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Abstract	Comment by Leinar: Please follow the instructions from the General Guideline for Authors
The study evaluates the reliability of CRIN automatic weather station data in predicting the effect of climate change with NASA data. The study utilized a comprehensive analysis of three key weather parameters namely Average temperature, relative humidity, and rainfall to provide strong evidence for the overall reliability of CRIN's automatic weather station. The result shows that Average Temperature correlation coefficients varied widely, from 0.2625 to 0.9853. Years like 2014, 2017, 2018, 2019 and 2020 showed very strong correlations, suggesting improved reliability. The low correlation coefficients in years like 2015, 2016, 2021 and 2022 shows weak relationship between both systems. The variability in these years warrants further investigation and potential calibration checks. Relative Humidity correlation coefficients ranged from 0.796 to 0.955, indicating consistently strong agreement. CRIN data was slightly higher than NASA data, particularly in latter parts of each year. This indicates a high reliability in capturing atmospheric moisture content patterns. Rainfall correlation coefficients ranged from 0.659 to 0.969, showing strong to very strong agreement. This reveals an excellent performance in capturing rainfall patterns, crucial for agricultural applications. It is notable that the CRIN station generally recorded slightly higher relative humidity values compared to NASA data, particularly in the latter part of each year. Despite the differences observed, the strong correlations indicate high reliability in relative humidity measurements from the CRIN automatic weather station.
Keywords: CRIN Automatic Weather Station, NASA Data, Comparative Analysis		Comment by Leinar: (Arial, inclined, 10 font, justified)




	
Introduction	Comment by Leinar: (Arial, Bold, 11 font, left aligned, caps) and for text please follow the instructions from the General Guideline for Authors
Intergovernmental panel on climate change (IPCC) posited that climate change is unquestionable, the earth climate is changing and the rate of change is accelerating with man’s economic activities having a visible effect on the climate (IPCC, 2022). The IPCC conclude that if emission of greenhouse gases (GHG) continues, the global mean temperature will increase over the century this trend in climate change will not only lead to global changes in temperature, precipitation, soil moisture, changes in rainfall pattern, relative humidity disturbances and increase in global sea level and other climate variables such as more severe extreme temperature events, flood and drought (IPCC, 2022). Climate change will have great impact on all sector of global economy but most especially, the impact on agricultural sector will be massive creating food shortages, food insecurity, and heightened water stress most especially in the developing countries. The most vulnerable group is the resource poor small holders’ farmers that characterized the low latitude third world residing in the remote and fragile environments of the third world countries. 	Comment by Leinar: Introduced to references!!	Comment by Leinar: Introduced to references!!
It is projected that by 2050, food production should increase by 70% but with the effect of climate change as is being witness now, it’s certain that this projection is not realizable. African agriculture is rain dependent, and fluctuations in rainfall pattern will vary according to sub region (Chuilunjika & Gumade, 2021) leading to a decline in total food output owing from effect of climate change and these unpleasant effect may be affected by population pressure, land degradation, low level of capital investment and policy conditions that reduce the provision of farmers support services. Therefore, the continent is potentially vulnerable to various complication of climate change (Kalu & Mbanasor, 2023).
Nigeria is experiencing adverse climatic conditions with negative impacts on the welfare of millions of people. Persistent drought and flooding, off season rains and dry spells have sent growing seasons out of orbit, on a count dependent on a rain fed agriculture ((Suh and Molua, 2022). Only about a million hectare is currently irrigated in Nigeria out of the total 30.5 million arable hectare of land (Shourine and Singh, 2021). Agriculture in Nigeria is particularly vulnerable to the different impact of climate change (Kongor et al, 2024; Bukola et al., 2021). Incessant and severity of droughts are likely to cause crop failure, high and rising food prices, distress sales of animals, de-capitalisation, impoverishment, hunger and eventually famine (IPCC, 2022; Bukola et al., 2021).	Comment by Leinar: ???	Comment by Leinar: Introduced to references!!
	Comment by Leinar: Introduced to references!!
Cocoa Research Institute of Nigeria (CRIN) with headquarters located in Ibadan Nigeria has been at the forefront of agricultural research for six decades, contributing significantly to the sustainable productivity of Cocoa, Kola, Coffee, Cashew, and Tea through its diverse agricultural research projects that is local driven and in collaboration with distinguished international development partners such as International Cocoa Organization (ICCO), FARA, World Bank Group , IDH, OCP-Africa, IITA to mention a few in areas of Socio-economic, soil science, plant pathology, breeding, value addition research. Others areas of research includes agricultural economics and extension, agronomy and entomology.  It is crucial to highlight the institute's commitment to climate-smart research and technological advancements in data collection and analysis. Climate change poses significant challenges to agriculture, particularly for tree crops that form the cornerstone of CRIN's mandate. Accurate and reliable weather data is essential for developing climate-smart strategies for ensuring sustainability of productivity of these crops. The automatic weather station at CRIN plays a pivotal role in this endeavor, providing crucial meteorological data that informs research, guides agricultural practices, and contributes to policy-making.
This study validates the reliability of CRIN's automatic weather station by comparing its data with that of National Aeronautics and Space Administration (NASA) with established online data services since 1975 (https://science.nasa.gov/mission/goes/) NASA, is a globally recognized authority in climate and weather monitoring (NASA, 2021). By analyzing key weather parameters such as rainfall, average temperature, and relative humidity, it demonstrates the accuracy of CRIN's weather monitoring capabilities. The findings of this study not only underscore CRIN's commitment to precision in Climate-Smart research but also highlight the Institute's alignment with global standards in weather data collection. This study contributes to the broader theme "Tree Crops Research for Sustainable Nigerian Economy" by emphasizing the role of accurate climate data in sustainable agricultural practices and economic development.
Objectives
The objectives of the study include:
i. assessment the reliability of CRIN's automatic weather station by comparing its data with NASA's records for key weather parameters
ii.  determining the correlation between CRIN and NASA data for rainfall, average temperature, and relative humidity
iii. visualizing the patterns and potential discrepancies between CRIN and NASA weather data.

Methodology	Comment by Leinar: (Arial, Bold, 11 font, left aligned, caps) and for text please follow the instructions from the General Guideline for Authors
CRIN data was extracted from the Campbell weather station's data logger and compiled into a standardized format. NASA data was downloaded from the POWER Data Access Viewer and formatted to match the CRIN data structure. Both datasets were cleaned to remove any missing or erroneous values. Pearson correlation coefficients were calculated for each weather parameter to estimate the relationship between CRIN and NASA data. Descriptive statistics (mean, and, standard deviation) were computed for both datasets to compare overall trends and variability. Time series plots were created for each parameter to visually compare CRIN and NASA data over the ten-year period. Data processing and statistical analyses were performed using Excel and SPSS graphical representations were created using MS Excel
CRIN Weather Station	Comment by Leinar: Subheading Subheading (ARIAL, BOLD, 11 FONT, LEFT ALIGNED) - second level heading.  

The study utilized data from the Cocoa Research Institute of Nigeria (CRIN) Automatic Weather Station. The weather station in use is Campbell Scientific model () installed December 2013, known for its reliability and precision in agricultural and research settings. The parameters collected: Rainfall (mm), Average Temperature (0C) and Relative Humidity (%). Data was collected continuously over a ten-year period from January 1sth, 2013 to December 31sth, 2022, providing a robust dataset for analysis.	Comment by Leinar: ????
NASA Data 	Comment by Leinar: Subheading Subheading (ARIAL, BOLD, 11 FONT, LEFT ALIGNED) - second level heading
[bookmark: _GoBack]Comparative data was obtained from the NASA POWER (Prediction of Worldwide Energy Resources) database, accessed through the official NASA POWER Data Access Viewer (https://power.larc.nasa.gov/data-access-viewer/ ) (NASA, 2021). This platform provides free available solar and meteorological data to support renewable energy, building energy efficiency, and agricultural needs. The following parameters: Rainfall, Average Temperature and Relative Humidity corresponding to those collected by the CRIN weather station, was downloaded from the NASA database website within the time period (January 1, 2013- December 31, 2022). 
Results and Discussion	Comment by Leinar: Arial, Bold, 11 font, left aligned, caps) and for text please follow the instructions from the General Guideline for Authors
The correlation coefficients for relative humidity show consistently strong positive correlations. These high correlation coefficients indicate excellent agreement between CRIN's automatic weather station and NASA data for relative humidity measurements. The consistently strong correlations suggest that both systems are capturing similar patterns and trends in atmospheric moisture content. 
Rainfall The correlation coefficients for rainfall between CRIN's automatic weather station and NASA data show generally strong positive correlations. These correlation coefficients indicate well to excellent agreement between CRIN's automatic weather station and NASA data for rainfall measurements. The consistently strong correlations suggest that both systems are capturing similar patterns and trends in rainfall.  The strongest correlation was observed in 2016 and 2022 (r = 0.969 and 0.950), indicating near-perfect alignment between CRIN and NASA data for that year. The weakest correlation, although still moderate, was in 2021 (r = 0.659). This could be due to local weather events captured by the CRIN station but not reflected in the broader-scale NASA data. Most years show correlations above 0.75, suggesting the reliable performance of the CRIN weather station in measuring rainfall. Despite the strong correlations, there are some discrepancies in absolute rainfall amounts: In some years (e.g. 2014, 2019), the CRIN station recorded lower total annual rainfall compared to NASA data.  In other years (e.g. 2018, 2020), the CRIN station showed higher rainfall in some months but lower in others compared to NASA data. These differences could be attributed to: Local microclimatic effects, such as geographic influences or land cover differences and differences in measurement techniques (rain gauge design, placement). Equally, spatial resolution difference between point-based CRIN measurement and grid-based NASA data with potential issues with data collection or calibration in specific period. It is important to note that rainfall can be highly localized, especially in tropical regions, which could explain some of the discrepancies while still maintaining strong correlations in overall patterns. Average Temperature Correlation coefficients in some years are very high, years like 2014, 2017, 2018, 2019 and 2020. These years with high correlation coefficients indicate that CRIN and NASA captured similar patterns and trends in Average Temperature. For years like 2015, 2016, 2021 and 2022 low correlation coefficients were recorded which could have been as a result of the poor maintenance of CRIN automatic weather station. Figure 1 shows the average monthly distributions of relative humidity for a period of ten years which indicates that NASA data was higher than CRIN data for January to June; NASA data is higher due to its high precision. Also, it is notable that the CRIN data recorded slightly higher value from June to a near perfection of values for November and December. However, High overall agreement revealed CRIN and NASA data show very similar patterns and values throughout the years, explaining the consistently high correlations observed earlier. While Seasonal pattern indicate that both datasets capture the expected seasonal variation in relative humidity, with higher values during the wet season (June to October) and lower values in the dry season.	Comment by Leinar: Subheading Subheading (ARIAL, BOLD, 11 FONT, LEFT ALIGNED) - second level heading.  	Comment by Leinar: the subtitle "Average temperature" should appear!	Comment by Leinar: the subtitle "Relative humidity" should appear!
Table 1: Correlation Coefficients of Climate Change Parameters 	Comment by Leinar: Please follow the instructions from the General Guideline for Authors and inserted in the text ”Table 1” when talking about each parameter. 
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	Years	Comment by Leinar: Please follow the instructions from the General Guideline for Authors
	Relative Humidity
	           Rainfall
	Average  Temperature

	2014
	                0.796*
	             0.764*
	            0.9853

	2015
	                  -
	                 -
	            0.2625

	2016
	                  -
	              0.969**
	            0.2919

	2017
	                  -
	                  -      
	            0.9276

	2018
	               0.914**
	              0.782*      
	            0.9171

	2019
	               0.903**          
	              0.859**
	            0.9558

	2020
	               0.955**
	              0.811**  
	            0.9242

	2021
	               0.844*
	             0.659***
	            0.3977

	2022
	               0.901**
	             0.950**
	            0.3626


Strong*., very strong**., moderate***


[image: ]Fig. 1: Relative humidity average monthly 10 years distribution	Comment by Leinar: Please follow the instructions from the General Guideline for Authors
Figure 2: shows monthly distribution of average temperature from 2014 to 2022 of both NASA and CRIN data. Values for NASA data range between 250C to 270C with the highest values in March and lowest values in August. CRIN on the other hand indicated highest values in February at 280C and lowest values of 24.80C in September. Likewise Close alignment values indicate CRIN and NASA temperature data show remarkably similar patterns throughout the years under study, with only minor differences in absolute values.	Comment by Leinar: I propose that the figures and their description be included within each studied parameter (subtitle)


Fig. 2:  Average monthly temperature distributions 2014 - 2022	Comment by Leinar: Please follow the instructions from the General Guideline for Authors

Figure 3 provides further insights into the relationship between CRIN and NASA data. The graph shows trend agreement of both CRIN and NASA data having similar seasonal patterns, with peak rainfall occurring between June and October, corresponding to the typical wet season in Nigeria. CRIN consistently reported lower rainfall amounts compared to NASA data, particularly during peak rainfall months. This difference could be due to: Different measurement techniques (ground-based vs. satellite-derived) and local micro climatic factors affecting CRIN's measurements.  The dry season alignment reveal that both datasets show good agreement during the drier months (December to February), suggesting higher reliability of measurements during periods of low rainfall. These observations explain the moderate to strong correlations found earlier, while also highlighting the need for careful interpretation of absolute rainfall values in tree crop research.	Comment by Leinar: I propose that the figures and their description be included within each studied parameter (subtitle)


Figure 3: Trend of average monthly distribution of rainfall for 2013 - 2021	Comment by Leinar: Please follow the instructions from the General Guideline for Authors

  Conclusion 	Comment by Leinar: Arial, Bold, 11 font, left aligned, caps) and for text please follow the instructions from the General Guideline for Authors
The findings collectively demonstrate that CRIN Automatic Weather Station (AWS) is a reliable source of local climate data having minor differences in areas where there are strong differences observed in correlation values. That could have been as a result of potential differences in measurement technology or calibration, Local vegetation effects and poor maintenance practices. The CRIN AWS data demonstrates good reliability for relative humidity and average temperature along with NASA data set. CRIN automatic weather station for rainfall measurements should be upgraded for efficient rainfall measurement. This comprehensive assessment affirms the station's importance as a valuable asset for CRIN's research endeavors and its potential contributions to sustainable agricultural practices. CRIN should enhance the reliability and utility of its weather station data, strengthening its capacity for climate-smart research on tree crops.  Improved weather monitoring capability will be crucial in addressing the challenges of sustainable tree crop production in the face of climate change, contributing significantly to Nigeria's agricultural sector and economy.
Recommendation	Comment by Leinar: Arial, Bold, 11 font, left aligned, caps) and for text please follow the instructions from the General Guideline for Authors
This study recommends an implementation of rigorous schedule for calibrating all sensors, with particular attention to temperature sensors given the observed variability. Regular cross-validation of CRIN data with other reliable weather data sources (e.g NIMET weather station, satellite data) to identify and address systematic bias. Conduct a detailed study of the microclimate around the weather station to better understand local factors influencing measurements, particularly for temperature and rainfall. Regular training to staff on weather station equipment’s operation, maintenance, and data interpretation should be enhanced.  
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Average Monthly Temperature distribution 2014-2022
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Trend of Average monthly Distribution of Rainfall 2013-2021
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