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Abstract:  This paper aims to review the rainfall trend and different approaches for trend detection. Non – 

parametric Mann Kendall test were used for trend analysis and Sen’s slope is helpful for finding magnitude. 

The different review shows the variation of rainfall all over the world and also discuss the auto – correlation 

effect in hydrological data. It was observed that rainfall trend is vary from location and also depend on other 

factor like topography of region.  

 
Index Terms - Rainfall, Trend analysis, Mann – Kendall test, Sen’s slope, Modified Mann – Kendall Test. 

 

Introduction 
     Rainfall is important hydro-metrological parameter, which has played a vital role in hydrological cycle 

and change in pattern directly affect the water resources of specific region (Padhiary 2018). The rainfall data 

can be analyzed in different forms like trend analysis, frequency analysis and extreme event analysis.  

    Trend analysis is process to determine the spatial – temporal variation for different hydro – metrological 

parameters (Kaamun 2019, Jaiswal 2018). Trend show a monotonic or step trend. Monotonic trend shows a 

gradual change over the time and step trend shows abrupt change at a point (Donald 2011).   The monthly 30 

years data utilized for monthly and seasonal trend detection (Tank 2021). The rainfall trend analysis is helpful 

for detection of future drought and flood prone areas, help for manage water resources and also help for 

manage agriculture field according to monsoon trend (Jaiswal, 2021). Understanding rainfall trend is essential 

for optimization of water resources (Herath 2004). Future trend detection is helpful for strategic water 

resources planning and management and also helpful for hydrological modelling purpose (Jaiswal 2021, 

Kumar 2021).  

    The various studies have useful to understand the rainfall trend in our country. These studies have analyzed 

trends on regional scale, individual station and also review the trend detection methods. 
 

 

1. APPROACHES FOR TREND DETECTION –  

I. Statistical approach without considering auto correlation effect 

Statistical approach includes parametric and non-parametric test. Slope based test (Linear Regression & Sen’s 

slope estimator) in parametric and rank based test (Mann – Kendall and Spearman correlation) in non-

parametric for trend detection (Sonali 2013). 

 

II. Statistical approach with considering auto correlation/ Serial correlation effect 

Consider auto correlation effect in hydrological data because due to improper assumption of independent 

observation could result in error. Rainfall data often show autocorrelation, as high values tend to follow high 

values and low values follow low values. The serial correlation effect removed using Modified Mann – 

Kendall test (Ahmad 2015, Hamed 1997). 
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III. Least squares linear regression test 

It is a parametric test and applied with normality check. This test is helpful for finding out the linear trend in 

time series (Sonali 2013).  

 

IV. Mann – Kendall test 

Mann -Kendall is a rank based non parametric test. This test is helpful for finding out of monotonic trend 

(Kendall 1975, Mann 1945). The test is used to detect trends & spatial variation in hydroclimatic series i.e. 

meteorological and hydrological time series (Silvio 2020). 

 

V. Sen’s slope estimator 

Sen’s slope estimator has been used in hydro-meteorological time series for estimation of magnitude of slope 

or rate of change (Sen 1968). The Sen’s slope estimator is a non-parametric, linear slope estimator that works 

most effectively for monotonic data. 

 

2. LITERATURE REVIEW 

Hamed & Rao (1998), analyzed the auto correlation effect in hydrological data. When auto correlation effect 

is present in data then Mann – Kendall test shows a large error compare to significance level. Modified Mann 

Kendall test is used for removal of auto correlation effect.  

Ramesh & Goswami (2007), studied about the shrinkage of Indian summer monsoon. They used 53 years 

daily gridded rainfall data for trend analysis. The decreasing trend show in early as well as late monsoon 

period and also a rainy day decreases in India. 

Nyatuame (2014), analyzed the rainfall trend in Ghana using linear regression analysis (statistical analysis). 

The mean monthly rainfall showed mixed upward and downward trend, so it was indicated that there was 

weak correlation between rain and monthly rainfall. 

Yadav et al. (2014), done trend analysis by Mann Kendall test for both precipitation and temperature of 

Uttarakhand. Mann – Kendall test and Sen’s slope estimator is used for finding the trend and slope magnitude. 

Decreasing trend show in January that affect Rabi crop and also pre monsoon trend decreases that affect kharif 

crop.  

Jaiswal et al. (2015), analyzed the change point and trend detection in climate parameters of Raipur. The 

method used for change point detection are Pettitt’s test, Von Neumann ratio test, Buishand’s range test while 

includes non-parametric linear regression and Mann Kendall test applied for trend analysis.  

Sharma (2017), analyzed rainfall trend and variability using rectilinear regression analysis (statistical 

analysis) in Punjab. Monthly and annual rainfall shows the decreasing trend. 

Li et al. (2018), analyzed precipitation pattern using four datasets – gridded data, gauge observation, 

reanalysis data, high resolution regional climate data in western Himalaya. The variations were large in July 

& august and high elevation area. It was observed that summer is wetter and winter were drier. 

Padhiary et al. (2018), observed rainfall trend in Brahmani river basin using Mann Kendall test. The annual 

rainfall and temperature show increasing trend.    

Athwani & Pandey (2020), analyzed the rainfall trend in Uttar Pradesh and comparison of this trend with 

other state. The trend analysis is done through time series analysis of rainfall for a 50 years dataset. Non 

parametric Mann – Whitney U test is used for trend detection. 

Caloriero et al. (2021), analyzed rainfall trend using gridded rainfall data over south Italy. This data is useful 

for analysis of monthly, seasonal and annual rainfall series with Mann Kendall and Theil Sen estimation. 

Decreasing trend shows for annual and winter and increasing trend for summer.  

Namdev & Madan (2021), studied about rainfall variation in Parabhani district. Mean monthly pre cipitation 

data for 16 year is used for to identify the amount of variability. This study is helpful for future development 

project that depend on rainfall variability (surface and ground water resources). 
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3. CONCLUSION   

In this review paper discuss the variation in rainfall. The change of rainfall trend affects the social and 

economic life across the country and also affect crop pattern. Mann Kendall and Sen’s slope is helpful for 

know about the drought and flood pattern of region. Analyzing rainfall pattern helpful for understanding 

rainfall pattern crop planning and water availability of region.  

REFERENCES 

[1]        Agarwal S., Suchithra A.S. and Singh S.P. (2021), “Analysis and Interpretation of Rainfall Trend 

using Mann-Kendall's and Sen's Slope Method”, Indian Journal of Ecology, 48(2), 453-457. 

[2]       Ahmad I., Tang D., Wang T., MeiWang,1 and Wagan B. (2015), “Precipitation Trends over Time 

Using Mann-Kendall and Spearman’s rho Tests in Swat River Basin, Pakistan”, Advances in Meteorology, 

2015, 1-15. http://dx.doi.org/10.1155/2015/431860. 

[3]       Athwani M., Pandey R. (2020), “Trend analysis of rainfall pattern in Uttar Pradesh and its comparison 

with other states”, International Journal of Creative Research Thoughts, 8(3), 662-667.  
[4]       Caloiero T., Coscarelli R. and Pellicone G. (2021), “Trend Analysis of Rainfall Using Gridded 

Data over a Region of Southern Italy”, Water 2021, 13, 2271. https://doi.org/10.3390/w13162271. 
[5]       Donald W. M., Jean S., Steven A. D. and Jon B. H. (2011), “Statistical analysis for monotonic 

trends, Tech Notes 6”, U.S. Environmental Protection Agency, 23. 

[6]       Hamed K.H., Rao A.R. (1998), “A modified Mann-Kendall trend test for autocorrelated data”, 

Journal of Hydrology, 204, 182-196. 

[7]       Herath S. & Ratnayake U. (2004), “Monitoring rainfall trends to predict adverse impacts—a case 

study from Sri Lanka (1964– 1993),” Global Environmental Change, 14, 71–79. 

[8] Jaiswal R.K., Lohani A.K., Tiwari H.L. (2015), “Statistical analysis for change detection and trend 

assessment in climatological parameters”, Environmental Process, 2(4), 729 – 749. 

[9] Jaiswal R.K., Lohani A.K., Tiwari H.L. (2021),“ 

A Decision Support System Framework for strategic water resources planning and management under 

http://www.ijcrt.org/
http://dx.doi.org/10.1155/2015/431860
https://doi.org/10.3390/w13162271


www.ijcrt.org                                               ©  2021 IJCRT | Volume 9, Issue 11 November 2021 | ISSN: 2320-2882 

IJCRT2111066 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a524 
 

projected climate scenarios for a Reservoir Complex”, Journal of Hydrology, 603(C), 

https://doi.org/10.1016/j.jhydrol.2021.127051. 

[10] Jaiswal R.K., Tiwari H.L., Lohani A.K. (2017), “Assessment of climate change impact on rainfall for 

studying water availability in upper Mahanadi catchment, India”, Journal of Water and Climate Change, 8(4), 

755-770. 

[11] Jaiswal R.K., Tiwari H.L., Lohani A.K. (2018), “Climate change assessment of precipitation in 

Tandula reservoir System”, Journal of The Institution of Engineers (India): Series A, 99(1), 17-27. 

[12] Jaiswal R.K., Tiwari H.L., Lohani A.K. (2021), “Assessment of Climate Change on Crop Water 

Requirement in Tandula Command of Chhattisgarh (India)”, Climate Change Impacts on Water Resources: 

Hydraulics, Water Resources and Coastal Engineering, 19-33.  

[13]       Jeganathan A., Andimuthu R. and Kandasamy P. (2019), “Trends of the observed temperature and 

its variations in the Tamil Nadu State of India”, Theor Appl Climatol. , 137, 103–116. 

https://doi.org/10.1007/s00704-018-2582-6. 
[14] Kammun (2019), “Rainfall Analysis - A Review”, International Research Journal of Engineering 
and Technology, 6(12) 2614 – 2617. 
[15] Kendall M. (1975), “Rank Correlation Methods”, 4th ed. Charles Griffin, San Francisco. 

[16] Kumar K.S., Gahlot R.V., Tiwari H.L. (2021), “River basin modelling for Shipra River using MIKE 

basin”, ISH Journal of Hydraulic Engineering, 27(2), 188 – 199. 

[17] Li H., Haugen, J. E. and Xu C. Y. (2018), “Precipitation pattern in the Western Himalayas revealed 

by four datasets”, Hydrology and Earth System Science, 22, 5097-5110.  

[18] Mann H.B. (1945), “Non-parametric tests against trend”, Econometrica,13(3), 245-259. 

[19] Namdev K., Madan S. (2021), “Study of Rainfall Variation in Parbhani District of Maharashtra (2000-

2016)”, International Journal of Creative Research Thoughts, 9(6), 135-140. 

[20] Nyatuame M., Owusu-Gyimah V. and Ampiaw F. (2014), “Statistical analysis of Rainfall Trend for 

Volta region in Ghana”, International Journal of Atmospheric Sciences, 2014, 1-12. 

https://doi.org/10.1155/2014/203245. 

[21] Padhiary J., Das D.M., Patra K.C. and Sahoo B.C. (2018), “Trend analysis of rainfall and temperature 

using the Mann kendall test in Jaraikela catchment of Brahmani river basin”, International Journal of 

Agriculture Sciences, 10(19), 7309-7313.  

[22] Pal I. and Al-Tabbaa A. (2009), “Regional changes in extreme monsoon rainfall deficit and excess in 

India”, Dynamics of Atmospheres and Oceans.  

[23] Ramesh K. V., and Goswami P. (2007), “The shrinking Indian summer monsoon”, Research Report 

RR CM 0709, CSIR Centre for Mathematical Modelling and Computer Simulation, Bangalore.  

[24] Sen P.K. (1968), “Estimates of the regression coefficient based on Kendall’s tau”, Journal of American 

Statistical Association, 39, 1379–1389.  

[25] Sharma M. R. (2017), “Trend and Variability of Rainfall in Punjab: A Statistical Analysis, 1981-

2010”, Research Guru Online Journal of Multidisciplinary subjects, 11 (3), 73- 81.  

[26] Sharma N. K., and Sharma S. (2019), "Frequency Analysis of Rainfall Data of Dharamshala Region", 

International Journal of Science and Research, 8(2), 886-892.  

[27] Shekhar M. S. (2017). “Winter precipitation climatology over Western Himalaya: Altitude and Range 

wise study”, The Journal of Indian Geophysical Union, 21 (2), 148-152.  

[28] Sílvio Fernando Alves Xavier Júnior , Jader da Silva Jale, Tatijana Stosic, Carlos Antonio Costa dos 

Santos, Vijay P. Singh (2020), “Precipitation Trends Analysis by Mann-Kendall Test: A Case Study of 

Paraíba, Brazil”, Revista Brasileira de Meteorologia, 35(2), 187- 196, 2020. DOI: 

http://dx.doi.org/10.1590/0102-7786351013. 

[29] Sonali P., Kumar D.N. (2013), “Review of trend detection methods and their application to detect 

temperature changes in India”, Journa of Hydrology, 476, 212-227. 

[30] Tank G., Dongre P, Obi Reddy G.P., Sen P. (2021), “Rainfall Trend Analysis – A Review”, 

International Research Journal of Engineering and Technology, 8(4), 4028-4030. 

[31] Tiwari D.K., Tiwari H.L., Nateriya R., Mishra R. (2021),“Impact of Climate Change on Hydrological 

Regime of Narmada River Basin”, Climate Change Impacts on Water Resources: Hydraulics, Water 

Resources and Coastal Engineering, 35-46. 

[32] Yadav R., Tripathi S.K., Pranuthi G. and Dubey S.K. (2014), “Trend analysis by Mann-Kendall test 

for precipitation and temperature for thirteen districts of Uttarakhand”, Journal of Agrometeorology, 16(2), 

164-171.  

 

http://www.ijcrt.org/
https://doi.org/10.1016/j.jhydrol.2021.127051
https://iwaponline.com/jwcc/article-abstract/8/4/755/37942
https://iwaponline.com/jwcc/article-abstract/8/4/755/37942
https://link.springer.com/article/10.1007/s40030-018-0269-8
https://link.springer.com/article/10.1007/s40030-018-0269-8
https://books.google.com/books?hl=en&lr=&id=ZgsmEAAAQBAJ&oi=fnd&pg=PA19&dq=info:auYGgJG8rmgJ:scholar.google.com&ots=GoQmGBFGJR&sig=dXrU-Nn555OmE6QQ1u1bYWj0WqA
https://books.google.com/books?hl=en&lr=&id=ZgsmEAAAQBAJ&oi=fnd&pg=PA19&dq=info:auYGgJG8rmgJ:scholar.google.com&ots=GoQmGBFGJR&sig=dXrU-Nn555OmE6QQ1u1bYWj0WqA
https://doi.org/10.1007/s00704-018-2582-6
https://doi.org/10.1155/2014/203245
http://dx.doi.org/10.1590/0102-7786351013
https://books.google.com/books?hl=en&lr=&id=ZgsmEAAAQBAJ&oi=fnd&pg=PA34&dq=info:bsH0ybltuxAJ:scholar.google.com&ots=GoQmGBFJJJ&sig=I6peigGTi1vciu61IfEEEx8cY9E
https://books.google.com/books?hl=en&lr=&id=ZgsmEAAAQBAJ&oi=fnd&pg=PA34&dq=info:bsH0ybltuxAJ:scholar.google.com&ots=GoQmGBFJJJ&sig=I6peigGTi1vciu61IfEEEx8cY9E

