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Abstract. Ya'an City is an important ecological tea region in China, and tea production is significantly 
influenced by meteorological factors such as rainfall, temperature, and air humidity. To explore the 
impact of meteorological factors on the changes in tea yield in Ya'an City, based on the tea yield and 
meteorological data including rainfall, average temperature, and relative humidity in Ya'an from 2013 
to 2023, the Pearson correlation analysis method was used to analyze the relationship between 
different meteorological factors and tea yield. The results showed that tea yield was positively 
correlated with annual rainfall, with a correlation coefficient of 0.556; the correlation coefficient with 
spring rainfall was 0.507; the correlation coefficient with summer average temperature was 0.457; 
industrial yield was negatively correlated with annual average humidity, with a correlation coefficient 
of -0.360; and it was also negatively correlated with spring humidity, with a correlation coefficient of 
-0.470. Therefore, rainfall has a high correlation with tea yield and is one of the important 
meteorological factors affecting the changes in tea yield in Ya'an City; temperature comes second, 
while humidity shows a relatively weak negative correlation. The results of this study are expected 
to provide a reference for water regulation in tea gardens, prevention of extreme weather, and 
climate-adaptive management of the tea industry in Ya'an City. 
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1. Introduction 

Ya'an City is located in the transition zone from the western edge of the Sichuan Basin to the 

Qinghai-Tibet Plateau, near 30°N latitude [1]. It is a typical ecological tea region and an important 

high-quality tea production base in China, as well as one of the world's recognized birthplaces of tea 

culture. Affected by the combination of monsoon climate and complex terrain, Ya'an City is warm 

and humid all year round, exhibiting typical characteristics of a subtropical humid monsoon climate. 

Taking 2023 as an example, the city's annual average temperature is about 14–19 °C, the annual 

precipitation generally ranges between 1000–1800 mm, the relative humidity remains above 80% all 

year round, and the whole year is often shrouded in rain and fog. Acidic or slightly acidic soils are 

dominant locally, providing superior natural conditions for the growth of tea plants [2]. Since 2021, 

driven by the national rural revitalization strategy [3-4]and Sichuan Province's "Three-Tea" integrated 

development strategy [5-6], Ya'an's tea industry has maintained a rapid development momentum, 

with the tea garden area stabilizing at around 66,666.67 hectares [6], and its tea yield and output value 

ranking among the top in Sichuan Province for a long time. The tea industry is not only an important 

pillar of Ya'an's agricultural economy, but also an advantageous and characteristic industry that 

promotes farmers' income growth, optimizes the agricultural industrial structure, and promotes high-

quality regional economic development.   

Tea plants are perennial leafy economic crops, and their growth and development, budding time, 

fresh leaf yield, and tea quality are all comprehensively affected by meteorological conditions. 

Among them, rainfall, temperature, and air humidity are considered the most important 

meteorological factors affecting tea production [7-8]. Adequate rainfall can improve soil moisture 

conditions, promote the normal growth of tea plants, and increase the number of new shoot 

germination and fresh leaf yield; however, continuous heavy rainfall or excessive precipitation can 

easily lead to soil waterlogging, increased frequency of pests and diseases, and affect tea picking and 

processing, thereby reducing economic benefits [9-10]. Secondly, temperature also directly affects 

the photosynthesis, respiration, and bud germination rate of tea plants. Suitable temperatures can 
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promote the growth of new shoots of tea plants, while sustained high or low temperatures will inhibit 

the normal physiological activities of tea plants, reducing yield and quality [11-12]. Finally, air 

relative humidity affects the formation of fresh leaves by regulating the transpiration, water balance, 

and leaf physiological metabolism of tea plants. A high-humidity environment is conducive to 

maintaining the softness of tender leaves and promoting the accumulation of quality substances such 

as amino acids, but excessively high humidity may also induce diseases. Research reported by Chen 

Dongmei and Wang Weiming shows that there are obvious regional differences in the response of tea 

plants to meteorological factors in different ecological regions. Temperature is usually the dominant 

factor affecting tea growth and yield, followed by rainfall and relative humidity, and the degree of 

influence of various meteorological factors also varies in different growth stages[14-15]. 

Therefore, this study is based on data of tea yield over the past decade and meteorological data 

such as rainfall, annual average temperature, and relative humidity to conduct correlation analysis, 

revealing the influence law of major meteorological factors on the changes in tea yield. At the same 

time, it provides a scientific basis for scientific tea garden management, stable and increased tea 

production, and high-quality development of the regional tea industry. 

2. Materials and Methods 

2.1. Overview of the Study Area 

Ya'an City is located in western Sichuan Province, in the transition zone between the western edge 

of the Sichuan Basin and the eastern edge of the Qinghai-Tibet Plateau, serving as an important 

ecological barrier region in the upper reaches of the Yangtze River. Its geographical coordinates range 

from 28°51′10″ to 30°56′40″ N and 101°56′26″ to 103°23′28″ E. The terrain and landforms of Ya'an 

City are complex, with mountains, hills, and river valleys distributed alternately, and obvious altitude 

differences, forming distinct three-dimensional climate characteristics, which provide a good 

ecological foundation for the development of the characteristic tea industry. 

Ya'an City belongs to the subtropical humid monsoon climate zone, characterized by distinct 

seasons and abundant rainfall, which can meet the water and air humidity demands during the growth 

process of tea plants. 

Tea plants are acid-loving plants and are suitable for growing in a soil environment with a pH 

value of about 4.5–6.5. The widely distributed acidic mountainous soils in Ya'an City provide good 

soil conditions for high-quality tea production. Acidic soils dominate the mountainous and hilly areas 

of Ya'an City, with deep soil layers, rich organic matter, and good soil permeability, which are 

suitable for the root development of tea plants. 

In recent years, Ya'an City has continuously promoted the large-scale, standardized, and brand-

based development of the tea industry, and tea has become an important pillar industry for local 

agricultural economic development. According to relevant statistical data, in 2024, the total area of 

tea gardens in Ya'an City reached 69,000 hectares, the output of dry made tea was about 121 million 

kg, and the comprehensive output value of the tea industry reached 25.4 billion yuan. The tea industry 

has played an important role in promoting farmers' income growth, advancing rural revitalization, 

and enhancing regional economic development levels. 

2.2. Data Sources and Analysis Methods 

① Data sources: Tea yield data comes from the website "Gotohui Data" (https://www.gotohui. 

com/), average temperature and rainfall data come from the Ya'an Yearbooks from 2013 to 2023 

(https://tjj.yaan.gov.cn/xinwen/list/cd4a16afaf3b2e2976ed11a087467359.html), and humidity data 

comes from the website "Mirror Earth" (https://mirror-earth.com/). 

② Analysis methods: The Pearson correlation analysis method was used to analyze the correlation 

between tea yield and meteorological factors such as annual rainfall, annual average temperature, and 

annual average relative humidity, and a two-tailed significance test was performed, with p < 0.05 as 
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the criterion for statistically significant differences. Excel was used as the data processing software, 

and R was used as the plotting software. 

3. Correlation Analysis between Meteorological Factors and Tea Yield 

3.1. Correlation Analysis between Annual Average Rainfall and Tea Yield 

As shown in Figure 1, the ranking of tea yield among districts and counties in Ya'an City from 

2013 to 2023 is: Mingshan District > Yucheng District > Tianquan County > Yingjing County > 

Baoxing County > Lushan County > Shimian County > Hanyuan County. The district with the highest 

tea yield is Mingshan District, with a peak of about 60 million kg; the lowest is Hanyuan County, 

with a trough of about 500,000 kg. From this, it can be seen that Mingshan District and Yucheng 

District are major tea-producing areas in Ya'an City. Mingshan District can reach up to 60 million kg, 

with a yield level far higher than other regions, making it the core tea production area of Ya'an City. 

Yucheng District can reach up to 39 million kg, ranking second in yield with a rapid growth rate. As 

can be seen from Figure 2A, the ranking of annual precipitation among districts and counties in Ya'an 

City from 2013 to 2023 is: Yingjing County > Baoxing County > Tianquan County > Lushan County > 

Yucheng District > Mingshan District > Shimian County > Hanyuan County. Overall, Yingjing 

County has the highest annual precipitation, reaching up to 2200 mm, while Hanyuan County has the 

lowest annual precipitation, with a minimum of 700 mm. Meanwhile, in the major tea-producing area 

of Yucheng District, the maximum annual precipitation is 1400 mm, and the minimum annual 

precipitation is 900 mm; in Mingshan District, the maximum annual precipitation is 1300 mm, and 

the minimum precipitation is 800 mm. As shown in Figure 2B, the results of the rainfall correlation 

analysis indicate that tea yield is positively correlated with annual rainfall, with a Pearson correlation 

coefficient of 0.556; the correlation coefficient with spring rainfall is 0.507, both showing moderate 

positive correlations. 

 

Figure 1. Tea Production by District/County in Ya'an (2013–2023) 
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Figure 2. Changes in precipitation and its correlation with tea yield in Ya'an City from 2013 to 

2023 

3.2. Correlation Analysis between Annual Average Temperature and Tea Yield 

As shown in Figure 3A, the ranking of average temperature in Ya'an City from 2013 to 2023 is: 

Hanyuan County > Shimian County > Yucheng District > Tianquan County > Lushan County > 

Mingshan District > Yingjing County > Baoxing County. Overall, Hanyuan County has the highest 

annual average temperature, at about 16.8 °C; Baoxing County has the lowest annual average 

temperature, at about 13.8 °C. In the major tea-producing area of Yucheng District, the maximum 

annual average temperature is about 16.2 °C, and the minimum is about 15.0 °C; in Mingshan District, 

the maximum annual average temperature is about 15.9 °C, and the minimum is about 14.9 °C. As 

shown in Figure 3B, the temperature correlation analysis results show that tea yield is positively 

correlated with temperatures at different time scales. Among them, the correlation coefficient 

between tea yield and summer average temperature is 0.457, the correlation coefficient with annual 

average temperature is 0.308, and the correlation coefficient with spring average temperature is 0.274. 

 

Figure 3. Changes in average temperature and its correlation with tea yield in Ya'an City from 2013 

to 2023 
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3.3. Correlation Analysis between Annual Average Humidity and Tea Yield 

As shown in Figure 4A, the ranking of average relative humidity in Ya'an City from 2013 to 2023 

is: Yingjing County > Baoxing County > Yucheng District > Tianquan County > Lushan County > 

Mingshan District > Shimian County > Hanyuan County. Overall, Yingjing County has the highest 

annual average relative humidity, and Hanyuan County has the lowest annual average relative 

humidity. In the major tea-producing area of Yucheng District, the maximum annual average relative 

humidity is about 83.0%, and the minimum annual average relative humidity is about 80.0%; in 

Mingshan District, the maximum annual average relative humidity is about 81.5%, and the minimum 

annual average relative humidity is about 75.2%. As shown in the humidity correlation analysis 

results in Figure 4B, tea yield is negatively correlated with spring humidity, annual average humidity, 

and summer humidity. Among them, the correlation coefficient between tea yield and spring humidity 

is -0.470, the correlation coefficient with annual average humidity is -0.360, and the correlation 

coefficient with summer humidity is -0.240. 

 

Figure 4. Changes in average humidity and its correlation with tea yield in Ya'an City from 2013 to 

2023 

4. Discussion 

4.1. Analysis of the Most Important Climate Factors Affecting Tea Yield 

Synthesizing the correlation analysis results of the three types of climatic factors, it is found that 

rainfall is the climatic factor most highly correlated with tea yield in Ya'an City. 

Among them, the Pearson correlation coefficient between annual rainfall and tea yield reaches 

0.556, which is higher than the temperature and humidity factors, indicating that moisture conditions 

have a more obvious impact on tea production in Ya'an City. 

According to research reported by Xu Jianpeng and Yu Hong, rainfall is closely correlated with 

tea yield [16-17]. Therefore, it can be known that because Ya'an's tea gardens are mainly distributed 

in mountainous and hilly regions, the root system of tea plants is relatively shallow and sensitive to 

changes in soil moisture. Adequate precipitation can increase soil water content, promote roots to 

absorb mineral elements, and provide a guarantee for the germination and growth of tea buds. 

Secondly, spring in Ya'an City is an important period for tea picking and new shoot formation, and 

spring precipitation can directly affect the yield of spring tea. This study found that spring rainfall is 

highly correlated with annual rainfall (r = 0.995), indicating that spring moisture conditions may be 

an important factor affecting tea yield. According to research reported by Ma Yuming and Li Yan, 

the other two climatic factors are still correlated with tea yield, but not the most strongly correlated 

[18-19]. 
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4.2. Correlation Analysis between Humidity Factors and Tea Yield 

From the analysis results, humidity factors have the lowest correlation with tea yield. 

Although Ya'an City belongs to a high-humidity area, the change in humidity does not show an 

obvious positive correlation with tea yield, and is even negatively correlated. This may be due to the 

following reasons: 

①  Ya'an's multi-year average humidity is already at a high level, and moisture conditions 

basically meet the needs of tea plants, so the promoting effect brought by increased humidity is 

limited; 

② Excessively high humidity easily forms a damp environment, reduces the light conditions of 

the tea garden, and simultaneously increases the probability of disease occurrence; 

③ Tea yield is not only affected by climate, but also affected by agricultural measures such as 

variety selection, fertilization management, picking methods, and mechanization levels, so the impact 

of humidity may be weakened by other factors. 

Li Shirui, Zhou Wei, and Zhang Wenjin have reported on the correlation between humidity and 

tea yield [20-22]. 

4.3. Comprehensive Meteorological Factor Analysis 

Changes in tea yield are not only controlled by climatic factors, but also affected by the policy 

environment, market demand, and emergencies. 

During the period from 2013 to 2023, Ya'an City as a whole showed a trend of climatic warming 

and humidification, with the average temperature gradually rising and precipitation conditions 

generally stable, providing a good ecological environment for the growth of tea plants. From the 

correlation analysis results, rising temperatures and increasing precipitation generally promoted the 

increase of tea yield. 

As reported by Li Shasha, Peng Yanxia, and Cao Lilixue: In recent years, the increase in extreme 

weather events, such as heavy rainfall and high-temperature weather, may cause water accumulation 

in tea gardens, increased pests and diseases, and delayed picking periods, affecting the stability of tea 

production [23-25]. 

In recent years, Ya'an City has regarded the tea industry as an agricultural characteristic industry 

and an important grip for rural revitalization, improving the comprehensive benefits of the tea 

industry through the construction of standardized tea gardens, developing the tea processing industry, 

and promoting brand construction. 

Data shows that in 2024, the total area of tea gardens in Ya'an City reached 69,000 hectares, the 

output of dry made tea was 121,000 tons, and the comprehensive output value reached 25.4 billion 

yuan, making the tea industry an important pillar of the local agricultural economy [26]. 

Policy support has improved tea garden management levels, making the growth of tea yield not 

only related to natural conditions, but also influenced by enhanced human management capabilities 

[27-29]. 

During the period from 2019 to 2022, the growth rate of tea yield in Ya'an City was relatively 

small. The reason behind this is that the COVID-19 pandemic had a certain impact on tea production 

and sales [30]. On the one hand, the pandemic caused the transportation and sales channels of tea in 

some areas to be restricted; on the other hand, the rapid development of new models such as online 

sales and e-commerce live streaming alleviated traditional sales pressure to a certain extent. 

5. Summary of Research Results 

From 2013 to 2023, the tea yield in Ya'an City generally showed an upward trend, indicating that 

the local tea industry has maintained a good momentum of development in recent years. 

In terms of climate change: Temperature generally showed a slow upward trend, providing 

relatively stable heat conditions for tea plant growth; rainfall generally maintained a high level, 
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providing sufficient moisture for tea gardens; air humidity was maintained at a high level for a long 

time, but excessively high humidity may increase disease risks. Correlation analysis showed that 

rainfall had the highest correlation with tea yield (r = 0.556), making it an important climatic factor 

affecting tea yield; temperature factors came second, with summer temperature having a more 

obvious impact (r = 0.457); humidity factors had the lowest correlation and showed a negative 

correlation. Therefore, tea production in Ya'an City is jointly affected by hydrothermal conditions, 

among which "rainfall is the factor most highly correlated with tea yield among the meteorological 

factors selected in this study." 

6. Future Development Prospects and Suggestions 

In view of the climatic characteristics of Ya'an City such as concentrated spring precipitation, 

summer high temperatures, and long-term high humidity, future tea industry development should 

further strengthen climate-adaptive management. 

(1) In view of concentrated spring precipitation, strengthen tea garden moisture regulation. Spring 

is an important period for the sprouting of tea plants and the picking of spring tea in Ya'an City. 

Drainage ditches, water storage facilities, and soil and water conservation facilities on sloping land 

should be improved according to precipitation changes. Drainage ditches should be dredged in time 

before heavy rainfall occurs to reduce water accumulation and soil waterlogging in tea gardens. At 

the same time, in periods of insufficient precipitation, methods such as straw mulching and growing 

grass in tea gardens can be adopted to reduce soil moisture evaporation and improve soil moisture-

retaining capacity. 

(2) In view of summer high temperatures, adopt shading and cooling measures. In areas with 

perennial high temperatures, shading nets can be reasonably set up according to the terrain of the tea 

garden and the growth status of the tea plants, and methods such as forest-tea interplanting can be 

combined to lower the surface temperature of the tea garden and reduce the adverse effects of high 

temperatures and strong light on the growth of new shoots of tea plants. At the same time, irrigation 

time should be reasonably arranged to avoid heavy watering during high-temperature periods. 

(3) In view of the high-humidity environment, strengthen green prevention and control of diseases. 

The air humidity in Ya'an City is at a high level for a long time. In continuous rainy weather, the 

ventilation and light transmission management of tea gardens should be strengthened, diseased leaves 

and dead branches should be cleared in time, meteorological warnings should be combined to carry 

out disease monitoring, and green prevention and control measures should be adopted in the early 

stage of disease occurrence to reduce the risk of disease diffusion in high-humidity environments. 

(4) Strengthen the selection of stress-resistant tea plant varieties and meteorological early warning. 

In view of the differences in temperature, precipitation, and humidity among different districts and 

counties, tea plant varieties with strong high-temperature resistance, moisture-logging resistance, and 

disease resistance should be selected in combination with local ecological conditions. At the same 

time, meteorological monitoring data can be used to establish a tea garden meteorological risk early 

warning mechanism, and management measures such as irrigation, shading, drainage, and picking 

should be adjusted in time according to weather processes such as heavy rainfall, high temperatures, 

and continuous rainy weather, thereby improving the ability of tea gardens to cope with extreme 

weather. 

7. Conclusion 

Based on the tea yield and meteorological data of Ya’an City from 2013 to 2023, this study used 

Pearson correlation analysis to examine the relationships between tea yield and rainfall, temperature, 

and relative humidity. The results show that tea yield in Ya’an City generally increased during the 

study period, while meteorological conditions showed a gradual warming trend, relatively stable 

precipitation, and persistently high relative humidity. 
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Among the selected meteorological factors, rainfall showed the strongest positive correlation with 

tea yield. The correlation coefficient between annual rainfall and tea yield was 0.556, while the 

correlation coefficient between spring rainfall and tea yield was 0.507. Temperature also showed 

positive correlations with tea yield, with summer average temperature showing a correlation 

coefficient of 0.457, which was higher than those of annual average temperature (0.308) and spring 

average temperature (0.274). In contrast, relative humidity showed negative correlations with tea 

yield, with correlation coefficients of -0.470 for spring humidity, -0.360 for annual average humidity, 

and -0.240 for summer humidity. 

Overall, the results indicate that water conditions were relatively important among the 

meteorological factors examined in this study, with rainfall showing the highest correlation with tea 

yield, followed by temperature, while humidity showed a relatively weak negative correlation. 

However, tea yield is influenced not only by meteorological conditions but also by agricultural 

management, policy support, market conditions, and unexpected events. Therefore, future tea 

production in Ya’an should combine meteorological monitoring with adaptive management measures, 

particularly strengthening water regulation during periods of concentrated rainfall, shading and 

cooling during high-temperature periods, disease prevention under high-humidity conditions, and the 

selection of stress-resistant tea varieties. These measures may help improve the stability and climate 

adaptability of tea production in Ya’an City. 
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