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Abstract: 	

The forthcoming ICC Champions Trophy in 2025, scheduled to take place in Pakistan, presents prominent logistical difficulties due to climate variability. Precise weather predictions are crucial for avoiding interruptions and confirming smooth event organization, particularly for outdoor games. This research paper highlights the implementation of machine learning techniques and applying data analytics to forecast weather conditions, concentrating mainly on precipitation, in three key Pakistani cities: Karachi, Lahore and Rawalpindi. The dataset is fetched from free weather API from Open-Meteo, integrated real-time weather information with historical climatic conditions for past years. Python-based libraries are used to predict weather conditions in upcoming series. These forecasts are subsequently shown via interactive dashboards using Power BI, offering key stakeholders’ practical insight through dashboards into weather patterns relevant to the event schedule for the matches.
[bookmark: _heading=h.o4h7pgozijpw]Keywords: Climatic Variability in Pakistan, Data Analytics, Machine Learning, Open-Meteo Stat, Rain Prediction 
I. INTRODUCTION 
Hosting the ICC Champions Trophy in Pakistan in 2025 requires thorough consideration of local weather patterns, which are ever more impacted by climatic variation. Accurate weather forecasts are critical for outdoor events to prevent terminations caused by rain or extreme heat. In the sports domain, AI evaluates climate suitability for major events like the Olympics, fostering strategies resilient to climate variation. Additionally, machine learning models can analyze vast amounts of historic and current climate data to foresee weather interruptions such as rain or temperature fluctuations, enabling better planning. Incorporating weather data into sports event management allows organizers to devise possibilities strategies and improve operational efficiency. Visualization tools like Power BI facilitate quick interpretation of data through user-friendly dashboards, helping stakeholders make knowledgeable decisions to confirm the smooth conduct of the tournament amid changing climate conditions.

II. LITERATURE REVIEW 
AI algorithms and data analytics are changing various industries by enabling precise predictions and better decision-making. Below here in Table 1 numerous papers are compared after going through multiple research papers on climatic variations and their impact on games and stakeholders’ decision making. Key findings emphasize that these approaches help in selecting optimal event locations to reduce weather-induced interruptions and provide predictions that empower organizers to plan efficiently, thereby certifying improved practices for participants and audiences. 


Table 1: Key Findings
 
	Paper ID 
	Key Findings 
	Limitations 

	[1-5] 
	This research developed an application that forecasts the optimal locations for outdoor sporting events, particularly cricket matches, based on meteorological data to minimize rain delays. A variety of machine learning techniques were used, with the Random Forest model producing the final predictions. The intention is to help event planners choose the ideal venue to minimize financial losses and spectator frustration caused by weather-related cancellations.
	Further study was necessary to evaluate and improve the methods, as this was the first attempt to predict rain interruptions during cricket matches.


 
	[6-10] 
	A clear shift in the pattern of game play, including a notable decrease in running at high level of intensity, has been shown in scientific football study involving control & heated matches conducted with standardized setups1. Retrospective evaluations of the 2014 FIFA World Cup2 also demonstrate this shift. 
	Rising ambient temperatures due to global warming are expected to have an impact on the planning & performance of future football tournaments. Even while running at a high intensity is reduced in hot conditions, peak sprinting speeds and overall fatigue are unaffected. 

	[11- 
14] 
	Cricket is an effective medium for conveying to worldwide audiences the dangers & truths of climate change. A new agreement concerning the cricket's role in reducing the adverse effects of the climate change is being worked out by stakeholders in sport, politics, media, and the environment. The urgency of these activities stems from cricket's specific sensitivity to intense heat, rain, drought,  and flooding, both in the present and the future. 
	No statistical conclusions or algorithms were used by the writers. 

	[15- 
19] 
	The study's purpose was to provide climatic information to a wide range of stakeholders so that they could understand the importance of climate and environmental change. Multiple machine learning models were utilized to forecast rainfall, and this hybrid model achieved a maximum accuracy of 81.2%, illustrating the effectiveness of ensemble techniques in rainfall forecasting. It suggested that the proposed stacking ensemble model is a flexible and acceptable framework for predicting rainfall in other regions as well. 
	Predicting rainfall remains difficult due to unpredictable weather patterns; the stacking ensemble model, while boosting accuracy, still has scope for further improvement, with a maximum accuracy of 81.2%. 

	[20- 23] 
	The next Olympic Games & FIFA World Cups from 2022 to 2032 may face heat and air quality concerns, which may cause the competitions to be delayed. Long-term environmental issues could affect the legacy of the events. 
	The most pressing issues for the mega events from 2022 to 2032 include scorching temperatures that are not appropriate for competition & poor air quality, but there can be more serious environmental concerns for the events' long-term effects. Event planners need to think about building infrastructure, legacies, and events that are climate resilient and able to withstand environmental hazards in the future. 



III. METHODOLOGY
We utilise Open-Meteo, an open-source weather API, to acquire climate data; no API key is needed. Using a potent blend of global (11 km) & mesoscale (1 km) weather models from reputable national forecasting agencies, Open-Meteo produces extensive forecasts with exceptional accuracy, with 10 km resolution hourly weather data spanning more than 80 years accessible. It also provides free use to its APIs for non-commercial purposes, which makes it easy for us to investigate & incorporate meteorological data into our projects. Our focus is on three cities: Karachi, Lahore, and Rawalpindi, where eight teams are set to compete in the 2025 Champions Trophy. Initially, historical data from January 2019 to August 2024 is retrieved to forecast the amount of rain in different cities based on fifteen match days. 
Our research paper is based on six research questions, as illustrated below in Figure 1. 
 
[image: ]
Figure 1: Proposed Research Question
Figures 2- 4 depict climate information for Karachi, Lahore, and Rawalpindi. This dataset is fetched from Open MetoStat(Free Weather API). We initially cleaned the dataset to ensure correctness and dependability after gathering the data. The data cleaning process includes handling missing numbers, eliminating duplicates, correcting discrepancies, and standardizing data formats. This preliminary processing ensures that the data is ready for inspection and illustration, which are critical components of subsequent analysis
.[image: ]
Figure 2: Climate Data for Lahore
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Figure 3: Climate Data for Rawalpindi
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Figure 4: Climate Data for Karachi

By applying the linear interpolation technique on all three cities' data, namely, we fill in the missing values for the columns that were to be cleaned. The sample code that follows iterates through the list of columns (such as temperature, humidity, etc.) that require cleaning and uses the interpolation method to fill in any gaps in the data is explained below: 
for column in columns_to_clean: 
if column in karachi_df.columns: karachi_df[column] = karachi_df[column].interpolate(method='linear') 
 
We applied machine learning algorithms to predict the weather, including the probability of rain. More specifically, we trained on weather data features includes average temperature (tavg), minimum temperature (tmin), maximum temperature (tmax), and precipitation (prcp) using the Linear Regression model from the sklearn.linear_model package. To prepare the data, train the linear regression models, and forecast future dates, the function predict_city_weather was created. The script creates forecasts and calculates the probability of rain based on anticipated precipitation after training the models for each meteorological feature, as shown below in Figure 5. 
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Figure 5: Predicted Climatic Values for ICC Champion Trophy (Rawalpindi, Lahore & Karachi)
In our proposed research, we have utilized Power BI for data visualization in addition to Python and OpenMetoStat, since it is an essential part of data analysis and provides clear and interesting insight into the data. A popular tool for data analysis, Microsoft Power BI shines at offering a variety of dynamic methods to visualize data. A variety of columns, including precipitation (prcp), wind direction (wdir), wind speed (wspd), pressure (pres), rain, and city, were used to illustrate the results as shown in Figure 6 below. 
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Figure 6: Visualization using Power BI on ICC Champions Trophy 2025(Pakistan) 
IV. RESULTS
Proper interpretation of the results highlights the significant role that AI algorithms and data analytics play in improving decision-making and predicting climate-related impacts across various sectors. Power BI dashboard includes historical data from Open Meteostat as well as predicted numbers for the ICC Champions Trophy 2025. This dashboard, presented in Figures 7, 8, & 9 respectively, provides a thorough perspective of the data through a series of interrelated visual graphs for Rawalpindi, Lahore, and Karachi. For a more comprehensive understanding of weather patterns and forecasts, the concept of Slicer is used, which enables to presentation and analysis of the data between Sum of predicted_tavg, Sum of predicted_tmax, and Sum of predicted_tmin by city for all three cities, including Rawalpindi, Lahore, and Karachi. 
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Figure 7: Dashboard for Rawalpindi (2025) 
[image: ]Figure 8: Dashboard for Lahore (2025)
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Figure 9: Dashboard for Karachi (2025)
Additionally, the below Figures 10 & 11 dashboard gives insights into how the temperature, rain, and city are correlated and in which Year, Quarter, and month rain is expected, focusing on ICC Champions Trophy 2025 schedule. 
[image: ] 
Figure 10: Rawalpindi Rain Prediction Visualization (2025)
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Figure 11: Weather Prediction Visualization during ICC Champions Trophy (2025) 
V. CONCLUSION
This study highlights the important relationship between climate science and sports, including cricket, by using cutting-edge machine learning algorithms to anticipate rain delays and enhance event scheduling. Our analysis, based on historical data and shown using dynamic tools such as Power BI, provides stakeholders with actionable insights about meteorological patterns in important cities— Karachi, Lahore, and Rawalpindi—during the ICC Champions Trophy 2025, as illustrated below in Figure 12. Our research also emphasizes how critical it is for the sports industry to confront the threats that climate change poses, encouraging cooperation between the political, sports, and environmental domains. By using cricket as a vehicle for climate advocacy, we can spread knowledge and encourage group action in the direction of a sustainable future for the game and the aircraft. 
[image: ] 
Figure 12: Weather Prediction (Rain) For ICC Champion Trophy 2025 
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Climate Data tor Lahore
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Climate Data tor Karachi
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date predicted_tavg | predicted_tmin | predicted tmax | predicted prcp | will it rain | city
2625-62-19 60:00:60 26.1817 21.0065 31.7004 0.6277 | No Karachi
2625-62-21 60:00:60 26.1494 20.9605 31.6684 0.645033 | No Karachi
2625-63-05 60:00:60 26.7664 21.6366 32.178 0.537803 | No Karachi
2625-62-20 60:00:60 23.0068 17.9084 28.1794 2.00362 | No Lahore
2025-62-22 60:00:60 22.0383 17.8622 28.0987 2.0586 | No Lahore
2625-62-23 60:00:60 22.904 17.8392 28.0583 2.07489 | No Lahore
2625-62-25 60:00:60 22.8354 17.793 27.9775 2.12167 | No Lahore
2025-62-27 60:00:60 22.7668 17.7468 27.8968 2.16865 | No Lahore
2625-63-01 60:00:60 24.8997 18.8384 29.4142 1.57634 | No Lahore
2625-63-09 60:00:60 23.8254 18.6537 29.0011 1.75825 | No Lahore
2625-62-24 60:00:60 20.0287 14.3956 25.5768 6.86606 | Yes Rawalpinidi
2625-62-26 69:00:60 19.9645 14.3524 25.5103 6.95647 | Yes Rawalpinidi
2625-62-28 60:00:60 19.9003 14.3602 25.4439 7.03397 | Yes Rawalpinidi
2625-63-02 60:00:60 21.2384 15.4708 26.9728 6.00888 | No Rawalpinidi
2625-63-06 69:00:60 21.11 15.3034 26.8399 6.16788 | Yes Rawalpinidi
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