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Precipitation is one of the most important parameter
which influences the climatic variability. Hence several
studies have been carried out to understand the rainfall
variability in of its probability distribute and trend (Chandniha
and Kausal 2016, Chandniha et al. 2017) using long term
rainfall data. Detection of the cause of climate change is very
tedious and complex phenomenon. Have applied Mann-
Kendall test to study rainfall variability in Odisha Prabhakar et
al., (2017). In present study, eight north-eastern states i.e.,
Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram,
Nagaland, Tripura and Sikkim are considered. Further, 115
years rainfall data have been extracted from India
Meteorological Department (IMD) fine resolution (0.25deg. x
0.25deg.) gridded database. Initially, basic statistical analysis
i.e., maximum, minimum, mean, standard deviation, and
coefficient of variations have been adopted for annual,
monthly (January to December) and seasonal (pre-monsoon,
monsoon, post-monsoon and winter) time series during 1901-
2015. Climate variability has been assessed in terms of trend
and its magnitude using the non-parametric Mann-Kendall,
Modified Mann-Kendall and Sen's slope estimators. Non-

parametric tests have been tested at the 5% level of
significance (Mann, 1945). Thereafter, maximum climatic
variability or climate change point have been detected for all
states using the two well-known approaches viz. standard
normal homogeneity test (SNHT) and Mann-Whitney-Pettitt
(MWP) test at 5% level of significance (Alexandersson and
Moberg, 1997). From this study, it was noticed that, annual,
monsoon and winter rainfall showed decreasing trend whereas
pre-monsoon rainfall showed increasing trends for all north-
eastern states.

Preliminary data analysis

Annual rainfall varies between 857.3 mm (Manipur) to
6345 mm (Meghalaya) over the entire states. Weighted annual
average rainfall of the entire state is calculated as 2203.6 mm.
From the analysis, it has been observed that the standard
deviation varies between 234.6 mm (Assam) to 821.2 mm
(Meghalaya) shown in Table 1.

Change point detection during 1901-2015

The change point year in Arunachal Pradesh, Assam,

Table 1: General statistics of annual rainfall time series during 1901-2015 over North-East states

S. No. States Minimum Maximum Mean Std. deviation
1. Arunachal Pradesh 1227.1 4426.3 2634.6 622.2
2. Assam 1474.6 27443 2218.6 234.6
3. Manipur 8573 2248.1 1515.6 246.5
4. Meghalaya 1300.3 6345.0 2781.5 821.2
5. Mizoram 1071.1 3089.7 1881.9 369.8
6. Nagaland 11624 2453.0 1929.5 270.1
7. Sikkim 1640.6 3814.0 2765.1 386.4
8. Tripura 1294.2 3508.2 2331.2 3773
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Manipur, Meghalaya, Mizoram, Nagaland, Sikkim and
Tripura are 1991, 1959, 1922, 1969, 1937, 1959, 1991 and
1936 respectively using the MWP test. Similarly, using SNHT
test shows 1991, 1993, 1909, 1970, 1937, 1966, 1991, 2004,
and 2008 for respective states

Rainfall trend analysis during 1901-2015

From the results of the study, it is concluded that
annual, monsoon and winter rainfall decreasing in
northeastern region. During the study period, the monthly time
series are showed decreasing trends except the December.
Overall, annual, monsoon and winter precipitation indicate
declining trends whereas pre-monsoon rainfall shows
increasing trends at all stations. In monthly time steps, the
lowest value (Sikkim) for the slope of rainfall (-1.805
mm/year) trend line was found in August, and the highest
value (Meghalaya) for the slope of rainfall (2.408 mm/year)
trend line was found in July. In annual and seasonal time steps,
the lowest value (Sikkim) for the slope of rainfall (- 4.764
mm/year) trend line was found in the monsoon season, and the
highest value (Meghalaya) for the slope of rainfall (9.241
mm/year) trend line was found in the annual time scale. The
entire trend analysis results are summarized in Table 2. It can
be concluded from the analysis that the zone of usually heavy
rainfall shows complex variability and zone of low rainfall
indicates less variability. Thus, decreasing trends in annual
and seasonal rainfall indicates the increasing possibility of
drought condition or water scarcity. These will have an
adverse effect on rain-fed agriculture as well as sustainable
development of the state. The results from the study can be
useful for planning and managing the water resources,
agriculture and sustainable development of the state and also
important for any strategic planning for future adaptation and
mitigation.

TIWARI et al. 381

ACKNOWLEDGEMENTS

The authors are thankful to the India Meteorological
Department for providing the rainfall data used in the study.
We are also thankful to unknown reviewers for their useful
suggestions for the improvement of this paper.

REFERENCES

Alexandersson, H. and Moberg, A. (1997). Homogenization
of Swedish temperature data. Part I: Homogeneity test
for linear trends. Int. J. Climatol., 17(1):25-34.

Bradley, R.S., Diaz, H.F., Eischeid, J.K., Jones, P.D., Kelly,
P.M. and Goodess, C.M. (1987). Precipitation
fluctuations over Northern Hemisphere land areas
since the mid-19th century. Sci., 237(4811): 171-175.

Chandniha, S.K. and Kansal, M.L. (2016). Rainfall estimation
using multiple linear regression based statistical
downscaling for Piperiya watershed in Chhattisgarh. J.
Agrometeorol, 18(1): 106-112.

Chandniha, S.K., Kansal, M.L. and Mishra, P.K. (2017). Water
resources planning and management using probability
distribution. J. Agrometeorol.,19(2):176-177

Mann, H.B. (1945). Nonparametric tests against trend.
Econometrica: J. Econometric Soc.,245-259.

Mirza, M.Q., Warrick, R.A., Ericksen, N.J. and Kenny, G.J.
(1998). Trends and persistence in precipitation in the
Ganges, Brahmaputra and Meghna river basins.
Hydrol. Sci. J.,43(6): 845-858.

Prabhakar, A K., Singh, K.K., Lohani, A.K. and Chandniha,
S.K. (2017). Long-term rainfall variability assessment
using modified Mann-Kendall test over Champua
watershed, Odisha. J. Agrometeorol, 19(3): 288-289.

Received : October 2017 : Accepted : August 2019





