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AR — g IEIAA i@l deemar & 12 Sl F amaer AR awt & ded F Ser-3maRa faenor
Y& e g, e v 43 awt (1981-2023) & fIsgea aAlgw d@eth Sar & 3uder R amr g
quicTcHS |ITCTh!, Heaat Afgrq 3R o YaigA Alsd - BH BREC (RF), NEBRITT =g3a dAcash
(ANN), F9¢ aFex RAesT (SVR), olfedr Qic-gad AANY (LSTM), ARIMA 3R TBATS - &7 39hNT &
8T, §H HIURAA dGHAN, ~gefadl dqAS AR asT & qaieqaliel A Fhar F1 Hedieh fHaTl RF Alser
o @Il AMIEEt A 9w FA <¥¢ RMSE (0.1178) 3R ¢¥¢ MAE (0.0601) & &1 Sgak Wedlel foram, St
URIRE AT AT Alsdl ¥ FET doal §| FEHEY [AReINOT § AT 7 Hof 3eR-FAleieh Forahiiorndr
(r = 0.98-1.00) T YaT Tell, SAafh auT #F =g T IR (r = 0.15-0.77) & 715, ST TU=HT
STofaryg eITdl 1 ST A g1 fAAVAT Fgea favelwor & L332 3R L333 F wH@ sfasgaddr & &7 H
ugae, oo FR AL 0.1209 3R 0.0557 | 7l Aerert #F enfde §: (1) Ao aEr Stearg
3T W BF Hisell H JolllcHS Hediched, (2) SEICHSB ol & faT faAvar Agea 1 wehraor, 3R
(3) A 3crel favevor S gEed FUd WA (70.187) IR g fAweh dasi & @y HAlsd
feerar &1 gfte aear §1 A Ty sref-arse avt F Srorary 3eTgwe, FY AsEr 3N Hae gdue & v
3Tl JFEfte vere aa §

ABSTRACT. This study presents a data-driven analysis of temperature and rainfall patterns across 12 districts in
Southern Telangana using 43 years of gridded meteorological data (1981-2023). Employing descriptive statistics,
correlation matrices, and six predictive models, Random Forest (RF), Artificial Neural Network (ANN), Support Vector
Regression (SVR), Long Short-Term Memory (LSTM), ARIMA, and TBATS, we evaluated forecasting accuracy for
maximum temperature, minimum temperature, and rainfall. The RF model demonstrated superior performance with the
lowest Test RMSE (0.1178) and Test MAE (0.0601) across all parameters, outperforming traditional time series models.
Correlation analysis revealed strong inter-location temperature synchrony (r = 0.98-1.00), while rainfall exhibited high
spatial variability (r = 0.15-0.77), indicating localized climatic influences. Feature importance analysis identified L332
and L333 as dominant predictors, with scores of 0.1209 and 0.0557, respectively. Novel contributions include: (1) a
comparative evaluation of six models on long-term regional climate data, (2) integration of feature importance to enhance
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interpretability, and (3) prediction interval analysis confirming model stability with consistent upper bounds (~0.187) and
zero lower bounds. These findings offer actionable insights for climate adaptation, agricultural planning, and resource

management in semi-arid regions.
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1. Introduction

Climate change is reshaping the natural systems that
sustain life, affecting not only humans, but also the land,
water, and ecosystems we depend on. Recognizing these
evolving patterns is essential for effective planning and
resource management (Pec et al., 2017). Among the most
critical indicators of climate change are temperature and
precipitation trends, which offer valuable insights into
environmental transformations and societal impacts
(Renforth et al., 2025). India, with its diverse climatic
zones, presents a compelling landscape for climatological
research. Studies have shown that geographic and climatic
factors significantly influence regional variations in
temperature and rainfall across the country (Yaduvanshi et
al., 2021). Southern Telangana, located on the Deccan
Plateau, exemplifies this complexity with its semi-arid
climate and pronounced fluctuations in both temperature
and precipitation (Anand et al, 2022).

This study aims to investigate the spatial and
temporal variations in rainfall and temperature across
Southern Telangana using a hybrid approach that
combines descriptive statistics, correlation analysis, and
advanced machine learning algorithms. The primary
objectives are to enhance the accuracy of weather
predictions and to generate actionable insights into
regional climatic shifts (AlShafeey., 2024). Descriptive
statistics are employed to examine central tendencies,
dispersion, and distribution patterns, offering a
comprehensive understanding of baseline climate
conditions (He et al., 2023). These methods are essential
for detecting anomalies and long-term trends
(Zamanzadeh et al., 2024), while correlation analysis
helps uncover relationships among climatic variables
across different locations.

High correlation values suggest synchronous
climatic behavior, often driven by shared geographic or
meteorological influences. In Southern Telangana,
significant linear correlations between maximum and
minimum temperatures point to consistent temperature
fluctuations across the region (Gaur et al., 2025). The
growing adoption of predictive modeling in climate
research reflects the effectiveness of machine learning
techniques in processing large datasets and identifying
complex patterns (Hamdan et al., 2024). Models such as
Random Forest (RF), Artificial Neural Network (ANN),
and Long Short-Term Memory (LSTM) are increasingly
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used to forecast weather parameters (Rangelov et al.,
2023). This study evaluates the performance of these
models in predicting rainfall and temperature trends in
Southern Telangana (Sreelatha & Anand Raj, 2021).

Machine learning algorithms have demonstrated
superior accuracy and reliability compared to traditional
statistical approaches, significantly advancing the field of
climate prediction (Zhang et al., 2025). Among these, the
Random Forest model stands out for its ability to detect
hidden patterns and adapt to new data inputs (Salman et
al, 2024). This research further explores the potential of
machine learning to improve regional weather forecasting
and climate analysis (Yadav et al., 2025).

Feature importance analysis is conducted to identify
the most influential meteorological variables, enabling
model refinement and prioritization of key attributes (Ries
et al., 2024). As noted by Gbaguidi et al. (2025),
understanding the relative significance of different
indicators is crucial for improving prediction accuracy.
Additionally, prediction intervals are used to quantify
uncertainty, an inherent aspect of climate modeling, by
providing a range of expected outcomes (Gbaguid et al.,
2025). The stability of these intervals confirms the
reliability of the models used in this study (Li., 2022).

Ultimately, the findings have important implications
for planning and resource management in Southern
Telangana. Accurate weather forecasting supports
agricultural decision-making, water resource allocation,
and mitigation of extreme weather impacts (Mulla et al.,
2023). As emphasized by Chen et al. (2023), the
integration of machine learning into climate studies offers
a powerful tool for enhancing forecast precision and
deepening our understanding of climatic trends,
contributing to more resilient and informed regional
development strategies.

2. Data and methodology

2.1. Study area

This study focuses on twelve major districts in
Southern Telangana, India: Hyderabad, Jogulamba
Gadwal, Mahabubnagar, Medchal-Malkajgiri,
Nagarkurnool, Nalgonda, Narayanpet, Rangareddy,
Suryapet, Vikarabad, Wanaparthy, and Yadadri
Bhuvanagiri (Fig. 1). These districts collectively represent



