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1. Introduction 
Climate change is a pressing global issue that has far-reaching impacts on various aspects of our lives, including 

agriculture (Singh et al., 2013; Tian et al., 2021). The increasing frequency and intensity of heavy precipitation events are 

of particular concern (Mondal and Mujumdar, 2015), as they can have devastating effects on crop production and food 

security (Pingale et al., 2014; Rosenzweig et al., 2002). Heavy precipitation events can lead to soil erosion, landslides, 

and flooding, which can result in significant losses to agricultural production (Gitz et al., 2016; Guido et al., 2020). 

 

The International Panel on Climate Change (IPCC) has identified climate change as a major driver of changes in 

heavy precipitation events worldwide (Iizumi, et al., 2010; Tramblay et al., 2012). The increasing frequency and intensity 

of heavy precipitation events have been reported in various regions, including continental America (Singh et al., 2013; 

Seleshi and Zanke, 2004), the Upper Oueme River Valley (Attogouinon et al., 2017), the Black Sea Western Coast 

(Croitoru et al., 2013), Northern Ethiopian Highlands (Adamseged et al., 2019) and in sub-Saharan Africa by Guido et al. 

(2019. These changes have been attributed to the intensification of the hydrological cycle, which has increased the risks 

of both droughts and heavy precipitation events to agriculture (Adamseged et al., 2019; Gitz et al., 2016; Li et al., 2019; 

Vogel et al., 2019). 

 

Extreme precipitation events can have negative impacts on crop production, particularly in regions with poorly 

drained lowlands (Irmak, 2014; Patil et al., 2016). Studies have shown that heavy precipitation can reduce maize yields 

by up to 17% in regions with poorly drained soils (Li et al., 2019). The effects of heavy precipitation on crop production 

have been under-studied, which are well-documented climatic-impact drivers of crop production (Anderson et al., 2021). 

 

Dong Thap province, located in the Mekong Delta of Vietnam, is one of the main agricultural production provinces in 

the region (Dinh and Dang, 2021). The province is a land plain with relatively low terrain, making it vulnerable to crop 
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loss due to heavy precipitation events (Lee and Dang, 2019). The agricultural sector in Dong Thap province is a 

significant contributor to the local economy, with rice being the main crop grown in the region. 

 

The aim of this study, therefore, is to analyze and assess heavy precipitation event trend using the Mann-Kendall test 

and Sen’s slope estimate to provide early warnings and minimize the negative effects of heavy precipitation events on 

crop production in Dong Thap province over the past three decades (1985-2021). 

 

2. Materials and methods 

2.1 Study area  
Dong Thap is a province located in the Mekong Delta region of southern Vietnam, in the western part of the South 

Central (Figure 1). It is one of the three provinces with the largest area of cultivated land in the Plain of Reeds (Dinh and 

Dang, 2022). The province is situated at a latitude of 10°07' to 10°58' north and a longitude of 105°12' to 105°56' east, 

bordering Prey Veng Province (Cambodia) to the north, Vinh Long and Can Tho cities to the south, An Giang Province 

to the west, and Long An and Tien Giang provinces to the east (Figure 1). 

 

 
 

Fig. 1: The map of study area 

 

The province is divided into 12 administrative units, with Cao Lanh as the provincial capital. Dong Thap Province is 

divided into two regions by the Tien River which includes the districts of Hong Ngu, Tan Hong, Tam Nong, Thanh Binh, 

Cao Lanh, Thap Mưoi, and the city of Cao Lanh, with a relatively flat terrain while the south bank, which includes the 

districts of Lap Vo, Lai Vung, Chau Thanh, and Sa Dec town, with a terrain shaped like a basin, sloping from both sides 

of the river towards the center (Lee and Dang, 2020). The province has an average elevation of 0.7 to 1.5 meters above 

sea level, with the highest point at 3.6 meters in some areas of the districts of Hong Ngu, Tan Hong, and the lowest point 

at 0.7 meters in the districts of Thap Mưoi, Chau Thanh, Lai Vung, and Lap Vo. The terrain is generally flat, especially 

in the Dong Thap Muoi area, with a height difference of about 2.0 meters (Dinh and Dang, 2022). The area is located in 

the tropical monsoon climate region, influenced by two main wind seasons namely the Northeast monsoon and the 

Southwest monsoon (Lee and Dang, 2020). The Northeast monsoon brings hot air, resulting in a dry season, while the 

Southwest monsoon brings moisture, contributing to abundant precipitation in the region during the wet season (Dinh 

and Dang, 2022). The province receives an average annual precipitation of approximately 1504.1 mm, with the wet 

season typically occurring from May to November, accounting for around 90% of the annual precipitation (Figure 2). 
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Figure 2: Mean monthly precipitation at stations in the study area for the period of 1985-2020 

 

The highest precipitation is usually recorded in October, with an average precipitation of 289.3 mm in Cao Lanh and 

235.4 mm in Hong Ngu (Figure 2). The dry season, which begins in December and ends in April of the following year, 

accounts for around 10-15% of the annual precipitation, with the lowest precipitation typically recorded in February 

(Figure 2). 

 

2.2 Precipitation data collection for detecting change trends    

To investigate the changes in precipitation patterns, the study used daily precipitation data from 1985 to 2021 from two 

observation stations, Cao Lanh and Hong Ngu. The World Meteorological Organization (WMO) suggests a range of 

heavy precipitation indices for analyzing changes in precipitation patterns at various scales, including national, regional, 

and global levels. These indices, outlined in Table 1, have been widely utilized in previous studies (Attogouinon et al., 

2017; Lee and Dang, 2020). In this research, a subset of these indices was selected for analysis, including the number of 

very heavy precipitation events (20 ≤ R< 50), the number of days with precipitation arrange from 50 ≤ R ≤ 100 mm, and 

the occurrence of maximum precipitation intensity (Rmax). 
 

Table 1: Heavy precipitation indices established by the World Meteorological Organization 

Index Indicator name Definitions Units 

R10 Number of heavy 

precipitation days 

Annual count of days when PRCP ≥ D 10mm days 

R20 Number of very heavy 

precipitation days 

Annual count of days when PRCP ≥ D 20mm  days 

R25 Number of days  

above mm 

Annual count of days when PRCP ≥ D 25mm  days 

CDD Consecutive dry days Maximum number of consecutive days with RR≤1mm days 
 

PRCP is the daily precipitation amount; RR is the daily precipitation amount on day. 

 

These indices were chosen based on a preliminary assessment of precipitation characteristics, such as the timing, 

intensity, and extent of precipitation, as well as the impact of heavy, very heavy, and extreme precipitation on social and 

economic activities and particularly agriculture. These sectors are highly susceptible to the effects of heavy precipitation 

events in the study area, and therefore, it is essential to monitor and analyze these indices to understand the changing 

precipitation patterns and their implications for the region.  

 

To ensure the reliability of the statistical analysis, we selected precipitation data with less than 10% missing values, 

allowing us to maintain a robust dataset for trend detection. The Mann-Kendall test and Sen's slope estimate, two widely 

used statistical methods in hydrometeorology and environmental research (Attogouinon et al., 2017), were employed to 

identify the monotonic trends in the precipitation data. 

 

The Mann-Kendall test is a non-parametric statistical method used to detect monotonic trends in time series data. The 

test is based on the correlation coefficient between the data points and their ranks, allowing for the detection of trends in 

the presence of autocorrelation (Lee and Dang, 2020). The test statistic is calculated as follows: 

 



Global J Res Agri Life Sci. 2024; 4(6), 57-65 

               @ 2024 | PUBLISHED BY GJR PUBLICATION, INDIA  
 

60 

𝑆 = ∑ ∑ Sign (Xj − Xi)
n
j = i + 1 

n−1
i = 1                 (1) 

Where Sign (Xj − Xi) is defined based on formula (2) 

 Sign (Xj − Xi) = {

+1       if  xj − x𝑖 > 0

0          if xj − xi = 0

−1         if  xj − xi < 0

                        (2) 

With Xj, Xi are the annual data series and j, i with the condition is j > i.  

and variance (Var) is defined by formula (3). 

Var(S) =
1

18
[ n(n − 1)(2n +  5) − ∑ tj(tj − 1)(2tj + 5)

m
j=1 ]                            (3) 

In the formula (3), m and tj are the number of the tied groups and the number of ties to extent j in the data series. 

For the sample size n > 10, the values of S and Var(S) are defined by the statistics of standard test (Zs) and, Zs is given 

follow as: 
 

ZS =

{
 

 
S−1

√Var(S)
         if S > 0   

0                if S = 0
S−1

√Var(S)
      if S < 0

                (4) 

And S in the formula (4) is calculated by formula (5) 

τ =
S

D
                   (5) 

D in Formula (5) is defined by formula (6) 

D = [
1

2
n(n − 1) −

1

2
∑ tj(tj − 1)
m
j=1 ]

1

2
[
1

2
n(n − 1)]

1

2
              (6) 

 

The statistic Zs test is applied to detect the monotonous tendencies. Where Zs in formula (4) will present an upward trend 

if ZS is positive, otherwise ZS will describe a downward trend (Attogouinon et al. 2017).  

     The Sen’s slope is defined as follow: 

β = Median (
Xi−Xj

i−j
)        with j < 𝑖                (7) 

 

where Xi, Xj are data series at time scales ti and tj, respectively. 
 

To identify the monotonic trends in heavy precipitation patterns, a statistical analysis was conducted using the Mann-

Kendall test and Sen's slope estimator with a 95% confidence level. This approach allowed us to determine whether the 

null hypothesis of no trend could be rejected in favor of the alternative hypothesis of a significant trend. Specifically, if 

the absolute value of the Sen's slope estimator (|Zs|) exceeded the critical value of 1.96, the null hypothesis of no trend 

was rejected, indicating the presence of a statistically significant trend in the heavy precipitation data (Lee and Dang, 

2020). 
 

3. Results and discussion 

3.1 Basic statistical characteristics of precipitation variables 
The basic statistical characteristics of rainfall variables (minimum, maximum, and mean) for September, October, and 

November during the period 1985-2021 at Cao Lanh and Hong Ngu stations are presented in Table 2. The mean rainfall 

values for these months are 179.6 mm, 284.8 mm, and 146.5 mm, respectively. The minimum rainfall values for these 

months are 45.5 mm, 113.8 mm and 31.2 mm, respectively while the maximum rainfall values are 524 mm, 528 mm, and 

423 mm. In terms of standard deviation (SD), the values for September, October, and November are 97.3 mm, 93.5 mm, 

and 91.6 mm, respectively. These values indicate that the rainfall data for these months exhibit relatively high variability. 

The coefficient of variation (CV) is a measure of the relative dispersion of the data. The CV values for September, 

October, and November are 0.40, 0.33, and 0.62, respectively. These values suggest that the rainfall data for October and 

November exhibit relatively low dispersion, while the data for September exhibit relatively high dispersion. 

 

For Hong Ngu station, the minimum, maximum, and mean rainfall values for September, October, and November at 

Hong Ngu station are also presented in Table 2. The mean rainfall values for these months are 239.9 mm, 282.7 mm, and 

146.8 mm, respectively. The minimum rainfall values for these months are 85.4 mm, 110.9 mm and 12.8 mm, 

respectively while the maximum rainfall values are 303.4 mm, 639.5 mm, and 390.6 mm. In terms of standard deviation 

(SD), the values for September, October, and November are 69.6 mm, 104.1 mm, and 88.6 mm, respectively. These 

values indicate that the rainfall data for these months exhibit relatively high variability. 
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Table 2: Basic statistical characteristics of rainfall parameters in Dong Thap province in the period 

1985-2021. 
 

 

 

 

 

 

 

 

 

 

 

 

The coefficient of variation (CV) values for September, October, and November are 0.39, 0.37, and 0.60, 

respectively. These values suggest that the rainfall data for October exhibits relatively low dispersion, while the data for 

September and November exhibit relatively high dispersion. Overall, the analysis of the basic statistical characteristics of 

rainfall parameters in Dong Thap province during the period 1985-2021 suggests that the rainfall data for both Cao Lanh 

and Hong Ngu stations exhibit relatively high variability, with the exception of October at Hong Ngu station. 
 

For Cao Lanh station, the number of very heavy precipitation events (20 ≤ R < 50) is relatively low, with an average 

of 18.7 days per year. This suggests that the station experiences relatively high very heavy precipitation events. The 

minimum and maximum values for this parameter are 11 day and 31 days, respectively, indicating a relatively narrow 

range of values (Table 2). The number of days with precipitation ranged from 50 ≤ R ≤ 100 mm is also relatively low, 

with an average of 3.5 days per year. This indicates that the station experiences relatively few moderate to heavy 

precipitation events. The minimum and maximum values for this parameter are 0 day and 11 days, respectively, 

indicating a relatively narrow range of values. The occurrence of maximum precipitation intensity (Rmax) at Cao Lanh 

station is also noteworthy, with a maximum value of 15.7 days recorded in the available period. This suggests that the 

station is capable of experiencing relatively intense precipitation events. 

At Hong Ngu station, the number of very heavy precipitation events (20 ≤ R < 50) is relatively low, with an average 

of 15.7 days per year. This suggests that the station experiences relatively few very heavy precipitation events. The 

minimum and maximum values for this parameter are 7 days and 26 days respectively, indicating a relatively narrow 

range of values. The number of days with precipitation ranged from 50 ≤ R ≤ 100 mm is also relatively low, with an 

average of 2.9 days per year. This indicates that the station experiences relatively few moderate to heavy precipitation 

events. The minimum and maximum values for this parameter are 0 day and 7 days, respectively, indicating a relatively 

narrow range of values. The occurrence of maximum precipitation intensity (Rmax) at Hong Ngu station is also 

noteworthy, with a maximum value of 12 days recorded in the available period. This suggests that the station is capable 

of experiencing relatively intense precipitation events. 

 

Overall, the analysis of the statistical characteristics of rainfall parameters at Cao Lanh and Hong Ngu stations 

suggests that both stations experience relatively few very heavy precipitation events, but may experience more moderate 

to heavy precipitation events. Additionally, both stations are capable of experiencing intense precipitation events, with 

Cao Lanh station experiencing more extreme events. 

 

 

 

 

 

Factors Min Mean Max SD CV Period 

Cao Lanh station 

September 45.5 mm 179.6 mm 524 mm 97.3 0.40 1985-2021 

October 113.8 mm 284.8 mm  528 mm 93.5 0.33 1985-2021 

November 31.2 mm 146.5 mm 423 mm 91.6 0.62 1985-2021 

20≤ R< 50 11 days 18.7 day 31 days 4.96 0.25 1985-2021 

50≤ R< 100 0 day 3.52 day 11 days 2.29 0.63 1985-2021 

Max precipitation  41.7 mm 82.1 mm 147.9 mm 26.6 0.31 1985-2021 

Hong Ngu station 

September 85.4 mm 239.9 mm 303.4 mm 69.6 0.39 1985-2021 

October 110.9 mm 282.7 mm 639.5 mm 104.1 0.37 1985-2021 

November 12.8 mm 146.8 mm 390.6 mm 88.6 0.60 1985-2021 

20≤ R< 50 7 days 15.7 day 26 days 4.89 0.30 1985-2021 

50≤ R< 100 0 day 2.93 day 7 days 1.77 0.59 1985-2021 

Max precipitation  49.2 mm 73.1 mm 123.3 days 21.2 0.28 1985-2021 



Global J Res Agri Life Sci. 2024; 4(6), 57-65 

               @ 2024 | PUBLISHED BY GJR PUBLICATION, INDIA  
 

62 

Table 3: Trend results of rainfall variables in Dong Thap province in the period 1985-2021. 

Station ZS p-value β 

Cao Lanh station 

September -0.47 0.485 -0.087 

October 1.63 0.218 1.000 

November -1.38 0.321 -0.500 

20≤ R< 50 -0.19 0.410 0.000 

50≤ R< 100 0.84 0.145 0.029 

Max precipitation  0.72 0.186 0.286 

Hong Ngu station 

September -1.61 0.425 -0.212 

October -0.62 0.222 -1.037 

November 1.041 0.450 0.064 

20≤ R< 50 -0.36 0.323 -0.031 

50≤ R< 100 0.18 0.410 0.000 

Max precipitation  -0.32 0.342 -0.170 

 

For the month of October, the Sen's slope estimator (β) is 1.000, indicating an upward trend in rainfall. The p-value is 

0.218, indicating that the null hypothesis of no trend cannot be rejected. The Zs value is 1.63, indicating an upward trend. 

For the month of November, the Sen's slope estimator (β) is -0.500, indicating a moderate downward trend in rainfall. 

The p-value is 0.321, indicating that the null hypothesis of no trend cannot be rejected. The Zs value is -1.38, indicating a 

downward trend (Figure 3). 

 

For the number of very heavy precipitation events (20 ≤ R< 50), the Sen's slope estimator (β) is 0.000, indicating no 

trend in the number of very heavy precipitation events. The p-value is 0.410, indicating that the null hypothesis of no 

trend cannot be rejected. The Zs value is -0.19, indicating no trend. For the number of days with precipitation arrange 

from 50 ≤ R ≤ 100 mm, the Sen's slope estimator (β) is 0.029, indicating a slight upward trend in the number of days with 

precipitation. The p-value is 0.145, indicating that the null hypothesis of no trend cannot be rejected. The Zs value is 

0.84, indicating an upward trend. For the Rmax, the Sen's slope estimator (β) is 0.286, indicating a slight upward trend in 

the occurrence of maximum precipitation intensity. The p-value is 0.186, indicating that the null hypothesis of no trend 

cannot be rejected. The Zs value is 0.72, indicating an upward trend. 

 

 
 

Figure 3: Changed trends in precipitation of September, October and November at Cao Lanh and Hong Ngu stations 

during the period 1985-2021 
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The changed trends of rainfall variables at Hong Ngu station during the period 1985-2021 are presented in Table 3. For 

the month of September, the Sen's slope estimator (β) is -0.212, indicating a slight downward trend in precipitation. The 

p-value is 0.425, indicating that the null hypothesis of no trend cannot be rejected. The Zs value is -1.61, indicating a 

downward trend. For the month of October, the Sen's slope estimator (β) is -1.037, indicating a strong downward trend in 

rainfall. The p-value is 0.222, indicating that the null hypothesis of no trend cannot be rejected. The Zs value is -0.62, 

indicating a downward trend. For the month of November, the Sen's slope estimator (β) is 0.064, indicating a slight 

upward trend in rainfall. The p-value is 0.450, indicating that the null hypothesis of no trend cannot be rejected. The Z-S 

value is 1.041, indicating an upward trend. 

 

For the number of very heavy precipitation events (20≤ R< 50), the Sen's slope estimator (β) is -0.031, indicating no 

trend in the number of very heavy precipitation events. The p-value is 0.323, indicating that the null hypothesis of no 

trend cannot be rejected. The Zs value is -0.36, indicating no trend. For the parameter 50≤ R< 100, the Sen's slope 

estimator (β) is 0.000, indicating no trend in the number of days with precipitation. The p-value is 0.410, indicating that 

the null hypothesis of no trend cannot be rejected. The Zs value is 0.18, indicating no trend. For the Rmax, the Sen's 

slope estimator (β) is -0.170, indicating a slight downward trend in the occurrence of maximum precipitation intensity. 

The p-value is 0.342, indicating that the null hypothesis of no trend cannot be rejected. The Zs value is -0.32, indicating a 

downward trend (Figure 4). Overall, the analysis of the trend results of rainfall variables at Cao Lanh and Hong Ngu 

stations suggests that both stations experience some degree of trend in rainfall, but the trends are not always significant. 

 

 
 

Figure 4: Changed trends of the number of very heavy precipitation events (20 ≤ R< 50), the number of days with 

precipitation arrange from 50 ≤ R ≤ 100 mm and the maximum precipitation intensity at Cao Lanh and Hong Ngu 

stations during the period 1985-2021 
 

4. Conclusion 
This study investigated the changed trends in heavy precipitation indices (September, October, November and 20≤R<50, 

50 ≤ R ≤ 100 and Rmax) across Dong Thap province of Vietnam applying the Mann-Kendall test and Sen’s slope 

estimator during the period 1985-2021. The results of the study show that the trend of heavy precipitation events in Dong 
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Thap province over the past three decades has undergone significant changes. The number of heavy precipitation events 

and precipitation events from 50 ≤ R ≤ 100 mm are relatively high and the intensity of extreme precipitation has shown 

an increasing trend in Cao Lanh station. This result indicates a significant change in the characteristics and intensity of 

heavy precipitation events in Dong Thap province. This result is of great importance for predicting and managing heavy 

precipitation events, as well as their impact on agricultural production and the lives of people in Dong Thap province. 
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