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Abstract: The impact of climate change on annual air temperature has received a great deal of attention by scholars
worldwide. Many studies have been conducted to illustrate that changes in annual temperature is becoming evident on a
global scale. This study focuses on detecting trends in annual temperature for the five major city regions in the India.
For this study, the widely used modified Mann-Kendall test was run at 5% significance level on time series data for
each of five major city regions for the time period, 1982 to 2018. Mann-Kendall trend statistics is used to show the
trend and Sen‟s estimator of slope is used to depict the magnitude of the trend. Lastly, a simple co-relation among the
weather variables has been done to show the impact of temperature in changing hydrological conditions of the Country.
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I.

INTRODUCTION

Climate change and global warming are recognized worldwide as the most crucial environmental dilemma that the
world is experiencing today [1], [2], [3]. Concern in climate change and global warming by the international
community, non-government organizations and governments has brought great interest to climate scientists leading to
several studies on climate trend detection at global, hemispherical and regional scales [4],[5]. Nowadays, study of longterm temperature variability has been a topic of particular attention for climate researchers as temperature affects
straightaway human activities in all domains. Increase in anthropogenic greenhouse gases‟ concentrations in the
atmosphere is mainly due to human activities such as deforestation, burning of fossil fuel and the conversion of the
Earth‟s land to urban uses driven largely by the rapid growth of the human population that are major causes of warming
of the climate system and of the process of climate change [5],[6]. Several studies of long-term time series of
temperatures have been done [7],[8],[9]. Results have shown that the Earth‟s surface air temperature has increased by
0.6˚C - 0.8˚C during the 20th century, along with changes in the hydrologic cycle. Temperatures in the lower
troposphere have augmented between 0.13˚C and 0.22˚C per decade since 1979, according to satellite temperature
measurements [10]. In an analysis of a time series combining global land and marine surface temperature records from
1850 to 2010 developed by the Climate Research Unit (CRU), the year 2005 was seen as the second warmest year,
behind 1998 with 2003 and 2010 tied for third warmest year [8],[9],[10],[11],14] . The two most recent decades were
compared with the period 1979-1990. Warming has been observed to be concentrated in the most recent decade, from
2001 to 2010. The results were attributed to natural variability of the climate and/or to human activity but not to the El
Niño-Southern Oscillation as previously suggested by other authors [12],[13], and [15]. Generally, there is consent
among scientists that most of the observed increase in globally averaged temperatures since the mid-20th century is
unequivocal and very likely due to the observed increase in anthropogenic greenhouse gas concentrations. The 10
warmest years of the 20th century all occurred in the last 15 years of the century, 1998 being the warmest. The
Intergovernmental Panel on Climate Change (IPCC, 2007) projected that the average global surface temperature will
continue to increase to between 1.4˚C and 5.8˚C above 1990 levels, by 2100 [2]. To some extent, other factors, such as
variations in solar radiation [8] and land use at regional scale, are also considered to be among the causes of the
observed global warming [16 to 22]. Though some studies have been done on climate change in different regions of
India and whole of the adjacent sub-continent, the lack of reliable surface observational climate data still constitute a
foremost gap affecting the detection capacity of impacts resulting from long-term climate changes. An effort is,
therefore, required in maintaining existing observatories and increasing networks, and cooperation between countries.
Regardless of the limited surface observational climate data, results from those studies indicate, in general, an
increasing trend in temperature and a decreasing trend in rainfall during the last century. But key sources of errors in the
detection of abrupt changes in climate data habitually consist of change of location of observatory; changes of
instruments, change in observation times, missing data, and methods used to calculate daily means and increased
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urbanized and/or industrialized areas. In homogeneities in climate data time series can bring inaccuracies and make
possible misinterpretation in the investigation of climate change over a region when analysing a given climate
parameter. Hence, there is a need for detecting change points in temperature time series and adjustment of data thereby.
II.

STUDY AREA

India is a country in South Asia. It is the seventh largest country by area and with more than 1.3 billion people; it is
the second most populous country as well as the most populous democracy in the world. Bounded by the Indian
Ocean on the south, the Arabian Sea on the southwest, and the Bay of Bengal on the southeast, it shares land borders
with Pakistan to the west; China, Nepal, and Bhutan to the northeast; and Bangladesh and Myanmar to the east. In the
Indian Ocean, India is in the vicinity of Sri Lanka and the Maldives, while it‟s Andaman and Nicobar Islands share a
maritime border with Thailand and Indonesia. The Country‟s capital is Delhi.
India is home to an extraordinary variety of climatic regions, ranging from tropical in the south to temperate and alpine
in the Himalayan north, where elevated regions receive sustained winter snowfall. The nation's climate is strongly
influenced by the Himalayas and the Thar Desert.

Figure 1: Study Area Map
III.

MATERIALS & METHODS

A.
Materials Used
The data used in this study were collected from the Eastern Regional Centre of Indian Meteorological Department,
Kolkata. They consisted of time series of year wise monthly average of maximum and minimum surface air temperature
for the period ranging from 1982 to 2018 for the India weather observatory. Those data were statistically processed and
then condensed to annual mean values for further analysis. Studies of long-term climate change require that data be
homogenous. Observed climate abrupt changes in a homogenous climate time series are caused only by variations in
weather and climate [23]. Several studies have been conducted on quality control and homogenization of
climatologically data for the detection of climate trends [24 to 27].
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Figure 2: Temperature variation in India.

B.

Methodology Followed

Figure 3: Year wise Average temperature in different cities
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The temperature trend analysis of India has been done here using Mann-Kendall trend statistics, which is a nonparametric statistical method for time series analysis (Mann, 1945, Kendall, 1975, Yu et al. 1993, Lettenmaier et al.
1994, Douglas et al. 2000, U.S. Army Corps of Engineers 2004, Burn et al. 2004, Mandal et al. 2013).

The Mann Kendall Trend Test
The Mann Kendall Trend Test (sometimes called the M-K test) is used to analyse data collected over time for
consistently increasing or decreasing trends (“monotonic trends”) in Y values. It is a non-parametric test, which means
it works for all distributions (i.e. your data doesn‟t have to meet the assumption), but your data should have no serial
correlation. If your data does follow a normal distribution, you can run simple linear regression instead.
The Mann-Kendall trend statistics is calculated by them asn−1
k=1

S=

n
j=k+n

sgn(Xj − Xk)………………..(1)

Where, S = Mann-Kendall Trend Statistics
n = Number of Data Points
Xj, Xk = Data Values at the time period of j & k respectively
sgn (Xj-Xk) = sign function and is equal to 1, 0 or -1
whether (Xj-Xk) is positive, zero or negative respectively.
In the absence of ties, the variance of S under the null hypothesis isvar S =

n n−1 (2n+5)
18

………………………….(2)

Kendall‟s tau has been also calculated to show the nature of trend using the software. The positive and negative „tau‟
value indicates the increasing and decreasing trends respectively (Mann 1945, Kendall 1975, Lettenmaier et al. 1994).
Here „p‟ value is generated which will identify the significance of the trend. It is done at the 95% level of significance.
The „p‟ values that will not significant at the 95% level of significance are showing no trend in the data series.
Sen’s Slope Estimator
Now, for determining the hydro-meteorological magnitude of trend, Sen‟s slope estimator is used which is widely
applied (Sen 1968, Yue and Hashino, 2003, Partal and Kahya, 2006, Jain and Kumar, 2012, Mandal et al. 2013). In this
method, firstly the slopes (Ti) of all data pairs are calculated by the following equationXj −Xk

Ti =

j−k

……………………………………...(3)

Where, i = 1, 2…………………., n.
Xj & Xk=the data values at time j & k (j > k)
Now, the median of these n values of „Ti‟ is the Sen‟s estimator of slope (β) which will determine the magnitude of
trend (Sen, 1968, Jain and Kumar, 2012). It is calculated asβ = Tn +1 ……………………. when “n” is even.
2

1

β = (Tn + Tn +2 ) ……………………. when “n” is even.
2

2

2

The positive β value indicates increasing trend whereas the negative β value indicates decreasing trend. After all these
trend analysis, a simple co-relation has been done using the software among the climatic varia-bles to show the
influence of rainfall on other parameters.
IV.RESULTS & DISCUSSION
The Mann-Kendall trend statistics are performed for five major cities of India in varying seasonal conditions for the last
century (1982-2018). The outcome of such operations are shown in the following tables-
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Table 1.Mann-Kendall Trend Test Table:

India is an agrarian economy based country and rice is the major crop. In the Eastern, Western and central part along
the river-line flood plain, agriculture is highly practiced. But summer temperature is increasing more in this area
whereas North Indian temperature is decreasing. So, crop calendar must be revised for this part of the country. During
summer, temperature is increasing in the all other part of India whereas it is decreasing in the North India. So, we can
understand that Boro cultivation will be preferable in the central and Eastern part of India than the North India. If we
have to do it in the fertile plains of East India then irrigation facility must be provided in this season. In case of annual
average temperature trend, For these unusual occurrences of temperature in that area, the agricultural fields are
decreasing and it is converted into millet as per the viewpoint of the local farmers. Same kind of situation is also seen in
the parts of South India. Such fluctuating trend is very much significant for the economy of the whole part of India.
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IV.

CONCLUSION

As per the above study, it is quite evident that there is a mixed scenario of temperature trend in India. Although
majority of cities are having increasing trend of temperature. As summer temperature has prime significance in the
production of crops, therefore the different major regions of India which are suffering from increasing trend must think
about alternative measures like irrigation. Similarly, increasing trend in the post-monsoon rainfall over entire state
except the Delhi region has to be become concern for snow-fall probability and crop loss. In conclusion, it may be said
that the long term temperature trend analysis during the past century (20th century) will definitely give the idea about
the temperature pattern and hydro-economic conditions of the country in the present century (21st century).
REFERENCES
[1]. IPCC (2007) Climate Change 2007: Synthesis Report. In: R. K. Pachauri and A. Reisinger, Eds., Contribution of Working Groups I, II and III to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), Cambridge University Press, Cambridge. [Citation Time(s):1]

[2]. IPCC (2007) Climate Change 2007: The Physical Science Basis. In: S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, K. B. Averyt, M.
Tignor and H. L. Miller, Eds., Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC), Cambridge University Press, Cambridge. [Citation Time(s):1]
[3]. IPCC (2007) Climate Change 2007: Impacts, Adaptation and Vulnerability. In: M. L. Parry, O. F. Canziani, J. P. Palutikof, P. J. van der Linden
and C. E. Hanson, Eds., Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC), Cambridge University Press, Cambridge. [Citation Time(s):2]
[4]. Joeri, R., William, H., Jason, H.L., van Vuuren, D.P., Keywan, R., Mathews, B.M., Tatsuya, H., Kejun, J. and Malte, M. (2011) Emission
Pathways
Consistent
with
a
2˚C
Global
Temperature
Limit.
Nature
Climate
Change,
1,
413418. http://dx.doi.org/10.1038/nclimate1258 [Citation Time(s):1]
[5]. Spencer, R.W. (2008) The Discovery of Global Warming. American Institute of Physics, Harvard University Press,
Cambridge. http://www.aip.org/history/climate/co2.htm [Citation Time(s):1]
[6]. (2005)Joint Science Academies‟ Statement: Global Response to Climate Change.http://nationalacademies.org/onp/06072005.pdf [Citation Time(s):1]
[7]. Parker,
D.E.
and
Alexander,
L.V.
(2002)
Global
and
Regional
Climate
in
2001.
Weather,
57,
328340. http://dx.doi.org/10.1256/00431650260283505 [Citation Time(s):1]
[8]. Brohan, P., Kennedy, J.J., Harris, I., Tett, S.F.B. and Jones, P.D. (2006) Uncertainty Estimates in Regional and Global Observed Temperature
Changes:
A
New
Dataset
from
1850.
Journal
of
Geophysical
Research,
111,
Article
ID:
D12106. http://dx.doi.org/10.1029/2005JD006548 [Citation Time(s):2]
[9]. Jones, P.D. and Moberg, A. (2003) Hemispheric and Large-Scale Surface Air Temperature Variations: An Extensive Revision and Update to
2001. Journal of Climate, 16, 206-223. [Citation Time(s):1]
[10]. Soon, W., Baliunas, S., Posmentier, E.S. and Okeke, P. (2000) Variations of Solar Coronal Hole Area and Terrestrial Lower Tropospheric Air
Temperature from 1979 to Mid-1998: Astronomical Forcing of Change in Earth‟s Climate. New Astron, 4, 563579.http://dx.doi.org/10.1016/S1384-1076(00)00002-6 [Citation Time(s):1]
[11]. Landscheidt, T. (2000) Solar Wind near Earth: Indicator of Variations in Global Temperature. Proceedings of the 1st Solar and Space Weather
Euro conference on the Solar Cycle a Tenerife, Tenerife, 25-29 September 2000, 497-500. [Citation Time(s):1]
[12]. Vinnikov, K.Y. andGrody, N.C. (2003) Global Warming Trend of Mean Troposphere Temperature Observed by Satellites. Science, 302, 269272. http://dx.doi.org/10.1126/science.1087910
[13]. Jones, P.D., Parker, D.E., Osborn, T.J. and Briffa, K.R. (2011) Global and Hemispheric Temperature Anomalies-Land and Marine Instrumental
Records. Trends: A Compendium of Data on Global Change. http://cdiac.ornl.gov/trends/temp/jonescru/jones.html [Citation Time(s):1]
[14]. Nicholson, S.E. (2001) Climatic and Environmental Change in Africa during the Last Two Centuries. Climate Research, 17, 123144. http://dx.doi.org/10.3354/cr017123 [Citation Time(s):1]
[15]. Nicholson, S.E. and Kim, J. (1997) The Relationship of the E Niño Southern Oscillation to African Rainfall. International Journal of
Climatology, 17, 117-135. [Citation Time(s):1]
[16]. Pielke, R.A. (2005) Land Use and Climate Change. Science, 310, 1625-1626.http://dx.doi.org/10.1126/science.1120529 [Citation Time(s):1]
[17]. Robert Jr., R.C. and Sandra, W.B. (1987) The Impact of Rapid Urbanization on Pan Evaporation in Phoenix, Arizona. Journal of Climatology,
7, 593-597. http://dx.doi.org/10.1002/joc.3370070607
[18]. Aguilar, E., Auer, I., Brunet, M., Peterson, T. and Wieringa, J. (2003) Guidelines on Climate Metadata and Homogenization. WMO TD. No.
1186 (WCDMP2), World Meteorological Organization, Geneva.
[19]. He, W.P., Feng, G.L. and Wu Chou, Q. (2011) A New Method for Abrupt Dynamic Change Detection of Correlated Time Series. International
Journal of climatology, 32, 1604-1614.http://dx.doi.org/10.1002/joc.2367
[20]. Menne, M.J. and Williams Jr., C.N. (2009) Homogenization of Temperature Series via Pairwise Comparisons. Journal of Climate, 22, 17001717. http://dx.doi.org/10.1175/2008JCLI2263.1
[21]. Brunet, M., et al. (2007) Temporal and Spatial Temperature Variability and Change over Spain during 1850-2005. Journal of Geophysical
Research, 112, Article ID: D12117.http://dx.doi.org/10.1029/2006JD008249.
[22]. Della-Marta, P.M. and Wanner, H. (2006) A Method of Homogenizing the Extremes and Mean of Daily Temperature Measurements. Journal of
Climate, 19, 4179-4197. http://dx.doi.org/10.1175/JCLI3855.1 [Citation Time(s):1]
[23]. Serra, C., Burgueno, A. and Lana, X. (2001) Analysis of Maximum and Minimum Daily Temperatures Recorded at Fabra Observatory
(Barcelona, Ne S 1917-1998. International Journal of Climatology, 21, 617-636. http://dx.doi.org/10.1002/joc.633 [Citation Time(s):1]
[24]. Peterson, T.C., Easterling, D.R., Karl, T.R., et al. (1998) Homogeneity Adjustments of in Situ Atmospheric Climate Data: A Review. International Journal
of Climatology, 18, 1493-1517. http://dx.doi.org/10.1002/(SICI)1097-0088(19981115)18:13<1493::AID-JOC329>3.0.CO;2-T [Citation Time(s):1]

[25]. Karl, T.R. and Williams Jr., C.N. (1987) An Approach to Adjusting Climatological Time Series for Discontinuous In-TACT>2.0.C
homogeneities. Journal of Climate & Applied Meteorology, 26, 1744-1763.
[26]. H. Alexanderson, () A Homogeneity Test Applied to Precipitation Data. Journal of Climatology, Vol. 6, 1986, pp. 661-675. http://dx.doi.org
/10.1002/joc.3370060607

[27]. Buishan, T.A. (1982) Some Methods for Testing the Homogeneity of Rainfall Records. Journal of Hydrology, 58, 11- 27.
http://dx.doi.org/10.1016/0022-1694(82)90066-X [Citation Time(s):1]

Copyright to IJIREEICE

DOI 10.17148/IJIREEICE.2019.7404

28

