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ABSTRACT 

This study investigates long-term patterns in rainfall and related flood frequencies in Calabar, southeastern 

Nigeria, using the Mann-Kendall trend test and Sen’s slope estimator. Covering twenty years (2003–2022), it 

utilises daily rainfall data from the Nigerian Meteorological Agency (NiMET) to examine changes in rainfall 

intensity and seasonality. The results reveal no statistically significant trend in annual rainfall (p = 1.0), 

although Sen’s slope indicates a slight downward trend (+7.907 mm/year). August was the only month with a 

statistically significant decrease in rainfall, with a Sen slope of – 0.387. The findings suggest increasing flood 

vulnerability despite the lack of statistical significance, emphasising the need for proactive flood management 

measures such as improved drainage, urban planning, and public awareness in the region. 
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INTRODUCTION  

Rainfall variability, especially in tropical coastal cities like Calabar, significantly affects urban infrastructure 

and public safety due to elevated flood risks. Despite receiving over 2,900 mm of annual rainfall (Amadi et al., 

2021), recent flood events indicate that traditional assumptions about rainfall patterns may no longer be 

accurate. This paper utilises non-parametric statistical methods to analyse temporal rainfall trends and their 

implications for flooding in Calabar. The study fills a gap in regional empirical data, supporting the 

development of adaptive climate and disaster policies. Globally, rainfall variability and flooding present 

significant environmental challenges, particularly in areas experiencing intense climate change and human 

impact. In many tropical regions, including Nigeria, highly variable rainfall patterns have serious consequences 

for water resource management, agriculture, and disaster preparedness. Calabar, situated in south-eastern 

Nigeria, experiences high annual rainfall due to its coastal proximity to the Atlantic Ocean. However, this 

abundance of rain also makes the region susceptible to frequent flooding (Amadi et al., 2021). Such floods often 

cause extensive damage, displacing residents, destroying infrastructure, and resulting in economic losses. A 

primary cause of flooding in Calabar is poorly designed drain sizing and distribution, along with the use of 

existing slopes to establish drain invert levels during construction (Antigha et al., 2018). The Mann-Kendall 

method and Sen’s slope estimator are two established non-parametric techniques used to identify trends in 

environmental data (Yue & Wang, 2002). The Mann-Kendall test is widely adopted in hydrology to determine 

whether a statistically significant trend exists in time-series data. It is advantageous for rainfall data because it 

can detect increasing or decreasing trends without assuming a specific data distribution (Ekwueme & 

Agunwamba, 2021). Meanwhile, Sen’s slope estimates the rate of change over time, offering insights into how 

quickly rainfall patterns are shifting (Sen, 1968). The Mann–Kendall and Sen’s slope methods are frequently 

employed together in rainfall and flood studies because they complement each other in trend analysis. The 

Mann–Kendall test effectively detects the presence of a statistically significant monotonic trend but does not 

quantify the change’s magnitude. Sen’s slope, on the other hand, provides an estimate of the rate and direction 

of that change, offering practical insights into how swiftly rainfall or flood patterns are evolving. When used 
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together, these methods deliver a more thorough assessment by identifying both the existence of a trend and its 

intensity, making them particularly useful in hydrological and climate research. 

METHOD 

Study Area  

The Calabar region, located in southeastern Nigeria, is notable for its unique geographical and climatic features 

that significantly influence its hydrology and flood patterns. Calabar acts as the capital of Cross River State. 

Geographically, the city is situated between two major rivers: the Calabar River to the west and the Great Kwa 

River to the east. These rivers converge at the Cross River estuary, which flows into the Atlantic Ocean (Efiong 

et al., 2024). Covering approximately 137 km², Calabar’s distinctive geographical and geomorphic 

characteristics considerably impact its vulnerability to flooding. Key features include the Marina escarpment, 

two parallel ridges, and a geosyncline passing through the city, creating physical and drainage challenges. The 

Marina escarpment, on the city’s western edge, faces the winding Calabar River and extends from Calcemco 

Beach to Nsidung Beach. This cuesta-like formation encourages surface water runoff towards low-lying areas. 

Two prominent ridges run parallel: one along the western side from Ikot Ekpo/Tinapa in the north to Mbukpa in 

the south, covering about 40% of the city, and another along the eastern side near the well-known Eastern 

Highway, rising roughly 60 meters above sea level. Both ridges drain into a central geosyncline or depression, 

which extends north-south through key parts of the city, including Big Qua Town and Otop Abasi Barracks. 

This geosyncline is the lowest zone in Calabar, making its areas prone to periodic flooding because of poor 

drainage (Efiong et al., 2024). Calabar has a tropical rainforest climate with year-round rainfall, exhibiting a 

double-peaked pattern in June/July and September/October. Total annual rainfall often exceeds 2,000 mm, 

while average temperatures hover around 27°C, seldom dropping below 19°C (CRBDA, 1982). According to 

Koppen’s classification, Calabar is designated as a humid tropical climate. Urban growth and land use changes 

have displaced much of the original vegetation, especially in the eastern and southern wetlands, which face 

threats from encroachment. These climate and environmental factors increase the city's flood risks. 

Geologically, Calabar forms part of the Benin Formation in the Niger Delta Basin, mainly composed of coarse 

sands, gravels, and minor clay layers. Although this porous geology allows water to infiltrate easily, urban 

development has substantially altered the landscape, leading to increased surface runoff. Along with 

topographical and drainage challenges, this heightens the risk of sheet and gully erosion (Efiong et al., 2024). 

The city’s expansion is primarily directed northward, constrained by the rivers on the east and west and the 

swampy mangrove forests to the south. Calabar is divided into two administrative areas: Calabar Municipality 

and Calabar South Local Government Area. It is an interfluvial settlement situated on higher ground between 

the two river valleys. While its strategic location between the Calabar and Great Kwa rivers boosts economic 

and cultural activities, it also makes the city vulnerable to frequent flooding, a problem worsened by inadequate 

drainage infrastructure and urban encroachment. Despite these challenges, Calabar has grown into a vibrant 

urban centre, attracting migrants and tourists with its rich cultural heritage and aesthetic appeal (Yaro et al., 

2016). 

Data Collection  

 The primary source of rainfall data for this study is historical records obtained from the Nigerian 

Meteorological Agency (NiMET). NiMET operates various meteorological stations across Nigeria, 

including in the Calabar region, and is responsible for collecting, processing, and disseminating 

meteorological data. The rainfall data spans several decades, enabling analysis of long-term trends and 

seasonal variations. The dataset includes daily, monthly, and yearly rainfall measurements, which are 

vital for understanding rainfall timing and recognising patterns of variability. 

 Flood data were gathered from various sources to thoroughly evaluate flood events and their impacts in 

the Calabar region. The primary source of flood data includes reports and records from the National 

Emergency Management Agency (NEMA) of Nigeria. The research also incorporated flood-related data 

from peer-reviewed articles and studies that have previously examined flooding in Calabar. This 

secondary data source is vital for cross-verifying information and supporting findings from primary 

sources. 
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Analytical Tools  

 Mann-Kendall Test: The Mann-Kendall test is a non-parametric statistical method commonly used to 

detect trends in time series data without assuming a specific distribution (Hirsch et al., 1982). This 

method is beneficial for hydrological data, such as rainfall and flood records, which often do not follow 

a normal distribution and may contain outliers. The Mann-Kendall test evaluates whether there is a 

monotonic trend in the data, meaning it can identify if the variable consistently increases or decreases 

over time (Hamed, 2008). The approach works by comparing the ranks of data points in a time series. 

For each pair of observations, the test calculates the difference in ranks. If a later observation exceeds an 

earlier one, it adds a positive value; if smaller, it adds a negative value. The sum of these differences is 

the Mann-Kendall statistic (S), which can be used to derive a Z statistic for hypothesis testing. A 

significant positive Z indicates an upward trend, while a significant negative Z indicates a downward 

trend (Kendall, 1975).  

 Limitations of the Mann-Kendall Test 

The Mann–Kendall test is valuable for identifying monotonic trends in hydrological and climatic data, but it has 

notable limitations. It is sensitive to serial correlation, cannot detect non-linear or cyclical standardised 

variations, and does not provide the magnitude of change without supplementary methods like Sen’s slope. Its 

reliability is also influenced by sample size; it does not explain the causes of trends, and it assumes spatial 

independence, which may not hold in correlated systems. 

 Sen’s Slope Estimator: Sen's Slope Estimator is a widely used non-parametric method that estimates the 

slope of the trend line in a time series dataset, providing a measure of the rate of change over time (Sen, 1968). 

This approach is helpful in hydrological studies because it offers a simple way to interpret changes in variables 

such as rainfall and flood frequencies. Sen's Slope calculates the slope between all pairs of data points in the 

dataset. For each pair (x_i, y_i) and (x_j, y_j), where x represents time and y the variable of interest, the slope 

(Q) is computed as: 

𝑄 =
𝑦𝑗 − 𝑦𝑖

𝑥𝑗 − 𝑥𝑖
 

This process generates a set of slope estimates, which are then ranked to identify the median slope, providing a 

dependable measure of the overall trend (Hamed, 2008). This approach performs well with datasets containing 

outliers, as extreme values have less influence on the median than the mean. 

 Software used: The analysis of rainfall patterns and flood frequencies in the Calabar region required 

advanced software and tools to support data management, statistical analysis, and visualisation. These tools 

combined enabled a comprehensive approach to the research, ensuring that both data processing and analytical 

techniques were carried out efficiently and accurately.  

Microsoft Excel was primarily used for initial data organisation and exploratory analysis. Its user-friendly 

interface enables straightforward data entry and management, making it an ideal tool for early data 

preprocessing. Excel's features, such as sorting, filtering, and basic statistical calculations, are utilised to 

perform an initial pass of data validation, ensuring that the datasets are complete and correctly formatted before 

being imported into R for advanced analysis. Furthermore, Excel’s charting capabilities aid in visualising initial 

data patterns, including basic time series plots of rainfall and flood occurrences. 

RESULTS AND DISCUSSION 

Rainfall Pattern Overview  

The rainfall data for the Calabar region over 20 years for this study were obtained online from the Nigerian 

Meteorological Agency (NiMET), covering 2003 to 2022. This data was collected as monthly averages and 

measured in mm/day. The precipitation data used are presented in Table 1 below. 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VIII August 2025 

 

Page 492 www.rsisinternational.org 

 

 

Table 1: Average Daily Precipitation for Calabar Region between 2003 and 2022 (mm/day) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 

mm/day 

2003 3.08 4.9 1.51 6.32 11.29 9.36 5.1 11.29 10.79 9.68 2.55 1 6.41 

2004 2.45 0.55 0.87 8.42 10.8 14.72 9.86 17.97 15.27 6.24 6.5 0.46 7.85 

2005 0.59 1.68 4.95 5.02 6.43 10.88 8.86 16.49 27.41 10.39 2.16 0.26 7.94 

2006 2.27 2.91 4.83 7.63 7.01 3.95 19.3 29.98 26.25 7.8 3.1 0.1 9.64 

2007 0.05 2.76 1.91 6.37 5.08 26.8 23.9 20.69 18.64 12.73 7.55 1.56 10.69 

2008 0.41 0.91 4.05 7.5 6.26 10.83 7.79 14.59 15.58 8.17 3.6 1.59 6.78 

2009 2.34 1.86 6.59 4.97 5.7 11.83 9.72 14.4 12.95 7.52 3.66 0.29 6.84 

2010 2.78 4.35 5.4 6.54 8.86 8.55 19 16.44 11.67 9.43 3.39 0.87 8.14 

2011 0.44 3.1 3.18 4.71 7.37 13.15 18.57 22.99 16.94 12.18 1.87 0.15 8.76 

2012 0.42 3.74 2.84 7.52 4.92 19.49 13.65 14.95 17.1 11.94 6.5 1.36 8.69 

2013 0.47 1.78 6.27 6.29 7.64 10.19 11.84 11.11 19.27 12.59 9.74 2.07 8.29 

2014 0.3 2.2 4.02 4.96 6.01 5.03 10.59 14.07 12.3 8.51 2.83 0.06 5.93 

2015 0.2 3.02 3.61 3.59 7.36 17.32 12.99 11.51 11.86 12.73 7.76 0.08 7.68 

2016 0.24 0.75 9.45 5.86 8.93 14.31 11.39 20.14 12.62 14.53 2.67 1.35 8.56 

2017 0.75 0.41 7.03 7.7 9.88 10.57 16.77 15.1 11.68 15.3 8.74 0.13 8.73 

2018 0.28 7.01 3.73 3.67 5.5 18.92 10.18 10.95 7.78 8.83 6.97 0.16 6.97 

2019 1.97 1.08 3.45 1.44 2.97 6.13 13.05 14.8 10.62 9.21 7.79 0.44 6.12 

2020 0.02 0.41 10.86 4.45 9.49 10.63 16.26 8.9 18.86 10.39 6.74 0.55 8.15 

2021 0.66 0.39 2.32 11.34 12.04 7.11 7.94 8.56 11.57 10.35 6.19 1.99 6.73 

2022 2.15 0.33 3.47 7.08 5.76 9.13 16.25 14.96 37.8 8.7 4.13 0.78 9.23 

Mann-Kendall Trend and Sen’s Slope Result   

The statistics, including the mean and standard deviation of the data, are shown in Table 2 below. 

Table 2: Statistics of Rainfall Data over the Study Area 

Variable Observations Minimum Maximum Mean Std. deviation 

JAN 20 0.020 3.080 1.094 1.047 

FEB 20 0.330 7.010 2.207 1.795 

MAR 20 0.870 10.860 4.517 2.534 

APR 20 1.440 11.340 6.069 2.120 

MAY 20 2.970 12.040 7.465 2.383 

JUN 20 3.950 26.800 11.945 5.497 

JUL 20 5.100 23.900 13.151 4.766 

AUG 20 8.560 29.980 15.495 5.093 

SEP 20 7.780 37.800 16.348 7.141 

OCT 20 6.240 15.300 10.361 2.421 

NOV 20 1.870 9.740 5.222 2.459 

DEC 20 0.060 2.070 0.763 0.671 

ANN 20 5.930 10.690 7.907 1.241 

The analysis shows that September records the highest rainfall intensity, averaging 37.8 mm/day, making it the 

wettest month within the study period. Conversely, January experiences the lowest rainfall, with only 0.02 

mm/day, indicating a distinctly dry season. Other months with relatively high rainfall include August (29.8 

mm/day), June (26.8 mm/day), and July (23.9 mm/day), all of which significantly contribute to the city’s 

hydrological pattern. The concentration of heavy rainfall during these peak months, combined with the city’s 

low-lying geomorphic setting and inadequate drainage infrastructure, worsens the occurrence of flash floods, 

often leading to severe urban flooding (Ojikpong et al., 2016; Bassey & Effiong, 2021). This emphasises the 
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urgent need for effective stormwater management strategies, such as improved drainage systems, retention 

basins, and sustainable urban planning, to reduce flood risks during these critical months. 

Mann-Kendall Test 

The Mann-Kendall Two-Tailed Test Result for the Annual Rainfall of Calabar Region is shown in Table 3 

Table 3: Mann-Kendell Two-Tailed Trend Test for Annual Rainfall  

Kendall's tau 0 

S 0.000 

Var(S) 950.000 

p-value (Two-tailed) 1.000 

alpha 0.05 

Test interpretation 

𝐻𝑜: There is no significant trend in the series 

𝐻𝑎: There is a significant trend in the series 

The computed p-value is greater than the significance level ∝ = 0.05; therefore, we do not reject the null 

hypothesis, indicating that there is no significant trend in the annual rainfall data for the 2 decades between 

2003 and 2022 used in this study in the Calabar Region. 

Sen’s Slope 

For the duration of the rainfall data obtained, the graph showing Sen’s Slope is depicted in Figure 1 below. 

 

Figure 1: Sen’s Slope of Annual Rainfall of Calabar Region between 2003 and 2022 

This shows that the Sen’s Slope of annual precipitation data over the study area from 2003 to 2022 is near zero 

(-0.001), indicating no significant trend in the series. 

Kendall’s Tau, Sens’s Slope, And Ρ-Value for Annual Rainfall  

The Kendall Tau Parameter, Sen’s Slope, and ρ-value for each month of the obtained rainfall data, as well as 

the annual rainfall over the study area, are shown in Table 4. 
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Table 4: Kendall Tau, ρ-value, and Sen’s Slope for Monthly Annual Rainfall between 2003 and 2022 

Series\Test Kendall's tau p-value Sen's slope 

JAN -0.242 0.144 -0.032 

FEB -0.322 0.051 -0.117 

MAR 0.158 0.347 0.106 

APR -0.200 0.230 -0.084 

MAY -0.032 0.871 -0.032 

JUN -0.105 0.538 -0.106 

JUL 0.084 0.626 0.166 

AUG -0.347 0.035 -0.387 

SEP -0.189 0.256 -0.227 

OCT 0.201 0.229 0.139 

NOV 0.248 0.135 0.140 

DEC 0.021 0.922 0.004 

ANN 0.000 1.000 -0.001 

Between 2003 and 2022, rainfall trends across the months exhibit varying patterns. January, February, April, 

May, June, and September show no statistically significant trend. Although both Sen’s slope and Kendall’s tau 

indicate a weak downward tendency, the p-value greater than 0.05 suggests that this decline is not statistically 

significant and may be due to random variation. In contrast, March, July, October, November, and December 

also display no significant trend; however, both Kendall’s tau and Sen’s slope point to a slight upward 

direction. Since the p-value remains above 0.05, this increase is considered statistically insignificant, 

representing only a weak, non-reliable upward tendency. Even though the trend within this period is weak, the 

city of Calabar can still experience floods due to the geomorphology of the land (Okon et al. 2015). Notably, 

August stands out, exhibiting a significant decreasing trend in rainfall. Here, both Kendall’s tau and Sen’s 

slope are harmful, and with p < 0.05, the result confirms a robust and statistically reliable downward trend 

during the study period. The graph of the ρ-value for each month and annual rainfall is shown in Figure 2. 

 

Figure 2: 𝜌 − 𝑣𝑎𝑙𝑢𝑒 of each month and the annual rainfall between 2003 and 2022 

Within the 2003–2022 study period, August is the only month exhibiting a statistically significant trend, with a 

p-value of 0.035. This value falls below the 5% significance threshold, leading to the rejection of the null 

hypothesis and confirmation of a significant rainfall trend in that month. February, with a p-value of 0.051, lies 

very close to the 5% threshold, suggesting a near-significant result that warrants attention but does not meet 

the conventional criterion for significance. For all other months, p-values are well above 0.05, indicating 

insufficient evidence to reject the null hypothesis and thus no statistically significant rainfall trends in those 

periods. 
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CONCLUSION 

This study investigated rainfall variability and flood risk in Calabar, a coastal city in southern Nigeria, using the 

Mann–Kendall test and Sen’s slope method from 2003 to 2022. The results show that September has the highest 

rainfall (37.8 mm/day), while January remains the driest month (0.02 mm/day). Other months with high rainfall, 

such as August (29.8 mm/day), June (26.8 mm/day), and July (23.9 mm/day), also significantly influence the 

city’s hydrology. The concentration of heavy rainfall during these months, combined with the city’s low-lying 

terrain and inadequate drainage infrastructure, heightens its vulnerability to flash floods, often causing severe 

urban flooding. Statistical analysis reveals no significant long-term trend in annual rainfall, indicated by a near-

zero Sen’s slope (-0.001) and p-values above the 0.05 threshold. Most monthly trends, whether marginally 

increasing or decreasing, are weak and statistically insignificant, with August being the only month showing a 

statistically significant decreasing trend (p = 0.035). February’s near-significant value (p = 0.051) suggests a 

borderline case that requires further investigation. 

The findings show that, even without strong long-term rainfall trends, Calabar remains highly vulnerable to 

flood hazards because of its geomorphic setting and infrastructural issues. This has broader implications for 

tropical coastal cities, where localised rainfall extremes and poor urban planning often combine to raise flood 

risks. To reduce vulnerability, practical strategies such as upgrading drainage systems, integrating green 

infrastructure, and enforcing land-use regulations are urgently needed. 

Future research should build on this analysis by incorporating climate model projections to evaluate how long-

term changes in rainfall patterns under climate change could influence flood risk dynamics in Calabar and 

similar coastal areas. Additionally, spatial analyses and hydrological modelling could offer more detailed 

insights into flood-prone regions and help shape effective adaptation strategies. By combining statistical trend 

detection with predictive modelling, policymakers and planners will be better prepared to develop sustainable, 

climate-resilient systems for managing floods in tropical coastal cities. 

ACKNOWLEDGMENT  

Acknowledgements go to the Nigerian Meteorological Agency (NiMET) and the University of Cross River 

State for providing data and research support. 

REFERENCES  

1. Adekola, O., Lamond, J., Adelekan, I., & Eze, E. B. (2020). Evaluating flood adaptation governance in 

the city of Calabar, Nigeria. Climate and Development, 12(9), 840-853. 

2. Agbo, E. P., Nkajoe, U., & Edet, C. O. (2023). Comparison of Mann–Kendall and Şen’s innovative 

trend method for climatic parameters over Nigeria’s climatic zones. Climate Dynamics, 60(11), 3385-

3401. 

3. Amadi, S. O., Agbor, M. E., & Udo, S. O. (2021). Vulnerability of Calabar rainfall to climatic 

variability events: a critical factor in integrated water resources management in the tropical coastal 

region of southeastern Nigeria. International Journal of Sustainable Development and Planning, 16(1), 

115-122. 

4. Antigha, R. E. E., Akor, A. J., Ayotamuno, M. J., Ologhodien, I., & Ogarekpe, N. M. (2014). Rainfall 

runoff model for Calabar metropolis using multiple regression. Nigerian Journal of Technology, 33(4), 

566-573. 

5. Antigha, R. E., Ayotamuno, M. J., Obio, E. A., & Bassey, I. E. (2018). Flood Studies in Calabar 

Metropolis: The Markov Chain Approach. World Journal of Engineering Research and Technology, 

4(4), 538–558. https://www.wjert.org/download/article/27062018/1532515703.pdf 

6. Asfaw, A., Simane, B., Hassen, A., & Bantider, A. (2018). Variability and time series trend analysis of 

rainfall and temperature in northcentral Ethiopia: A case study in Woleka sub-basin. Weather and 

climate extremes, 19, 29-41. 

7. Atanga, R. A. (2019). The role of local community leaders in flood disaster risk management strategy 

making in Accra. International Journal of Disaster Risk Reduction, 101358. 

doi:10.1016/j.ijdrr.2019.101358 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VIII August 2025 

 

Page 496 www.rsisinternational.org 

 

 

8. Ayoade, J. A. (1993). Introduction to climatology for the tropics. Spectrum Books Limited. 

9. Badamosi, A. P., Olutumise, A. I., Olukoya, O. P., Adegoroye, A., & Aturamu, O. A. (2023). 

Socioeconomic impacts of flooding and its coping strategies in Nigeria: Evidence from Dagiri 

community, Gwagwalada area council of Abuja. Natural Hazards Research. 

10. Bassey, B. E., & Effiong, J. (2021). Causes of Localised Road Flooding in Calabar South Local 

Government Area During Rainfall. In the 11th Annual National Association of Hydrological Science 

Conference. 

11. Bhattacharya-Mis, N., & Lamond, J. (2014). Socio-economic complexities of flood memory in building 

resilience: An overview of research. Procedia Economics and Finance, 18, 111-119. 

12. Billi, P., Alemu, Y. T., & Ciampalini, R. (2015). Increased frequency of flash floods in Dire Dawa, 

Ethiopia: Change in rainfall intensity or human impact. Natural Hazards, 76, 1373-1394. 

13. Chen, J., Wu, X., Finlayson, B. L., Webber, M., Wei, T., Li, M., & Chen, Z. (2014). Variability and 

trend in the hydrology of the Yangtze River, China: Annual precipitation and runoff. Journal of 

Hydrology, 513, 403-412. https://doi.org/10.1016/j.jhydrol.2014.03.044 

14. Da Silva, R. M., Santos, C. A., Moreira, M., Corte-Real, J., Silva, V. C., & Medeiros, I. C. (2015). 

Rainfall and river flow trends using Mann–Kendall and Sen’s slope estimator statistical tests in the 

Cobres River basin. Natural Hazards, 77, 1205-1221. 

15. Djaman, K., Koudahe, K., Bodian, A., Diop, L., & Ndiaye, P. M. (2020). Long-term trend analysis in 

annual and seasonal precipitation, maximum and minimum temperatures in the southwest United 

States. Climate, 8(12), 142. 

16. Efiong, J., & Ushie, J. O. (2019). Projected impact of sea level rise on Nigeria’s coastal city of Calabar 

in Cross River State. International Journal of Environment and Climate Change, 9(10), 535-548. 

17. Efiong, J., Efiong, E., Akintoye, O., Inah, E., Awan, O., & Ogban, F. (2024). Geospatial Modelling of 

Flood Susceptibility of the Calabar City, Cross River State, Nigeria. Applied Environmental Research, 

46(3). 

18. Egbe, C. A., Yaro, M. A., Okon, A. E., & Bisong, F. E. (2014). Rural people’s perception of climate 

variability/change in Cross River State, Nigeria. Journal of Sustainable Development, 7(2), 25-36. 

19. Ekwueme, B. N., & Agunwamba, J. C. (2021). Trend analysis and variability of air temperature and 

rainfall in regional river basins. Civil Engineering Journal, 7(5), 816-826. 

20. Hamed, K. H. (2008). Trend detection in hydrologic data: The Mann–Kendall trend test under the 

scaling hypothesis. Journal of Hydrology, 349(3-4), 350-363. 

21. Hinton, P. R., McMurray, I., & Brownlow, C. (2014). SPSS Explained. Routledge. 

22. Hirsch, R. M., & Slack, J. R. (1984). A nonparametric trend test for seasonal data with serial 

dependence. Water Resources Research, 20(6), 727-732. https://doi.org/10.1029/WR020i006p00727 

23. Hirsch, R. M., Slack, J. R., & Smith, R. A. (1982). Techniques of trend analysis for monthly water 

quality data. Water Resources Research, 18(1), 107-121. https://doi.org/10.1029/WR018i001p00107 

24. Inah, S. A., Okpa, E. P., Nji, E. L. B., & Egbe, D. (2020). Flooding and its public health implications 

on residents of Calabar South, Cross River State, Nigeria. Int J Environm Chem Ecotoxicol Res, 3, 1-

13.  

25. Intergovernmental Panel on Climate Change (IPCC). (2022). Water. In: Climate Change 2022: 

Impacts, Adaptation and Vulnerability. IPCC. 

26. Intergovernmental Panel on Climate Change IPCC. (2021). Climate Change 2021: The Physical 

Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 

Intergovernmental Panel on Climate Change. Cambridge University Press.  

27. Kendall, M. G. (1970). Rank Correlation Methods. London: Charles Griffin. 

28. Kundzewicz, Z. W., & Robson, A. J. (2004). Change detection in hydrological records—a review of 

the methodology/revue méthodologique de la détection de changements dans les chroniques 

hydrologiques. Hydrological Sciences Journal, 49(1), 7-19. 

29. Kundzewicz, Z. W., Kanae, S., Seneviratne, S. I., Handmer, J., Nicholls, N., Peduzzi, P., ... & 

Sherstyukov, B. (2014). Flood risk and climate change: global and regional perspectives. Hydrological 

Sciences Journal, 59(1), 1-28. 

30. Kundzewicz, Z.W. and Robson, A.J. (2004) Change Detection in Hydrological Records—A Review of 

the Methodology/Revue Méthodologique de la Détection de Changements dans les Chroniques 

Hydrologiques. Hydrological Sciences Journal, 49, 7-19. https://doi.org/10.1623/hysj.49.1.7.53993 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VIII August 2025 

 

Page 497 www.rsisinternational.org 

 

 

31. Li, L., Zha, Y., & Wang, R. (2020). Relationship of surface urban heat island with air temperature and 

precipitation in large global cities. Ecological Indicators, 117, 106683. 

32. Mann, H. B. (1945). Nonparametric tests against trend. Econometrica, 13(3), 245-259. 

https://doi.org/10.2307/1907187 

33. Mann, H. B. (1968). Estimates of the regression coefficient based on Kendall’s tau. Journal of the 

American Statistical Association, 63(324), 1379-1389. https://doi.org/10.2307/2285891 

34. McGrane, S. J. (2016). Impacts of urbanisation on hydrological and water quality dynamics, and urban 

water management: a review. Hydrological Sciences Journal, 61(13), 2295-2311. 

35. Moges, S. A., & Taye, M. T. (2019). Regional flood frequency curves for remote rural areas of the Nile 

River Basin: The case of Baro-Akobo drainage basin, Ethiopia. In Extreme Hydrology and Climate 

Variability (pp. 385-393). Elsevier. 

36. Mohammed, S. H., Flores, Y. G., Al-Manmi, D. A. M., Mikita, V., & Szűcs, P. (2024). Assessment of 

groundwater level fluctuation using integrated trend analysis approaches in the Kapran sub-basin, 

North East of Iraq—groundwater for Sustainable Development, 26, 101292. 

37. Morrison, A., Westbrook, C. J., & Noble, B. F. (2018). A review of the flood risk management 

governance and resilience literature. Journal of Flood Risk Management, 11(3), 291-304. 

38. Mustapha, A. (2013). Detecting surface water quality trends using Mann-Kendall tests and Sen’s slope 

estimates. International Journal of Agriculture Innovations and Research, 1, 108-114.  

39. Myronidis, D., Ioannou, K., Fotakis, D., & Dörflinger, G. (2018). Streamflow and hydrological drought 

trend analysis and forecasting in Cyprus. Water resources management, 32, 1759-1776. 

40. Nicholson, S. E., Funk, C., & Fink, A. H. (2018). Rainfall over the African continent from the 19th 

through the 21st century. Global and planetary change, 165, 114-127.  

41. Ogarekpe, N. M. (2019). Comparison of predicted annual maximum rainfall for Calabar metropolis 

using a statistical approach. Int J Hydro, 3(5), 400-406. 

42. Ojikpong, B. E., Ekeng, B. E., Obongha, U. E., & Emri, S. I. (2016). Flood Risk Assessment of 

Residential Neighbourhoods in Calabar Metropolis, Cross River State, Nigeria. Environment and 

Natural Resources Research, 6(2), 115-127. 

43. Okon, I. E., Ogba, C. O., Idoko, M. A., Eni, D. D., & Sule, R. O. (2015). Climate change and the 

challenges of flood mitigation in Calabar urban, South-South Nigeria. International Journal of Ecology 

and Ecosolution, 2(3), 41-48. 

44. Otu, E. (2019). Seasonal geographical access to healthcare in Cross River State, Nigeria (Doctoral 

dissertation, University of Sheffield). 

45. Paul, A., Bhowmik, R., Chowdary, V. M., Dutta, D., Sreedhar, U., & Sankar, H. R. (2017). Trend 

analysis of time series rainfall data using robust statistics. Journal of Water and Climate Change, 8(4), 

691-700.  

46. Sen, P. K. (1968). Estimates of the regression coefficient based on Kendall's tau. Journal of the 

American Statistical Association, 63(324), 1379-1389. 

47. Sen, P. K. (1968). Estimates of the regression coefficient based on Kendall’s tau. Journal of the 

American Statistical Association, 63(324), 1379-1389. https://doi.org/10.2307/2285891 

48. Udoimuk, A. B., Osang, J. E., Ettah, E. B., Ushie, P. O., Egor, A. O., & Alozie, S. I. (2014). An 

empirical study of seasonal rainfall effect in Calabar, Cross River State, Nigeria. IOSR J. Appl. Phys, 

5(5), 7-15. 

49. Von Storch, H., & Navarra, A. (Eds.). (1999). Analysis of climate variability: applications of statistical 

techniques. Springer Science & Business Media. 

50. Wang, S., & Wan, Z. (2023). Water Quality Trends Based on Mann-Kendall Test and Rescaled 

Extreme Difference Analysis: A Case Study of Shanxi Reservoir, China. Applied Ecology & 

Environmental Research, 21(4).  

51. Wang, Y., Xu, Y., Tabari, H., Wang, J., Wang, Q., Song, S., & Hu, Z. (2020). Innovative trend analysis 

of annual and seasonal rainfall in the Yangtze River Delta, eastern China. Atmospheric Research, 231, 

104673. 

52. Whitehead, P. G., Wilby, R. L., Battarbee, R. W., Kernan, M., & Wade, A. J. (2009). A review of the 

potential impacts of climate change on surface water quality. Hydrological Sciences Journal, 54(1), 

101-123. 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VIII August 2025 

 

Page 498 www.rsisinternational.org 

 

 

53. Yaro, M., Bisong, F., & Okon, A. (2016). Growers' adaptation to strategic alleviation of climate 

variability in peri-urban agriculture for food security in Calabar, Nigeria. British Journal of Applied 

Science & Technology, 12(6), 1-14. 

54. Yue, S., & Wang, C. (2004). The Mann-Kendall test, modified by adequate sample size, is used to 

detect trends in serially correlated hydrological series. Water resources management, 18(3), 201-218. 

55. Yue, S., & Wang, C. Y. (2002). Regional streamflow trend detection with consideration of both 

temporal and spatial correlation. International Journal of Climatology, 22(8), 933-946. 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

	INTRODUCTION
	RESULTS AND DISCUSSION
	Rainfall Pattern Overview

	CONCLUSION

