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Abstract

In this paper, thirty five years’ (1981-2015) termrgiare and rainfall data have been studied to tiéteaecent trends in temperature and rainfall
over Dhaka division of Bangladesh. Data of climdtctors such as annual average maximum temper@A&XT), minimum temperature
(MINT), mean temperature (MEANT), monsoon totahfall (MTR) and annual total rainfall (ATR) havedreanalyzed. Sen’s non-parametric
estimator of slope has been frequently used tonegti the magnitude of trend, whose statisticalifsigmce is assessed by the Mann—Kendall
test. For this purpose, data from four meteoroklgitations (Dhaka, Mymensingh, Tangail and Fanidpave been used. It is observed that
annual average maximum, minimum and mean temperatuthe study area are increasing at the r&t€37°C/year, 0.009°C/year and
0.013°C/year respectively and the upward trend is statisticstifible with 10% level of significance. On the othand, monsoon total rainfall
and annual total rainfall are decreasing at thesraf4.94mm/year and16.11mm/year respectively where the downward trend of MTR is
insignificant but the trend of ATR is significantttv 10% level of significance.
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I. Introduction traced in those analyses. In this current studynds in the

Climate change in Banaladesh is an extremelv crissae annual temperature and annual and monsoonal (June-
Y 9 y crissa September) rainfall of Dhaka Division in last Thirfive

and according to German Watch's Global Climate Risk - (1981-2015) are studied. Mann-Kendall tesar@Vf,

Index (CRIY of 2011, Bangladesh ranks first as the moseéendaIFG) is used to detect the trend and the Sen.’s slope
vulnerable to the impacts of Climate Change indbming method (Seft) is used to determine the magnitude of
decades. Climate is changing at both the globainfieat et change in cIirﬁate time series

al?, Doré) and the regional scales (Gemmeret, &ayano
& Sansigold) due to global warming. The implications of |1. Data Sources and M ethodology
climate change are particularly significant for ttegions

already under stress, Such as in Bangladesh whe
hydrological disasters are common phenomena (Sh&hid
Behrawaf).The Intergovernmental Panel on Climate

Change (IPCC) has termed Bangladesh as one of dse m parameters, temperature and rainfall. For this gagpthirty

vulnerable countries in the world due to climateare five years accumulation data on daily rainfall irmnand
(IPCC)). It has been predicted that due to climate change y y

there will be a steady increase of temperatureciagge in da|ly_ maximum and_ minimum_ temperature Pﬁ;_ was
. : : o obtained for four stations, including Dhaka, Mymiegs,
rainfall pattern which might have a number of imptions

: : : Tangail and Faridpur from Bangladesh Meteorological
in agrlcu_lture (Karim et iﬂ;) water resources (Fung et’al. Department (BMD). The data used in this study ftvaka
and public health (Shahid $in Bangladesh. Mymensingh and Faridpur stations are for the tiragqua:

Shahid &' analyzed the trend of the fifty (1958-2007) year's1981-2015 and for Tangail the time period is 19818
climate phenomena of whole Bangladesh using timese because this station was established at 1987. Arinme
analysis with the detection of the trend. Studiesl a series of mean temperature, mean maximum and minimu
assessments of impacts, vulnerabilities and adaptio temperature are prepared from monthly average eifr th
climate change and sea level rise for Bangladelglarlg  daily data. In addition, annual total rainfall datad
demonstrates that Bangladesh is one of the masiatdi monsoonal are prepared from their monthly totah dedm
vulnerable countries in the world (BCX% daily total rainfall data.

'rAéH types of climatic factors data in daily scale monthly
stale are available at Bangladesh Meteorological
Department (BMD), Agargaon, and Dhaka, Bangladésh.
the present study we have investigated two climatic

Since climate is changing global scale as welleggonal Mann Kendall Trend Test
scale hence there are many studies in differeribmegf
Bangladesh. M. G. Ferdous & M. A. Bat&nstudied
climatic variables and their trends over Rajshahd a
Rangpur Division with 50 (1961-2010) years of cltiioa
data. M. A. Sattar & M. N. H. Khaf studied the climate
phenomena of Dhaka division they took 60 (1948 10
years data. In their studies only trend of climadeiables
were analyzed but the true detection of trend ame t
magnitude of change in climate time series were n
determined.

Mann Kendall test is a statistical test widely uded the
analysis of trend in climatologic and in hydrolodime
series. There are two advantages of using thisRest, it is

a non-parametric test and does not require the watze
normally distributed. Second, the test has low iseitg to
abrupt breaks due to inhomogeneous time series. dartgy
reported as non-detects are included by assigriem ta
ofemmon value that is smaller than the smallest oreds
value in the data set. According to this test, thdl
hypothesisH, assumes that there is no trend (the data is
Though those analyses were carried out mostly da daindependent and randomly ordered) and this isdesgainst
before 2010 recent changes in the climate might et the alternative hypothesit, which assumes that there is a
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trend. to be linear. This means that the continuous mamoto

The computational procedure for the Mann Kendatit te increasing or decreasing function of tinfigr), is given by

considers the time series of n data pointsiaddT;as two  f(t) = Qt + B, (6)
subsets of data wheré = 1,2,3,..,n—1and j = i+  whereQ is the slope ang is a constant.

Li+2,i+3,.,n To get the slope estimafiin equation (6) we first calculate

The data values are evaluated as an ordered tines.se the slopes of all data value pairs

Each data value is compared with all subsequena dat  x;—x,

values. If a data value from a later time perioHigher than LT T )
a data value from an earlier time period, the stiatiSis
incremented by 1. On the other hand, if the dataevtom
a later time period is lower than a data value dadp x,=data value at timé and
earlier, S is decremented by 1. The net result of all such x; =data value at time
increments and decrements yields the final valu& of !

whereg; is the slope between data valugsandx;

If there aren valuesx; in the time series we get as many as

The Mann-Kendalk Statistic is computed as follows: N = n(n—1)/2 slope estimates;.

—yn-1 ;
§ = X5 X sign(T; — T), e The Sen’s estimator of slope is the median of thassues
LifT; = T; > 0 of Q;. TheNvalues ofQ;are ranked from the smallest to the
Sign(Tj _ Ti) — 0ifT,—T, =0, @) largest and the Sen’s estimator given as
—1ifT; —T; < 0 Qn+1 if N is odd
2
WhereT; andT; are the annual values in yegirandi, j > Q= E(Q(E) n Qw) N is even’ 18
i, respectively. Ih < 10, the value of|S| is compared 2\ G 2

directly to the theoretical distribution 6fderived by Mann \herep is the number of calculated slopes.

and Kendall. The two tailed test is used. At certai ) ] )

probability levelH, is rejected in favor off, if the absolute A 100(1) % two-sided confidence interval about the slope
value of Sequals or exceeds a specified valSie/2, estimate is obtalr_1ed_ by_the non-parametric tect_mhnsed
whereSa /2 is the smalles§ which has the probability less ©" the normal distribution. The method is valid foras
thana /2 to appear in case of no trend. A positive (negativ SMall as 10 unless there are many ties.

value of S indicates an upward (downward) trend. Mann-Kendall test is applied to detect the trendaimfall
time series and the Sen’s slope method is usedttrdine
the magnitude of change. Confidence levels of 90%%
and 99% are taken as thresholds to classify thefisignce

For n = 10, the statisticSis approximately normally
distributed with the mean and variance as follows:

E(S) =0, (3)  of positive and negative temperature and rainfatids.
The variancés?)for the S-statistic is defined by I11. Sources of Error
g2 = MDY 5OE-DEHS) (4) No information is available about the number ofnfail

18 gauges and temperature sensors used in eachcstatetd

In which t; denotes the number of ties to extenThe rainfall and temperature data. In addition, theceXacation
summation term in the numerator is used only if da¢a  of these gauges and sensors is unknown. The lack of
series contains tied values. The standard tesstatafs is  uniformity in rainfall gauges and temperature sesstan

calculated as follows: influence the quality of recorded data. Howeveraliy
so1 control is performed, but a 100% correction ratendg
—for§>0 possible.

Zs =4 0 fors =0, () V. Resultsand Discussion
TfOI‘S <0

The analysis of temperature and rainfall trendseaéy
The test statistiZg is used a measure of significance ofchanges in both temperature and rainfall of Dhalkésidn
trend. In fact, this test statistic is used to tdwt null over the time period 1981-2015.Three variablestadlo
hypothesisH,. If |Zs| is greater thanZ,, where «  temperature, viz. annual average, annual averagémaen
represents the chosen significance level (eg. 50gnd annual average minimum and two variables iklaie
with Zy 4,5 = 1.96) then the null hypothesis is invalid rainfall, viz. monsoon total rainfall and annuatatorainfall
implying that the trend is significant. are considered to analyze. The results of trendysisaof
these variables at 4 stations of Dhaka divisiongaven in
Sen’s Slop Method the Table as well as in the Figures bellow. Theieslin the
To estimate the true slope of an existing trermicfaange  table are obtained by Sen’s slope method repretient

per year) the Sen's nonparametric method is ueslSEn’s  change of temperature in °C/year and change ofalain
method can be used in cases where the trend casshemed Mm/year. The significance of the change is assebyed
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Mann-Kendall trend test. The single star numbehatable
indicate that the change is significant at 90% lles®E
confidence, the numbers in double star indicatecti@nge
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is significant at 95% level of confidence and thember in
triple star indicate the change is significant @¥®level of
confidence.

Table. Trends of Temperature and Rainfall over the study area during 1981-2015

Station MAXT MINT MEANT MTR ATR
(°Clyear) (°Clyear) (°Clyear) (mm/year) (mm/year)
Dhaka 0.013 0.024* 0.018** 0.5 -12.56
Mymensingh 0.003 0.019* 0.012* -8.31 -16.25*
Tangail 0.033* -0.002 0.015* -0.33 -8.87
Faridpur 0.026** 0.015* 0.022*** -3.04 -19.23*
Average 0.017* 0.009* 0.013* -4.94 -16.11*

* if trend at 10% level of significance, **if trenatt 5% level of significance and *** if trend at 1R#vel of significance

Trends of Temperature

From table we see that annual
temperature gives increasing trend in all overrtégion of
Dhaka division and significantly increasing in thangail
and Faridpur regions at rate 0.68B/ear and 0.02€/year
with 95% level of confidence (Fig.1). In case ofmaal
average minimum temperature it also gives increasiend

in all regions while minimum temperature of the Raand
Mymensingh regions increasing at the rates COB#ar
and 0.018C/year with 95% level of confidence but the
exception occurs at the Tangail region where thendt is
decreasing (Fig.2). Finally, the trend of annuakrage
mean temperature is also increasing all over regibn
Dhaka division but this trend is unexpectedly iasiag in
Faridpur region at the rate 0.0Z2year with 99% level of
confidence; maybe there is an
unwanted human activities (Fig.3).
Over all it is clear that the temperature of Dhdkasion is
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increasing with 90% level of confidence as the ager

average maximurmaximum, minimum and mean temperatures are ingrgasi

at the rates 0.02C/year, 0.00%C/year and 0.0T&/year
respectively.

Trends of Rainfall

From the above table we see that the trend of nmmgatal
rainfall is decreasing all the regions but it isrgasing in
the Dhaka region (Fig. 4). In case of annual taadifall the
trend is decreasing all over the region of Dhakasitin
where this trend is significantly decreasing in tiegion
Mymensingh and Faridpur at the rates 16.25mm/yedr a
19.23mm/year with 90% level of confidence (Fig. B).
case of rainfall, we find that monsoon total raliinfand
annual total rainfall of Dhaka division are deciegsat the
rates 4.94mm/year and 16.11mm/year respectivelyravhe

instrumental error othis decreasing trend is significant for annuahltatinfall

with 90% level of confidence.
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Fig. 1. Annual average maximum temperatur@@nof the Study Area during 1981-2015
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Fig. 2. Annual average minimum temperaturé@of the study area during 1981-2015
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Fig. 3. Annual averages mean temperatur®rof the study area during 1981-2015
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Fig. 4. Monsoon total rainfall (MTR) in mm of the studyearduring 1981-2015
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Fig. 5. Annual total rainfall (ATR) in mm of the study arduring 1981-2015

V. Conclusion

From the overall study of Dhaka division, it isaldéhat the
annual average maximum, minimum and mean temperatu.
are increasing and monsoon total rainfall as welltlze
annual total rainfall are decreasing significantly.
Additionally, temperature is the highest in Dhakal ¢he
lowest in Mymensingh whereas the total monsoonelkas
annual total rainfall is the highest in Mymensingid the
lowest in Dhaka.

The study, therefore, offers remarkable insightd aew

perspective for policy makers and planners in ingighem

take proactive measures in the context of climétange.

Timely measures and institutional changes can iogrta
help in reducing the irreparable damages that eacalised
by climate change, since the trends in 35-year ¢zatpre

and rainfall data do not deny climate change isioong.
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