Muausam. (1996). 47, 2. 149-156

551.571: 551.58
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ABSTRACT. Using climatological data for 30 years (1951-1980) for twelve stations, some characteristics
of relative humidity (RH) in Bangladesh have been studied. In doing so, annual variation, spatial distribution,
diurnal and annual amplitudes of RH have been investigated. The correlation characteristics of RH between
Dhaka and some other stations have been analysed. Finally, the date of beginning and ending and the dura-
tion of RH in some defined limits (above 75%, 80% and 85%) have been discussed. An attempt has also been

made to explain the cause of temporal and spatial variations from synoptic point of view.
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1. Introduction

Weather and climate are two important fac-
tors of the physical environment of mankind. Both
weather and climate are characterised by certain
physical elements. These elements are: tempera-
ture of air, atmospheric pressure, relative humidity
(RH). wind speed, cloudiness, rainfall, dewpoint,
wind direction, visibility etc. Among these, RH is
an important element of weather. Relative
humidity is defined as the ratio of the observed
mixing ratio to that which would prevail at satura-
tion at the same temperature (Byers 1959). It may
also be said that RH is a relation of the quantity of
water vapour present in the atmosphere at a par-
ticular temperature to the quantity of water vapour
required for saturation at that temperature. In fact,
RH shows the potentiality of water content in
the atmosphere.

We are in constant interaction with the atmos-
phere. For our daily activities we are very much
indebted to water that we obtain in the surface of
the earth. We obtain this water mostly as the pro-
duct of precipitation. As we know, water vapour
rising up in the atmosphere through adiabatic
cooling causes condensation, which in turn, falls
down to the surface of the earth as precipitation.
So, in order to study climatological potentiality of
water content in the atmosphere at a particular
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place, it is very much essential to get an idea about
the RH of that place.

Water vapour present in the atmosphere
influences the evapotranspiration of plants. It also
interacts with construction materials, affecting dif-
ferent engineering constructions and equipment.
Natural evaporation from the human and animal
bodies is constantly going on. Considering the
above mentioned views, a climatological study of
RH in Bangladesh has been accomplished in the
present investigation. Results obtained here may
be widely used in different fields of our
national economy.

2. Materials and methods

In the present work, climatological data for
twelve stations with ‘the length of thirty years
(1951-1980) have been used. Data have been
obtained from the Meteorological Department of
Bangladesh (Bangladesh Meteorological Depart-
ment 1984). The data include mean monthly
values of RH at 00, 06, 09, 12 and 18 UTC.

In the present work, modern climatological
methods have been applied. In doing so, some
standard text books (Mostafa 1989, Alisov er al
1940, Conrad and Pollack 1950, Alisov er al. 1952
and Gulinova 1974) have been followed.




150 A. MOBASSHER ¢r al

3. Results and discussion
3.1. Mean monthly RH
3.1.1. Annual variation of mean monthlv RH

According to the pattern of the curves and as to
the occurrence of the maxima and the minima. the
following categories of annual variation of RH
are detected.

Category A — In unipeaked variations (Fig. 1)
the maximuin of RH is found in June or July and
the minimum of it in February or March for the
stations Dhaka, Chittagong. Cox’s Bazar. Comilla.
Sylhet, Mymensingh. Bogra. Faridpur. Jessore.
Barisal and Khulna.

Category B — In multipeaked variations (Fig. )
the primary maximum is found in June or July and
primary minimum in February or March, secon-
dary maximum in December and secondary
minimum in November for the station Rangpur.

From the above analysis, it is clear that category
A of annual variation of RH is territorially domi-
nantin Bangladesh. From the consideration of syn-
optic meteorology the annual variation of RH
pattern may be explained in the following way.

Anticyclonic circulation and heat lows are fre-
quent in Bangladesh and its surrounding areas in
February and March. These weather processes are
characterised by low RH (Mobassher 1981). From
April, RH rises up due to the influence of the wes-
tern disturbance/norwesters, multi-centered lows
over India and adjoining area and tropical
cyclones. With the advent of southwest monsoon in
Bangladesh in May, the frequency of these synoptic
processes is increased causing rapid rise of RH. In
June, southwest monsoon sets in Bangladesh and
RH attains the maximum value due to the influence
of the monsoonal weather processes. In July and
August, RH remains very near to the maximum due
to the influence of these weather processes. In Sep-
tember, the periphery of Asiatic anticyclone
introduces in Bangladesh which lowers down RH.
An increase in the frequency of the Asiatic anti-
cyclone observed in October and December
accelerates the rate of fall of RH (Mobassher
1981).

3.1.2. Spatial distribution of RH

Mean monthly RH (Table 1) values are analysed
to show the features of the mean monthly RH in
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Fig. 1. Annual variation of the mean monthly relative humidity
(%) at Jessore and Rangpur

Bangladesh. It has been observed that in December
and January the mean monthly RH is almost
uniform throughout the country exceptl in the
region of Rangpur. In February. RH rises towards
the northwestern and southeastern regions of the
country from the centre. In March-May, the lower
values of RH are observed at northwestern region of
Bangladesh and it rises gradually towards the
southeastern part. In June-October, RH is almost
uniform throughout the country. In November, the
highest value of RH is marked at Rangpur and it
gradually decreases towards the southern part of
Bangladesh.

3.2. Annual distribution of RH

The mean annual RH in different stations at dif-
ferent time (00, 06, 09, 12, 18 UTC) may be obtained
in Table 2. Analysis shows that at 00 UTC, RH
varies from 89 to 92%. At 06 UTC. it varies from 59 to
69%. 55 to 59% at 09 UTC, 67 to 77% at 12 UTC and
from 83 to 90% at 18 UTC in Bangladesh. The mean
annual RH is almost uniform throughout the coun-
try (76-81%).

3.3. Amplitude of relative humidity
3.3.1 Mean diurnal amplitude

Diurnal amplitude of RH is defined as the dif-
ference between the highest and the lowest values
over the span of a day. The mean diurnal amplitude
is obtained from the difference of the highest and
the lowest values of RH in the interval of a month,
since the mean monthly values of RH ata particular




CLIMATOLOGICAL CHARACTERISTICS OF RH 151

TABLE 1

Mean monthly RH (%) for some stations of Bangiadesh

Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Dhaka 69 63 61 70 79 86 86 85 85 81 75 73
Chittagong 72 ) 75 79 81 86 87 85 85 83 78 76
Cox’s Bazar 71 72 75 7 80 87 89 86 83 77 74
Comilla 73 70 71 76 gl 87 87 85 8 78 76
Sylhet 71 65 63 73 81 88 87 87 86 83 77 74
Mymensingh 74 69 66 70 78 86 86 85 85 8 78 77
Rangpur 81 77 67 71 79 84 86 85 86 85 83 84
Bogra 71 62 56 60 74 85 87 86 85 2 76 74
Faridpur 75 65 59 69 75 86 87 86 85 82 78 77
Jessore 71 63 66 74 84 87 87 86 82 76 74
Khulna 71 69 67 73 m 86 89 88 87 82 73 74
Barisal 75 73 71 77 80 86 88 88 85 79 77
TABLE 2 the mean monthly RH at 00, 06, 09, 12 and 18 UTC

Mean annual RH (%) for some stations of Bangladesh at different
time (00, 06, 09, 12 and 18 UTC) and their average

Mean annual RH (%) at (UTC}

Stations 00 06 09 12 18  Average
(%)
Dhake 91 61 57 67 85 76

Chittagong 91 66 65 75 88 80
. Cox’s Bazar 90 68 69 77 87 80

Comilla 2 66 62 T3 89 79
Sylhet 90 66 60 67 87 78
Mymensingh 89 68 61 68 88 78
Rangpur %0 69 62 71 86 81
Bogra 89 61 57 67 84 75
Faridpur 90 66 62 73 73 83
Jessore 91 59 55 68 85 76
Khulna 91 64 61 70 87 78
Barisal 92 67 66 73 90 80

period of a day are obtained from the mean of the
daily values for that defined period. In this paper,

has been calculated. From these values, the mean
diurnal amplitudes have been obtained (Table 3).

(@) Annual variation

According to the pattern of the curves of the
mean diurnal amplitude of RH, the following types
are identified.

Category A — In unipeaked variation (Fig. 2) the
maximum mean diurnal amplitude is observed in
January or February and the minimum is observed
in June or July for the stations Dhaka, Chittagong,
Cox’s Bazar, Comilla, Faridpur, Jessore, Barisal,
Bogra and Khulna.

Category B — In double peaked variation (Fig. 2),
primary maximum of the mean diurnal amplitude
is observed in February or March and primary
minimum is seen in June or July. Secondary maxi-
mum of the mean diurnal amplitude is observed in
December and secondary minimum is seen in Sep-
tember for the stations Rangpur, Mymensingh
and Sylhet.

Spatial distribution of the categories shows that
Category A is dominant in Bangladesh. Category B
is, however, prominent in the northern part of the
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country. From the analysis. it is clear that the maxi-
mum fluctuation of the mean diurnal amplitude of
RH is observed in January or February (when the
winter monsoon is active) and the fluctuation of the
mean diurnal amplitude is minimum in June or
July (when SW monsoon is active).

(b) Spatial distribution

Analysis shows (Table 3) that in January and
February the zone with the highest amplitude is
situated in the central areas decreasing towards
the north and the south. The minimum is obser-
ved in Rangpur. In March to June and in October
the zone with the highest amplitude is observed in
the northeastern part of Bangladesh. It gradually
increases towards the southwestern part. In July.
August, September, November and December the
diurnal amplitude of RH is almost uniform.

3.3.2. Annual amplitude

Annual amplitude is defined as the difference
between the highest and the lowest mean monthly
values of RH in the range of the year. Analysis of
the spatial distribution of annual amplitude of RH
shows that (Table 3) the amplitude gradually dec-
reases from the northwestern part of Bangladesh.
The lowest value is seen in the southeastern hilly
districts (16%) while the maximum value (31%) is
marked in the district Bogra.

34. Correlation co-efficient of RH berween Dhaka
and other stations of Bangladesh

In order to understand the ‘representativeness’
of meteorological stations of Bangladesh in case of
RH. correlation characteristics have been studied.
For this purpose, scatter diagrams (Dhaka versus
other-stations) have been drawn first. It is found
that the relationship is linear. The correlation
coefficients have been calculated and are shown
in Table 4. The correlation coefficients bet-
ween Dhaka and other stations vary from month-
to-month. If the-correlation coefficient between a
particular pair of stations is significant in one
month, it may be weak in another month.
However, the different stations are satisfactorily
correlated with Dhaka in most of the months ‘of
the year. The annual variation of the correlation
coefficient of RH between Dhaka and other
stations shows that the annual variation pattern is
very irregular.

Some regression equations have been obtained
in Table 5.
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Fig. 2. Annual variation of diurnal amplitude (%) of relative
humidity at Dhaka. Chittagong and Rangpur

3.5. Number of days with RH in defined limits

The dates of the beginning and ending of RH in
defined limits are obtained by graphical method.
For the purpose, the scale is chosen in such a way
that each of the day of the month may be clearly dif-
ferentiated. Then the mean monthly values are put
in the graph to obtain an annual variation curve.
From that curve the dates of passing the defined
limits are recorded. The date in the rising curve
gives the date of beginning and the date in the fall-
ing curve gives the date of ending.

The number of days with RH in the limit 75% &
above. 80% & above and 85% & above have been
analysed (Table 6). From the results, the date of
beginning, the date of ending and the duration of
the ahove mentioned limits have been analysed.

3.5.1. Number of days with RH in the limit 75% and
abaove

From the analysis of the spatial distribution, it is
clear that the earliest beginning of RH in the limitof
75% and above (6 April) is observed in Barisal and
its surrounding areas. The onset of this limit
gradually spreads towards the northwest and
southwest regions. It reaches the northwestern part
on 19 May while it covers the southeastern part of
the country on 15 May. Thus, 43 days are required
for the beginning of RH in the limit of 75% and
above.

The date of ending in the limit of 75% and above
lies between 7 November to 19 February. The
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TABLE 3

Mean dinmal and aunual amplitudes of R1D (%) for some stations of Bangladesh

Stations Jan leh M Apr May Jun Jul Aug Sep Oct Nov PDec Annunal

Dhaka 3 34 33 41 13 5 16 RI{ i} 40 47

Chittagony : R 33 3 ; 3 14 18

Cox's Wazar th e 2 ] ; b 14

Connlla

Sylliet

My mensingh

Rangpur

Bogra

Faridpui

Jessore

Khuina

Bitrisal

Correlation cocllicients of relative

TABLE 4

humidity between Dhaka and other stations

Pair of stations

Api

May

Jul

Dhaka-Chitagong ne62
Duaka-Cox’s Bazar 030
Dhaka-Conmilla .60

Dhaka-Sylher

Dhaka-Mymensingh

Dhaka-Rangpur
Dhuka-Bogrs
Dhaka-Faridpur
Dhaka-Jessore
Dhika-Khulna

Dhaka-Barisal

042

027

13N

(.60

063

042

167

(154

0.39

017

0.20

n.76

(.70

0.60

(.34

041

0.23

0.61

0.30

0.64

.63

0.68

036

0.64

0.13

0lo

(=716 IMD/9S
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TABLE §

Values of @ and ¢ in the model cquation V' = mX + ¢ showing relation of RIT between Dhaka (1)

and some other stations (X) for different months

Tanary February March April Mty June
Pair ol stations -

n ( m i n 1 m [ I i m «
Dhaka-Chinagong (.30 v 14y Bt 0.79 4 1194 -2 070 2 0.26 64
Dhiika-Cox’s Bazar 027 2 024 o 036 20 (.38 25 1049 40 .29 61
Dhaka-Comilla n22 33 nid 36 035 a3 034 44 (16 66 0.31 ol)
Dhaka-Mymensingh 033 43 n3iy 6 049 30 0.51 kI 0.68 20 0.53 40
Dhaka-Rangpui (160 = 003 ] 019 49 .25 32 (152 N 040 33
Dhaka-Bogra 0.2] 34 (R W 17 41 043 44 047 4 0.23 07
Dhaka=Faridpm .50 2 .04 22 a7n 23 0.60 N 0.5 33 033 SO
Dhatka=Jessare 033 45 137 44 .62 23 (.65 1”7 0.3l SO u.37 55
Dhaka-Khulna 1.39 41 03l 42 081 7 0.52 32 045 H (.08 81
Puaha-Barisal 0.29 47 037 LA, .86 01 043 37 008 72 013 73
Dlziha-Sy et .31 47 043 i3 1133 40 .63 34 .29 33 0.34 6

TARLE 5—(Canid)

Tuly Atigist Septeniber October November December

Pair of stations
m i m i m t m [~ m i m i
Dhaka-Chittagong 012 73 020 (e 077 19 0.74 20 (.35 48 0.21 37
Dhaka-Cox's Bazar 000 81 022 O 0.1 o7 .80 10 .40 44 0.03 (]
Dhaka-Contilla 015 T3 0.2s (= 0.31 3N {L06G 27 (.33 49 .21 37
Dhaki=Mymensingh 0,35 3A 034 37 049 43 037 4 0.30 | 028 |
P hatki=-Rang pur nit 37 023 (s 0.20 0K 0.29 A6 0.IR 61 014 6l
Dbk og ra 07 al nis i n7s 44 113 20 (TR AY 49 047 4N
Dhaba=barhdpor DA At iy 5 ([RY iR 140 (12 N 17 .63 M
I yinhii=lensone ) 1l 4% }7 142 44 A7 LR ekl 42 114 in
Dhitka-Khalng 007 Nl 017 | 007 79 (.63 X 0.38 47 R 3N
Dhaka-Rarisal 0.1x 70 0.37 53 041 49 0491 03 0351 35 040 42
Dliaka-Sylher 017 71 0.32 AN 0.3l 38 a2 03 027 33 .40 44
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TABLE 6

Number of days with RIL (%) in defined limits for some stations of Bangladesh

RIT 73% andd above

RIT 80% sind abowve

RIT N3% s above

Stations

Beginning  Foding Duration Beginning  Ending Duration Beginning  Lnding Duration
(chinys) (ulays) (duys)
Dhatka 1 May I3 N 198 20 May 2200 135 10 Jun 13 Sept 97
Chittagong 4 . 22 Dec 283 30 Apr 3 Nov 187 9 . 15 . 98
Cox's Bazar 15 = R 263 15 May 30 0ct 168 T . Ly (. 112
Comilla 10 Apr 7 . 261 10 1 Nov 175 7 15 9
Sylhet ] I 4. a2 11 31 0t 175 2 hy) 119
My imensingh 5 My N lan 208 2] 3 Nov 166 m . 13 . 97
Ritngpur 28 Apr 19 Feh 297 19 21 Jan 247 5 16 Oct 113
Bogea 17 My 15 Dee 192 » 27 O 151 4 . 13 Sept 92
Furidpur 15 . 15 Jun 246 26 1 Nov 158 n 15 . 97
Jessore 9 . 1 Dec 196 3 Jun 27 Oct 146 23 . n . 92
Klinlna 29 Apr 7T N 12 27 May e . 148 n . 7 . 110
Barisal [ 15 Jan 84 15 11 Now 180 I 14 Oct 125

carliest date of ending ariscs in Khulna (7 Novem-
ber) and the latest date of ending is found in
Rangpur (19 February). Thus. 93 days are required
for the ending of the RH in the limit of 75%
and above.

Analysis shows that the smallest duration (192
days) of RH. in the limit of 75% and above. is
marked in Khulna while the longest duration is
seen in Rangpur. The duration increases towards
the western half of Bangladesh except Rangpur (297
days) where an isolated zone is marked.

3.5.2. Number of davs with RH in the limit of 80%
and above

The earliest beginning of RII in the limit of 80%
and above is observed in Chittagong (30 April) and
its surrounding arcas. The onset of this limit
gradually spreads towards north and southwestern
part ol the country. It reaches the southwestern part
ol the country on 3 June. Thus. 34 days are required
for the beginning of RII in this limit.

The carliest ending is marked on 22 October
which is found in Khulna and Dhaka. The Latest

ending is obscrved in Rangpur (21 January). The
date of ending of RII in this limit lics between

October and November cxcept in Rangpur. Thus.

the date of ending is spread over 20 days eacept in
Rangpur where it spreads over 91 days.

The duration of RH in the limit of 80% :and
above lies between 146 and 247 days. The shoriest
duration is observed in Jessore and its surrounding
areas. The duration gradually increases towards the
eastern part of Bangladesh except Rangpur where
the longest duration (247 days) is marked.

3.5.3. Number of days with RH in the limit of 85%
and above

Analysis shows that the date of beginning ol the
RH in the limit of 85% and above is spread over a
few days. The carliest beginning is obscrved in the
eastern part (2-9 June) of Bangladesh while 1he
latest beginning is seen in the western part (11-23
June) of the country. Thus. 23 days are required for
the beginning of RH in this limit.

From the analysis of the spatial distribution. the
datc of ending o[ this limit ol RII is scen 10 lie
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between September and October in several districts
of Bangladesh. The earliest date of ending of this
limit is 15 September and the last date of ending is
16 October (in Rangpur). Thus, the ending of RH in
the limit of 85% and above requires 31 days.

The smallest duration (90—97 days) of the RH
in this limit is found in the central and surrounding
areas of Bangladesh. The duration increases
towards the north as well as south from the central
region. The longest duration is observed in Barisal
(125 days)

4. Conclusions

() In the annual variation of RH in
Bangladesh, the maximum is observed mainly in
June or July and the mimimum of it in
February or March.

(i) The annual variation of RH agrees well with
the variation pattern of synoptic process over the
country. The minimum is observed when the synop-
tic processes like heat lows and the periphery of
Asiatic Anticyclone are dominant and the maxi-
mum is observed when monsoonal weather pro-
cesses are prominent.

(iif) The RH is almost uniform throughout the
country in December, January, June, July, August,
September and October. In February, March, April
and May the lower values of RH are observed in the
northwestern part of Bangladesh.

(v) The mean annual RH is almost uniform
throughout the country (76-81%).

(v) The mean diurnal amplitude of RH is
usually maximum in January or February and
minimum in June or July for the majority stations of
Bangladesh (except Mymensingh, Rangpur and
Sylhet).

(vi) In July, August, September, November and
December the mean diurnal amplitude of RH is
almost uniform throughout the country. In March
to June and in October, the zone with the highest
amplitude is observed in the northeastern part
of Bangladesh.

(vii) The annual amplitude of RH varies from 16
to 31%. The values gradually decrease from the

northwestern part to the
Bangladesh.

eastern part of

(viii) The date of the stable beginning of RH in
the limit of 75% and above is recorded from 6 April
to 19 May over the country. The date of ending of
this limit is in between 7 November to 19 February.
The longest duration of this limit is 297 days (in
Rangpur) and the smallest one is 192 days (in
Khulna).

(ix) The date of stable beginning of RH in the
limit of 80% and above is from 30 April to 3 June
and the date of ending is from 22 October to 21
January. The duration lies between 142 days to
247 days.

(x) The date of stable beginning of RH in the
limit 85% and above is from 2 to 25 June and the
date of ending is from 15 September to 16 October.
The duration varies from 9 to 125 days.
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