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Abstract

In this study, trends of mean monthly surface tenpee time series of each month were examined for
Midnapore station, West Bengal, India for the peritB41-2010. The data-set has the observationsvof t
variables: the mean monthly maximum and mean mgnthhimum temperature. Major changes in the mean
monthly temperature trends over the period consitiehave been detected using the Sequential veddion
Mann-Kendall rank statistic. The plots of the valuef sequential statistic(t) and backward sequential
statisticu'(t;) intersect each other at points each of which indga change in the trend of considered data-set.
The analyses of the mean monthly temperature signdrming of the winter temperature. Statistically
significant (<0.05) abrupt changes has been detected in 1983, ar891995 in the temperature time series for
February, October and November, respectively.
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1. Introduction

Significant rises in average surface temperaturg ggeat threat for the Earth today, because tmesaheric
temperature is the key factor to affect the otHamatic parameters in local or regional scale. Wkiatls of
climatic change are taking place or what are tifferéint dimensions of the issue are the main qoiestin front
of climate researchers. In the paper, we have deremil lower tropospheric temperature as the selecte
parameter. Trend in temperature time series caestienated by different statistical methods, eachswth
techniques has its advantages of disadvantagespitidem of detecting recognizeable event or amugtbr
change in the temperature time series datasetamyeperiod is widely known as the Change Point Et&e in
the field of statistics. Literatures suggest thsg of this statistic is the most appropriate faledéng climatic
change points as compared with other statisticds tim use. So, applying this test technique itheen tried to
identify recognizing events or change points, whieals estimated convincing qualitative change indyreamic
character of lower atmospheric temperature. Masgaeches are carried out to understand the climbhtoge
or abnormality of temperature in different partstloé world. There are several recent studies anattilogic
temperature time series trends and detection ohgehgooints, which conclude about temperature mtlate
complex functions of the climatic environment (Kawgos et al.; 2010). In the past few years thesehwen
increasing interest in using data mining technigteeextract interesting patterns from temporal seges
(Mannila et al.; 1997 and Padmanabham et al.; 1996¢r the past 40 years, many researchers halWzada
the temperature time series from various climatngle perspectives spanning in wide range of terhpoich
spatial scales (Canyon and Douglas, 1984; Duch®86;1Karl et al.; 1988; Kadioglu, 1997; Jaureg97;
Tayanc and Toros, 1997; Bohm, 1998; Philandra;et9; Bohm et al.; 2001; Mihalakakou et al.p2] It is
established that, the urban effect, anthropogemisa connections are creating crucial effect enatmosphere
in short period of time. Indeed, atmospheric terapee becomes tranquil each after time scale. Aliggrto the
Intergovernmental Panel on Climate Change (IPQ@),global mean surface-air temperature has inalelage
about 0.74°C over the past century (1906 to 20@Hh pronounced warming during the last 25 yedfse air
temperature time series for the Northern Hemispbeegns to have the same rate of change (Jones 20Gil).
Observations made by the Indian Meteorological Depent (IMD, Alipur), suggests that in the soutlstean
coastal part of the West Bengal, variations oftdmperature for the last few decade appear torhiasito the
variations of temperature that have been recortszhtly.

2. Sudy area

This paper identifies and analysis the homogeneityend and recognizes change points in the mprtitrage
temperature data set over 70 years. For this d@ealMidnapore weather observation Station has Iseéected,
which has mostly a rural surroundings, but Midnapisr the district town located at the bank of riersai.
Geographical location of this station is 22°25'1@\Band 87°19'19.4" E and 90.8 km (56.4 miles) raldrom
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Digha coast. Being located in the coastal aredhefstate of West Bengal, the station experiencesganable
climate throughout the years. The maximum averaggerature in summer season is about 32-34°C redord
during July and average minimum temperature go@sideven up to 15°C recorded in December. The summer
season welcomes south-western return trade windN®Wsoon) with huge water vapour during May andejun
which often creates local depression and smallescgtlonic effect, popularly known as “Kalbaishdkhi
Considering the ancient literature of Hindu mytlpi@nd Bengali calendar, this area experiencesesisons in

a year. Accordingly the prevailing temperaturéramsgressed in more sensitive patches over a @eaerally,

dry winter season comes after hot humid summeeaxt|180 - 200 days apart. However, the fluctuatioi
monthly average temperature are more conspicuoushisn region. Observations made by the Indian
Meteorological Department have indicated that dutast few decades, the coastal parts of the Midireapnd

its adjacent area has experienced more frequerlbrigceffects in pre-monsoon and monsoon seasons.
Moreover, the uncertainty of rainfall has increasedr this area day by day. All these phenomenalmague to
changes in long-term temperature trend. So, theeptestudy is aimed at the examination long-terangk of

the atmospheric temperature in Midnapore weatladiost that involves temperature trend analysis amhge
point detection.

3. Materialsand Method

This analysis is based on atmospheric temperaateeabllected from Indian Meteorological Departm@giiD),
Kolkata (Alipur) recorded at Midnapore weather aliagon station for the period from 1941 to 2010edv
monthly maximum and mean monthly minimum tempegafor each of the months over the 70 years has been
considered. Month-wise mean maximum and mean mimmrtemperatures are averaged to get mean monthly
temperature year-wise. The considered data setam@nuous without any gap. Finally, the monthlyeage
data-set has been employed for statistical analyrsisrder to identify discontinuities and deteatiof change
point thereby, sequential version of Mann-Kend8kkdq.MK) test statistic is applied. It is a well epted and
valid method suggested by many investigators.

3.1 Sequential Mann-Kendall Test Satistic

The Sequential version of Mann-Kendall test stati&neyres et al.; 1990) on time seriesletects recognized
event or change points in long- term time seridge Bequential Mann-Kendall test is computed usamked
values, y, of the original values in analysisx(,X,,X,,...,X,), The magnitudes ofy, (i=1,2,3,...n) are
compared witty,, (j =1,2,3,...i = 1. For each comparison, the cases whgre y, are counted and denoted
byn, . A statistic t, can therefore be defined as (Mohsin et al.; 2009):

L=2m 1)
i=1
The distribution of test statistichas a mean as
i(i—1)
E(t)=—— 2
©) == )
and variance as
i(i-1)(2i +5)
Var(t) = ————= 3
(t) 75 ®3)

The sequential values of a reduced or standardiagdble, called statistia(t,) is calculated for each of the test
statistic variablet, as follows:

— [ti - E(ti)

Jvar() )

While the forward sequential statistift;) is estimated using the original time serieg, X,, X;....,X,),values of
the backward sequential statistif(t;) are estimated in the same manner but starting &odhof the series. In

u(t;)
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estimatingu'(t) the time series is resorted so that last value hef original time series comes first
(X, %0 X540 04X,

The sequential version of Mann-Kendall test statsiows detection of approximate beginning ofex&loping
trend. Whenu(t) and u'(t) curves are plotted, the intersection of the curués) and u'(t) locates
approximate potential trend turning point. If irgection ofu(t;) and u'(t;) occur beyondt1.96 (5% level) of
the standardized statistic, a detectable chantf@fpoint in the time series can be inferred. Mueg, if at least
one value of the reduced variable is greater thanogen level of significance of Gaussian distidruthe null
hypothesis (it Sample under investigation shows no beginning oéw trend) is rejected

4. Resultsand Discussion

Sequential version of Mann-Kendall test statistidcalated from monthly average temperature dataofet
Midnapore station clearly detects the statisticadignificant change points in yearly trend of mdyth
temperature. Plots ai(t,) and u'(t;) values for each of the months of a year have beewrsin Fig. 1. In case
of the month of January, an apparently decreasieigdtis observed from 1950 to 1981 and after that t
u(t;) curve further rises up to 2010. Though the curmésrsect each other three times in 1944, 2004 a0d,2
but they cannot be recognized as the significaangh points as the associated probability valuesmarch
higher than the accepted level of significance (U05) (Table-1). The curva(t,) and u'(t;) have maintained
almost similar distance between each other on e 1955 to 1987. For the month of Februar,) plot
(Fig-1b) shows an increasing trend during 1964-18id 1992-2009 and the decreasing trends for 1964-1
and 1972-1991. Overall trend of temperature fog thonth have also indicated gradually decreasamgtform
start to end of the considered period. Severalghaoints have been identified for this month. Agntimeem the
intersection point in 1992 is the only recognizati&nge point in respect of the considered confiddavel.
Though less significant change points in 1942, 1888 2008 can be identified in the temperaturedtreh
February.u(t;) and u'(t;) plot for the month of March ( Fig-1c) clearly indects each other and indicates a
change point in 1962. But this cannot be accepseal i@cognizeable change point as the associatieel igdess
than +1.96.After the change point in 1962, thkt,) plot have gradually rises till 2003 and thereaittelescends
till 2010. However, theu(t,) and u'(t;) curves for this month have started to diverge fieoh other since 1963
and attain a maximum difference in 2003. The oVémahd for this month has indicates rising pattern

Table 1. Statistically significant recognized event detactby Sequential Mann-Kendall Test of Midnapore
Weather Observatory (Values significant at p<0.J05 *

Detected Change Points (Year)
Months. Remarks
1st 2nd 3rd 4th
January 1944 2004 2007 -
February 1942 1992* 1998 2008 Significan
March 1962 - - -
April 1987 - - -
May 1991 - - -
June 2004 2007 - -
July 1943 1944 - -
August 1946 1949 1951 -
September 1942 1958 1964 -
October 1953 1986* 2001 2004 Significan
November 1950 1995* 2004 2006 Significan
December 1948 - - -
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Sequential version of Mann-Kendall test statiséisults for the month of April, have been plottedshewn in
Fig-1d. It shows that, the(t) and u'(t,) plots have made a divergent since 1987 where tlaee aken a
reduced value of -1.836. In relation to the consddevel of significance, associated probabiliafue at the
change point is very close to critical value. Mbis change point cannot be taken as a recognizedizinge
point. But theu(t,) plot helps to understand that, the April tempeeafor Midnapore weather station increased
since 1987u(t) and u'(t,) plots for the month of May (Fig-1e) indicate lesgn#ficant change points. May
temperature has an increasing trend prior to thepabchange in 2004 and after that thié;) value has a
decreasing trend till 2010. Th&t,) and u'(t;) curves for the month of June (Fig-1f) have beeroalrparallel to
each other till 1966. Henceforth, both the curvesehmade a convergent bend after 1967 and two less
significant change points in 2004 and 2007, re$pelgthave been identified. If we look at the temgiare trend

of July, August and September (Fig-1g, 1h & 1li)e thi(t,) plots exhibit an increasing trend. Graphical
presentation ofu(t,) and u'(t,) gives curves that could not find any recognizedngeapoint, even if they
intersect each other for number of times. Appayeritie temperature trend of these three monthsbéshi
uniformity over the periodu(t,) and u'(t;) plots for the month of October (Fig-1j) are veryeiresting and
significant. Two curves intersect each other sdvim@es during the considered period 1941-20101986 a
change point is detected which statistically sigaifit. The associated value of this intersect pisitiigher than
the considered confidence levek(p05). The average temperature has continuouskedsed since 1953. After
the change point in 1986, the average temperaisgs till 2010. So, the abrupt nature of changelmulearly
established for October. Graphical presentation(f) and u'(t,) values for the month of November also have
indicated several change points. Two change pbang been found to have occurred (Fig-1k). The ghaoint

in 1995 is the statistically significant and canrbeognized as a significant change point whileatheer change
point in 2004 is not significant for which the asisded value o' (t;) statistic is -1.952. The overall trend of the
average temperature of this month has been foube tzegative. In case of December a single chaoigg im
1948 (Fig-1l) can be recognized statistically sfigant.
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Figure 1. Abrupt changes in average monthly temperature esedefrom Sequential Mann Kendall test rank
statistic, u(t,) forward sequential statistic and(t;) backward sequential statistic with solid and dotliee

respectively.
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5. Conclusion

In this paper, sequential Mann-Kendal test statiséis been employed for detecting of significamngfes in the
monthly average surface temperature of Midnaporatives observation station during the period from 11
2010.The dataset has passed an intensive homogeassissment. The results allows to suggest tlabge
yearly temperature of Midnapore has significanticrased over the 70 years in consideration, vaviégage
temperature of winter months has significantly @aged since last 80s and early 90s of the lasuGemost
significant (< 0.5) rise in monthly average temperature has the@mnd to have occurred in cases of October,
November and February. This warming of winter appéa be similar to that has been found for thebalo
temperature trend. This may be attributed to udsitn and deforestation the area has experienctielarea.
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