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Abstract

A cold wave is a weather phenomenon that is distinguished by marked cooling of the air, or with the invasion of
very cold air, over a large area. In the present study, mild cold to severe cold wave frequencies have been
studied for the winter season (December to February) over most of the stations of Bangladesh for the period
1990-2019 and also for the three decades. The highest numbers of cold wave days are found in Srimangal of all
types of events during winter season. The significant highest very severe cold wave days were found in Sayedpur
(4 days) among the 30 years after that Srimangal (3 days). The mostly very severe cold wave occurred at
Sayedpur in 2013, this year happen 9 days out of 14 of very severe cold days in last 30 years. At Middle decadal
period, cold days was less about all of the divisions except Chattogram and Sylhet divisions. January is the
highest cold month in Bangladesh. Cold day in Bangladesh is decreased of all divisions except Barishal and
Khulna divisions but the mild moderate cold days are gradually increasing there. Overall Northwestern part
and Srimangal region cold day has found from spatial distribution. The highest 5 coldest places are Srimangal,
Rajshahi, Chuadanga, Ishurdi and Dinajpur and the corresponding highest coldest years are 1993,1995, 2001,
2011 and 2013, respectively.
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. Introduction

Bangladesh is a tropical country, this region normally temperatures fall about 10 degrees Celsius (°C)
during January. Mild (8.1-10°C) & moderate (6.1-8°C) cold wave occurs in this month. Severe (4.1-6°C),
especially very severe (>=4°C) cold is rare happened in Bangladesh (JNACP, 2014). The cold wave is defined
in the occurrence of extremely low temperature of a large area and a number of cold days in succession
association with the incursion of dry, cold winds from the north into the sub-continent. The northern parts hilly
region of India and adjoining plains area, are influenced by transient disturbances in the mid-latitude westerly’s
which often have weak frontal characteristics. These are known as western disturbances (Barnett et al. 2012;
Bhatla et al. 2016). A cold surge, alternatively called a cold wave or northern winter monsoon surge, is a
primary subsystem of the East Asian winter monsoon (Ou et al. 2015; Tao et al. 2020). All the cold events
resulted in a huge amount of damage and great economic loss (Samra et al. 2003). Crop yields in the cold wave
year were lower of different percentage (Samra et al. 2003). Extreme temperature events (mainly heat and cold
waves) caused significant adverse impact on mortality from plenty of diseases worldwide (Chen et al. 2020). In
this century, extremes cold are observed at mid-latitudes (Tao et al. 2020). Basically, the northwestern part of
Bangladesh is getting so much of cold wave rather than southeast part. Rangpur, Dinajpur, Rajshahi,
Thakurgaon, Nilphamari, Kurigram, Lalmonirhat, Gaibandha areas are the coldest part in winter season in
Bangladesh. North and southwest parts of the Bangladesh experienced a few cold waves (UNDP Bangladesh,
2010).

Some studies have suggested that Arctic warming, along with decreased sea ice, has resulted in a
wavier jet stream and slower Ross by waves because of a reduced meridional gradient of the air temperature.
This favor blocking over higher latitudes, which leads to more frequent and intense cold spells in the multitudes
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over the Northern Hemisphere (Ma & Zhu, 2019). The evidences of impacts of climate change across the world
and also the geographical location of Bangladesh have experienced different types of adverse phenomena that
there has been an increase in climate extremity such as heat wave, sudden moderate cold wave (Pradhan et al.
2019; Karmakar et al. 2019; Spinoni et al. 2015). Though cold day in Bangladesh is gradually decreasing of all
divisions, but mild cold wave at Barishal and moderate cold day at Khulna division are increasing. From 1990 to
2019 last 10 years all types of cold wave recorded more than others decadal period. Among 30 years, 1995 is the
highest coldest year and 2009 is the lowest cold day recorded year. From spatial distribution, it shows coldest
area which are Srimangal and Northwestern part of Bangladesh.

So, now according to the experts’ opinion of Bangladesh Meteorological Department (BMD), it can
easily be stated that, Bangladesh is currently experiencing a severe cold wave. Northern and southwest parts of
the country experienced a rapid fall in temperature on 1 January, 2010. Temperatures have remained low since,
with cold winds and serve fog. Poor people in the northern region of the country are the worst affected. The
impact of the cold wave has resulted in a significant rise in respiratory illnesses, and in some cases death. BMD
has predicted that a further one or two severe cold waves (04°C - 06°C) is likely to sweep across the northern
and central parts of the country during the remainder of January (UNDP Bangladesh, 2010).

Objectives: The selective objectives of this paper are to-

i) find out the number of cold days during 1990-2019,

ii) observe the cold day condition of decade period and also observe those division wise, and
iii) detect mild, moderate and severity of cold events using spatial distribution.

I1.  Data and Methodology

The 1990-2019’s of cold day data have been taken from the Climate Section of the Bangladesh
Meteorological Department (BMD). Cold day data are found out from the daily minimum temperature. There
are four types of cold waves counted by the BMD. Those are mild (8.1-10°C), moderate (6.1-8°C), severe (4.1-
6°C) and very severe (>=4°C). One missing data are replaced by the average value of nearest data, but 2 or more
missing value at a time are replaced by the surrounding station areas average value. All of the data have been
calculated using excel and Arc GIS software. FORTRAN language has been used for the calculating cold day
duration.

I11.  Result and Discussion
3.1 Mild and moderate cold days feature of all divisions of different duration of Bangladesh:

The total numbers of mild and moderate cold day’s features of all divisions at different duration of
Bangladesh are shown in Fig. 1(a-g). It shows, at middle decadal period, all types of cold days were less at all
divisions. The highest number of mild cold and moderate cold days shows at Rangpur (483 & 139 days) and
Khulna (482 & 188 days) divisions at 2010-2019 duration. The lowest humber of mild cold and moderate cold
days are observed less 224 & 30 days in Barishal division.
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Fig. 1(a-g): Mild and moderate cold days feature of all divisions of different duration of Bangladesh

3.2 Severe and very severe cold days feature of all divisions at different duration of Bangladesh:
The Severe and very severe cold days feature at all divisions of different duration of Bangladesh are
displayed in Fig. 2(a-g). It is very important that there is no severity in Barishal division. The highest number of
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severe and very severe cold days are at Rangpur division (18 & 7 day) at 2010-2019 period but in Rajshahi
divisions 1990-1999 shows very severity. On the other hand at Sylhet divisions all of the decadal period has
showed very severity though it is no majority. At Dhaka and Chattogram divisions no very severity days among
30 years has found.

12 - 35 0
{ 30
10 (@) (b) w (©)
. =05 -
s 8- £ 2
= 20 z3 .
c 6 K Khulna g Rajshahi
E Dhaka S 15 T
g4 Zu ;
2 s l 10
1990 992000 09 2010_19 1990 992000 09 2010 19 1990 99 2000 092010 19 1990 992000 09 2010 19 1990 99 2000 09 2010 19 1990 992000 09 2010 19
Severe V.Severe Severe V.Severe Severe VSevere
0 5 L] 1
1
[}
() (®) ) S ®
3 3 I3 Zu
3 35 3 :
210 2 ' kRl : Barishal
s Rangpur S0 Sylhet 5 Chattogram Sy
] ] s 8
‘o5 I F L] I Z
H [
1
o 0 — -— u 0 ]
1990992000 092010 191990 99 2000 092010 19 1990 99 2000 09 2010 19 1990 99 2000 09 2010 19 1990 99 200 09 2010 19 199 99 2000 192010 19 1690 992000 093010 191950 592000 152010 19
Severe V.Severe Severe V.Severe Severe VSevere Severe VSevere

Fig. 2(a-g); Severe and very severe cold days feature at all divisions of different duration of Bangladesh

3.3 Mild cold days variation and trend analysis:
Mild cold days variation and trend analysis has been showed in Fig. 3(a-g). It shows all of the division mild cold
wave is decreasing except Barishal division where number of cold wave day is increasing.
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Fig. 3(a-g): Mild cold days variation and trend analysis from 1990-2019

3.4 Moderate cold days variation and trend analysis:

Moderate cold days variation and trend analysis are shown in Fig. 4(a-g). It shows most of the divisions
moderate cod wave days are decreasing except Khulna and Barishal divisions. Here due to last 5/6 years
increasing number of cold days, trend became increasing.
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Fig. 4(a-g): Moderate cold days variation and trend analysis from 1990-2019

3.5 Coldest and less cold year of 34 stations in Bangladesh:

Coldest and less cold year of 34 stations from 1990-2019 in Bangladesh showed in Fig. 5 (a-e). It has been seen
the highest coldest year is 1995 where no. of cold day is 551 and lowest is 2009 where no. of cold day is 76. If
we observe separately of all types of cold day, the highest no. of cold days moderate, severe and very severe
cold days (204) is 2013 except mild cold days where highest days 391 in 1995.

500 200 B0
mild (a) moderate (b) severe (c)
& 400 1 £ 150 £
k-1 a1 h-1
o = o= 40
g sw g s
- = 100 =30
E 200 E £
b1 ‘s "5_20
e I “ ”I” |HI|’°“I |
. SR PRSP PPYTLE 8 P PO Y T B
O N T OO N T OO ™ oT W o ~ ('3 O ™~ = O Nﬂ‘@ﬂﬂﬂqwﬂguzgz
§§§§§§§§§§a 3874882888585 88 RE%E88EEE885558
10 oo E e
v.severe (d requency_alitype
) @ g 500 ©
£ 8
- = 400
g € S
= = 300
E a E
5 ‘s 200
- [| = > IH |h| | “ ”|
A . o ARARNNRARRNNRRNAREE]
S HTEFEEE gg%gg%%%%%%%%gg

Fig. 5(a-e): Coldest and less cold year of 34 stations in Bangladesh

3.6 Division wise 3 days or more duration cold wave and its frequency:

Division wise 3 days or more duration cold wave has been showed in Fig. 6(a-f). Here it shows in
December highest cold wave place in Srimangal at all winter month. It shows , in December highest cold wave
takes place at Tangail in Dhaka, Srimangal in Sylhet, Dinajpur in Rangpur, Ishurdi in Rajshahi, Chuadanga in
Khulna, Barishal in Barishal and Cumilla in Chattogram division, in January, Tangail in Dhaka, Srimangal in
Sylhet, Sayedpur in Rangpur, Rajshahi in Rajshahi, Chuadanga in Khulna, Barishal in Barishal, Sitakunda in
Chattogram divisions and in February, Tangail in Dhaka, Srimangal in Sylhet, Dinajpur in Rangpur, Rajshahi in
Rajshahi, Chuadanga in Khulna and Sitakunda in Chattogram divisions. The graph also shows that, highest
number of total days are not all time highest number of frequency. Overall Srimangal is the coldest place among
all the places in Bangladesh during 1990-2019.
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Fig. 6(a-f): Division wise 3 days or more duration cold wave from 1990-2019

3.7 Spatial distribution of Monthly and seasonal cold days in Bangladesh:

Mild cold and moderate cold wave from December to February are shown in Fig. 7(a-c) and Fig. 7(d-f).
Here less than 6 days mild cold wave are shown in Fig. 7(a-c) at northwestern part of Bangladesh in December.
In January shows at the same place but that average mild cold days are 8-10 days. But in February the average
mild cold days 1day over Bangladesh except Srimangal region. In Fig. 7(d-f), the moderate cold days are shown
which is same as the northwestern part of Bangladesh but that average days is December to February 2, 5 and
less than 1 day respectively. Here it can be described that less than 1 day in February which is average moderate
cold day and it is not available of all year. Moreover, all of the cases, it has been seen Srimangal is the coldest
among 34 stations region in Bangladesh.
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Fig. 7(a-f): Spatial distribution of mild (a-c) and moderate (d-f) cold wave at December to February in 1990-
2019

Severe and very severe in January and winter mild- moderate cold days figure has been given in Fig.
8(a-d). Here Fig. 8(a) shows that the average severe cold days in Bangladesh are maximum 2 days which are
shows at Chapainababgang and Srimangal. In January, very severe cold days is rare case whereas there are no
average very cold days in Bangladesh. Here there are total very severe cold only 14 days among 30 years. Most
of them are North Bengal and Sylhet region except 1 day of Chuadanga. In winter the average maximum mild
cold is 22 days and the average maximum moderate cold are 9 days. Overall it can undoubtly be said that
Northwestern part and Srimangal region cold is the highest cold area and southern part of Bangladesh face very
few cold days that means this area is warm area.
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Fig. 8(a-d): Spatial distribution of severe and very severe (a-b) in January and mild-moderate (c-d) in winter
cold days of Bangladesh in 1990-2019
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IV.  Conclusion:
The highest number of cold wave nights is found in Srimangal (3 days) of all types event during winter

season. The significant highest very severe cold wave days were found in Sayedpur (4 days) among the 30 years
after that Srimangal. The mostly very severe cold occurred at Sayedpur in 2013, this year was happened 9 days
out of 14 of very severe cold days in 30 years. At middle decadal period, cold days were less about all of the
division except Chattogram and Sylhet divisions. January is the highest cold month in Bangladesh. Cold day is
decreasing of all divisions except Barishal but for moderate cold day at Barishal and Khulna divisions. Overall
Northwestern part and Srimangal region cold day has found from spatial distribution. The highest mild 5 coldest
places are Srimangal, Rajshahi, Chuadanga, Ishurdi and Dinajpur and highest mild coldest years are 1993, 1995,
2001, 2011 and 2013 and less 5 mild cold places are Cox’sBazar, Kutubdia, Teknaf, Mongla, Chattogram,
Chandpur and Sandwip and less 5 mild cold years are 1994,1999, 2002, 2009, 2017 respectively.
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