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Abstract 
 

The non-parametric Mann-Kendall (MK) trend test, including the Sen's slope test and Pettitt's test, 
was used to determine trends, magnitudes, and change points in hydro-meteorological variables from 
1972 to 2021. The slope change ratio of accumulative quantity (SCRAQ) method was then used to 
calculate the relative contributions of climate change and human activities to runoff variation in the 
Uyo-Itu river basin. Annual rainfall, maximum temperature, minimum temperature, and runoff showed 
significant increasing trends, whereas annual relative humidity, solar radiation, and potential 
evapotranspiration showed significant decreasing trends. Between 1992 and 2010, there were abrupt 
changes in hydro-meteorological variables. However, the runoff shift occurred in 2003. The time 
period under consideration was divided into two parts: baseline period A and change (impacted) 
period B. Climate change dominates runoff variation in period B, accounting for 103.6 percent of the 
variation, while human activities have a negative impact (-3.6%). The results indicate that climate 
change is the primary driver of runoff variation and that its impact is becoming more severe. 
Furthermore, the Budyko hypothesis was used to validate the contributions of human activities and 
climatic changes based on the SCRAQ method. The results showed that the contributions of human 
activities and climatic changes computed using the SCRAQ method are comparable with those 
computed using the sensitivity-based method. From this study, it can be concluded that assessing the 
influence of climate changes and human activities on variations and identifying the major driving 
forces causing the variations are critical for more efficient water resources management for 
sustainable economic growth.  
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1. Introduction 
 

The hydrological cycle, which is the most inseparably linked to humans, is the main cause for 
the sustained regeneration of water resources. Climate change and human activities have had a large 
impact on the water resources system and the hydrological cycle by causing the mean global surface 
temperature to increase during the last century [1]. Climate change and human activities are regarded 
as two primary factors influencing changes in the hydrological cycle, which include rainfall, 
evapotranspiration, infiltration, and runoff [2-3]. Studies by Jung et al. [4] and Thompson [5] have 
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shown that climate variability, along with global warming, is expected to increase the intensity and 
frequency of extreme weather, resulting in more severe droughts, floods, and massive damages. 
Extreme weather and environmental catastrophes, such as severe rain, floods, and droughts, are being 
recorded more often [6-10]. 

Human activities are regarded as a key element driving changes in hydrological, ecological, and 
geochemical processes at many geographical scales across the world, and the impact of human 
activities often include both direct and indirect effects [12]. Water conservation construction and 
operation [12], irrigation [13], underground mining activities [14], and other human modifications are 
examples of direct impacts, whereas indirect influences are primarily through changes in land cover 
[15], such as urbanisation, industrialization, soil conservation, and water conservation [16-17]. 
Furthermore, human activities are intensifying, which all impact runoff processes, particularly large-
scale changes in land use [19-20]. Along with rising populations and rapid economic growth in certain 
areas, water demand for the industrial and agricultural sectors has grown exponentially, resulting in an 
enormous difference in runoff. Runoff is an essential indicator of accessible water from a resource 
perspective, and it plays a vital role in the use of water resources for sustainable development and 
improved management [20]. However, numerous rivers in mangrove and semiarid areas of Nigeria 
and other parts of the world have undergone significant variations in runoff over the last several 
decades, causing major ecological issues and affecting livelihoods [21]. 

In recent years, assessing the effects of human activities and climate change on runoff variance 
has received a lot of interest in hydrologic and climatic studies [12, 22-23]. As a response, several 
hydrologists have set out to investigate the effects of human activities and climate change on runoff 
processes [24-26]. Earlier research has shown that human activities and climate change have altered 
the water cycle in numerous catchments across the world [27-28]. Several methodologies have been 
used to assess the effects of climate change and human activities on runoff changes [22, 29-32]. 

The hydrological modelling method and the quantitative assessment method are the primary 
approaches for determining the contributions of the two components at the basin scale [33]. Other 
approaches include the empirical statistics method, the elasticity method, the ecohydrology method 
[34], the paired catchments method [35], and the decomposition method [36]. The paired catchment 
method is an approach extensively used in forestry and hydrology to examine the influence of land 
change on runoff. However, the paired catchments approach is better suited for small areas since it is 
difficult to identify realistic catchments in medium- and large-scale regions [37]. The ecohydrology 
approach developed by Tomer and Schilling [34] is a model that is used to assess long-term water 
energy consumption in a basin. The ecohydrology method can differentiate the influence of human 
activities and land changes on a basin's hydrology, but it can only offer a qualitative assessment [38]. 
Wang and Hejazi [36] developed the decomposition approach based on the Russian scientist Budyko's 
hypothesis about the atmospheric water energy balance [39]. The hydrological model method is an 
approach for investigating hydrological processes using conceptual, physical, or numerical models. 

Several studies, however, have used hydrological models to examine the responses of runoff 
processes to synthetic climatic variability under various catchment scenarios. Examples are Wang et 
al. [40], who used the variable infiltration capacity model to quantify the impacts of human activities 
and climate change on hydrological responses in a Yellow River sub-catchment in China. Guo-qing et 
al. [41] used the SIMHYD model to study the effects of human activities and climatic variability on 
runoff in the Fenhe River, which is located in the centre of the Yellow River basin in China. 
Siriwardena et al. [42] assessed the influence of climate change and human activities on surface runoff 
in the Comet River, Australia, using the simple conceptual daily rainfall-runoff model (SIMHYD). 
According to the results of this model, local deforestation increased streamflow by 40%. Zhang et al. 
[43] investigated the variables influencing streamflow variation in the Sang-Kan River on the Loess 
Plateau using the SWAT (Soil and Water Assessment Tools) model. Climate change reduced 
streamflow by 39.1%, whereas changes in water use and land cover increased streamflow by 2.2% to 
3.9%. They also stated that in recent years, water diversion and dam building have contributed to 
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63.1% to 64.8% of the drought. Although the above hydrological models were important instruments 
for addressing these problems, the research findings were fraught with uncertainty due to parameter 
calibration, structural drawbacks, and the scale issue. To address these issues, Huang et al. [1] used the 
slope change ratio of accumulative quantity (SCRAQ) approach to quantify the relative contributions 
of human activities and climate change to decrease runoff in the Wei River Basin in China. Using 
1960–1969 as the baseline for the period, the contributions of climate change and human activity were 
26.47% and 73.53%, respectively, for the period 1970–1993 and 23.33% and 76.67%, respectively, for 
1993–2005. Furthermore, when they used 1970–1993 as the baseline, the contributions of climate and 
human influences from 1994–2005 were 18.88% and 81.12%, respectively. Their findings suggested 
that human activities were the primary determinants of runoff reduction. They also applied the Budyko 
hypothesis to validate the contributions of human activities and climate change using the SCRAQ 
approach. According to their findings, the contributions of human activities and climate change based 
on the SCRAQ technique were consistent with the sensitivity-based method. 

Time trend analysis, double mass curves, and linear regression are common empirical statistics 
used to examine the influence of human activities and climate change on runoff. Long-term data series 
are used to determine the variation and consistency of runoff and characteristics of relevance like 
sediment output [44-45]. Chang et al. [46] performed a double mass curve analysis of four sections of 
the Yellow River at Lanzhou, Toudaoguai, Huayuankou, and Lijin from 1956–2010. Their findings 
revealed that, since 1990, the variation in streamflow caused by human activities were 74.87%, 
82.20%, 80.63%, and 88.71% in these four areas, respectively. Zhao et al. [47] used linear regression 
to examine the Yangtze River's streamflow and sediment discharge from 1953 to 2013. According to 
this study, climate change was responsible for around 72% of the drop in stream flow in the Yangtze 
River basin, while human activities were responsible for 71% to 102% of the decrease in sediment 
discharge. 

The impact of climate change and human activities on runoff variation is exceedingly complex, 
particularly in developing countries where hydrological and meteorological data are scarce. These 
regions have had severe water crises, economic stagnation, and environmental degradation. Many 
earlier studies [48] have found that the relative impacts of human activities and climate change vary 
across regions. Quantifying the relative contributions of climate change and human activities to runoff 
variation is required for a better understanding of hydrological mechanisms in watershed planning. 
 
2. Study Area and Datasets 

2.1. Description of the Uyo-Itu River Basin 
 

The Uyo-Itu River Basin (Figure 1) was selected as the study area for this research. The Wei 
River is the largest tributary of the Ikpa/Cross River, which flows to the Atlantic Ocean. It lies 
between 7.510°E and 8.4°E and 4.523°N and 5.15°N, and it covers a total area of 874.45 km2. The 
River Basin, which is located in the tropical monsoon climate zone, is distinguished by relatively 
heavy rainfall and low temperatures during the rainy season and scanty rainfall and extremely high 
temperatures during the dry season. The basin's average annual rainfall ranges from 1599.5 mm to 
3855.5 mm [49]. Rainfall varies monthly and annually; the flood season (June to September) accounts 
for around 60% of total annual rainfall [50,69]. The yearly rainfall also fluctuates significantly due to 
the unpredictable characteristics of intensity, duration, and proximity to the Atlantic Ocean coastline. 
The height decreases topographically from the highest mountainous areas in Itu to the lowest Uyo 
Plain land in the basin's southern reaches.  

The Uyo Plain has been identified as the state's major economic development area, promoting 
economic growth in the surrounding towns. As a consequence, the economic growth of the Uyo Plain 
will have a direct impact on the long-term development of the economy and society in this region. 
However, due to climate change and human activity, the basin's discharge has significantly changed in 
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recent decades. It suffers from floods, which cause extensive damage and impede socioeconomic 
growth and environmental sustainability. Furthermore, severe water pollution reduces the availability 
of water resources. Given the importance of water security in the basin for socioeconomic 
development, further research is needed to quantify the effects of climate change and human activities 
on runoff variation. 

 
2.2. The dataset 

This study employed daily rainfall, maximum temperature, minimum temperature, relative 
humidity, solar radiation, and evapotranspiration data for the period 1972–2021 that were acquired 
from the NiMet meteorological station in the Uyo-Itu River Basin. Daily runoff data was obtained by 
the Cross River Basin Development Authority (CRBDA). 

2.3. Human activities in the Uyo-Itu River Basin 

Human activities have intensified on the basin's lower plain during the last several decades. The 
growing population and rapid economic growth have raised demand for surface and groundwater. In 
Akwa Ibom State, the population of Uyo and Itu was 498.62 thousand and 127.86 thousand in 2006 
and had been projected to increase to 1.2 million and 163.20 thousand in 2021, at 5.11% and 1.50% 
growth rates, respectively. Due to increased food consumption, population development has resulted 
in an increase in farmland. Rapid population growth is associated with high water demand. 
Furthermore, the basin's economy has grown considerably during the last 20 years. Its average 
economic growth rate was 5.70%. This region's urbanisation rate was just 18.80% in 2007, but it was 
expected to rise to 27.40% by 2021. These factors caused a large increase in water requirements. 
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Figure 1. The study area map 

 
3. Methodology  

The Mann-Kendall trend test, Sen's slope estimator, Pettitt change-point test, slope change ratio 
of accumulative quantity (SCRAQ) and elasticity method based on the Budyko hypothesis were used 
in this study to further evaluate the trends, abrupt change-point, and variation of hydrological data in 
the Uyo-Itu River Basin. 

 
3.1. The Mann-Kendall (MK) test 

The Mann-Kendall (MK) test [52], is a non-parametric approach that does not require normally 
distributed data and can reveal precise patterns over time. The approach is frequently used to detect 
monotonic trends in hydro-meteorological variables such as rainfall, temperature, runoff, and 
evapotranspiration [33, 52]. This test is recommended by the World Meteorological Organization for 
detecting trends in a set of hydrological data [53]. The Mann-Kendall trend test is known for its strong 
consistency, and several studies have demonstrated that it is appropriate for trend verification of time 
series data [54]. This approach does not require that a sample maintain a certain statistical distribution. 
Additionally, it is unaffected by a small number of outliers and is particularly appropriate for non-
normally distributed datasets such as meteorological and hydrological data. The test is essentially a 
two-tailed test with the null hypothesis that the data sequence has no significant trend. If the null 
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hypothesis is rejected, the data sequence shows a statistically significant trend. A statistic S is defined 
as 

 

S = sgn xj − xi ,

n

j=i+1
 

                                                                                                                                   (1)

n−1

i=1

 

 

sng Xj − Xi =

+1 if Xj − Xi > 0,

 0, if Xj − Xi = 0,

−1 if Xj − Xi > 0,

                                                                                                               (2) 

 

where x1, x2, x3, …..., xn are the data arranged in time, and n is the amount of data. In the case of 
n 10, the statistic S will follow a normal distribution, which means that the variation will be as 
follows, and the test statistic Z of the double-tailed test may be obtained: 

 

Var (S) =
[n(n − 1)(2n + 5)]

18
,                                                                                                                           (3) 

ZS =

⎩
⎪
⎨

⎪
⎧

(S − 1)

var(S)
 if S > 0,

         0     if S = 0,
(S + 1)

var(S)
 if S < 0,

                                                                                                                                      (4) 

 
 
In this trend test, Z > 0 indicates an increasing trend, while Z < 0 indicates a decreasing trend. 

Under the 90% confidence level, according to the critical value method, if the Z value is larger 
(smaller) than positive (negative) 1.65, then the null hypothesis is rejected, indicating that the data 
have a significant trend. Also, at a 95% confidence level, the null hypothesis of no trend is rejected if 
|Z| > 1.96. A positive value of Z denotes an increasing trend, and the opposite corresponds to a 
decreasing trend. 

 
3.2. Sen's slope estimator test 

One of the most commonly used models for identifying linear trends is simple linear regression. 
This strategy, however, needs the assumption of residual normality [55]. Many hydrological variables 
are skewed to the right due to the effects of natural processes and do not follow a normal distribution. 
Thus, the Sen [56] slope estimator is proven to be an effective tool for developing linear connections. 
Sen's slope has an advantage over the regression slope in that, in a huge data series, mistakes and 
outliers have little impact. To determine the magnitude of a trend, the MK approach is always used in 
conjunction with the Sen's Slope method. Sen [56] and Hirsch et al. [57] developed the Sen's Slope 
method, which has been widely employed in recent research to investigate the slope of the trend [58-
60]. This test is also recommended by the World Meteorological Organization as part of the trend 
analysis of hydro-meteorological data [53]. The Sen's Slope equation for N data sample pairs is 
expressed as follows: 
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𝒬i =
Xj − Xi

j − i
/dt for i  = 1,2,3 … , N,                                                                                                             (5) 

 

where xj and xi show the data values at times j and k (j > i), respectively. dt is the chosen time interval. 
If there is only one datum in each time period, then  where n is the number of time periods.  

Otherwise, , where n is the total number of observations. The median of the “n” 
values of N values of  is Sen’s estimator of slope. A positive value of  shows an increasing trend, 
while a negative value shows a decreasing trend in the climatic time series data. The slope ( ) of the 
“n” values were sorted from smallest to the largest and the Sen’s estimator was evaluated using 
Equation (6): 

 
where the sign of show the data trend pattern, whereas its value shows the steepness of the trend.    

  
3.3. Change point detection using Pettitt test  

Identifying abrupt change points is one of the most significant statistical strategies for assessing 
the impacts of climate variability and human activities on runoff data. The Pettitt test is a non-
parametric test technique that is independent of distribution and uses rank statistics to identify the 
occurrence of a change-point at a given significant level. This method is frequently used to calculate 
the change-point of hydrological and meteorological variables. This approach considers a time series 
as two samples represented by  and . The following formula can be 

used to compute the Pettitt indices [61]. The Pettitt test is used to identify a single change point in 
rainfall, temperature, relative humidity, sun radiation, PET, and runoff time series with a consistent 
variable. In general, if an adjacent change point exists in a series, the change point will be identified as 
the maximum value KT. Its statistic KT and the associated probabilities used in significance testing are 
given as follows: 
 

KT = max Ut,T ,                                                                                                                                                      (7) 

Ut,T = sgn Xi + Xj           (t = 1, … . , n),

T

j=t+i
 

t

i=1

                                                                                          (8) 

 

sng(θ) =
+1    θ > 0,
  0    θ = 0,
−1    θ < 0,

                                                                                                                                          (9)

 

If increases with time t, this indicates that the order does not have a change point over the 
year in long-term datasets; conversely, if indicates a decreasing trend compared to time t, this 
indicates that a change point happened in the series. The change point of the series is situated at , 
which showed that the statistic is significant. The significance probability of is approximated for p 

 0.05 with 
 

Sen′ s estimator (𝒬med ) = 𝒬n+1
2

 if n is odd,
1

2
𝒬n

2
+ 𝒬n+1

2
 if n is even                                                 (6) 
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p = 2exp
−6KT

2

T3 + T2
,                                                                                                                                           (10) 

 

Since evapotranspiration and rainfall can influence runoff generation, long-term changes in 
these two meteorological components can influence runoff data under natural conditions. To be more 
confident in selecting the most appropriate change points in the annual runoff time series, it was 
proposed that yearly rainfall and evapotranspiration data change points be assessed concurrently [31]. 

 
3.4. Slope Change Ratio of Accumulative Quantity (SCRAQ) method 

This study developed a method based on the slope change ratio of accumulative quantity 
(SCRAQ) to analyse the contributions of climate change and human activities to runoff change in the 
Uyo-Itu River Basin. Wang et al. [21] developed the SCRAQ approach, in which year is the 
independent variable and annual rainfall/evapotranspiration is the dependent variable. The addition of 
these components greatly reduces the influence of the observed data's inter-annual changes. Therefore, 
the developed correlation of the relationship between years and these accumulations is quite excellent, 
providing a favourable environment for future quantitative investigation of the impacts of climate 
change and human activities on runoff changes. 

For a natural watershed, the annual water balance is expressed as  where P 
denotes rainfall, ET stands for actual evapotranspiration, Q represents runoff and Δw denotes the 
variation of the water storage. For a long time period (10 years or more), Δw can be regarded as zero, 
thus ET can be calculated by means of  Thus, the change in P and ET directly results in 
the variation of runoff, and the relationship between runoff and rainfall/evaporation can be seen as 
linear in the long term (10 years or more). Hence, the changes in runoff are determined by the changes 
in rainfall, evaporation and related human activities. The contribution rate of rainfall ( , unit: %) is 
expressed as follows: 

 

CP = 100 ×

SPa

SPb

− 1

SRa

SRb

− 1

,                                                                                                                                   (11) 

 

where and are the linear relationship slopes between time (i.e., year) and accumulative runoff, 

after and before the inflection points (mm/year); and are the linear relation slopes between 

time (i.e., year) and accumulative rainfall, after and before the inflection point (mm/year).  
The evapotranspiration contribution ratio ( , unit: %) was calculated by: 

CET = 100 ×

SET a

SET b

− 1

SRa

SRb

− 1

,                                                                                                                               (12) 

 

where and are the linear relation slopes between time (i.e., year) and accumulative 
evapotranspiration, after and before the inflection point (mm/year).  

The contribution rate of human activities ( , unit: %) on the runoff variation was computed 
by: 
CH = 100 − CP − CET ,                                                                                                                                        (13) 

 
The contribution of evapotranspiration was given by: 
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CET = −100 ×

Ea  
− Eb  

Eb  

Ra  
− Rb  

Rb  

,                                                                                                                         (14) 

 
where, and are the mean annual evapotranspiration after and before the inflection point (mm). 

The mean annual evapotranspiration in different period can be calculated based on the 
evapotranspiration (ET) model provided by Zhang et al. [62]. The evapotranspiration (ET) model has 
been used in large number of basins around the world. When the annual rainfall ranges from 2000 and 
3500 mm, the evapotranspiration is the same as the Budyko method. Furthermore, the rainfall in the 
study basin is in the interval between 2000 and 3500 mm. Therefore, the mean annual 
evapotranspiration in different period was estimated as: 
 

 
where, f is the mean fraction of forest cover (%) in baseline period and assessment periods; p is the 
mean annual rainfall (mm) in corresponding period; 1410 mm is the assumption of evapotranspiration 
when the forest is the main land use and plant-available water coefficient is 2.0; 1100 mm is the 
assumption of evapotranspiration when the herbaceous plants is the main land use and plant-available 
water coefficient is 0.5. 
 
3.5. Budyko hypothesis 
 

In comparison to the standard mathematical method, the Budyko hypothesis examines the 
influence of potential evapotranspiration on runoff change, and its physical relevance is clearer than 
that of the standard mathematical method, which is typically employed in the attribution identification 
of runoff change. Potential evaporation and rainfall are the main factors influencing how rainfall is 
divided between mean-annual runoff and evaporation in different catchments [63]. The long-term 
water balance of the basin is expressed as: 
 
R = P − E − ∆S,                                                                                                                                                    (16)

where R is the average runoff depth (mm); P is the average rainfall (mm); E is the average actual 
evaporation (mm); DS is the change of water storage (mm). In the analysis of long-time scale runoff 
change,  is generally assumed to be zero.  

Yang et al. [64] used dimensional analysis and quantitative statistics to deduce the water-energy 
balance equation on an annual average scale, based on the Budyko hypothesis, and paired with the 
empirical formula of yearly evaporation. The following is the expression: 

E =
P × ET0

(Pn + ET0
n)

1
n

,                                                                                                                                                (17) 

 

where n is the underlying surface parameter. 
Combined with Equations (16) and (17), the water balance equation can be expressed as the 

following formula: 

ET = f
1 + 2

1410
p

1 + 2
1410

p
+

p
1410

+ (1 − f)
1 + 0.5

1100
p

1 + 0.5
1100

p
+

p
1100

× p,                                                     (15) 
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R = P −
P × ET0

(Pn + ET0
n)

1
n

,                                                                                                                                        (18) 

 
The following completely differential form can be used to depict the variance in yearly runoff 

depth R: 
 

dR =
∂R

∂P
dP +

∂R

∂ET0
dET0 +

∂R

∂n
dn,                                                                                                                 (19) 

 
The elastic coefficients of rainfall, potential evaporation, and underlying surface characteristic 

parameter to runoff was calculated by formula (20a-20c) [65]. 

εP =
1 +

𝐸𝑇𝑜
𝑃

𝑛
1
𝑛

+1

−
𝐸𝑇𝑜

𝑃

𝑛+1

1 +
𝐸𝑇𝑜

𝑃

𝑛  

1 +
𝐸𝑇𝑜

𝑃

𝑛 1/𝑛

−
𝐸𝑇𝑜

𝑃

,                                                                                   (20a) 

εET0 =
1

1 +
𝐸𝑇𝑜

𝑃

𝑛  

1 +
𝐸𝑇𝑜

𝑃

𝑛 1/𝑛
,                                                                                               (20b) 

εn =
In 1 +

𝐸𝑇𝑜
𝑃

𝑛  

−
𝐸𝑇𝑜

𝑃

𝑛

In 1 +
𝐸𝑇𝑜

𝑃

−𝑛  

1 +
𝐸𝑇𝑜

𝑃

𝑛  

1 +
𝐸𝑇𝑜

𝑃

𝑛 1/𝑛

−
𝐸𝑇𝑜

𝑃

,                                                                             (20c) 

 
where  is the elastic coefficient of rainfall,  is the elastic coefficient of potential evaporation, 

and  is the elastic coefficient of the underlying surface characteristic parameters.  
Combined with the water balance equation, the elastic coefficient of runoff on each influencing 

factor can be expressed as follows: 

εx =
∂R

∂x
×

x

R
,                                                                                                                                                         (21) 

 
 According to the analysis of mutation results, the runoff depth in the base period is recorded 
as the runoff depth in the mutation period is , and the difference of runoff depth between the two 
periods is . 

∆R = R1 − R2,                                                                                                                                                      (22) 
 

According to the elastic coefficient of runoff on each influencing factor, the change caused by 
the corresponding factor on the runoff depth can be calculated, expressed as ;  represents , , 

or . 

∆Rx = εx

R

x
∆x,                                                                                                                                                      (23) 

 
The calculated runoff depth variation is obtained by summing, which is expressed as follows: 

∆R′
 = ∆RP + ∆RET 0

+ ∆Rn,                                                                                                                             (24) 
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The contribution rate of each factor to the change of runoff is calculated according to the following 
formula: 

ηP =
∆RP

∆R′
× 100%,                                                                                                                                            (25a) 

ηETo =
∆RET 0

∆R′
× 100%,                                                                                                                                   (25b) 

ηn =
∆Rn

∆R′
× 100%,                                                                                                                                            (26c) 

 

4. Results and discussion  

4.1. Mann-Kendall trend and Sen’s slope estimator of hydro-meteorological series 

The Mann-Kendall test and Sen's slope estimator were used to analyse the time series from 
1972 to 2021 for the seven hydro-meteorological variables: rainfall, maximum temperature, lowest 
temperature, relative humidity, solar radiation, potential evapotranspiration, and runoff. Table 1 and 
Fig. 2 show the results of using the two non-parametric tests for annual meteorological and 
hydrological variables. At a 5% confidence level, the MK test revealed significant increasing trends in 
the annual rainfall, maximum temperature, minimum temperature, and runoff date series. However, 
trends in annual relative humidity, sun radiation, and PET decreased significantly at the same 5% 
confidence level. Interestingly, trend analysis results demonstrate that rainfall, maximum, and 
minimum temperatures all have a significant impact on the runoff trend. Sen's slope rate of mean 
annual rainfall increase was 19.39 mm/y, while average maximum and minimum temperatures 
increased at the rates of 0.05 oC and 0.013 oC per year, respectively. The annual runoff trend had a 
magnitude of 0.028 m3/s per year. Conversely, the Sen's slope rates for the mean annual relative 
humidity, solar radiation, and PET decrease were -0.104%, -8.78 MJ/m2/day, and -1.440 mm per year, 
respectively. 

 
Table 1. Trend analysis by Mann-Kendall and Sen’s slope estimator for annual data series 

Annual data series  First 
Year 

Last 
Year 

p-value Z- test Sen's slope 

Q Qmin Qmax 
Rainfall (mm) 1972 2021 0.0073 2.690 19.390 4.390 35.44 
Max. Temperature (oC) 1972 2021 3.0E-09 5.930 0.050 0.040 0.06 
Min. Temperature (oC) 1972 2021 5.2E-03 2.794 0.013 0 0.022 
Relative humidity (%) 1972 2021 0.034 -2.066 -0.104 -0.180 -0.010 
Solar radiation 
(MJ/m2/day) 

1972 2021 
1.6E-05 -4.320 -8.780 -12.75 -4.89 

PET (mm) 1972 2021 0.00012 -3.848 -1.440 -2.061 -0.842 
Runoff (m3/s) 1972 2021 0.013 2.484 0.028 -0.026 0.096 

 
Analyzing changes in meteorological data is an important task for detecting climate change. 

Identifying hydro-meteorological trends, in addition, is critical for assessing climate change and 
variability at both the basin and regional levels [66,68]. There is certainly a relationship between the 
future impacts of climate change on water resources and climate variability trends. Understanding the 
changes in hydro-meteorological variables is essential to improve water resource planning, 
management, and sustainability. This is especially true in places undergoing fast urbanisation and 
those that are very sensitive to climate change, both of which are typical in developing countries. 
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Rainfall, temperature, relative humidity, and solar radiation are important meteorological indices for 
describing climate change, and their magnitude influences the availability of natural water supplies. 
Although climate change impact assessments should be conducted in all locations, they are especially 
important in urban areas since the negative effects of urbanisation and related human activities may 
aggravate the impacts. 

Figure 2. M-K trend and Sen’s slope estimator of annual hydro-meteorological series from 1972 to 
2021 

 

Mean Annual Precipitation

 
z-stat = 2.685213289
slope =  19.39444444
p-value  = 0.007248353

Average Annual Maximum Temperature 

 
z-stat = 5.420807145
slope =  0.031420765
p-value = 5.93305E-08

Average Annual MinimumTemperature 

 
z-stat = 2.794058004
slope =  0.013023722
p-value = 0.005205114

Average Annual Relative Humidity

z-stat = -2.066192157
slope =  -0.103582719
p-value = 0.038810339

Annual Solar Radiation 

z-stat = -4.316568653
slope =  -8.779582383
p-value  = 1.58473E-05

Annual Runoff

z-stat = 2.484449678
slope =  0.027684141
p-value = 0.012975185

 

Mean AnnualL PET

z- stat = -3.843 
slope = -1.440 
p-value = 0.00012
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4.2. Change-point detection analysis using Pettitt’s test 

Pettitt's test was used to analyse an annual series of rainfall, maximum temperature, minimum 
temperature, relative humidity, solar radiation, potential evapotranspiration, and runoff for change-
point detection. Table 2 and Figure 3 show the test statistics for various tests, as well as the acceptance 
or rejection of the null hypothesis for the parameters. The procedures provided below were used to 
select the change point for a particular parameter [67]: 
a. No change point or homogeneous (HG): A series may be considered homogeneous, if the test 

rejects the null hypothesis at a 5% significant level. 
b. Doubtful series (DF): A series may be considered inhomogeneous and critically evaluated before 

further analysis if the test rejects the null hypothesis at a 5% significant level. 
c. Change point or inhomogeneous (CP): A series may have a change point or be inhomogeneous in 

nature if the test rejects the null hypothesis at a 5% significant level. 

Table 2. Pettitt’s change-point analysis of annual hydro-meteorological series 
Annual data series Shift year Pre Post p-value Change point 
Rainfall (mm) 2010 2450 3634 0.006 Yes 
Max. Temperature (oC) 1993 30.919 31.708 <0.0001 Yes 
Min. Temperature (oC) 1995 22.828 23.421 0.001 Yes 
Relative humidity (%) 1992 81.838 76.247 0.003 Yes 
Solar radiation (MJ/m2/day) 1998 6612 6316 <0.0001 Yes 
PET (mm) 1998 1490 1440 <0.0001 Yes 
Runoff (m3/s) 2003 3.268 4.555 0.003 Yes 

 
Climate change is a major contributor to runoff variability. Erratic temperatures, evaporation, 

and rainfall distribution can all have an influence on the temporal and spatial characteristics of water 
resources. Furthermore, persistent variations in the climate and land use might impact runoff. Pettitt's 
change-point detection test was used to detect shifts in the mean annual series of rainfall, maximum 
temperature, minimum temperature, relative humidity, solar radiation, potential evapotranspiration, 
and runoff from 1972 to 2021. According to the annual rainfall series, there was a significant change-
point in 2010. After the change-point, the mean annual rainfall increased by 1184 mm, from 2450 mm 
to 3634 mm. The presence of a significant change-point in the annual runoff series was identified in 
2003, and the mean annual increase was from 3.268m3/s to 4.555 m3/s after the change-point, with a 
percentage increase rate of 28.3%. The annual maximum and minimum temperatures increased from 
30.919oC to 31.708oC and 22.828oC to 23.421oC, respectively, with increments of 0.789oC and 
0.593oC after the change-points. These significant temperature changes occurred in 1993 and 1995. 
Significant change points in these series identified from 1972 to 1990 may be linked to the influence 
of fast growing industrial and commercial activities in the region, particularly oil and gas exploration. 
However, there were abrupt changes in relative humidity, solar radiation, and PET after the change-
point in 1992, 1998, and 1998, with decreased rates of 5.591%, 296 MJ/m2/day, and 3.4%, 
respectively. According to Dey and Mishra [31], the changing points of runoff should be within the 
range of rainfall and evapotranspiration. As a result, the year 2003 was chosen as the final change 
point for the entire 50-year period. 

Since there were fewer human activities between 1972 and the 2000s, variations in runoff were 
greatly influenced by variations in rainfall. Since 2003, human activities have gradually increased and, 
to some extent, affected the variance of runoff. To estimate the contributions of climate change and 
human activities to annual runoff variation, the period 1972–2002 was considered the baseline period 
A, while the other change period 2003–2021 (B) was taken as the change (impacted) period. Table 3 
shows the mean annual values of runoff, rainfall, and evapotranspiration data for the two periods 
based on the change points of the annual runoff time series. This study included two data sources for 
comparing observed evapotranspiration data to calculated evapotranspiration data. NiMet provided the 
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observed evapotranspiration data. The alternative option was to determine the mean annual 
evapotranspiration in each period using Equation (15). The proportion of forest cover (f) is the most 
essential parameter in this equation. The mean proportion of forest cover for the baseline period A 
(1972–2002) was calculated using land use maps between 1976 and 1991 (0.56). For the change 
period B (2003–2021), the mean proportion of forest cover was estimated using the 2007 and 2021 
land use maps (0.47), which is the mean of two forest coverage values. Table 3 shows the mean 
fraction of forest cover for each period as well as the calculated value of mean annual 
evapotranspiration for each period. 

Figure 3. Pettitt’s change-point test of annual hydro-meteorological series from 1972 to 2021 
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Table 3. Summary of the annual rainfall, runoff and PET in different periods. 

Periods Mean Annual 
Rainfall 
(mm) 

Mean Annual 
Runoff  
(mm) 

Mean Annual 
PET  

(mm)a 

Mean Fraction of 
Forest Cover 

(f) 

PET 
(mm)b 

A 2451 103.99 1489.95 0.56 1130.50 
B 3532 139.63 1442.25 0.47 1183.40 

 
Based on NiMet evapotranspiration, the mean annual rainfall during the change period B 

increased by 30.6%, evapotranspiration decreased by 3.2%, and runoff increased by 25.5%. However, 
as compared to the baseline period A, the mean annual evapotranspiration increased by 4.5% based on 
the evapotranspiration calculated by Equation (15). In general, the change rate of annual rainfall and 
evapotranspiration in change period B was greater than the total of runoff, indicating that climate 
change during this time was intense and might be the most important influencing factor for the rise in 
runoff. 

 
4.3. Slope Change Ratio of Accumulative Quantity (SCRAQ) method 

4.3.1. Relationships between year, accumulative runoff, rainfall and PET 

 

 

Figure 4. The relationships between year, accumulative runoff, rainfall and PET 
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Table 4. Slopes from the relationships between accumulative variables and year in different periods 
. 

Period  Baseline Period A Change Period B 

  (1972–2002) (2003–2021) 

The slope between accumulative runoff and 101.73 142.28 

year (SR: mm/year)    

Period  Baseline Period A Change Period B 

  (1972–2009) (2010–2021) 

The slope between accumulative rainfall 2361.8 3448.1 

and year (SP: mm/year)    

Period  Baseline Period A Change Period B 

  (1972–1997) (1998–2021) 

The slope between accumulative 1487 1443.9 

evapotranspiration and year (SET: mm/year)a   
 
Figure 4 shows the scatter distributions and fitted lines by linear regression between 

accumulative runoff and year, accumulative rainfall and year, and accumulative evapotranspiration 
and year for the various time periods. The correlation coefficients of the R2 values are all strong for 
the three periods, even exceeding 0.99. Simultaneously, the p-value confidence levels are less than 
0.0001. Therefore, the correlation of accumulative runoff with the year is good in every period. Table 
4 also shows the slope parameters obtained for every period. 

 
4.3.2. Quantification of the impacts of climate change and human interactions 
 

Table 5 shows the results of the contribution rates of rainfall, evapotranspiration, and human 
activities to runoff variation based on the parameters presented in Tables 3 and 4. It is clear that the 
effect of rainfall on runoff variation was positive and significantly greater than that of potential 
evapotranspiration (Table 5). 

 
Table 5. Contributions rates of climate change and human activities to runoff variation by Slope 

Change Ratio of Accumulative Quantity (SCRAQ) method. 
 

Influencing Factor 

Contribution Rate to Runoff Change Based 
on A (1972–2002) (%) 

B (2003-2021) 

Contribution of rainfall (Cp) 115.39 

Contribution of evapotranspiration (CET)a 7.27 

Contribution of evapotranspiration (CET)b -11.74 

Contribution of climate change (Cp+CET)a 122.6 

Contribution of human activities (CH)  -22.66 

Contribution of climate change (Cp+CET)b 103.65 

Contribution of human activities (CH) -3.65 
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When the period A (1972–2002) was treated as the reference period, the contribution of rainfall 
to the runoff variation for the period B (2003–2021) was 115.39%. When the potential 
evapotranspiration data obtained from NiMet was used, the contribution to the runoff variation for the 
period B was 7.27%. Hence, the contribution of climate variability (rainfall and potential 
evapotranspiration) to runoff changes was 122.6%. The influence of human activities was negative (-
22.66%), implying that human actions were responsible for the variation of runoff in the study area. 
As a result, climate change was the primary driving factor during the transition period. When the 
potential evapotranspiration data were calculated using Equation (15), it was observed that the 
contribution of evapotranspiration to the runoff variation for the measurement period B was -11.74%. 
On the whole, the contribution of climate change (rainfall and evapotranspiration) to runoff variation 
was 103.6 percent. Therefore, the contribution of human activities to the variation in runoff was -
3.65%. In general, in the change period B, climate change was the main driving factor, but 18.95% 
less than when NiMet data was used. 

 
4.4. Budyko hypothesis method  
 

In this method, rainfall (P), potential evaporation (ET0), and the underlying surface 
characteristic parameters ( ) were used to estimate the elastic coefficient of climate and land cover to 
runoff change. The underlying surface characteristic parameter ( ) depended on soil type, 
topographic factors, and vegetation coverage, assuming that the soil types and topographical factors in 
the study area have not changed since 1972 and using vegetation change instead of land cover change. 
The period 1972-2021 was divided into two sub-periods based on the results of change-point analysis; 
the T1 period (1972-2002) and the T2 period (2003-2021). Table 6 illustrates the elastic coefficients 
of climatic and underlying surface parameters at the station before and after the abrupt change in 
runoff. The elastic coefficients of runoff to rainfall, potential evapotranspiration and the underlying 
surface were 1.22, 0.55, and -0.12, respectively, from the perspective of the entire study period, 
suggesting that runoff was negatively correlated with n, but positively correlated with P and ETo. It 
also demonstrated that when rainfall and potential evapotranspiration rose by 1%, the runoff increased 
by 1.22% and 0.55%, respectively, whereas an underlying surface parameter (n) rising by 1% 
decreased the runoff intensity by 0.12%.  

 
Table 6. Statistics of hydrological and climatic factors in the study area during 1972-2021 period. 

 

Period P/mm   R/mm ET0/mm n 
Elasticity Coefficients 

   
1972-2002  2402 103.99 1481.59  1.1 1.34    0.41 -0.08 
2003-2021 3213     141.70    1443.33      1.2     1.22      0.55         -0.12 

 
Based on Equations (20) - (21), the specific results of ,  , , , and  are 

shown in Table 7. The difference between the calculated runoff change (  = -641.68mm) and the 
actual runoff depth change (  = -37.71mm). Rainfall had the greatest impact, reducing runoff by 
641.68mm, accounting for 133.34%; potential evapotranspiration came in second, increasing runoff 
by 18.91mm, accounting for -3.11% and the underlying surface had the least impact, resulting in an 
increment of runoff by 14.57mm, accounting for -2.40%. Rainfall was the biggest contributor to 
runoff changes in the basin. According to Table 7, the runoff reduction in the study area was mainly 
caused by climate change. The underlying surface parameter n was mainly related to the basin’s 
topography, soil, land-use, vegetation, and reservoir (Xu et al., 2014). It is generally believed that the 
terrain and soil are relatively stable and change little in a short time. Therefore, the value of n is 
mainly related to land-use and vegetation factors.  
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Table 7. Contributions of underlying surface and climatic factors to the changes in runoff during the 
study period 

 

        

-641.68 18.91 14.57 -608.21 -37.71 133.34 -3.11 -2.40 

4.5. Comparison of the two methods  

Tables 5 and 7 present the calculated contributions of climate change and human activities in 
the basin based on the SCRAQ and Budyko Hypothesis methods. When the results of the two methods 
are compared, it is evident that the contributions of climate change and human activities in the basin 
based on the SCRAQ method are similar to those based on the Budyko Hypothesis method, which 
further validates the reliability of the contributions of human activities and climate change based on 
the SCRAQ method. Furthermore, both techniques show that climate change is the main driving 
factor in runoff variations and that climate pressure is intensifying. 

 
4.6. Land use changes of the study area 

Table 8 and Fig. 5 show the study area's land use and land distribution from 1976 to 2021. The 
study area's land-use types were predominantly forest land, accounting for 61% of the area in 1976 
and decreasing linearly to 43.1% in 2021. Secondary forest land > cultivated land > primary forest 
land > built-up land > water bodies were the land-use types. Other land types have not changed much, 
with the exception of a significant increase in built-up land and a significant decrease in primary forest 
land. This means that some forest land had been converted into built-up land. The total land area 
developed increased from 96.1 km2 to 230.0 km2. Since 2007, the area of built-up land has increased 
significantly, from 165.05 km2 to 230.0 km2. This shows that human activities have increased since 
2007. The built-up land near the water body (Itu-River) where the CRBDA hydrological station was 
located did not increase. The area was dominated by primary and secondary forest, which might 
explain why human activities did not contribute to the variation in runoff. 

 
Table 8. Change in land-use area in different years in the study area 

 
Land-Use Pattern (km2) (%) 

Year Primary Forest Secondary 
Forest 

Built-up Area Cultivated Land Water Body 

1976 301.2 (35.7) 210.1 (25.3) 96.1 (10.2) 188.0 (20.1) 51.05 (8.6) 

1991 146.0 (15.3) 304.0 (36.3) 110.05 (14.9) 247.0 (28.3) 40.4 (5.2) 

2007 112.7 (15.7) 288.8 (33.6) 165.05 (18.8) 240.5 (26.7) 40.4 (5.2) 

2021 96.8 (10.6) 280.6 (32.5) 230.0 (27.4) 210.05 (25.4) 30.0 (4.2) 
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Figure 5. Land use details of Uyo-Itu River Basin, Akwa Ibom State. 
 

 
  1976      1991 

 

  2007   2021 
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5. Conclusion  

Within the framework of global climate change, changing climate and human activities are seen 
as the driving causes behind several natural disasters in the global river basin. This study was 
conducted to quantitatively assess the contributions of climate change and human activities to runoff 
variation in the Uyo-Itu River Basin in Akwa Ibonm State. Using long-term data series, the Mann-
Kendall tests and Sen's slope estimator were used to identify the trend and magnitude in rainfall, 
maximum and minimum temperatures, relative humidity, solar radiation potential evapotranspiration, 
and runoff. Using Pettitt's test method, the abrupt change point of the hydro-meteorological series was 
determined from 1972 to 2021. The SCRAQ technique was used to assess the contribution of climate 
change and human activities to runoff variation, while the Budyko hypothesis was applied to validate 
the contributions of human activities and climate change based on the SCRAQ method. The time 
series in the study were divided into two periods: the baseline period of 1972–2002 and the change 
(impacted) period of 2003–2021. 

The influence of human actions in this context refers to activities such as agriculture, 
construction, and so on that may alter waterbody channels or reduce the surface area of vegetation. 
Human activities, such as exploration, mining, and industrialization, emit greenhouse gases, which 
increase the amount of water vapour in the atmosphere and may cause changes in rainfall patterns and 
intensity. Human actions continue to play an indirect role in runoff variation. Climate change impacts 
on runoff variations in this basin might be linked to continuously rising air temperatures, which may 
induce or change rainfall intensity and pattern, resulting in an increase in high and mean runoff in the 
catchment. Runoff is an important component of the hydrological cycle because variations in runoff 
can have a significant impact on human safety, environmental well-being, and water resources. 
Climate change is the most prominent driving factor impacting runoff variation in the river basin, and 
its influence is becoming more intense, posing a new challenge for policymakers to enhance water 
resource management in the basin. Therefore, appropriate modifications to water use and control 
structures are urgently required to support the basin's socioeconomic development while also 
preventing flooding. Finally, this study can provide suggestions to decision-makers and researchers on 
how to restrict human intervention while also developing relevant adaptation measures for mitigating 
the effects of climate change on water resources and ensuring a reasonable allocation of water 
resources in the River Basin. 
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