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A comparative analysis of the climate patterns of Cumilla District with different
regionsof Bangladesh: AStudyofTemperatureand Rainfall Trends

Abstract

According to the global climate change index, Bangladesh has been identified as one of
thecountries facing the most wvulnerability from climate change.In connection with
existingproblems, there is a need to conduct comparative research on climate change at
different partsof Bangladesh in order to improve the country’s agro-economic status quo. In
this proposedresearch, a comparative climate change trend analysis was done on various
temperature andrainfall criteria for three climatic zones of Bangladesh (i.e., Cumilla,
Ishwardi, and Cox’sBazar). The weather data was collected from the Bangladesh
Meteorological Department(BMD), which covers the years 1950-2020. Different statistical
techniques such as Linearregression,Mann-Kendall(MK) test,Sen’sSlope estimator
andKendall’s tau testwerediscovered for trend analysis of the study area. The linear trend
analysis results revealed thatthe temperature was increasing in all weather stations, but the
upward trend was moderate
inonlytheCumilladistrictcomparedtotheothertwodistrictsofBangladesh.Ontheotherhand,the

Mann-Kendall trend analysis test found that the amount of rainfall that fell each year
inlshwardi, and Cumilla was going down but is going up in Cox's Bazar. So far, the
magnitudeofchangeassessedbySen’sSlopeestimatesalsoindicatedthesametrenddirectionforrain
fallanalysis.Overall thestudyfoundthattheclimatepatternoftheCumilladistrictismuchbetterfor

people and farming activities than the other two regions of Bangladesh. It never falls

intoanextremesituationintemperature,neitherduringsummernorinwinter. Itisalsoneitherwetnord

ry.
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1. Introduction

Now-a-
days,climatechangehasbecomeaburningissuethroughouttheworld.Once,wemustconsider it to

be one of the greatest hazards to the planet. Both developed and undevelopedcountries are
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significantly impacted by the adverse effects of climate change. The mainmeteorological
factors that affect the country's climate are temperature and rainfall. |If
thesetwovariableschangeoveranextendedperiodoftime,thesurroundingweatherscenariowouldb
e changed. The adverse effects of climate change are observed to have a
disproportionateimpact on the Least Developed Countries (LDCs), such as Bangladesh,
mostly due to theirsubstantial reliance on natural resources and farming activities (FAO,
2007). The most likelyeffects of climate change on the LDCs are rising temperatures, high
and low levels of rainfall,deforestation, constant natural disasters and floods, degradation of
agricultural land, rising sealevels,frequent andpersistentdroughts,andsoon
(Ayers&Huq,2009). Bythelastdecadeofthe 21st century, the Intergovernmental Panel on
Climate Change (IPCC) projects that
theglobaltemperaturewillincreasebyl.8to4degreeCelsius(IPCC,2007).Anotherobservationfro
m the IPCC report is that by the end of this century, drought conditions in Asian
countriesmayhaveincreasedby5to10%astheconsequenceofglobalwarming(IPCC,2022).Bangla
deshiswidelyrecognizedasthemostclimate-vulnerablenationintheworld,accordingto the global
climate change index. This country's economy is heavily based on the farmingindustry, and
about 80% people depend directly or indirectly on primary economic
activity.(Kamruzzamanetal.,2018). ThefasterratesofeconomicgrowthinBangladeshhavefacilitat
ed a more rapid reduction in poverty over the past decade compared to -earlier
periods(Coiroloetal.,2013).However,itisimportanttonotethatpopulationsresidingingeographica
Ily wvulnerable areas have experienced a deterioration in living circumstances as
aresultofclimatechange-
relatedhazards(WorldBank,2010).AccordingtoWorldMeteorologicalOrganization(WMO),thes
ub-continentalregionexperiencesahighfrequencyof natural disasters, leading to adverse
impactson both human well-being and financialstability. Particularly, the impoverished
population bears a disproportionate burden, facingsignificant loss of life, as well as
detrimental effects on their livelihoods. Furthermore, thesecalamities inflict substantial harm
on economic and infrastructural resources.
Bangladeshexperiencesthreedistinctseasonsbasedonitsclimate:thepre-
monsoonhotseason,whichrunsfrom March to May; the rainy monsoon season, which begins
in June and lasts until
October;andthecolddryseason,whichextendsfromNovemberthroughFebruary(Banglapedia,200
3).

Numerous studies have been carried out related to temperature and rainfall changes.
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Manyresearchershaveindependentlyformulatedtheirownperspectives,focusingonvariousgeogra
phicalregionsandpursuingdiverseobjectives. Inrecentyears,Bangladeshhasreceivedsignificant
attention due to its extreme vulnerability to the adverse effects of climate
change(IPCC,2014).

Miaetal.(2016)carriedoutstudiesevaluatingclimatefactorsthroughoutseveralclimaticsub-
regionsofBangladesh. Thestudyconductedacomparativeanalysisoftheratesofchangeof
importantclimaticvariables,includingyearlymaximumandminimumtemperatures,annualtotal
rainfall, and annual average humidity, across the three primary climatic sub-regions
ofBangladesh, namely the Western zone, Northwestern zone, and North-Eastern zone. It
wasdiscovered that the north-eastern zone had the highest annual maximum temperature
andaverage minimum temperature change rates, with yearly changes of 0.048°C and
0.046°C,respectively. Shahid (2010) analyzed the rainfall and temperature trend of 17
meteorologicalstationsof Bangladesh and he discovered that the average maximum
andminimum temperatures exhibited an increase of 0.91°C and 0.097°C per decade,
respectively.According to Rakib (2013), it was found that Bangladesh experienced an upward
trend
intemperatureduringtheperiodofthepast18years.Particularly,theannualtemperatureclimbedbyar
angeof0.4-0.6°Chetweentheyears1981and2010.Rahman&Lateh,(2016)constructeda regression
model for trend detection from 1971 to 2010 and forecasting ten-year period ofrainfall by the
ARIMA method from 34 meteorological stations in Bangladesh. Their findingsshowed that
annual rainfall was forecasted to decline by 153 mm between 2011 and 2020.Basak et al.
(2013) found that the yearly average maximum temperature was increasing
at0.0186°Cperyear,whiletheminimumtemperaturewasincreasingperyearat0.0152°C.Rahman et
al. (2014) investigated the regional variation of climate
variables,specificallytemperatureandrainfall,acrossfivelocationsinBangladesh:Dhaka,Cox'sBa
zar,Rajshahi, Bogra, and Shylet during the period of 1953 to 2012. The analysis used the non-
parametric Mann-Kendall test, which revealed statistically significant increases and
decreasesinseveralareas.Barietal.(2016)described50yearsofseasonalandannualrainfalltrendsan
dtheir fluctuations during the period 1964 to 2013 in northern Bangladesh. For their
studydifferentnon-parametrictest(Mann-
Kendalltest,Sen’sSlopeestimator)wasappliedtoexamine rainfall trends and magnitude of
change, the Sequential Mann-Kendall test wasutilized to detect any changes in the trends over
the years and to locate possible point of

areasinrainfalldataset. Theyfoundthattherewasadecreasingseasonalrainfalltrendaftertheearly
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90’sforthemajorityofthestations.Sa’adietal.(2017)identifiedthespatialpatternofchangesofrainfa
llextremesinSarawak,Malaysiaduringtheyear1980-2014.Theyanalyzedthetrendsin annual,
seasonal and monthly rainfall and rainfall extremes of 31 stations using the Mann—Kendall
(MK) test along with modified Mann-Kendall (m-MK) test, which can discriminatemulti-
scale variability of unidirectional trend.In the study area the trends indicated thatchangesin

annual,seasonal and monthlyrainfallsand rainfallextremes werenotsignificant.

The proposed study aims to find the comparison of climate variation over three districts
inBangladesh during the period 1950-2020. Our main objective isto compare the
climatevariablessuchastemperature,rainfallofComillawithextremeandmoderatetemperatureare
aofBangladesh.Hencetofindouttheactualsituationsuchasnatureoftemperatureincreasing/decreas
ing, trend of changes in temperature in different time scale, annual rainfallprediction by non-
parametric method of three districts. According to the World Bank report,31.5% of the total
population is in the below poverty line. As a result, a comparative
researchofclimatechangeatdifferentplacesisacrucialissueforthedevelopmentoftheagro-

economicscenario.
2. StudyAreaandDataCollection
2.1 Geographyandclimateof thestudyarea

One of the most difficult decisions was deciding which extreme and moderate
temperaturezonestoanalyzebecausetheyrepresentedtheentirecountryandthatwascomparedtoCo
milla.Overtheyears,thisdistrictistypicallysurroundedwithmonsoons,hightemperatureandheavyr
ainfall. The average annual temperature of the area is 25.5 °C (77.9 °F) and annually
2,295mm (90.35 in) of precipitation falls. (Banglapedia, 2003). In order to obtain an image of
theextreme and moderate temperature zones, yearly and monthly long-term average
maximumandminimumtemperatureandannualrainfall,areanalyzedtoobtaintheobjectiveofthestu
dy.The temperature and rainfall data are retrieved from BMD and BARC. During study,
yearlyaverage maximum temperature analysis, “Ishwardi” station was found to 36.12° while
itsnearest station was recorded at Rajshahi 36.04°C. In case of average minimum
temperature,“Srimangal” station was the lowest temperature with 9.16°C and Ishwardi was
the 2" lowestweather station with 10.18°C. So, for extreme temperature we have chosen
Ishwardi

stationwhichislocatedonthenorthwestregionandalsobythesideofnortheastregion.Inchoiceofmod
erate area for study, we studied both long term average maximum and long-term

averageminimumtemperature.
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Fig.1StudyareaweatherStations(Ishwardi,Comilla,Cox’sbazar)

“Cox’s Bazar” station has the highest value in the long-term average minimum
temperaturerecord and 3" lowest value in the long-term average maximum with 14.98°C and
32.81°Crespectively.Nootherstationhasproventhatmucheffectivenessontheselectionofmoderat
earea.Cox’sBazarislocatedonthesoutheastregion.So, Ishwardistationischosenforextremezonean

d Cox’s Bazar ismoderate zone.
2.2 DataandSources

The study area mainly covers three meteorological stations Comilla, Ishwardi, Cox’s
Bazar.and the weather data collected from Bangladesh Metrological Department (BMD),
Agargaon,DhakaandalsorecordedatBangladeshAgriculturalResearchCouncil(BARC).Theysup
ervised climate data such as rainfall and temperature based on meteorological
recordsduringtheperiodof1950t02020exceptishwardistationstartedfromstartfromtheyear1961t
0 2020.

3. MaterialsandMethods
Differentstatisticaltechniquehasbeenimplementedforrequiredanalysisandthisaredescribedinthe
followingsections.Generalexploratorystatisticalanalysis  suchasmaximum,minimum, mean/
average, median, standard deviation has been applied to present the generalcharacteristicof
temperaturedata.



3.1 LinearRegression
Linearregressioniscommonlyusedasaparametricmethodforidentifyinglineartrendintimeseries
data. It is used to obtain the slope of hydro-meteorological variables on time (Tabari
&Talaee, 2011). Positive values of slope indicate increasing trend and vice versa. The
leastsquare method to calculate a straight line that best fits the data and returns an array
thatdescribesthe linecanbecalculatedas(Rahman&Lateh, 2016)

V=MX+D oo (1)

Here, =Z(x_—a§}drx)éy( : L)
b=y—mx
In equation (1) y is the dependent and a function of the independent x value, m is
coefficient(the slope) corresponding to each x value, and b is a constant value (the intercept)

and xand yare sample means(Rahman &Lateh, 2016). For temperature data we normally use

this linearregressiontechnique to know thetemperaturetrend detection.

3.2 Mann-Kendall(MK)Test

Inthisstudy,therank—basednon-parametricMann-
Kendall(MK)(Mann1945;Kendall1975)method is used as the base method of trend detection.
This technigue is widely used in hydro-meteorological time series data to determine whether
the time series has a monotonic
upwardanddownwardtrend(Dasetal.,2021;Kamruzzamanetal.,2018,2022;Rahmanetal.,2017).
HerewedetecttheannualandmonthlyrainfalltrendanalysisbyThisnon-parametricmethod. The test

statistic (S) of the series x1, x2, x3. .. ... and xnis calculated by using the followingformula

5=2n;£ ket SG(Xj=Xk) cerreerenerrenens (2)

+1,i(xj—xk)>0

sg(xj—x;)={0,if (xj=x)=0 ...c00n. 3)
—1,i(xj—xk)<0

Here S value indicates the detection of trend. A positive value of S indicates increasing
trendand vice versa. The MK test has documented that when data size is > 10 , the test S
isapproximatelynormallydistributed and varianceis as follows:

Var(s)= LCDEN2 i DD, (4)




Where mis thenumberof tied groupsandt;is thesizeof theithgroup.Thetest statisticZis

computedas:

S—1
Nt forS>0

Z= 0,forS=0 ... (5)

S+1
| o) forS§<0

Generally, the positive and negative values of Z statistic depict the increasing and
decreasingtrends in the time series, respectively. In the null hypothesis (Ho) there is no trend
in records(either accepted or rejected) depending on whether the computed Z statistic is less

or morethanthecritical valueofZstatistic.

3.3 Sen ’s-SlopeEstimator

Sen’s non-parametric method (Sen, 1968) which gives the robust estimation of time series
isused to estimate the magnitude of trends in the weather time series data of Bangladesh.
Whenchange in time series is present but cannot be detected using statistical tests to a
satisfactorylevelthenSen’sslopeestimation(Q)givesabetteroutput(Radziejewski&Kundzewicz,
2004).(Shahid, 2010) used this method to detect the magnitude of trends in rainfall time
series ofBangladesh. Theestimation slopeQ can beobtained from N pairs ofdataas:

0: =" i=1,23 e Nk>jo (6)
k—j

Where xrand x;representsvaluesofdataatkandjtimesand Q;isthemediansloperespectively.

4. AnalysisandResult

Mainly“Ishwardi”and“Cox’sBazar”arethetwoextremeandmoderateareaofclimaticregioncompa
re with Comilla climatic zone. The all three stations discuss about by descriptive
andgraphical analysis. After that, the next section will deliberate about time series analysis

andforecasting.

4.1 Analysisof Temperature

a) All-TimeExtremeTemperature oflshwardiStation

For all-time extreme maximum temperature record, maximum temperature in summer
(May)wasrecorded39.31°Cwhileinwintermaximumtemperaturewasrecorded21.18°C(January)
.Meanextreme maximumtemperatureis found 36.12 °C.

TablelMonth-wiseall-timeextremetemperatureofishwardi

Statistics Extreme Extreme
MaximumTemp MinimumTemp
erature erature




Maximum 39.31 27.37
Minimum 21.18 8.29
Range 18.13 19.08
Mean 36.12 10.18

Meanwhile,

extreme minimum temperature

record it

is found that the extreme

minimumtemperature recorded in Ishwardi was 8.29°C on winter (January) and 27.37°C was
recordedas a minimum temperature on June.Mean extreme minimum temperature was found
to be10.18°C.
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Fig.2Bardiagramshowing month-wiseextrememaximumandminimumtemperatureoflshwardi

From (Fig. 2) we can see that for extreme maximum temperature of Ishwardi lies
between36.28°Ct039.31°Cduring

theperiod1961-2020.ApriltoJuly

arethehottestmonths.Decemberand Januaryarethe coldest months.

b) AllTimeExtremeTemperature Cox’sBazarStation

In extreme maximum temperature record, 34.91°C was found to be the maximum

summertemperatureand24.42°CwasfoundtobethemaximumtemperatureinwinteratCox’sBazar.

Meanof the extreme maximum temperatureis 32.81°C

Table2Month-wiseall-timeextremetemperatureofCox’sBazar

Statisti Extreme I\I?(t_r eme
atistics . inimum
MaximumTemp | o herature
erature

Maximum 34.91 27.02

Minimum 24.42 12.84
Range 10.49 14.18
Mean 32.81 14.98

Ontheotherhand,extrememinimumtemperaturerecordatCox’sBazar,minimumtemperature was
12.84°C in winter and in summer the extreme minimum temperature was27.2°C.Mean of

theextreme minimum temperatureis14.98°C.
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Fig.3BardiagramshowingextrememaximumandminimumtemperatureofCox’sBazar

From the above multiple Bar diagram (Fig. 3) extreme maximum and minimum

temperatureofCox’sBazarstationshowsdifferenttemperature.Forextrememaximumtemperature

April,MayandOctoberhavethemaximumvalue.Butincaseofextrememinimumtemperature, May

monthhas the highest value.

c) AllTimeExtremeTemperature ofComillaStation

From Table 3 extreme maximum and minimum temperature recorded in Comilla station

was35.04°Casmaximumtemperatureonceandlowesttemperaturewasrecorded9.89°C.Meanofex

trememaximum andminimum temperaturewas33.23°C and 12.25°Crespectively.

Table3.Month-wiseall-timeextremetemperatureofComilla

- Extreme Extreme
Statisties MaximumTemp MinimumTemp
erature erature
Maximum 35.04 26.54
Minimum 22.72 9.89
Range 12.32 16.65
Mean 33.23 12.25

Fig.4 indicated that April month had the highest temperature once in Comilla and January

hadthelowest temperaturevalue
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Fig.4Bardiagramshowingextreme maximumandminimumtemperatureof Comilla

4.2 Comparisonof Temperatureof ComillawithExtremeand ModerateArea

4.2.1 YearWise Long-termAverageMaximumandMinimumTemperature

From Table 4. a comparison analysis on year-wise long-term average maximum and
minimumtemperatureamongthreemeteorologicalstationsrepresentingthreeareaofBangladesh.P
rimarily we are focusing on the temperature Comilla which would be compared with
othertwo meteorological stations representing extreme (Ishwardi) and moderate (Cox’s
Bazar)temperaturearea.Onlongtermaveragemaximumtemperatureanalysis;maximum,minimu

mand mean temperature of Ishwardi station is 31.92°C, 29.81°C and 31.03°C, temperature
ofCox’s Bazar is 31.66°C, 28.9°C and 30.22°C and followed by Comilla station are
31.20°C,28.64°C, and 30.25°C respectively. Among all three stations, Comilla always has
possessedtemperaturebetween thevalues oflshwardi and Cox’s Bazarstation

Table 4.Longterm averagemaximumandminimumtemperatureforcomparison

LongTermAverageMaximumT Long Term Average
emperature MinimumTemperatur
e
Ishwardi CB:;);; Comilla Ishwardi (B:S;asr Comilla
Statistics | MaxTe MaxTe | Statistics [IMinTem . MinTe
mp Max mp 0 MinT mp
Temp emp

Maximum| 31.92 | 31.66 | 31.20 |[Maximum| 21.48 | 23.31 | 225
Minimum| 29.81 | 28.90 | 28.64 |Minimum| 19.47 | 20.88 | 20.03
Range 211 2.76 2.56 Range 2.01 2.43 247
Mean 31.03 | 30.22 | 30.25 Mean 20.08 | 22.02 | 21.02
Median | 31.02 | 31.66 | 30.30 | Median | 20.38 | 23.31 | 20.95

On the other hand, during the period 1950 -2020 long term average minimum

temperatureanalysis;maximum,minimumandmeantemperatureofishuridi

stationrecordedare21.48°C,19.47°C and 20.08°C, temperature of Cox’s Bazar station is

23.31°C, 20.88°C and
10



22.02°CandfinallytemperatureofComillastationare22.50°C,20.03°Cand21.02°Crespectively.J

ust
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like long term average maximum temperature, here we also get that Comilla is on the

middleposition.

It’s also been showed graphically that Comilla is always on the middle position on long

termaveragetemperatureamongthesethreestations.Nomattermaximumorminimumtemperature,

Comillahas got themiddle ground.
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Fig.6Longtermaverage Minimumtemperature

4.2.2 Average(Maximum +Minimum)Temperature

The monthly average (maximum + minimum) temperature of three study station-

Ishwardi,Cox’s Bazar and Comilla are shown in Table 5. Among the three stations has

Ishwardistation has average (max + min) highest and lowest temperature compared with other

twostations.

Table5.Average(maximum+minimum)temperature ofthreestations

Statistics Ishwardi Cox'sBazar Comilla
Maximum 30.50 28.99 28.55
Minimum 16.90 20.76 18.87
Range 13.16 8.24 9.67
Mean 25.71 26.22 25.56
Median 28.15 27.55 27.37
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Unlike extreme temperature and average (maximum or minimum) temperature, these
average(maximum + minimum) values of three stations show very little differences among
the threestations. Difference between Ishwardi and Cox’s Bazar mean temperature is 0.51°C
and thistimeComillahasadifferentvaluethanusual. Comillahasgotaveragemeantemperaturewith
25.56°Cwhichis0.15°Clessthan Ishwardiand 0.66°ClessthanCox’sBazar.

This happens because of taking both maximum and minimum temperature for
consideration.Although Ishwardi station has extreme maximum and minimum temperature
and Cox’s Bazarhas moderate temperature, but in case of average (maximum + minimum)

temperature all ofthemcome in neighborhood ofeach other.

35.00 Average(max+min)temperatureofallstations
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Fig.7Frequencycurve foraverage(max + min)temperatureofallthreestations

From above frequency curve Ishwardi station recorded lowest temperature on December-
January and has some peak during April-May. For Cox’s Bazar station, the lowest average
ishigher than Ishwardi during December-January (winter) and the highest average
temperatureis lower than Ishwardi during summer. In case of Comilla, it has temperature
more thanlshwardi and less than Cox’s Bazar during winter but has less temperature than

Ishwardi andmoretemperaturethan Cox’s Bazar on summer.
4.2.3 LongTermAverageRainfall

Climate parameters are often related to each other. Changing on weather does not depend
ononly one particular parameter but the relationship and fluctuations of temperature are
verynoticeable. Toknowaboutvarioustemperaturechangesatdifferentmonthinthestudyareawema
y need to observe the behavior of rainfall and its trend analysis. From Table-6
andFigure4.2(c)wecanseethatmeanofthelong-termaveragerainfalloflshwardistationis

131.83 millimeter. June-July is the rainiest season of the year and maximum rainfall

recordedforamonthis310.63mm.MeanoftheaveragerainfallofCox’sBazaris303.16millimeter
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andhighestrainfallrecordedhereis956.83mminJuly.Butduringthewinterseason(December-

January)rainfallissameonthetwoareas. AlthoughCox’sBazarhastherecordofaverage maximum

rainfall in a month, but in the month of January it has less average rainfallrecordthanlshwardi.

Table 6Comparisonoflongtermaveragemonthlyrainfall

. Cox's .
Ishwardi BazarLon Comilla
Statistics LongTerm g LongTerm
. TermAverage .
AverageRainf . AverageRainf
Rainfall(mm)
all(mm) all(mm)
Maximum 324.56 977.87 435.83
Minimum 1.77 6.57 6.56
Range 316.79 971.30 181.45
Mean 131.83 303.16 429.27
Median 102.55 170.12 155.45
Total 1581.99 3637.90 2177.40

NowincaseofComillastation,therecordedlong-termaveragerainfallis175.37mm.Highestrainfall

during July with 435.83 mm on average band January seems to be driest month

withaverageof 6.56 mm ofrainfall.

Rainfall(mm

1200

)

[any
o
o
o

AverageMonthlyRainfall(mm)

800
600
400
200

0 T ——

Jan  Feb MarchApril

May June JulyAugust Sep Oct Nov Dec

Month

m AveragemonthlyRainfall(Ishwardi) m AverageMonthlyRainfall(Cox'sBazar)

AverageMonthlyRainfall(Comilla)

Fig.8Multiplebardiagramforaverage monthlyrainfall (mm)

So it is clear that average rainfall during summer (and rainy season) of Cox’s Bazar is

greaterthan Ishwardi and Comilla. But in winter all the areas are almost dry. Hence

comparing withIshwardi and Cox’s Bazar, Comilla has less rainfall than Cox’s Bazar and

more

than Ishwardiduringsummerandrainyseason.Ontotal,Comillahas2177-

millimeterrainfallperyearwhichis on the middle position oflshwardi and Cox’s Bazar with

1582 millimeter and 3638-millimeterrainfall peryear respectively.
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5. TrendAnalysis

Trendanalysisisatechniqueusedin technicalanalysis thatattemptstopredictfuturetemperature
movements based on recently observed trend data. Here our analysis is based onthe
temperature data and we are interested to find how the temperature has fluctuated since1950
to 2020.

5.1 MaximumandMinimumTemperatureTrend

Thelinearregressionmodel(a)ofishwardistationshownanupwardtrendinthedataseriesofyearly
average maximum temperature with a model which is defined by. According to thismodel,
each year temperature increasing rate o is 0.010°C and the yearly average
maximumtemperature raised by total 0.59°C during the study period 1961-2020. On the other
hand,yearly average minimum temperature trend (b) shown also an upward trend in the data
serieswith the modely: = —14.119 + 0.0174x.. Hence the average minimum temperature
increasesby 0.0174°C peryearwith total increase 1.003°C.If we see the (c)average
maximumtemperature of Cox’s Bazar has raised 0.0302 °C per year with fitted model y;: =
—29.69 +0.0302xwith negative intercept total of 2.114°C temperature has risen per year
since 1950-2020.
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Fig.9Lineartrenddetectionofthreeweatherstations

Upward trend of average minimum temperature shown in (d) with increment of 0.0213°C

peryear and in that case a total temperature change for last 70 years at Cox’s Bazar 1.49°C.

—20.333 + 0.0213x:.Finally, during the study

Thetrend model can be defined as — y;
periodtemperature movement of Comilla station also (e) shown an upward trend in the data
series ofyearly average maximum temperature with a rising rate of every year 0.0073°C
followed bythe total temperature increment within this period is 0.511°C. The fitted trend
Ve 15.725 + 0.0073x

Further,timeseriesplot(f)foraverageminimumtemperature also predict increasing trend with

model can bedefinedas

total increment of 0.546 °C since 1950. It isclearly observed that trend analysis of all three

meteorological stations forecasts increasingtemperaturewith a decent rate.

5.2 ComparisonofTemperaturebyLinear TrendAnalysis

Table7.Comparisonoftemperaturecriteria ofthreestations

MaximumTe| MinimumTe I\r:az'rr:tﬁrggi rl:]/llre]g[ldrrrgg? MaximumTe| MinimumTe
mperatureof | mperatureof Cp 'sB Cp 'sB mperatureof | mperatureof
Ishwardi Ishwardi ox'sbazar | Lox'sbazar Comilla Comilla
Intercept 10.27 -14.18 -29.69 -20.233 15.75 5.465
Increment 0.010 0.0017 .0302 0.0213 0.0073 0.0078
Totalln| 50100 | 1003°c | 2.114°C 149°C | o0511°C | 546°C.
crement
RZ2 0.18 0.45 .64 0.65 0.09 .16

Fromabovecomparisontableanalysis,weseethataveragemaximumandminimumtemperature for
all stations has risen from 0.511°C to 2.114°C. Examining R2values, we cansee all of our
models are not statistically significant. But it won’t matter in this study becauseRZis

calculatedconsideringallthe valuesincludingthe extreme onesof summersand winters.
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As Ishwardi station has been chosen as extreme area and Cox’s bazar as moderate
area,temperature of moderate area (Cox’s Bazar) has risen more than extreme area (Ishwardi)
andR2values are much less than Ishwardi stations model and relatively greater than Cox’s
Bazarstation.Comparingwith

IshwardiandCox’sBazarstation,thetemperaturcofComillahasnotraised that much in both
summer and winter. Although no decrement of temperatures is foundon any of the stations.
From this analysis it is clear that temperature rising is certain. But itincreases gently in
extreme  areas, rapidly in  moderate areas and less increment in
Comilladuringthestudyperiod. ThatmeansoveralltemperatureofBangladeshwillberisingonagreat
scale within next century. Sooner or later, moderate temperature area will be lost and all

thecountrywill betransformedinto extreme temperatureareagradually

5.3 Comparisonof RainfallTrendAnalysisbyMKtestandSen sSlopeEstimator

Table8.ComparisonofAnnualRainfallTrendanalysis

Station Sen’sSlope | Kendalltau | MKitest Pvalue
Ishwardi -1.67 -0.071 -0.808 0.42
Cox’sBazar 2.28 0.061 0.735 0.46
Comilla -7.00 -0.217 -2.66 0.01

Thethreestationshaveshownbothpositiveandnegativetrendinthestudyarea.Positiveslopeindicate
s increasing amount of rainfall and negative slope indicates decreasing amount ofrainfall. In
extreme area rainfall is decreasing at a rate of 1.61 mml/year followed by
Comillaalsoatarateof7.00mm/year,whichisstatisticallysignificant. TheMann-

KendallZstatisticsofannualrainfalltimeseriesalsoshownnegativetrendwith0.808and2.66.0Onthe
otherhand,Cox’s Station have positive trend with 0.735 and a rate of change 2.28 mm/year
but the trendis not statistically significant. So, in a nutshell moderate area annual rainfall

increases rapidlyinfuturecomparison tolshwardi and Comilla.
6. Conclusion:

It is clear that comparison with extreme and moderate area, we can say about Comilla that
hasafavorableclimateconditionwithadequaterainfallandtemperature. Itisneithereverdrylikeextre
me temperature area and neither ever wet like rainy regions. It’s temperature much
morefavorable for human growth, farming and cultivation. This is why Comilla is one of the
mostbeautifulcitiesofBangladesh.GDPofBangladeshisalsobenefitedwithagriculturalproduction
from Comilla. Our study revealed that other climate factors are having an impacton
temperature behavior, and that the global average temperature will raise by about 1-

2degreesCelsiusoverthecourseofthenextcentury.ltwillbecomeharderforhumanstosurvive
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onearth.Incrementofsurfacetemperaturewillmakeimbalanceonbiodiversityandnature.Byanalyzi
ng data, we also discovered that decreasing rate of rainfall in the above two rainfallstations
out of three, which will have a significant effect on ground water resources
andagriculturalplanninginthisarea.InBangladesh,agricultureisheavilydependentonprecipitation
.Lackofrainfallduringtheirrigationtimecouldeffectongroundwaterextraction.In the end, global
warming is a problem. Bangladesh is a key region that is suffering fromclimate change.
According to the World Meteorological Organization (WMO), country on
thebaselineoftheoceanwillgounderwatersoonifwedonotpreventorcontrolglobalwarming.
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