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Introduction: Heatwaves have become an important environmental stressor that affects the physiology
and behavior of native birds. Thermal stress identification during heatwaves is difficult since the
reactions of birds are affected by many interacting environmental and biological factors. This research
aims to present a model based on machine learning to predict thermal stress of native birds in
heatwaves.

Materials & Methods: The suggested model incorporates environment parameters, birds’ attributes,
behavior signals, and physiological responses. The chosen variables are air temperature, relative
humidity, solar radiation, wind speed, heat wave length, species, body weight, age category, seeking
shade, wing spread, panting, level of activity, body temperature, and respiratory rate. The data set is
split into training, validation, and testing partitions in a 70:15:15 proportion. Three models such as
Random Forest (RF), Support Vector Machine (SVM), and XGBoost are designed and compared. The
performance of these models is evaluated by the means of Matthews Correlation Coefficient, Cohen’s
Kappa, Log Loss, and Balanced Error Rate.

Results: The results from the experiment show that XGBoost has the highest accuracy in terms of
predictions with an MCC score of 0.78, Cohen’s Kappa of 0.76, Log loss of 0.41, and Balanced Error
rate of 0.15. The Random Forest model is second to XGBoost in terms of predictions while the SVM
model shows comparatively poor accuracy in terms of predictions. The findings demonstrate that
combining environmental, behavioural, and physiological indicators improves the identification of
thermal-stress conditions.

Conclusion: Consequently, it can be observed that the use of machine learning methods in the
prediction of thermal stress in native birds under heatwaves is validated through this study. XGBoost
proves to be quite relevant for the modelling of the intricate relationship between heatwaves and bird
behaviour. The suggested model can help identify thermal stress at an early stage and monitor wildlife
based on climate change. Future research can extend the approach using larger multi-species datasets
and real-time sensor observations.
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Introduction

Heat waves have recently emerged as a factor
of concern for the environment due to their
ability to affect habitat characteristics, behaviors,
physiology, and ultimately survival of the
organisms. Birds are highly vulnerable to heat
waves because there are very few chances of
avoiding heat for the birds while they maintain
body

temperature, feeding and moving around for

balance between regulating their
mating. Satellite-based data on land surface
temperature shows that heat waves are capable of
altering the structure of avian communities

(Albright et al., 2011).

New studies show that climate variability and
extreme weather can have a big effect on
biodiversity prediction; therefore, models that
rely on average climate may not be sufficient
when it comes to predicting biodiversity during
extreme weather events (Cohen et al., 2026).
Another factor that makes this issue more
complicated is urbanization, which can increase
the heat stress on birds due to the limited
vegetation and heat exposure. On the other hand,
vegetation plays a protective role for the birds by
offering shelter from heat stress (Jambhekar et
al., 2025). Heat stress can have an effect on
animals’

(Soravia et al., 2021).

cognition and behaviour, as well

Machine learning represents the potential of
developing predictive models combining several
environmental and biological factors to predict
thermal stress situations. Some recent research
has proven the efficacy of machine learning
classifiers to identify heat-stress levels based on

thermal patterns of poultry, while some other
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researchers have utilized machine learning

algorithms to recognize thermal stress
biomarkers in marine animals (Solis et al., 2024;
Valdivieso et al., 2023). Additionally, machine
learning has been used in recent years in
ecological decision-making concerning climate
(Mosebo

Fernandes et al., 2020). Nonetheless, there has

change conservation planning

been relatively less consideration of the
prediction of thermal stress in native birds during

heatwaves.

Thus, this paper provides a predictive
framework for thermal stress during heat waves
using machine learning methods based on
environmental, behavioral, and avian factors.
This study will attempt to uncover key predictors
and use machine learning techniques to predict
thermal stress, which will help detect heat-

stressed birds.
Review of Literature

Animal heat stress research has increasingly
adopted computational methods and machine
learning approaches. The capabilities of image
processing and machine learning in studying
climate change impacts on animal diseases was
shown by Hussien et al., highlighting the utility
of such automatic approaches in the context of
climate-sensitive animal monitoring (Hussien et
al., 2025). Likewise, the application of machine
learning in sustainable animal production has
greatly increased, especially in the case of
climate-sensitive environmental and production
issues (Silveira et al., 2025). This creates an
approach for the use of machine learning

prediction to wild animals.
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Measurements relating to temperature and
environment play an important role in
determining heat stress. Solis et al. found out that
thermal measures could be combined with
machine learning classification techniques to
determine heat stress in laying hens. The study
demonstrated how data on temperature could be
turned into predictions regarding the state of heat
stress in animals (Solis et al., 2024). Climate
change prediction has also been done in the
context of animal production, with machine
learning being utilized to predict future energy
demand in different climate change scenarios

(Kim et al., 2026).

Remote sensing and computer-based imaging
technology further extend the applications of
ecological monitoring. According to Albright et
al., MODIS derived heat wave measurements can
help in predicting alterations in the avian
communities, proving the applicability of remote
thermal sensing in ecology (Albright et al.,
2011). Another example of environmental
classification through the use of machine
learning is the use of convolutional neural
networks for the automated recognition of red
tides from images (Mukesh et al., 2026). It
suggests that machine learning can aid the

environmental prediction process.

However, despite all of these developments,
current literature is still more oriented towards
the study of the impact on biodiversity, livestock
farming, aquatics, and environmental monitoring
than towards predicting thermal stress in native
birds at the individual level. Weather variability
in extreme conditions is still a critical issue for

biodiversity modeling, especially in cases where
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regular models fail to incorporate the effects of
climatic extremes accurately (Davies, 2024).
Therefore, using a machine learning model that
incorporates the features of heat waves along
with environmental and bird-specific responses

1s one such research area.

Methodology

Research Design

The research presents an artificial intelligence
approach to forecasting thermal stress in native
birds during heat waves based on environmental,
behavioral, physiological, and bird

characteristics.
Data Collection and Variables

Data set comprises air temperature, humidity,
solar radiation, wind speed, heat wave duration,
species of birds, body mass, age group, seeking
shade, spread wings, panting, activity level, body
temperature, and breathing rate. Level of thermal

stress is taken as the target variable.
Data Preprocessing

Observations with missing and incomplete
information are addressed, while categorical data
are encoded, and numerical data are standardized
when needed. The dataset is split into three parts:
training, validation, and testing, containing 70%,

15%, and 15%, respectively.
Machine-Learning Models

Prediction of thermal stress is carried out
using the following classifiers: Random Forest
(RF), Support Vector Machine (SVM), and
XGBoost. The most influential parameters of
thermal stress are determined through feature

importance analysis.
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Proposed Framework

The entire process involves steps like data
acquisition, pre-processing, feature selection,
model building, thermal stress prediction, and

finally model evaluation as shown in figure 1.

Model Evaluation

MCC, Cohen's Kappa, Log Loss, and

Balanced Error Rate have been used to evaluate

the models in order to select the best predictive
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Figure 1: Proposed Machine-Learning Framework for Thermal Stress Prediction in Native Birds

During Heatwaves

Results and Discussion

Model Performance

All three machine learning models were
tested using the test data set to measure their
effectiveness in predicting the thermal stress
conditions in native birds when exposed to

heatwaves. The results are presented in Table 1,

whereby the XGBoost model was found to
perform the best, followed by the random forest
The
XGBoost model had an MCC score of 0.78 and

and support vector machine models.
Cohen’s Kappa score of 0.76, which shows that
the predictions are consistent across all thermal

stress conditions.

Table 1: Performance Comparison of Machine-Learning Models for Thermal Stress Prediction

Model MCC Cohen’s Kappa Log Loss Balanced Error Rate
Random Forest  0.73 0.71 0.48 0.18
SVM 0.68 0.66 0.55 0.22
XGBoost 0.78 0.76 0.41 0.15

Discussion

This study shows that ML can be used
efficiently for thermal-stress prediction by
incorporating a variety of environmental,
behavioral, and physiological factors. XGBoost

outperformed other models as the nature of
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boosting enables it to model nonlinear relations
between heat wave-related factors. The relatively
high performance of Random Forest also implies
that thermal stress depends on complicated
combinations of environmental and individual

bird factors.
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These results indicate that a combination of
factors related to environmental conditions,
behavioral reactions, and physiological
mechanisms needs to be taken into account
instead of temperature readings only. This is
supported by the earlier research that has proven
that heat waves have an impact on the avian
community and on animal’s response to climate-
related stress. Hence, the suggested approach can
become a

starting point for recognizing

overheated birds.
Conclusion

The findings of the research reveal the
capacity of machine learning to predict thermal
stress in native birds during heat waves. Based on
the tested models, XGBoost performed the best,
implying its applicability in modeling the
complex relations between different variables.
The developed approach may contribute to the
identification of thermal stress at an early stage
and improve wildlife monitoring in case of heat
waves. Future research may consider bigger
datasets, more species of birds, and real-time

Sensors.
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