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Ladysmith, a town in South Africa's KwaZulu-Natal province, has experienced flooding 

almost every year since 1884, resulting in temporary water shortages as well as the loss 

of lives, properties, and businesses. Ladysmith is a major economic, financial, and 

administrative hub for both the Alfred Duma municipality and the uThukela District 

Municipality. This study aimed to study the relationships between rainfall, wind speed, 

and streamflow trends in the Klip River catchment. The monthly, seasonal and annual 

trends were studied using the Mann-Kendall test. The study's findings revealed both 

decreasing and increasing trends in all streamflow, wind speed and rainfall. Streamflow 

and wind speed increased in most months, while rainfall had an equal combination of 

both increasing and decreasing trends throughout the year. The average annual 

streamflow decreased at a rate of -1.39 m3/s, rainfall at -3.05 mm, whereas wind speed 

increased by 3.68 m/s. On a seasonal scale, streamflow showed a decrease in spring and 

summer, whereas rainfall increased in the same seasons. In contrast, wind speed showed 

an increasing trend in all seasons. These results could be helpful in the planning and 

development of sustainable flood mitigation strategies. 
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1. INTRODUCTION

Streams are important to both people and the environment, 

and their flow can be impacted by climate change factors such 

as rainfall and wind speed [1]. According to Camera et al. [2], 

climate change could have a major impact on the availability 

of water in the catchment area's rivers. Ramli et al. [3] stated 

that meteorological variables, such as rainfall, air temperature, 

humidity, air pressure, and wind speed, speed can be utilized 

to characterize climate change. Changes in rainfall, depending 

on its intensity, short-term or long-term rainfall can cause 

flooding, while long periods without rainfall can cause drought 

[4]. Existing literature by Pirah and Roslee [5] highlighted that 

climate change can increase the likelihood of floods; however, 

the timing of these events is uncertain and difficult to predict 

because of a number of variables at play. Liu et al. [6] 

indicated that climate change factors, such as wind speed may 

also influence streamflow, affecting the amounts and patterns 

of runoff. For instance, when the wind blows over a stream, 

water vapor is released into the air, converting more water 

particles into gaseous form, as a result, speeds up the rate of 

evaporation [7]. Wasko et al. [8] argued that a study of 

streamflow changes is essential for understanding the 

relationship between climate change and flooding. The Klip 

River is one of the major tributaries of the uThukela River and 

an essential water source for a large portion of Ladysmith and 

its surrounding area. However, policymakers, governments, 

and the community at large are concerned about dwindling 

streamflow and recurrent summer flooding [9, 10]. As a result, 

understanding how, where, and why streamflow changes are 

critical for sustainable water resource management and flood 

control [11]. This research aims to contribute to the existing 

knowledge of the rainfall, wind speed, and streamflow trends 

in the Klip River catchment. In addition, it addresses the 

question of how rainfall and wind speed affect streamflow. 

Over the recent past, numerous studies have been conducted 

to investigate the impact of climate change on streamflow in 

various catchments throughout the world. Back and Bretherton 

[12] investigated the relationships between wind speeds and

precipitation in the Pacific Intertropical Convergence Zone.

According to their findings, the increase in rainfall was

substantially greater than the increase in evaporation produced

by the increased wind speed. The study shows that there is a

strong correlation between wind speed and precipitation.

Abeysingha et al. [13] investigated the relationships between

streamflow and rainfall at four gauging stations in the Gomti

River basin of North India. The study results revealed a

gradual decline in annual streamflow, which was attributed to

increasing water extraction, increased temperatures, a higher

population, and a significant decrease in rainfall. Bahati et al.

[14] studied and analyzed the trends in rainfall and streamflow

in the Mukono and Buibwe districts of Uganda's River

Ssezibwa Catchment. The study results indicated that annual

average rainfall decreased, whereas annual average

streamflow increased. The increase in streamflow has been

attributed to a change in land use/land cover. Lawin et al. [15]

investigated the effects of observed changes in rainfall,

temperature, and wind speed in Rwegura and Imbo catchment,

Burundi. During the study period, rainfall showed a decreasing

trend, whereas temperature and wind speed revealed

increasing trends. Environmental deterioration caused by

global climate change and population growth has been
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attributed to wind speed. Another similar study was conducted 

by Malede et al. [16], who studied the existing relationships 

between rainfall and streamflow trends, as well as potential 

drivers of streamflow variability in the Birr River catchment, 

Ethiopia. The study concluded that changes in streamflow 

without significant changes in rainfall may have been caused 

by other factors. Zhong et al. [17] investigated the pattern of 

streamflow and its attributions in China's Yellow River. 

During the study period, the runoff and rainfall results showed 

a decreasing trend. During the study period, the results of 

runoff and rainfall showed a declining trend. The study linked 

the decrease in streamflow to human activity. Zhao et al. [18] 

investigated the impact of climate variability and human 

activities on Streamflow in the Wanquan River Basin along 

the East Coast of Hainan Island in Southern China. 

Furthermore, trends of decreasing rainfall and increasing 

potential evapotranspiration were discovered. The study 

findings revealed that the annual streamflow reduces as the 

watershed's temperature rises. The study concluded that the 

relative impact of climate change was greater than that of 

human activities. Krishnan et al. [19] investigated the effect of 

climate change on evaporation rates in the Limbang River 

Basin of Sarawak, Malaysia. The results revealed an overall 

increasing trend in monthly evaporation rates. The study 

concluded that changes in rainfall, wind speed, and air 

temperature have a substantial impact on the study area's 

increasing rate of evaporation. Duethmann et al. [20] 

investigated the effect of changes in rainfall and temperature 

on the streamflow patterns of the Tarim River, Central Asia. 

The study's findings demonstrated that changes in temperature 

and rainfall caused an increase in streamflow. Despite 

numerous studies conducted on the trends in hydro-climatic 

variables such as rainfall, temperature, and evaporation, few 

studies have examined the trend in rainfall, wind speed, and 

their relationship with the trend in streamflow. Furthermore, 

this research question has not been addressed in the study area. 

Therefore, this study aimed at analyzing the monthly, seasonal, 

and annual trends of rainfall, streamflow, and wind speed, as 

well as the relationships between the trends of rainfall and 

wind speed and streamflow.  

 

 

2. MATERIALS AND METHODS 

 

2.1 Study area 

 

Figure 1 shows that the study area is the Klip River 

catchment. The catchment is one of the major sub-catchments 

in the uThukela Water Management Area. It is located in the 

Alfred Duma municipality (Figure 1), which is one of the three 

local municipalities under the uThukela District municipality 

in the KwaZulu-Natal province. Klip River originates from the 

Drakensberg Mountains and flows into the Windsor Dam and 

the larger Qedusizi Dam. After passing through both dams, the 

river flows through Ladysmith, which is located downstream 

of the catchment. Due to its location, any upstream changes 

coupled with climate change could exacerbate disasters such 

as flooding [10]. Ladysmith town serves as a major 

commercial, financial and administrative area for Alfred 

Duma municipality as well as uThukela District Municipality. 

The catchment has a draining area of 1670 km2, approximately 

30% of the catchment is urban and 70% is rural [9, 10]. This 

study area was chosen due to the floods that have occurred 

almost every year since Ladysmith's establishment in 1884, 

including floods in 1994, 2011, 2012, and 2015, as well as in 

2019 and 2021. As a result, people's lives were lost, basic 

infrastructure was damaged, people were displaced, and 

commercial activities in Ladysmith's Central Business District 

and surrounding areas were disrupted [9, 10].  

The Klip River catchment experiences warm weather in the 

summer and cold weather in the winter. During summer, the 

highest temperature is about 30℃, while winter recorded the 

lowest temperature of 3℃ at night as reported in Chabalala et 

al. [21]. In comparison to South Africa's average annual 

rainfall of 450 mm [22], this study area receives an average of 

700 mm per year. The study area receives high average 

monthly rainfall during the summer months (December to 

February), and low average monthly rainfall during the winter 

months (June to August). River levels usually rise significantly 

throughout the summer, resulting in flooding. Klip River 

catchment has a combination of flat and mountainous areas, 

and its topography ranges from 997 to 2086 meters above sea 

level, with the outlet point at 997 m [21]. 
 

 
 

Figure 1. Location map of the Klip River catchment [21] 

 

2.2 Data 
 

The daily rainfall (1985 – 2018), wind speed (1993 – 2018), 

and streamflow data (1986 – 2020) used in this study were 

collected from the Department of Water and Sanitation (DWS), 

and the South African Weather Services (SWS). Since the data 

was collected in daily values, manual analysis was performed 

using an Excel® worksheet to calculate the yearly and 

monthly averages of each station. Furthermore, missing values 

were diligently processed to avoid typing errors that could 

alter the final results. From the analysis, it was found that there 

were no missing data on wind speed and streamflow, while 

rainfall missing data was found to be less than 5%. The general 

characteristics of rain and river gauge stations are summarized 

in Table 1. 
 

Table 1. Characteristics of hydro-climatic stations in the 

study area 

 
Data type Station ID Lat. Long. Source 

Rainfall 03004543 -28.575 29.75 SWS 

Wind speed 03004543 -28.575 29.75 SWS 

Streamflow V1H038 -28.575 29.75 DWS 

 

 

3. METHODS 

 

The Mann-Kendall (MK) test was used to determine the 
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trends in rainfall, wind speed, and streamflow at the Klip River 

catchment. Numerous studies have utilized the MK test to 

detect trends in hydrological or climatological data such as 

wind speed, streamflow, and temperature [23, 24]. The MK 

test has the advantage of being appropriate for both non-

monotonic and monotonic trends, as well as being simple and 

robust enough to deal with values below maximum detection 

and missing values [10, 25]. In the MK test, both the detection 

test statistics “S” and normalized test (Z) statistics can be 

achieved [21]. In Eq. (1), the MK test begins with the 

estimation of the test statistic, S.  

 

𝑆 = ∑ ∑ 𝑆𝑔𝑛 (𝑋𝑗 − 𝑋𝑖)
𝑁
𝑗=𝑖+1

𝑁−1
𝑖=1   (1) 

 

where, N represents the number of data points and Xi is the 

actual time for a time series of i = 1, 2, 3… N. Assuming (Xj -

Xi) =θ, the value of Sgn (θ) is calculated using Eq. (2). 

 

𝑆𝑔𝑛 (𝑋𝑗 − 𝑋𝑖) = {

1 𝑖𝑓 (𝑋𝑗 − 𝑋𝑖) > 𝜃

0 𝑖𝑓 (𝑋𝑗 − 𝑋𝑖) = 𝜃

−1 𝑖𝑓 (𝑋𝑗 − 𝑋𝑖) < 𝜃

 (2) 

 

If the data points are greater or equal to 10, the S statistic 

will follow the normal distribution. Meanwhile, the mean of 

E(S) = 0 and the variance are calculated using Eq. (3), taking 

tk as the ties of the sample time series. 

 

𝑉𝑎𝑟 (𝑆) =
𝑁(𝑁−1)(2𝑁+5)− ∑ 𝑡𝑘(𝑡𝑘−1)(2𝑡𝑘+5)

𝑁
𝑘=1

18
  (3) 

 

Here, the normalized statistics (Z) is estimated using Eq. (4), 

where Z falls in a normal distribution with a positive Z 

representing an increasing trend while a negative Z 

representing a decreasing trend.  

 

𝑍 =

{
 
 

 
 

𝑆 − 1

√𝑉𝑎𝑟(𝑆)
𝑖𝑓 𝑆 > 0

0 𝑖𝑓 𝑆 = 0
𝑆 − 1

√𝑉𝑎𝑟(𝑆)
𝑖𝑓 𝑆 < 0

 (4) 

 

Sen’s Slope Estimator 

In order to estimate the true slope, Sen used a non-

parametric [16]. This method is used to detect the magnitude 

of the trend and is estimated using Eq. (5). The slope is the 

real-time slope of the curve in the figure, which can be 

expressed in the differential form of horizontal and vertical 

coordinates, which is more accurate. 

 

𝑇 =
𝑋𝑗−𝑋𝑘

𝑗−𝑘
  (5) 

 

Here, Xj and Xk represents the data values in j and k where 

j > k. Hence, the slope of each observation is estimated using 

Eq. (6). Whereas the median is calculated from N observations 

of the Sen’s Slope using Eq. (7). 

 

𝑄 =  𝑄𝑁+1
2
        𝑖𝑓 𝑁 𝑖𝑠 𝑜𝑑𝑑 (6) 

 

𝑄 = (
1

2
)𝑄 [

𝑁

2
] + 𝑄        𝑖𝑓 𝑁 [

𝑁 + 2

2
]  𝑖𝑓 𝑁 𝑖𝑠 𝑒𝑣𝑒𝑛 (7) 

 

Here, N which represents slope observations is shown as 

odd numbers, whereas the Q which represents Sen’s Estimator 

is calculated as 𝑸𝒎𝒆𝒅 =
𝑵+𝟏

𝟐
, whereas, the Slope estimate for 

the even observations is calculated as 𝑸𝒎𝒆𝒅 = [(
𝑵

𝟐
) +

(
𝑵+𝟐

𝟐
)] /𝟐. In order to achieve the non-parametric slope test, 

the two-sided test is achieved at 100(1 – α) % of the confidence 

interval. Therefore, positive or negative Qi is achieved as an 

upward (increasing) or downward (decreasing) trend [21, 26]. 

 

 

4. RESULTS AND COMPARATIVE ANALYSIS 

 

The Mann-Kendall test was used to identify and analyse 

existing relationships between rainfall, wind speed, and 

streamflow in the Klip River catchment. Results obtained from 

the analysis of monthly, seasonal and annual data are 

summarized in Figure 2. As seen in the figure, February had 

the highest average monthly streamflow, followed by January 

and March, with values of 21.04, 18.21, and 13.94 m3/s, 

respectively, with corresponding rainfall values of 91.44, 

126.51, and 101.39 mm and wind speeds of 1.22, 1.44, and 

1.03 m/s. While June had the lowest streamflow rate of 0.94, 

0.62, and 0.51 m3/s, respectively, with matching rainfall values 

of 27.25, 14.99, and 11.16 mm and wind speeds of 1.08, 0.99, 

and 1.27 m/s. Furthermore, wind speed observed the highest 

average wind speed of 1.79, 1.80, and 1.94 m/s in October, 

November and December, respectively, while the lowest 

average wind speed of 0.83 m/s was observed in May. From 

these results, it is evident that the highest rainfall happened 

during the summer, while the lowest rainfall occurred during 

the winter. As a result, summer rainfall leads to increased 

streamflow, whereas winter rainfall resulted in decreased 

streamflow. As shown in Figure 2, variations in streamflow, 

rainfall, and wind speed are important factors in the 

occurrence of floods in the study area. 
 

 
 

Figure 2. Average monthly streamflow, rainfall and wind 

speed of Klip River catchment 
 

4.1 Average annual streamflow, wind speed and rainfall 

analysis 

 

Figure 3 displays the results of an analysis of average annual 

streamflow, wind speed and rainfall analysis. As seen in the 

figure, the highest average annual streamflow of 21.72 m3/s 

was recorded in 1996, the second highest of 14.88 m3/s in 1987, 

followed by 13.46 m3/s in 2006. The lowest average annual 

streamflow of 2.38 m3/s was recorded in 2016, followed by 

2.15 m3/s in 2007, and 1.21 m3/s in 2003. The highest average 

annual rainfall of 87.67 mm was recorded in 1996, followed 
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by 87.58 mm in 1987, and 71.40 mm in 2006. The lowest 

average annual rainfall of 32.08, 30.25 and 29.65 mm was 

recorded in 2014, 2003 and 2015 respectively. The average 

annual wind speed in 1996 and 2006 was 1.27 and 1.18 m/s, 

respectively. The highest average annual wind speed was 1.76 

m/s in 2016, with 42.43 mm of rainfall and a streamflow of 

2.38 m3/s. In addition, the average wind speed was 1.75 m/s in 

2017 and 1.69 m/s in 2018, with 55.83 mm and 35.97 mm of 

rainfall and a streamflow of 4.09 m3/s and 3.92 m3/s, 

respectively. These findings highlight that 1987, 1996, 2006, 

2012, 2017 and 2018 were the wettest years, whereas 2003, 

2014 and 2015 were the driest.  

 

 
 

Figure 3. Average annual streamflow, rainfall and wind 

speed of Klip River catchment 

 

4.2 Monthly streamflow, wind speed and rainfall trend 

analysis 

 

Table 2. Results of the Mann-Kendall test for monthly 

average streamflow, rainfall and wind speed 

 
Months Streamflow (m3/s) Rainfall 

(mm) 

Wind speed 

(m/s) 

January -0.43 0.73 3.45 

February -0.60 -0.83 0.83 

March -0.48 -2.76 1.48 

April 1.02 -3.53 1.72 

May 0.84 -4.09 1.81 

June 0.50 -3.16 2.66 

July 0.28 -2.38 -0.76 

August -0.03 0.61 2.08 

September -0.25 0.40 1.42 

October -1.39 2.27 2.14 

November -1.51 0.85 2.18 

December -1.62 1.88 1.38 

 

The results of the Mann-Kendall test for monthly 

streamflow, wind speed, and rainfall trends are shown in Table 

2. As seen in the table, rainfall showed a decreasing trend 

between February and July months, with a significant decrease 

except for the February month recorded lowest decreasing 

value of -0.83 mm. During other months, rainfall showed 

mixed trends, with a minor increase except for October month. 

Streamflow had a decreasing trend between August and March; 

however, none were statistically significant except December, 

which recorded the highest decreasing value of -1.62 m3/s. The 

months of April, May, June, and July, observed an increasing 

trend of 1.02, 0.84, 0.50 and 0.28, but none were statistically 

significant. On the other hand, wind speed showed an 

increasing trend in all months, except for July month which 

recorded a minor decreasing trend of -0.76 m/s. In addition, a 

significant increasing trend of 3.45, 2.66, 2.08, 2.14, and 2.18 

m/s was observed during January, June, August, October, and 

November, with January recording the highest increasing 

trend. Furthermore, wind speed revealed a combination of a 

decreasing and an increasing trend in monthly streamflow. For 

example, a decrease of -0.76 m/s wind speed in July month has 

resulted in 0.28 m/s, while an increasing trend of 3.45, 0.83, 

1.48, 2.08, 1.42, 2.14, 2.18 and 1.38 m/s in January, February, 

March, August, September, October, November and 

December has resulted in a decreasing trend of -0.43, -0.60, -

0.48, -0.03, -0.25, -1.39, -1.51 and -1.62 in the same months. 

This implies that changes in the amount of rain as well as 

changes in wind speed in the study area influence the observed 

streamflow. 

 

4.3 Seasonal streamflow, wind speed and rainfall trend 

analysis 

 

Table 3 displays the results of the Mann-Kendall test for 

seasonal average streamflow, rainfall and wind speed. South 

Africa has four seasons, and each season lasts for three months. 

The four seasons is winter (June, July, and August), spring 

(September, October, and November), summer (December, 

January, and February), and autumn (March, April, and May). 

As seen in the table, the Mann-Kendall test revealed a 

combination of both decreasing and increasing trends in 

average seasonal streamflow and rainfall, while average wind 

speed showed an increasing trend in all seasons. At a seasonal 

scale, streamflow decreased by -1.76 m3/s in spring and -1.19 

m3/s in summer, while rainfall increased by 1.32 mm in spring 

and 0.92 mm in summer. In contrast, wind speed revealed an 

increasing trend in all seasons, with wind speed values ranging 

between 2.06 and 3.05 m/s. In addition, wind speed increased 

by 2.57 and 2.06 m/s in autumn and winter, respectively, while 

streamflow decreased by 0.09 m3/s in autumn and increased 

by 0.09 m3/s in winter. During the same seasons (autumn and 

winter), rainfall significantly decreased by -4.12 and -3.19 mm, 

respectively. 

 

Table 3. Results of the Mann-Kendall test for seasonal 

average streamflow, rainfall and wind speed 

 
Season Streamflow 

(m3/s) 

Rainfall 

(mm) 

Wind Speed 

(m/s) 

Annual -1.39 - 3.05 3.68 

Autumn -0.09 - 4.12 2.57 

Winter 0.09 - 3.19 2.06 

Spring -1.76 1.32 3.05 

Summer -1.19 0.92 2.61 

 

 

5. CONCLUSIONS 

 

The study's objective was to identify and analyse existing 

relationships between rainfall, wind speed and streamflow 

trends in the Klip River catchment. The Mann-Kendall 

statistical test was used to investigate the relationship between 

monthly, seasonal and annual trends. Results of this study 

revealed a combination of decreasing and increasing trends in 

both streamflow and wind speed trend in the majority of 

months, while rainfall had an equal combination of both 

increasing and decreasing trends throughout the year. The 

average annual rainfall significantly decreased by -3.05 mm, 

streamflow had a minor decrease of -1.39 m3/s, while wind 
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speed significantly increased by 3.68 m/s. On a monthly scale, 

streamflow decreased by 0.43 m3/s in January, 0.60 m3/s in 

February, and 0.48 m3/s in March. January rainfall slightly 

increased by 0.73 mm, while February and March rainfall 

decreased by 0.83 mm and 2.76 mm, respectively. Wind speed 

increased across all four seasons, with average wind speeds 

ranging from 2.06 to 3.05 m/s. On the basis of these results, 

the study can conclude that rainfall rather than wind speed has 

a better relationship with streamflow, meaning that each factor 

may influence the others. These results would be helpful to 

decision-makers and hydrologists in the planning and 

management of flooding in the study area. Finally, it is 

recommended that a study be conducted on the entire local 

hydrological responses in the Klip River catchment. 
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