclimate
management strategies in high-altitude dairy farming.

Keywords: dairy cattle, heat stress, temperature-humidity index, fan ventilation, microclimate, West Sumatra

INTRODUCTION

Heat stress has become a significant challenge for the dairy farming industry in recent years,
particularly impacting high-altitude dairy cattle operations. As climate change exacerbates
extreme weather conditions, including rising temperatures and variable humidity levels, the
effects on dairy cattle productivity and welfare are profound. The Temperature-Humidity Index
(THI) is a crucial metric for assessing heat stress, as it evaluates the combined effects of
temperature and humidity on cattle physiology and productivity. Elevated THI values are
associated with reduced feed intake, diminished milk yield, and a heightened risk of health
issues, including increased disease incidence and mortality among dairy cows (Liu et al., 2019;
Nzeyimana et al., 2023; Tariq et al., 2024).

Traditionally, high-altitude environments have been viewed as relatively adapted to heat
stress due to their lower ambient temperatures. However, recent studies have revealed that
these regions are not free from heat-related challenges, particularly during midday hours when
solar radiation is at its peak, which can lead to cumulative stress responses in cattle (Bedada et
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al, 2021). Consequently, the growing incidence of heat stress cases in high-altitude dairy farms
highlights an urgent need for comprehensive research into the environmental variables that
affect dairy cattle welfare.

Dairy cattle are especially vulnerable to heat stress due to their high metabolic demands and
physiological responses to rising temperatures (Habimana et al., 2023a). The significant adverse
effects include a marked decline in reproductive performance, as heat stress disrupts both
ovulatory functions and gestational outcomes (Cartwright et al., 2023; Nielsen & Wredle, 2023).
Studies have demonstrated that heat stress can lead to specific physiological changes, including
increased rectal temperatures, alterations in metabolic profiles, and heightened stress hormone
levels, which can culminate in various health challenges (Dahl et al., 2020; Joo et al., 2021; Sesay,
2023).

Given the distinct climatic condition’s characteristic of high-altitude dairy farms, particularly
during the rainy season, a thorough understanding of microclimatic factors is essential. This
study aims to comprehensively assess the temporal and spatial variations of the Temperature-
Humidity Index (THI), ambient temperature, and relative humidity across three distinct
locations within a high-altitude dairy farm in West Sumatra, Indonesia. By systematically
investigating environmental stressors in both ventilated and non-ventilated indoor settings, this
research aims to clarify the microclimatic challenges these animals face and inform effective
management strategies. Furthermore, the insights gained from this study may contribute to
enhanced animal welfare measures and improve productivity outcomes for dairy farmers
operating in comparable climatic regions.

MATERIAL AND METHODS
Study Area and Period

The study was conducted at a high-altitude dairy farm in West Sumatra, Indonesia, situated
approximately 850 meters above sea level. This location was characterized by specific
microclimatic conditions that can differ significantly from those found in lower-altitude dairy
farming environments. Data collection took place over several consecutive days during the rainy
season 2024.

Experimental Design and Sampling Locations

To assess microclimatic variations within the farm, a structured experimental design was
implemented, focusing on three distinct locations selected for their differing environmental
interventions:

1. Outside the Pen (Outside Pen): This site reflects the typical ambient conditions of the farm's
external environment and serves as a baseline for comparative analysis with the more
controlled indoor settings.

2. Inside the Pen with Fan Ventilation (Inside Pen with Fan): This location features mechanical
fan ventilation to enhance air circulation. The goal of this intervention is to create a more
stable microclimate, which may help to alleviate thermal stress experienced by the cattle.

3. Inside the Pen without Fan Ventilation (Inside Pen without Fan): In this setting, there is no
active air movement, offering a controlled environment to examine the effects of stagnant air
on temperature and humidity levels.
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Data Collection

The study concentrated on three crucial environmental parameters essential for
understanding the welfare implications of heat stress in dairy cattle:

1. Air Temperature (°C, °F): Measured as a direct indicator of the thermal environment
experienced by the cattle. Temperature data were converted from Celsius to Fahrenheit using
the formula F = [(C x (9/5)] + 32.

2. Relative Humidity (RH, %): Measured to evaluate the moisture content in the air, which
significantly impacts thermal comfort and respiratory health in cattle.

3. Temperature-Humidity Index (THI): Calculated to provide a comprehensive evaluation of
heat stress levels, incorporating both air temperature and relative humidity. The formula for
THI calculation is as follows: THI = (1.8 x T + 32) - [(0.55 - 0.0055 x RH) x (1.8 x T - 26)]. In
this equation, T represents the air temperature in degrees Celsius, and RH signifies the
relative humidity as a percentage. This calculation combines temperature and humidity data
to reflect the potential thermal stress experienced by the cattle.

Data collection was conducted systematically every two hours, from 08:00 to 16:00, allowing
for capturing environmental variations throughout the day. To ensure accuracy in reflecting the
microenvironments experienced by the animals, calibrated digital thermo-hygrometers were
strategically positioned at a height of 1.5 meters from the ground, aligning with the typical
position of cattle's respiratory tracts.

Statistical Analysis

Descriptive statistics, including means and standard deviations, were calculated for each
environmental variable. A One-way Analysis of Variance (ANOVA) was conducted to identify
significant differences in recorded values among the three sampling locations. To strengthen the
robustness of the observed differences, Tukey's Honestly Significant Difference (HSD) test was
utilized for pairwise comparisons. Additionally, Pearson correlation analysis was performed to
examine the relationship between air temperature and relative humidity. Throughout the
statistical assessments, a significance level of p < 0.05 was maintained to ensure the reliability of
the findings.

RESULTS AND DISCUSSION

The research on temperature, relative humidity (RH), and Temperature-Humidity Index
(THI) at a high-altitude dairy farm during the rainy season in 2024 delineates critical insights
into the environmental challenges dairy cattle face, particularly concerning heat stress. The
study reported on Table 1 that significant temperature fluctuations, with peak external
temperatures reaching 30.46°C (86.83°F) and a maximum THI of 80.18 * 3.76 occurring from
noon to 14:00. These conditions indicate a severe heat stress risk for the cattle, corroborating
existing literature that highlights the detrimental effects of high ambient temperatures on
livestock health and production (Cardoso et al,, 2018; Cartwright et al., 2022).

Inside the barns, despite lower temperatures, the observed THI values (ranging from 70.81
to 76.17) suggest that moderate heat stress conditions persisted. This finding is significant, as
higher indoor relative humidity, frequently exceeding 70%, can hinder the animals’ ability to
dissipate heat via evaporative cooling mechanisms (Cartwright et al., 2022; Santoso et al., 2023).
The limited effectiveness of fan ventilation, which did not lead to a statistically significant
reduction in THI (p > 0.05), indicates challenges associated with fan capacity and placement,
along with the impacts of high humidity (Santoso et al., 2023; Jung et al., 2023). Previous studies
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have demonstrated that inadequate ventilation strategies can significantly contribute to thermal
discomfort in cattle, underscoring the need for optimized microclimate management approaches
to alleviate heat stress (Kii¢iiktopgu et al,, 2022; Jung et al., 2023).

The emphasis on the need for enhanced environmental management practices is critical.
Current passive cooling methods, such as fan ventilation, are insufficient in severe humidity
conditions, leading to calls for the implementation of active cooling techniques like misting
systems. Research indicates that misting systems can effectively enhance thermal comfort by
utilizing evaporative cooling principles, which may lower ambient temperatures substantially
(Delgado et al.,, 2020; Wang et al., 2024). For instance, studies have revealed that well-designed
misting systems can contribute to better physiological responses in cattle by managing THI and
reducing heat stress (Horr et al., 2019; Santoso et al., 2023; Wang et al,, 2024). It was initially
found that significant variations existed among the measured parameters across different
locations and times of day.

Correlation between Temperature and Relative Humidity

Pearson correlation analysis revealed a significant negative correlation between
temperature and relative humidity across all sampling locations: outside pen (r = -0.88), inside
pen with fan (r = -0.97), and inside pen without fan (r = -0.95, p < 0.05). Established research
indicates that as ambient temperatures rise alongside increased humidity, the ability of dairy
cows to dissipate heat diminishes, leading to adverse physiological and production outcomes
(Fontoura et al., 2022; Cartwright et al.,, 2022; Habimana et al., 2023a).

The relationship between temperature, relative humidity, and dairy cattle health and
productivity is underscored by studies identifying specific THI thresholds above which
significant physiological distress occurs. When THI exceeds values around 70, signs of heat
stress become evident, including increased respiration rates and elevated rectal temperatures
(Rolando et al.,, 2022). These stress responses not only impact immediate welfare but also
contribute to long-term effects such as reduced feed intake, lower milk yield, and decreased
fertility (Polsky & Keyserlingk, 2017; Habimana et al., 2023b; Tariq et al., 2024).

Implications for Dairy Cattle Welfare

The data (Figure 1) emphasized that despite residing in a high-altitude area, dairy cattle
were subjected to moderate to severe heat stress, especially during midday. Recent studies
highlight that many current ventilation and cooling practices on dairy farms are insufficient in
counteracting such thermal stress, prompting a need for innovative agricultural practices to
protect animal welfare (Mogre et al., 2021; Comin et al., 2022; Habimana et al., 2023a). Potential
interventions could involve optimizing ventilation strategies, exploring passive cooling designs,
and integrating alternative cooling methodologies, such as misting systems and better thermal
mass structures. The implications of heat stress extend beyond immediate discomfort; they can
lead to long-term economic and productivity losses, thereby challenging the sustainability of
dairy operations, even in regions typically perceived as cooler (Leliveld & Provolo, 2020; Comin
etal, 2022).

Adaptation strategies for dairy farming must encompass management practices and genetic
improvement approaches. Breeds exhibiting heat tolerance could offer enhanced resilience
against heat stress, and integrating such breeds into genetic improvement programs is crucial
for productivity, especially in changing climatic conditions (Chawala et al.,, 2021; Habimana et al.,
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2023a). By focusing on immediate and long-term strategies to mitigate heat stress, the dairy
industry can enhance cattle welfare and thus promote the economic viability of dairy operations.

Table 1. Average of Temperature (°C and °F), Relative Humidity (RH in %), and Temperature-
Humdity Index (THI) at Various Times and Locations

Location Hour Temperature (°C) Temperature (°F)
Mean Median Min Max SD Mean Median Min Max SD
Outside 8 25.34 25.70 23.60 27.20 144 77.61 78.26 74.48 8096 2.60
Pen 10 27.90 28.10 2460 3130 239 82.22 82.58 76.28 8834 4.31
12 30.46 31.20 2490 33.00 3.20 86.83 88.16 76.82 9140 5.76
14 29.40 30.10 25.00 3190 2.59 84.92 86.18 77.00 8942 4.66
16 27.70 2840 2630 29.00 1.26 81.86 83.12 79.34 84.20 2.26
RH (%) THI
Mean Median Min Max SD Mean Median Min Max SD
8 69.20 69.00 67.00 72.00 192 74.29 75.14 71.67 7692 2.20
10 61.40 58.00 56.00 70.00 6.23 7698 76.81 73.26 81.00 2.74
12 59.20 57.00 48.00 72.00 893 80.18 81.88 7392 8332 3.76
14 61.40 59.00 51.00 71.00 7.80 79.07 79.83 73.97 8095 2.90
16 60.80 57.00 56.00 68.00 6.14 76.66 77.04 7547 78.00 1.05
Temperature (°C) Temperature (°F)
Mean Median Min Max SD Mean Median Min Max SD
Inside 8 2242  22.00 21.60 24.30 1.09 7236 71.60 70.88 75.74 1.97
Pen with 10 2346 22.80 2240 25.80 1.42 74.23 73.04 7232 7844 2.56
Fan 12 25.74 2640 2290 27.10 1.65 78.33 79.52 73.22 80.78 2.98
14 2498 25.30 21.80 2690 1.90 7696 77.54 71.24 8042 341
16 2456 24.50 23.50 25.50 0.93 76.21 76.10 7430 7790 1.68
RH (%) THI
Mean Median Min Max SD Mean Median Min Max SD
8 80.60 80.00 78.00 85.00 2.61 70.81 70.10 69.78 73.59 1.60
10 76.00 78.00 66.00 81.00 6.04 72.02 71.22 70.74 7462 1.61
12 70.60 69.00 64.00 82.00 6.77 7496 75.88 71.71 76.27 1.88
14 7040 70.00 62.00 83.00 7.77 73.77 74.32 70.00 76.35 2.32
16 72.00 70.00 67.00 79.00 5.66 73.36 73.11 72.24 7429 0.90
Temperature (0C) Temperature (°F)
Mean Median Min Max SD Mean Median Min Max SD
Inside 8 23.42  23.20 22.00 2540 1.24 7416  73.76 71.60 77.72 2.24
Pen 10 24.28 24.10 22.70 26.70 1.47 75.70 75.38 72.86 80.06 2.65
without 12 2684 27.20 23.80 2810 1.76 80.31 80.96 74.84 82.58 3.17
Fan 14 2646 26.80 23.80 2810 1.59 79.63 80.24 74.84 82.58 2.86
16 25.88 2590 24.70 2690 1.03 78.58 78.62 76.46 80.42 1.85
RH (%) THI
Mean Median Min Max SD Mean Median Min Max SD
8 79.20 80.00 68.00 86.00 6.72 7226 72.21 70.10 74.25 1.49
10 72.60 75.00 63.00 79.00 6.07 7297 7299 71.14 75.57 1.64
12 67.00 63.00 62.00 78.00 7.00 76.17 77.02 7280 77.58 1.96
14 6840 70.00 58.00 81.00 8.68 75.77 76.57 73.08 7690 1.57
16 68.60 65.00 62.00 78.00 7.80 7497 74.70 74.02 75.73 0.75
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Figure 1. Average of Temperatures, RH, and THI per Hour by Location
Table 2 presents the mean and standard deviation (SD) of the Temperature-Humidity Index
(THI) measured at three locations—outside the pen, inside the pen with fan ventilation, and

inside the pen without fan ventilation—across five time points between 08:00 and 16:00.

Table 2. Temperature-Humidity Index (THI) Analysis by Location and Hour

Hour Outside Pen Inside Pen with Fan (Mean Inside Pen without Fan
(Mean * SD) +SD) (Mean + SD)
8 74.29 +2.202 72.26 + 1.49> 70.81 * 1.60¢
10 76.98 + 2.74a 72.97 + 1.64°> 72.02 +1.61>
12 80.18 + 3.762 76.17 + 1.960 74.96 + 1.88¢
14 79.07 £ 2.902 75.77 £ 1.57° 73.77 £ 2.32¢
16 76.66 + 1.05a 74.97 + 0.75b 73.36 + 0.90p

Note: Superscript letters indicate significant differences among locations for each hour (p<0.05).
Locations sharing the same letter are not significantly different.
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Interestingly, the superscript letters denote significant differences among locations. At 8:00,
12:00, and 14:00, there is a clear distinction among all three locations, with each showing
significantly different THI values (a # b # c). However, at 10:00 and 16:00, the THI values inside
the pen with and without fan ventilation share the same superscript letter 'b’, indicating no
significant difference between these two indoor conditions at these times. This suggests that fan
ventilation may only have a limited or time-dependent impact on reducing heat stress within the
pen.

The temporal specificity and varying impact of fan ventilation on THI necessitate
reevaluating current management practices in dairy operations. As these insights illustrate the
complexity of livestock thermal environments, integrating additional cooling interventions, such
as misting systems or improved airflow designs, may prove beneficial in mitigating heat stress
more effectively (Yano et al, 2018). Research increasingly indicates that a multi-faceted
approach addressing environmental management can significantly enhance dairy cow welfare
and productivity under challenging climatic conditions.

This issue is particularly significant in Indonesia, a tropical country where ambient
temperatures can reach 34°C and relative humidity frequently hovers between 70% and 90%.
Most of the dairy cattle population—over 98%—is located on Java Island and primarily consists
of Friesian Holstein (FH) cattle, which were initially bred for temperate climates. These
environmental conditions render FH cattle especially susceptible to heat stress, which has
emerged as one of the primary factors limiting dairy productivity (Asmarasari et al., 2023).

CONCLUSION

Dairy cattle in high-altitude areas are still susceptible to heat stress during the rainy season.
Current ventilation strategies are inadequate in mitigating heat stress, particularly under high
humidity. Integrating alternative cooling systems and revising barn designs are essential to
improve cattle welfare and farm productivity. Further research is needed to evaluate
physiological responses and milk yield under various microclimate interventions.
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