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An attempt is made to investigate the trend and variability for annual and seasonal (Three crop seasons) average maximum
temperature (AMXT) for six divisional stations of Bangladesh: Dhaka, Rajshahi, Khulna, Barisal, Sylhet and Chittagong. The
monthly AMXT (2009-2012) are forecasted applying univariate Box-Jenkin’s ARIMA (autoregressive integrated moving
average) modeling techniques. The growth rates of annual AMXT are found positive in all the stations except Rajshahi (negative)
while the rates of their coefficient of variations (CVs) are negative in all the stations except Khulna (negative). The rates of
AMXT are positive during Kharif season but negative in Prekharif and Rabi seasons for Rajshahi and Khulna, positive during
Kharif and Rabi season but negative in Prekharif season for Dhaka and Barisal and positive in all the three seasons for Sylhet and
Chittagong. The findings support that the climate of this country is channging in terms of maximum temperature and this may

have adverse effects on its agriculture.
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Introduction

Global warming is a challenging subject in climate
research and it has observed that the global mean
surface air temperature has risen by 0.6°C during the
20™ century and much of the increase has occurred in
the last three decades. The plant growth and yield are
highly dependent on temperature. Increased
temperature can elevate the transpiration rate and
reduce the moisture level for plant growth through
decreasing rainfall. Crop yield may be reduced due to
shortening of the growing period because of increased
temperature. Excess temperature causes heat injury,
retards growth, irreparable damage to cells and
cytoplasm. Besides, there are other effects of excess
temperature: Killing of tissues, sunburn and sun scale
in leaves and fruits too. Stem growth, quality,
earliness or intensity of flowering and fruit
development depend on temperature rhythms.
Changes in temperature regime may retards plant
growth and flowering (Lenka, 1998). In some cases
flowers do not open fully or even fail to open. It also
impairs formation and growth of fruit and maturity.
Temperature change has direct impact on pests and
diseases of plants. Many bacterial and fungal diseases
reach at the severe level with the increase in
temperature  coupled with  precipitation. The
prediction of atmospheric parameters is essential for
various applications like climate monitoring, drought
detection, severe weather prediction, agriculture and
production, planning in energy and industry,
communication, pollution dispersal etc. But the
weather prediction is a complex process and a
challenging task for researchers. The accurate
prediction of weather parameters is a difficult task
due to the dynamic nature of atmosphere. So, for
proper planning of expected crop yields, the study of
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the temporal maximum temperature and the
forecasting of maximum temperature are much
needed. In this paper, the within-year and between-year
variability analyses are conducted for annual and
seasonal AMXT and univariate Box-Jenkin’s ARIMA
(autoregressive integrated moving average) models
are developed for monthly AMXT. In the within-year
variability analyses, the maximum, mean and minimum
AMXT and the coefficient of variation (CV) are used in
detecting the pattern of AMXT variability in annual and
seasonal aspects for a year. In the between-year
variability analyses, the trend lines are estimated to
investigate the year-to-year variation of different
year/season for different stations.

Methodology

Sources of Data

Data are taken from Bangladesh Meteorological
Department, Dhaka. The monthly AMXT in degree
centigrade are taken for Dhaka, Rajshahi, Khulna,
Barisal, Sylhet and Chittagong during 1953-2008,
1964-2008, 1948-2008, 1949-2008, 1956-2008 and
1949-2008, respectively. The missing data are filled
in by the median of the corresponding years. The
seasonal data for the three crop seasons: Kharif,
Prekharif and Rabi are made by averaging the
monthly data taken from June to October, March to
May and November to February, in that order.

Methodologies

In this section, the multiple bar diagram for decadal
average of Annual and Seasonal average maximum
temperature (AMXT) has been constructed. The
within and between-year variability for annual and
seasonal AMXT are calculated. The linear trend for
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annual and seasonal AMXT are fitted with the least
square method taking the following form of equation-

Y=a+bX
Where, Y = AMXT
X =time
a and b = parameters

Stationarity of residuals for AMXT trend is tested using
the ACF (autocorrelation function) and the PACF
(partial autocorrelation function) display and the
normality is checked by normal probability plot. The
classical‘t’ value is used for the identification of
significant AMXT trend when residuals follow the
normality and stationarity pattern.

Univariate Box-Jenkin’s ARIMA model is fitted to
forecast the monthly AMXT data for January 2009-
December 2012. After confirming that the series is
stationary, an effort is made for an ARIMA model to
express each observation as a linear function of the
previous value of the series (autoregressive
parameter) and of the past error effect (moving
average parameter). The available data are divided
into training, validation and test sets. The training set
is used to build the model, the validation set is used
for parameter optimization and the test set is used to
evaluate the model. The adequacy of the above model
is checked by comparing the observed data with the
forecasted results. The data for the last ten years are
used to compare with the fitted model forecasts for
the years and the models are selected for the
minimum root mean square forecasting error of the
data set of those ten years. The diagnostic techniques
namely histogram of residuals, normal probability
plot of residuals, ACF and PACF display of residuals,
TS (time series) plots for residual versus fitted values
and TS plots for residual versus order of the data are
used for checking residuals of ARIMA models. Box-

Cox transformation is used for variance stabilization
and the transformation of the data to get stationary
series from nonstationary series (Pankraiz, 1991). The
software package ‘Minitab 13’ is used to fit the
ARIMA univariate models. A detailed description of
the nonseasonal and seasonal ARIMA models and the
standardized notation used is set in the Appendix 1.

Box and Jenkins Modelling Strategy and ARIMA
Model

(Box and Jenkins, 1976) formalized the ARIMA
modeling framework in the three steps: (I)
Identification, (II) Estimation and (IIl) Verification.
In the identification stage, it is tried to identify that
how many terms to be included is based on the
autocorrelation ~ function (ACF) and partial
autocorrelation function (PACF) of the differenced
and/or transformed time series (Box and Jenkins,
1976). In the estimation stage, the coefficients of the
model are estimated by the maximum likelihood
method. The verification of the model is done through
diagnostic checks of the residuals (histogram or
normal probability plot of residuals, standardized
residuals and ACF and PACF of the residuals). The
performance of the ARIMA models is often tested
through comparison of prediction with observation
not used in the fitted model. An appropriate ARIMA
model provides minimum mean squared error
forecasts among all linear univariate models with
fixed coefficients. It may produce point forecasts for
each time period and interval forecasts constructing a
confidence interval around each point forecast. To
have the 95% interval for each forecast the formulae f
* 2s is used where f denotes a forecast and s is its
standard error. The forecasts for a stationary model
converge to the mean of the series and the speed of
converging movement depends on the nature of the
model. For nonstationary model the forecasts do not
converge to the mean.
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Results and Discussions

Decadal Variability

The decadal averages for annual and seasonal AMXT
of six stations are presented in the Table 1. The data
on AMXT of Dhaka is available for 1953-2008. The
annual average AMXT increased from 33.33 during
1953-60 to 33.40 in 1961-70 and reduced from 33.40
during 1961-70 to 33.35 in 1971-80 and again
augmented from 33.35 during 1971-80 to 34.01 in
1981-90 and afterward went down from 34.01 during
1981-90 to 33.86 in 1991-00 and lastly elevated from
33.86 during 1991-00 to 33.70 in 2001-08. The
Kharif AMXT enhanced from 33.50 during 1953-60
to 34.96 in 1991-00 and dropped from 34.96 during
1991-00 to 34.85 in 2001-08. The Prekharif AMXT
went down from 37.51 during 1953-60 to 36.48 in
1971-80 and expanded from 36.48 in 1971-80 to
36.95 in 1981-90 and fell from 36.95 in 1981-90 to
36.20 in 2001-08. The Rabi AMXT elevated from
29.99 during 1953-60 to 30.78 in 1981-90 and
declined from 30.78 during 1981-90 to 30.39 in 2001-
08.

The information on AMXT of Rajshahi is available
for 1964-2008. The annual average AMXT dropped
from 35.05 during 1964-70 to 34.60 in 1981-90 and
inflated from 34.60 during 1981-90 to 34.73 in 1991-
00 and again fell from 34.73 during 1991-00 to 34.68
in 2001-08. The Kharif AMXT went down from
35.68 during 1964-70 to 35.34 in 1981-90 and
boosted from 35.34 during 1981-90 to 35.79 in 2001-
08. The Prekharif AMXT abridged from 40.35 during
1964-70 to 39.39 in 2001-08. The Rabi AMXT
amplified from 30.28 during 1964-70 to 30.42 in
1971-80 and diminished from 30.42 during 1971-80
to 29.96 in 1991-00 and again augmented from 29.96
during 1991-00 to 30.11 in 2001-08.

The statistics on AMXT of Khulna is available for
1948-2008. The decadal annual average AMXT
developed from 33.71 during 1948-50 to 34.60 in
1961-70 and abridged from 34.60 during 1961-70 to
34.13 in 1981-90 and again enlarged from 34.13
during 1981-90 to 34.46 in 2001-08. Similar pattern is
observed for the decadal Rabi average AMXT.
During Kharif season, the AMXT inflated from 34.01
during 1948-50 to 35.12 in 1961-70 and diminished
from 35.12 during 1961-70 to 34.65 in 1971-80 and
again engorged from 34.65 during 1971-80 to 35.49
in 2001-08. During Prekharif season, the AMXT
expanded from 36.11 during 1948-50 to 38.03 in
1961-70 and dwindled from 38.03 during 1961-70 to
37.06 in 1991-00 and augmented from 37.06 during
1991-00 to 37.26 in 2001-08. During Rabi season, the
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AMXT declined from 31.54 during 1948-50 to 31.30
in 1951-60 and enhanced from 31.30 during 1951-60
to 31.38 in 1961-70 and again lessen from 31.38
during 1961-70 to 30.77 in 1981-90 and lastly
developed from 30.77 during 1981-90 to 31.08 in
2001-08.

The record on AMXT of Barisal is available for 1949-
2008. The decadal annual average AMXT augmented
from 33.38 during 1949-50 to 33.45 in 1951-60 and
decreased from 33.45 during 1951-60 to 33.18 in
1971-80 and again boosted from 33.18 during 1971-
80 to 33.70 in 2001-08. The Kharif AMXT enhanced
from 33.62 during 1949-50 to 33.94 in 1971-80 and
diminished from 33.94 during 1971-80 to 34.56 in
1991-00 and again increased from 34.56 during 1991-
00 to 34.55 in 2001-08. The Prekharif AMXT
developed from 35.93 during 1949-50 to 36.60 in
1951-60 and declined from 36.60 during 1951-60 to
35.70 in 1981-90 and again expanded from 35.70
during 1981-90 to 35.98 in 2001-08. The Rabi AMXT
abridged from 31.15 during 1949-50 to 30.12 in
1961-70 and went up from 30.12 during 1961-70 to
30.94 in 2001-08.

The fact on AMXT of Sylhet is available for 1956-
2008. The decadal annual average AMXT of Sylhet
reduced from 32.97 during 1956-60 to 32.77 in 1971-
80 and amplified from 32.77 during 1971-80 to 34.08
in 2001-08. The Kharif AMXT dropped from 34.38
during 1956-60 to 34.22 in 1971-80 and increased
from 34.22 during 1971-80 to 35.75 in 2001-08. The
Prekharif AMXT went down from 35.81 during 1956-
60 to 34.57 in 1971-80 and boosted from 34.91
during 1991-00 to 35.60 in 2001-08. The Rabi AMXT
augmented from 29.09 during 1956-60 to 30.84 in
2001-08.

The detail on AMXT of Chittagong is available for
1949-2008. The decadal annual average AMXT
increased from 32.52 during 1949-50 to 32.71 in
1951-60 and decreased from 32.71 during 1951-60 to
32.54 in 1961-70 and augmented from 32.54 during
1961-70 to 34.34 in 2001-08. The Kharif AMXT
expanded from 33.21 during 1949-50 to 33.56 in
1961-70 and dropped from 33.56 during 1961-70 to
33.47 in 1971-80 and again went up from 33.47
during 1971-80 to 34.78 in 2001-08. Prekharif
AMXT enhanced from 34.40 during 1949-50 to 34.55
in 1951-60 and declined from 34.55 during 1951-60
to 33.86 in 1981-90 and again expanded from 33.86
during 1981-90 to 36.43 in 2001-08. Rabi AMXT
inflated from 30.25 during 1949-50 to 30.35 in 1951-
60 and went down from 30.35 during 1951-60 to
29.94 in 1961-70 and again boosted from 29.94
during 1961-70 to 32.22 in 2001-08.



Table 1. Decadal Averages of Annual and Seasonal AMXT for Six Stations
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. Dhaka . Rajshahi . Khulna
Period Period Period
A K Pk R A K Pk R A K Pk R
- - - - - 1948-50 | 33.71 | 34.01 | 36.11 | 31.54
1953-60 | 33.33 | 33.50 | 37.51 | 29.99 - - 1951-60 | 34.29 | 34.72 | 37.58 | 31.30
1961-70 | 33.40 | 33.58 | 37.40 | 30.17 | 1964-70 | 35.05 | 35.68 | 40.35 | 30.28 | 1961-70 | 34.60 | 35.12 | 38.03 | 31.38
1971-80 | 33.35 | 33.84 | 36.48 | 30.38 | 1971-80 | 34.85 | 35.43 | 39.79 | 30.42 | 1971-80 | 34.22 | 34.65 | 37.55 | 31.18
1981-90 | 34.01 | 34.82 | 36.95 | 30.78 | 1981-90 | 34.60 | 35.34 | 39.39 | 30.09 | 1981-90 | 34.13 | 35.07 | 37.07 | 30.77
1991-00 | 33.86 | 34.96 | 36.63 | 30.40 | 1991-00 | 34.73 | 35.61 | 39.62 | 29.96 | 1991-00 | 34.37 | 35.41 | 37.06 | 31.07
2001-08 | 33.70 | 34.85 | 36.20 | 30.39 | 2001-08 | 34.68 | 35.79 | 38.95 | 30.11 | 2001-08 | 34.46 | 35.49 | 37.26 | 31.08
*A = Annual, K = Kharif, PK = Prekharif R = Rabi
Table 1. Continued
Period Barisal Period Sylhet Period Chittagong
A K Pk R A K Pk R A K Pk R
1949-50 [ 33.38 33.62 | 35.93| 31.15 - - - - - 1949-50 | 32.52 | 33.21 | 34.40 | 30.25
1951-60 |33.45|34.02|36.60 | 30.36 | 1956-60 |32.97 | 34.38|35.81|29.09 | 1951-60 |32.71 | 33.49 | 34.55|30.35
1961-70 [ 33.19|34.00|35.94 | 30.12 | 1961-70 | 32.86 | 34.28|34.90|29.57 | 1961-70 |32.54 | 33.56 | 34.33|29.94
1971-80 [33.18 33.94 | 35.58 | 30.44 | 1971-80 32.77 | 34.22 | 34.57 | 29.60 | 1971-80 |32.59 | 33.47 | 34.03 | 30.40
1981-90 |33.46|34.33|35.70| 30.70 | 1981-90 | 33.30|34.93|34.82|30.11| 1981-90 | 32.81 |34.05|33.86 |30.48
1991-00 |33.60|34.56|35.86|30.71 | 1991-00 | 33.60|35.44|34.91|30.31| 1991-00 |33.29 |34.61|34.57|30.69
2001-08 | 33.70 | 34.55|35.98 | 30.94 | 2001-08 | 34.08 | 35.75 | 35.60 | 30.84 | 2001-08 | 34.34 | 34.78 | 36.43 | 32.22
| @ Annual BKharif ~ OPrekharif ~ ORabi | | @ Annual B Kharif O Prekharif O Rabi |
40.00 50.00
30.00 40.00
30.00
2000 20.00 -
10.00 10.00
0.00 0.00 - T T T T
1953- 1961- 1971- 1981- 1991- 2001- 1964- 1971- 1981- 1991- 2001-
a 1960 1970 1980 1990 2000 2008 b 1970 1980 1990 2000 2008
DAnnual ~ BKharif ~ OPrekharif ~ ORabi | BAnmnual ~ ®EKharf  OPrekharif O Rabi
40.00 40.00
30.00 30.00
20.00 20.00
10.00 10.00
0.00 0.00
1948- 1951- 1961- 1971- 1981- 1991- 2001- 1949- 1951- 1961- 1971- 1981- 1991- 2001-
c 1950 1960 1970 1980 1990 2000 2008 d 1950 1960 1970 1980 1990 2000 2008
@ Annual B Kharif O Prekharif ORabi | @ Annual | Kharif O Prekharif O Rabi
40.00 40.00
30.00 30.00
20.00 20.00
10.00 10.00
0.00 0.00
1956- 1961- 1971- 1981- 1991- 2001- 1948- 1951- 1961- 1971- 1981- 1991- 2001-
1960 1970 1980 1990 2000 2008 f 1950 1960 1970 1980 1990 2000 2008
e

(f) Chittagong
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Fig.1. MBD for decadal average AMXT in (a) Dhaka (b) Rajshahi (c) Khulna (d) Barisal (e) Sylhet
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Within-Year variability

Table 2 presents the within-year variability for annual
and seasonal AMXT for six divisions. The maximum,
average and minimum AMXT are highest in Prekharif
season nd lowest in Rabi season for all the stations.
The CVs are highest in Prekharif season except
Sylhet and lowest in Kharif season except Khulna.
The highest average AMXT is found to be 34.8 in
Rajshahi and the lowest is 33.0 in Chittagong.

Between-Year Variability:

Annual and Seasonal AMXT

Table 3 presents the rates obtained from LT for
annual and seasonal AMXT of the six divisions and
the residual’s stationarity and normality. The rate of
growth of annual AMXT is found negative for
Rajshahi (- 0.00863) while for others it is
experienced to be positive where the significant
positive growth rate is demonstrated in Dhaka
(0.0134*), Barisal (0.00788*) and Sylhet (0.0272%).
Chittagong (0.0280) ranks the highest rate with the
nonstationary residual and Khulna (0.00405) ranks the
lowest rate with the normal and stationary residual.

Table 2. Within-Year Variability for Annual and Seasonal AMXT

Dhaka Khulna

Rajshahi

Barisal Sylhet Chittagong

Issues

A K PKIR A K PKIR A K

PK

R

A K PKIR A K PKIR A K |PKR

Max [34.9(35.6/40.3(32.5(35.9|36.2/41.633.0/36.1

37.3/43.031.5

34.4(35.3|38.2(32.0/34.8|36.6|38.3|32.1|34.7|35.9|38.2(33.0

Ave [33.6[34.336.930.4(34.3]35.0[37.4(31.2|34.8/35.6

39.6/30.2

33.4{34.2(35.9|30.6|33.3|34.8/35.030.033.0(33.9/34.6/30.6

Min [31.7/32.9[32.4129.0(32.9]32.4(34.8/29.9|33.1(33.5

35.9

28.9

32.1{32.9(33.8|29.2(32.1(33.4/32.8|28.2(31.8(32.8|32.729.0

Cv [17(22(36|23]|17|21|3.0(20(1.7|2.2

3.4

2.3

14116|23(20(2.0(21(2.7|2.8|2.2]|2.2|3.0|2.9

*A =Annual K =Kharif PK =Prekharif R = Rabi

During Kharif season, the positive growth rate is
documented for all the stations where highly
significant positive growth rates are established for
Dhaka (0.0366*), Sylhet (0.0359*) and Chittagong
(0.0291*). Barisal demontrates the significant
positive rate (0.0144*) too but Rajshahi ranks the
lowest rate (0.00511).

During Prekharif season, the positive growth rates are
attributed for Sylhet and Chittagong while negative
for other four stations. The lower positive growth rate
is found for Sylhet (0.00405) with nonnormal residual
and the higher positive growth rate is accredited for
Chittagong (0.0241) with nonstationary residual. The
fairly high negative rates are recognized for Dhaka (-
0.0201), Rajshahi (- 0.0286) and Barisal (— 0.00734)
but Khulna (- 0.00439) ranks the lowest negative
rate.

During Rabi season, the negative growth rates are
allowed for Rajshahi (— 0.0108) and Khulna (-
0.00763) but positive for other four regions. The
significant positive growth rate is amplified for
Barisal (0.0111%*), Sylhet (0.0339%*). The fairly high
positive rates are observed for Dhaka (0.00969) and
Chittagong (0.0295) where the residuals follow
nonstationarity for Chittagong (+ 0.0295).

For Rajshahi and Khulna, the growth rates of AMXT
are experienced positive during Kharif season but
negative in Prekharif and Rabi season. For Dhaka and
Barisal, the rates are acknowledged positive during
Kharif and Rabi season but negative for Prekharif
season. The rates are approved positive in all the three
seasons for Sylhet and Chittagong.

Table 3. Rates Obtained from LT for Annual and Seasonal AMXT and Residual’s Stationarity and Normality

Station Annual (oClyr) Kharif (0C/yr) Prekharif (0Clyr) Rabi (oClyr)
Dhaka +0.0134* (t=2.95,N, S) +0.0366* (t=9.51,Ap.N, S) —0.0201 (t=-1.85,N, S) +0.00969 (t=1.64,N, S)
Rajshahi _ _ _ _
—0.00863 (t=-1.28,N, S) +0.00511(t=0.57,N, S) —0.0286 (t=-1.88,N, S) —0.0108 (t=-1.37,Ap.N, S)
Khulna 1, 5 00405 (t=0.97,N, S) +0.0185 (t=3.72,NN, S) —0.00439 (t=-0.54,NN, S) —0.0076 (t=-1.70,Ap.N, S)
- —
Barisal | +0.00788% (240N, S) |, §0144%(=3.78,Ap.N, ) 000734 (t=-1.21,ApN, S) | +0.0111* (t=2.55,N, S)
Sylhet +0.0272* (t=6.05,N, S) +0.0359%(t=8.09,N, Ap.S) +0.00405 (t=0.47,NN, S) +0.0339* (t=5.80,N, S)
Chittagong | +0.0280 (t=7.14, N, NS) +0.0291* (t=7.09,N, S) +0.0241 (t=3.40,N, NS) +0.0295 (t=5.38,N, NS)

*Significant at the 5% level,
S = stationary, NS = not stationary, NN = not normal, Ap. N = approximately normal, Ap. S = approximately stationary.
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CV of Annual and Seasonal AMXT

Table 4 presents the rates obtained from LT for CV of
annual and seasonal AMXT for the six divisions. The
significant negative growth rates are permitted for the
CV of annual AMXT of Dhaka (— 0.0282*), Barisal
(— 0.0153*) and Sylhet (— 0.0196*). The fairly high
negative rates are accepted for Rajshahi (— 0.0218)
and Chittagong (- 0.00875) but Khulna (+ 0.0118)
ranks the fairly high positive rate.

During Kharif season, the significant negative rate is
ascribed for Rajshahi (- 0.0726*). The relatively
higher negative rates are found for Dhaka (- 0.0135),
Khulna (- 0.0126) and Chittagong (- 0.0113) where
the residuals are approximately normal for Dhaka but
nonnormal for Khulna and Chittagong. The
comperetively lower positive rates are observed for
Barisal (+ 0.00365) and Sylhet (+ 0.00615) with
nonnormal residual.

During Prekharif season, the significant negative rate
is certified for Dhaka (- 0.0314*). The very low
negative rate is found for Khulna (- 0.000135) with

nonnormal residual. The relatively higher negative
rates are found for Rajshahi (— 0.0243) and Barisal (—
0.0121). The less positive rates are observed for
Sylhet (+ 0.00476) and Chittagong (+ 0.000485).
During Rabi season, the less negative rates are
endorsed for Dhaka (- 0.000815) and Chittagong (-
0.00197). The fairly high positive rate is sanctioned
for Khulna (+ 0.0191) but low for Rajshahi (+
0.0177), Barisal (+ 0.00860) and Sylhet (+ 0.00485).

The rates of LT for CV of annual AMXT are
authorized to be negative in all the stations except
Khulna (positive). The CV of AMXT is allowed to be
negative for all the three seasons for Dhaka but
positive for all the three seasons for Sylhet. For
Rajshahi and Khulna, it is attributed to be negative
during Kharif and Prekharif seasons but positive
during Rabi season. Barisal station demonstrates
positive rate during Kharif and Rabi seasons but
negative during Prekharif season while Chittagong
station demonstrates negative rate during Kharif and
Rabi seasons but positive during Prekharif season
oppositely.

Table 4. Rates Obtained from LT for CV of Annual and Seasonal AMXT and Residual’s Stationarity and Normality

. Annual Kharif Prekharif Rabi

Station

Dhaka |-0.0282 (t=-2.60N,S) |, gio,lA:i)Slflt:S-) g)0'0314 (t=-2.02Ap-N.1 4 000815 (1=-0.05,N, S)
Rajshahi | 0.0218 (=113, 9) A%CI)\IYZSE)S (t=-2.41, g)0.0243 (=-0.89,ApN, ;S.g)m (t=0.77, N,
Khulna [+0.0118 (t=1.32.N, S) Igéothﬁ g): - g)0'000135(t:'0'01"\”\'* +0.0191 (t=1.35,N, S)
sarisal | 00153 (F-2.06.ApN, |+ 000865 (FOAONN, | 015 o e o 1+ 0.00860 (E0.57 AP,

Ap.S) S) S)
Sylhet | 0.0196* (t=-2.41N, S) ;)0.00615 (t=0.64,NN, +0.00476 (t=0.34,N, S) ;)0.00485 (t=0.31,Ap.N,
Chittagong|- 0.00875 (t=-1.04,N, S) E,)O'Olls (t=-LI8NN, |, 5 000485 (t=0.04,N, S) |- 0.00197 (t=-0.16,N, S)

Model Fitting and Forecasting

As a next step, attempt is made to fit univariate Box-
Jenkin’s ARIMA models to forecast the monthly
AMXT data for January 2009 to December 2012 in
Table 5. The ACF displays for residual
autocorrelations for the estimated models are fairly
small relative to their standard errors for all the
variables. The histograms of the residuals are
symmetrical suggesting that the shocks may be
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normally or approximately normally distributed. The
normal probability plots of the residuals do not
deviate badly from straight lines (fairly close to the
straight line), again suggesting that the shocks are
normal. The point and interval forecasted AMXT are
presented in the Table 6. Some residual plots and TS
plots for Point and interval forecasts are shown in the
Fig. 2.
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(a) NP plot for residuals of Dhaka (b) ACF of residuals for Dhaka (c) Forecasted AMXT
(Red line - Indication of point estimate and blue line - Indication of 95% confidence
interval) for Dhaka (d) Forecasted AMXT for 2009-2012 for Dhaka
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Table 5. ARIMA Models for Monthly AMXT for Six Stations

Variable Model Equation of Model MRMSFE SS DF | MS
- = +(1- N i)
Dhaka (110/?‘1?2'8??1)12 (1-0.5078 B) V1, V; 0.0061)5:? (1-0.2193B) (1-0.9148B 1993 99010 | 856 | 1.500
Khulna ARIMA (1-0.1781B) VV4, y; = -0.000095 + (1 - 0.9402B) (1-0.956B12 1158 104858 | 715 | 147
(1,1,1(0,1,1) 1 )t
ARIMA  |(1-05422B) (1 +0.0237 B*) V;, y; = -0.00396 + (1 - 0.3349B)
Rajshahi | LOD(L1D) 12 (1-0.9626B"), 1.386 | 1107.00 | 523 | 2.12
se of coeff. (0.1431) (0.0443) (0.002726) (0.1613) (0.0191)
SQRTT (1-0.7887 B) V4, y; = 0.000135 + (1 - 0.6551B) (1 - 0.958B% 0.078 6.04 | 704 | 0.008
Barisa ARIMA Ve
| (101011 ca nf rnaff (N NQEY (N NOONT72) (N 104AAN (O N124)
Sylhet ARIMA VVi, ¥y = 0.000103 + (1 - 0.9565 B) (1 - 0. 9624 Blz) & 1.153 828.55 | 620 | 1.33
se of coeff. (0.000194) (0.0117) (0.0143) 6
(0 11Y0 1 1)
Chitta- ARIMA (1-0.9973B) (1-0.017B") V4, y, = 0.000222 + (1 - 1.555 867.13 | 703 | 1.23
gong |(1,0,1)(1,1,1) 0.9609B) (1 - 0.9652B )¢, 3
12 se of coeff. (0.0056) (0.039) (0.000604) (0.0002) (0.0153)
*SQRT T= Square root transformed, MRMSFE= Minimum root mean square forecasting error,
MS = Mean square error, se of coeff. = Standard error of coefficient
Table 6. Point and Interval Forecasts of Monthly AMXT
periog | Dhakafor 2009 | Khulna for 2009 |Rajshahi for 2009 Barisal for 2009 | Sylhet for 2009 Ch'“ggggg for
PE [IE(L)[IE(V)] PE NIE(LIE(V)| PE [IE(LIE(V)] PE [IE(L)IE)| PE NIE(L)]IE(V)| PE NIE(L)]IE(U)
January | 285 | 26.1 | 30.9 |29.2|26.8|31.5|27.9|25.0|30.729.2|27.3]|31.229.3|27.1|31.6]30.6|284 328
February | 32.1 | 29.6 | 34.6 | 32.7|30.235.1(32.3]|29.3|35.2(32.3]{30.3{344(31.9]|29.6|34.1|32.8|30.6|35.0
March 36.3 | 33.8 | 38.8 |36.5|34.1{39.0|37.8|349|40.7|359|33.7[38.1|354|33.2|37.7|355|333|377
April 36.9 | 34.3 | 394 |37.4]|34.9[39.8|40.2|37.3|43.1|36.3|34.1|38.6|36.1]|33.8]|383]36.3|34.1|385
May 36.8 | 34.2 | 39.3 |37.3|34.8(39.8(40.1|37.1|43.0(36.1|33.9[38.3|36.4|34.1|38.7|36.5|34.3|38.7
June 356 | 33.1|38236.3[33.8(38.8]38.2|353]41.1(355|33.3|37.7]36.1|33.8|384]359[33.7[38.1
July 345|320 |37.1(34.6]|322[37.1|349|32.0[37.9(33.9|31.7[36.1|36.3|34.0]385]|351|32.937.3
August 35.0 | 325 | 376 |34.5]|32.0[37.0(353]324(38.3|343[32.1[36.5(36.2|34.0|385|352|33.0[374
September| 35.0 | 32.5 | 37.5 | 35.0 | 32.5|37.5|34.8|31.9|37.8|34.6|325|36.8|36.0|33.7|38.3]|356|33.4|37.8
October 347 1322 | 37.3|345[32.0(37.0(34.2|31.3|37.2(343|322|36.6(352|329|375]356[334|37.8
November| 32.4 | 29.9 | 35.0 |32.4]29.9|34.9|31.8]|28.9|34.7324|30.3|345|33.0[30.7|353[34.1|31.9]36.3
December | 29.2 | 26.7 | 31.8 | 29.2]26.7 |31.7 | 28.2|25.3|31.2295|275|315|30.0[27.7|323|31.2|29.0| 334
PE = point estimate IE(L) = interval estimate (lower bound) IE(U) = interval estimate (upper bound)
Table 6. continued
berioq | Dhakafor 2010 | Khulna for 2010 |Rajshahi for 2010) Barisal for 2010 | Sylhet for 2010 Chittagong for
PE [IEW)[IE(W)| PE IEWNEW) PE NEWLIEW) PE NIEWWIEW) PE NIEWLIE(U) PE NIE(L)IE(U)
January 28.6 | 26.1 | 31.2 [29.0[26.5|31.6 | 27.7]|24.8|30.729.2(272|31.2|29.4|27.1|31.7|30.7|285]|329
February | 32.2 | 29.6 | 34.7 | 32.6 |30.1|35.2(32.1]|29.2|35.032.3[30.2|345(31.9]|29.6|34.2|32.9|30.7|35.1
March 36.3 | 33.8 | 389 [36.5]34.0/39.0(37.8|34.8]40.7359(33.7|38.1|355|33.2|37.8[356|334]|378
April 36.9 | 34.3 1394 |37.3]34.8|39.9[40.2|37.2143.136.3|{34.1|38.6|36.1|33.8|384[36.4|34.1]|38.6
May 36.8 | 34.2 | 39.3 | 37.3|34.7[39.8|40.0|37.1]429(36.0|33.8]38.3|36.5|34.2|38.8]|36.6|34.4|38.38
June 35.6 | 33.1 | 38.2 |36.2|33.7|38.8(38.1]|352|41.1|355|33.3|[37.7|36.2|33.9]|385]|35933.7|38.2
July 345|320 | 37.1 |34.6|32.0|37.2(34.9|32.0|37.8(33.9|31.7|36.1|36.3|34.0|38.6|352|33.0|374
August 35.0 (325|376 (344[319|37.0(353)324|38.2]343[32.1|36.5|36.3|/34.0/38.6[353|33.1]|375
September| 35.0 | 325 | 376 [ 349(324 375|348 |31.9|37.834.6[325)|36.9]36.1|33.8|384]|35.6|33.4|379
October | 34.7 | 32.2 | 37.3345(31.9|37.1|34.2|31.3|37.1|34.3|32.2|36.6|353[32.9|376]356|33.4|379
November| 32.4 | 29.9 | 35.0 | 32.4|29.8|35.0(31.8]|28.9|34.7(324(30.3[345(33.1]/30.8|354(34.2(31.9|36.4
December | 29.2 | 26.7 | 31.8 | 29.2|26.6|31.8 | 28.2|25.3|31.2295|275|315|30.1(27.8|32431.3|29.0|335
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Table 6. continued

Period Dhaka for 2011 Khulna for 2011 | Rajshahi for 2011 Barisal for 2011 Sylhet for 2011  |Chittagong for 2011
PE [IE(L) |IEQV)| PE [IE(L)[IEV)] PE JIE(L)[IE(V)| PE |IE(WL)[IE(V)] PE [IE(L)[IE)] PE [IE(L)|IE()
January 286 | 26.1 | 31.2 || 29.0 | 264 | 31.6 | 27.7 | 248 | 30.7 | 29.2 | 27.2 | 31.3 | 29.5 | 27.1 | 31.8 | 30.7 | 285 | 32.9
February | 32.2 | 29.6 | 348 | 32.6 | 30.0 | 35.2 | 32.1 | 29.2 | 35.0 || 32.3 | 30.2 | 34.5 | 32.0 | 29.7 | 34.3 | 33.0 | 30.7 | 35.2
March 36.4 | 338 | 389 | 365|338 |39.1| 377|348 |40.7 | 359 (337 |381]356|332|379]357]|334]379
April 36.9 | 344 | 395 | 373|347 399|402 | 372|431 | 363|341 | 386 | 362|338 385 36.4|34.2 386
May 36.8 | 342 | 394 | 372|346 | 399 | 40.0 | 37.0 | 42.9 | 36.1 [ 339 | 38.3 | 36,5 |34.2 | 389 | 36.7 | 344 | 38.9
June 357 | 331 [ 382 | 362336389 381|352 411|355 (333 |378]36.2|339]|386]|36.0]|338]382
July 345 | 32.0 | 371 || 346|319 372|349 [320|378 | 339|317 361|364 |340 387 352330375
August 35.0 | 325 | 376 | 344318371 353|324|382|343[321|365]| 364|340 387 353]|331]376
September | 35.0 | 325 | 37.6 | 34.9 | 322 | 376 348|319 | 378 | 346|325 |369] 361|338 | 385|357 | 335|380
October 348 | 322 | 373 | 345|318 | 371342 |313|371]344]322|36.6 |353|330]37.7]357|335]380
November | 32.4 | 29.9 | 35.0 || 324 | 29.7 | 35.0 | 31.8 | 28.8 | 34.7 | 32.4 | 30.3 | 345 | 33.1 | 30.8 | 355 | 34.2 | 32.0 | 36,5
December | 29.2 | 26.7 | 31.8 | 29.2 | 26.5 | 31.8 | 28.2 | 25.3 | 31.2 | 295 | 275 | 315 | 30.1 | 27.8 | 32.5 | 31.3 | 29.1 | 33.6

Table 6. continued

Period Dhaka for 2012 Khulna for 2012 | Rajshahi for 2012 Barisal for 2012 Sylhet for 2012 |Chittagong for 2012
PE |IE(L) | IE(V)| PE [IE(L)|IE(W)] PE JIE(L)[IE(V)| PE |IEWL)[IE(V)] PE [IE(L)[IE)] PE [IE(L)|IE)
January 28.6 | 26.1 | 31.2 | 29.0 | 26.3 | 31.7 || 27.7 | 24.8 | 30.7 || 29.2 | 27.2 | 31.3 | 29.5 | 27.2 | 31.9 | 30.8 | 28.6 | 33.0
February | 32.2 | 29.6 | 348 | 326 | 29.8 | 353 | 32.1 | 29.2 | 35.0 | 32.3 | 30.2 | 345 | 32.1 | 29.7 | 344 | 33.0 | 30.8 | 35.3
March 36.4 | 338 | 389 | 364|337 |39.1| 377|348 |40.7 | 359|337 |381]| 356|332 380] 357]|335]380
April 36.9 | 344 | 395 | 37.3 345|400 || 40.2 | 37.2 | 43.1 | 36.3 [ 341 | 386 | 36.2 | 339 | 38.6 | 36.5 | 34.2 | 38.7
May 36.8 | 342 | 394 | 372|344 ]399 40.0 | 37.0 | 429 ] 36.1 | 339 | 38.3 | 36.6 | 342 | 39.0 | 36.7 | 34.5 | 39.0
June 35.7 | 331 [ 382 | 362334389 381|352 |411|355[333|378]363[339]387]36.1]|338]383
July 346 | 32.0 | 371 || 345|318 | 373|349 [319 378|339 [317|361] 364|341 |388] 353331376
August 351 | 325 | 376 | 344|316 |37.1]353|323|382] 343|321 365|364 |341]|388]354]331]377
September | 35.0 | 325 | 37.6 || 349 | 321 | 376 | 348 [ 31.9 | 37.8 | 34.6 | 325 | 36.9 | 36.2 | 33.8 | 38.6 | 35.8 | 33.5 | 38.0
October 348 | 322 | 373 | 344|317 |37.2| 342|313 |371]344]322|36.6 354 |330]378] 358]|335]380
November | 325 | 29.9 | 35.0 || 323 |29.6 | 35.1 | 31.8 | 28.8 | 34.7 | 32.4 | 30.3 | 345 | 33.2 | 30.8 | 35.6 | 34.3 | 32.0 | 36.6
December | 29.3 | 26.7 | 31.8 | 29.1 | 26.3 | 31.9 | 28.2 | 25.3 | 31.1 | 295 | 27.5 | 315 | 30.2 | 27.8 | 32.6 | 31.4 | 29.1 | 33.7

Conclusions
The maximum, average and minimum AMXT are highest in
Prekharif season and lowest in Rabi season for all the six
studied stations. The CV is highest in Prekharif season
except Sylhet and lowest in Kharif season except Khulna.
The highest average AMXT is found to be 34.8 in Rajshahi
and the lowest to be 33.0 in Chittagong.

The growth rates of annual AMXT are found to be positive
in all the six stations analyzed except Rajshahi which is
negative. The growth rates of CV of annual AMXT are
established to be negative in all the six stations except
Khulna which is positive. The rates of AMXT are
documented to be positive during Kharif season but
negative in Prekharif and Rabi seasons for Rajshahi and
Khulna. The rates are attributed to be positive during Kharif
and Rabi seasons but negative in Prekharif season for
Dhaka and Barisal. The rates are found to be positive in all
the three seasons for Sylhet and Chittagong.

The well fitted ARIMA model for the monthly AMXT of
Dhaka, Khulna, Rajshahi, Barisal, Sylhet and Chittagong are
ARIMA(1,0,1)(0,1,1) 12, ARIMA(1,1,1)(0,1,1)1,
ARIMA(1,0,1)(1,1,1)1,, SORT T ARIMA(1,0,1)(0,1,1);,
ARIMA(0,1,1)(0,1,1)1, ARIMA(1,0,1)(1,1,1) 15,
respectively on the basis of minimum root mean square
forecasting error for the last ten years of the 120
observations.

The findings pinpoints that the climate of this country is
changing in terms of maximum temperature and this may
have adverse impacts on its crop production. Hence,
judicious planning is very much essential to suit with the
changes for sustainable development of its agriculture.
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Appendix 1: Standardized ARIMA Notation

ARIMA models have a general form of (p, d, q) where p is the order of standard autoregressive term AR, q is the order of the
standard moving average term MA and d is the order of differencing AR describes how a variable y; such as maximum
temperatures depends on some previous values Y, 1, Y ., etc. while MA describes how this variable y; depends on a weighted
moving average of the available data y;; to y,.,, For example, for a one step ahead forecast (say, for t being September) with an
AR-1, all weight is given to the maximum temperatures in the previous month (September), while with an AR-2 the weight is
given to the maximum temperatures of the two immediately previous months (September and August). By contrast, with a MA-1,
MA-2, a certain weight is given to the maximum temperature of the immediately previous month (September), a smaller weight is
given to the maximum temperature observed two months ago (August) and so forth, i.e., the weights decline exponentially.

The combined multiplicative seasonal ARIMA (p, d, q) X 12 (P, D, Q) model gives the following:
¢,(B)®,(B*)VSViz =C+6,(B)O,(B*)e,

The standard expression of ARIMA model where B denotes the backward shift operator where
_ 2 p

-4,(B)=1-¢4B—¢,B* —...— 4B

The standard autoregressive operator of order p

-® (B*)=1-®,B-®,B’—...-D B™

The seasonal autoregressive operator of order p

D
- V s is the seasonal differencing operator of order D

d
- v is the differencing operator of order d

Yt is the value of the variable of interest at time t

-C= /J¢p(B)q)p(Bs) is a constant term, where p is the true mean of the stationary time series being modeled. It was
estimated from sample data using the approximate likelihood estimator approach.

-6,(B)=1-6,B-6,B* —...—6,B"

The standard moving average operator of order q

-0,(B°)=1-0,B'-0,B’ —...-0,B®

The seasonal moving average operator of order Q

,,,,,

data using the approximate likelihood estimator approach.
=&t is the error term at time at time t
-S is the annual period, i.e. 12 months

Thus, the multiplicative seasonal modeling approach which has a general form of ARIMA (p, d, q) XS (P, D, Q) has been used in
this paper. In this form, p is order of the seasonal autoregressive term (ARS), Q is order of the seasonal moving average term, D is
the order of the seasonal differencing and s is the annual cycle (e.g, s = 12 using the monthly data). ARS describes how variable y
depends on .1, (ARS-1), Vi04 (ARS-2), etc., while MAS describes how y depends on a weighted moving average of the available
data yy.1» t0 yi.10n. FOr example, for a one step ahead forecast (say, for t being September and with an ARS-1, all weight is given to
the maximum temperatures in the previous September while with an ARS-2, the weight is given to the September maximum
temperatures 1 and 2 years ago. By contrast, with a MAS-1, MAS-2, the model gives a certain weight to September maximum
temperature 1 year ago, to the September maximum temperatures 2 years ago, and so on. These weights decline exponentially.
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