
URBAN INFLUENCES ON SELECTED
CLIMATIC PARAMETERS IN DHAKA

METROPOLITAN AREA

BY

MD. ASADUZZAMAN

In partial fulfillment of the requirements for the Degree of Master of
Engineering (Water Resources)

Department of Water Resources Engineering

BANGLADESH UNIVERSITY OF ENGINEERING AND
TECHNOLOGY

DHAKA

February 1998

1\\ 111\\\ 11\111111\ \ \\11\\\ \11\11\
#92241#



CERTIFICA TE

THIS IS TO CERTIFY THAT THIS PROJECT WORK HAS BEEN DONE BY

ME AND NEITHER THIS PROJECT NOR ANY PART THEREOF HAS BEEN

SUBMITTED ELSEWHERE FOR THE AWARD OF ANY DECSREEOR

DIPLOMA.

COUNTERSHiNED

~('-~C(J() .
----~~-~

Dr. M. FaIuI Bari

Supervisor

SIGNATURE

l\'ld. Asaduzza man



BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY

February 1998

We hereby recommend that the project work prepared by Md. Asaduzzaman entitled

"URBAN INFLUENCES ON SELECTED CLIMATIC PARAMETERS IN DHAKA

METROPOLITAN AREA" be accepted as fulfilling this part of the requirements for

the degree of Master of Engineering ('Vater Resources).

.1

Chairman of the Committee

Member

Member

Gvt~.
Professor M. Fazllll Bad

P rofesso r M. Monowar Hossain

011~?t1~
Professor Muhammed Ali Bhllyian



ABSTRACT

In this study, efforts have been made to study the effect of urbanization on selected climatic

parameters such as rainfall, surface temperature 'and atmospheric pressure for Dhaka

metropolitan area. The development of Dhaka metropolis was very rapid between the 70's and

90' s of this century. Dhaka city is often criticized as the city of unplanned growth, which if

continued would have adverse effects on the environment and economy. An understanding of

the changes in the magnitude of rainfall, surface temperature and atmospheric pressure due to

increased urbanization is essential for proper land use planning and checking unplanned

growth of metropolitan area. Mymensingh and Tangail have been chosen together with Dhaka

city to compare the changes of climatic parameters between less urban area and a highly urban

area. The annual and seasonal data were studied for the period from 1953 to 1995 for Dhaka,

1951 to 1995 for Mymensingh and 1962 to 1995 for Tangail. The data required for this study

are daily values of rainfall, maximum temperature, minimum temperature and atmospheric

pressure.

Changing trends of summer, monsoon and annual data senes of rainfall for Dhaka show

different patterns from that of less urban area i.e. Mymensingh and Tangail. Annual rainfall

and monsoon rainfall of Dhaka does not show any significantly increasing or decreasing trend;

only the pre-monsoon rainfall shows a linearly increasing trend. One day annual maximum

rainfall and the number of monsoon rainy days for Dhaka exhibit a significantly decreasing

trend. Whereas, these data series of rainfall for Mymensingh and Tangail show a significantly

increasing trend. Coefficient of variation of mean monthly rainfall is less in Dhaka than the

other two less urban stations. Significantly decreasing trend of coefficient of variation of

annual rainfall for Dhaka and Tangail provides the evidence that the increase in the rainfall

variability is occurring at a slower rate, and this rate of decreasing tendency is more in Dhaka

than Tangail. The decreasing trend of coefficient of variation of annual rainfall for

Mymensingh is not significant

Surface temperature in Dhaka, a rapidly growing urban area, exhibits an increasing trend

during the last two to three decades compared to less urban area. Significant urban heating

effects have apparently taken place in Dhaka, as urban-affected temperature increase of O.75°C

to 1.15°C over 43-year period have been found in this study. In contrast, temperature for less



urban area, showed decreasing trend over this period. The urban warming appears to be

predominant in minimum temperature displaying considerately more increase than maximum

temperature. Increasing annual mean temperature in Dhaka indicates that the greatest

contribution to the warming of the mean temperature is due to the increase in minimum

temperature. One day annual maximum and minimum temperatures of Dhaka increase by

about 1.150C and 2.4°C, respectively over the 43 year period; while Mymensingh showing a

small downward trend exhibits the characteristics of a non-urban area .. It appears from this

study that change in temperature i.e. urban warming is taking place in Dhaka.

Average annual atmospheric pressure of Dhaka and Mymensingh are 1007.7 mb and 1008.5

mb respectively. Annual atmospheric pressure of above stations exhibit year to year variation.

A significantly increasing change in annual average atmospheric pressure has been found in

Dhaka, but not in Mymensingh.
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Chapter 1

Introduction

1.1 Urban Influences on Climate

The study of urban climatology is a relatively recent field of climatology. It has
developed as a result of artificial inadvertent climate modification. Such
inadvertent modifications mainly arise due to population concentration, rapid
urbanization and industrialization and due to development of dense mass
transportation system. Almost all the meteorological parameters such as
temperature, humidity, wind, rainfall etc. may be modified due to urbanization.

The climate of most urban areas difl'ers from that of the surrounding country
side. This may be partly due to the bias in the location of cities with respect to
topography, but it primarily results from the distinct land surface characteristics
and air quality in the urban area. One particularly notable feature of an urban area
is the heat island effect, which leads to higher urban temperatures, par1icularly at
night.

During the past 15 to 20 years, hydrologists have paid considerable attention to
the efl'ects of urbanization. Early works in urban hydrology were concerned with
the et1ects of urbanization on the tlood potential of small urban watersheds. The
et1ects of urbanization on the flood hydrograph include increased total runotl'
volumes and peak flow rates.

Climate variations can be caused by both natural as well as anthropogenic or

human factors. With increasing global population and advancing technology,
human activity has become a fi.llldamental component of climate change. Changes
in land use alter surface reflectivity, surface temperatures, evaporation, water
retention and runotr These changes impact the local energy and water balance.

On the global scale, industrialized societies have been adding radiatively active
trace gases and aerosols to the atmosphere at an ever-increasing rate. The impact

on climate of changes in atmospheric composition is at present only dimly

perceived, but it is abundantly clear that today's climate statistic cannot be
confidently projected into the next century. Thus increased uncer1ainty regarding

the impact of climate on water supply, the structural integrity of facilities and



hydrograph statistics including extreme storm events will be a factor in long-term

hydrologic planning and management for the foreseeable future.

1.2 Review of Previous Studies

The problem of climate changes and trends due to urbanization has been studied

in the different countries like India, USA, USSR, Australia etc. by a number of

investigators. A review of literature is presented below:

Towards the end of the nineteenth century, scientists from the India

Meteorological Department started analyzing the available annual rainfall and

temperature data over India and studied year to year variability in the rainfall and

temperature. Blanford (1886) was the first meteorologist to make extensive

studies of Indian rainfall. The analysis of 19 years (1867-1885) annual rainfall

data for India as a whole did not reveal any systematic trend. Sarker and

Thapliyal (1988) and Thapliyal (1990) studied the long period (1875-1989)

annual rainfall of India, but the analysis of the data did not reveal any significant

trend. They also studied the trends in long period temperature data from 70

stations well distributed over India. The temperature anomalies for the entire

period indicated a slight warming trend of the order of OAoe during the last 89

years. Hingane et. al. (1985) studied temperature data for the same stations and

similar results were obtained. Scientists from the India Meteorological

Department also analyzed the land surface temperature data of India. The annual

maximum and minimum temperature of 20 meteorological observatories situated

in India and neighborhood were studied by Pramanik and Jagannathan (1954).

The study revealed that there is no general tendency of any systematic increase or

decrease of temperature. Jagannathan (1963) and Jagannathan and Parthasarathy

(1972) have analyzed the trends in the characteristics of seasonal variation of

temperature in arid and semi-arid regions of the globe, and no systematic increase

or decrease were observed by them in the mean annual temperature of Indian

stations. Recently,

Mapping of the urban temperature was undertaken for the first time in India over

the industrial city of Pune by Daniel and Krishnamurthy (1973) and the

metropolitan city of Bombay by Philip et al. (1973). Sastry (1982) studied such

effect in the case of industrial city of Visakhapatnam. Pradhen and Menon (1986)

studied the heat island effect over Bhupal and indicated that even over a small

city like Bhupal the effect of urbanization is pronounced and temperature

increase was found during the winter months. Thapliyal and Kulshrestha (1991)
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have studied the climate change or trend over India with particular reference to

rainfall, surface temperature and atmospheric pressure during the period of about

120 years from 1870. The important climatic parameters over India showed

considerable year to year random fluctuations. Except for temperature which has
;

shown slight warming within the limits of one standard deviation over a century,

rainfall and pressure do not indicate any systematic decreasing or increasing trend

throughout the period. But, fluctuating epochal decreasing or increasing trends

have been noted in the surface temperature and rainfall patterns in India.

Cayan and Douglus (1984) noted that in the southwestern United States, the

temperature signal is often contaminated by urban heat island effect and such

effect may have become significant with large urban developments during the

past few decades. The trend of average surface temperature over the region for

the 1941-80 periods shows warming in summer, cooling in spring and fall, and

little noticeable change in winter, with maximum linear trends of about ::t 0.03°
C/yr. A number of studies have documented the heat island effect of selected

cities (Garstang et aI., 1975; Oke, 1978; Landsberg, 1981). Landsberg points out

that the urban heat island is a universal effect due to an altered radiation budget

in the urban locale, but is modulated by a host of variables including size of the

urban development, topography and surface characteristics and meteorological

conditions. The urban-influenced boundary layer is confined to the lowest few

hundred meters over the ground as seen in San Francisco (Duckworth and

Sandberg, 1954), New York City (Bernstein, 1968) and Montreal (Oke and East,

1971). Evidence suggests that the urban-rural temperature contrast is maximum

during the night, and hence reflected most in the daily minimum temperatures.

Also the urban heat island appears to vary seasonally, but with large differences

in character between individual cities. Several authors have considered the rise of

urban temperature with time over a historical temperature record (Landsberg,

1981). Dornia (1967) estimated an urban temperature rise over a 90 year period

(1871-1960) of about 0.0080 C/yr as a worldwide average.

Comprehensive analysis of temperature trends (e.g. Jones et aI., 1986) provides

fairly convincing evidence that on a global basis the atmosphere near the earth's

surface is warmer now. There have been suggestions that a part of the warming,

at least, might be a symptom of growth in the centers of population: so called

urban heat island effect. In studies of data from a large number of cities in the

northern hemisphere, Jones et al. (1989) estimated that earlier analysis of global

trends may contain a spurious urban induced component of order + 0.1 0C for the

first eight decades of this century. Karl et al. (1988) have described recently one

3



\ ~
means of accounting for urbanization in temperature records from sites in the
Unite\l States of America, by developing expressions statistically to estimate the
difference in annual mean temperatures between an urban location and an
adjacent non-urban one as a function of the population of that urban settlement.

According to Coughlan et a!. (1990) trends which have occurred in urban-rural
differences of maximum and minimum temperature at each of six large Australian
coastal cities over the past 25 to 45 years indicate that temperatures at the urban
sites are being affected by urbanization in their vicinity. These trends were least
at the smallest of the cities.

In Bangladesh, rainfall analysis (frequency,. distribution, rainfall pattern etc.) have
been studied by a number of investigators and different projects to assess flood

. '.

magnitude and drainage parameters. Matiil and Ahmed (1983) studied the daily
rainfall for estimating the intensity duration frequency relationship for the Nor1h-
Eastern region and Ahmed (1986) studied the long duration extreme value
rainfall data for the North-West region. Akhter (1992) studied the. selection of
statistical distributions for extremes of precipitation in South-East region and
Siddique (1993) analyzed the extreme value of rainfall data of some selected
urban regions of Bangladesh. Karmakar and Khatoon (1994) studied the
temporal and spatial distributions of mean monthly rainfall and its variability
together with the spatial distributions of the probabilistic estimates of rainfall
extremes over Bangladesh during the south-west monsoon season. The study
revealed that the mean monthly rainfall increases from June to July at most places

over Bangladesh and then decreases up to September The variability of rainfall
decreases with increasing rainfall up to July at many places and then increases up
to September. The study also revealed that the mean rainfall and the probabilistic
rainfall extreme are minimum over the south-eastern and north-eastern parts of

the country where the variability of rainfall is low. Also analysis of temperature
for Bangladesh have been undertaken by a number of investigators mainly from

the agricultural point of view. Manalo (1975) described the characteristic
features of the climatic regimes of the country. Ahmed and Mobassher (1989)

have studied the temporal and spatial variations of the absolute maximum
temperature using 27 years data of 16 stations of Bangladesh.

Asian Development Bank (1994) studied the climate change It1 Bangladesh.

Observations in Bangladesh indicate that there has been little or no increase in the
average annual temperature in the country over the last four decades. On the
other hand, the records on rainfall showed definite trends of increase. The study



included the annual rainfall data of over 20 stations in Bangladesh are available
for the period between 1948 and 1990. Only the data for the 43-year periods
(1948-1990) were examined in order to identity and trend or change in pattern.
It showed a small tendency for rainfall for the nation as a whole to increase over
time. The rate of increase is 0.19% per year if the multiplicative smoothing in
accepted. However, the double exponential smoothing indicates no such
tendency for rainfall either to increase or decrease. However, other smoothing
methods like a 2 I-year moving average show the rate of increase to be 0.14%
per year. On the whole, therefore, one can, for the time being, assume a small
increasing tendency for rainfall in Bangladesh similarly an examination of the
available historical data (1951-1990) on temperature has been made in order to
identity trends and annual variability. Data for the highest maximum and lowest
mInllnum temperatures were investigated for the period of 1961 to 1988. In
order to identity the trend of mean daily temperature, both spatially and
seasonally, decadal temperature data for four decades have been examined and
indicated that:

the highest maximum temperature in the country registered a decrease of
20C over a 28 year period (/961-1988) from 40.70C to 38.70C:

the lowest minimum temperature demonstrated a clear trend of increase
over the same period by I.SoC from 7.40C to 8.90C. In other words, the
gap between the highest maximum and the lowest minimum temperate has
narrowed over three decades from 1961 to 1988:

in all the four regions of the country, North \vest, North east, south west
and South east, there was a distinct fall in mean daily temperature t"OIll

1951 to 1990.

the seasonal average temperatures also indicate a small, but discernible
decrease for all the seasons.

1.3 Objectives of the Study

There is a need for a much more elaborate and exhaustive study encompassing
both theoretical and applied aspects of climate change. The present study is an
effort to fill this need partially. For this study, Dhaka metropolitan area has been

selected. Surging population associated with large scale migration from village



area and industrilization in Dhaka is rapidly increasing which may lead to

changes in the climatic paramaters. Dhaka city is becoming a mega city and

more than 6% of total population of Bangladesh are living in Dhaka city. In

general, almost all the climatological PSlrameters such as temperature, rainfall,

humidity, atmospheric pressure, wind, net radiation etc. are modified due to

urban growth. Based on the instrumental observations of over a 40-year period

available in Dhaka and Mymensingh, attempt has been made here to study if there

is some evidence of any climate change or trends over Dhaka with particular

reference to rainfall, surface temperature and atmospheric pressure.

The main objective of this study is to characterize the variability of selected

climatic parameters due to influence of urbanization. Among various climatic

parameters rainfall is of greatest concern. The inter-annual variability of the

yearly and monsoon rainfall has considerable impact on urban drainage and

national activities such as agriculture, water management and energy. For a

tropical country like Bangladesh temperature near the surface of the ground is

another important climatic parameter. A related climatic parameter of importance

is surface atmospheric pressure. The pressure gradient exercises a controlling

influence on all gradient winds; it is the factor that initiates horizontal air

movement and therefore is of primary importance in determining the winds at any

level at a given time. The atmospheric pressure has considerable influence on

temperature and humidity and humidity is the source of precipitation and also

materially controls the rates of evaporation from land and water. Available

records of rainfall, surface temperature and atmospheric pressure over Dhaka

metropolitan area will be analyzed:

to investigate the trends in the variability of rainfall, surface temperature

and atmospheric pressure in the Dhaka metropolitan area;

to examine whether any significant changes have occurred in the selected

climatic parameters by means of statistical tests;

to compare the magnitude of changes of the selected parameters In the

urban area with those for a relatively unaffected nearby non-urban area.

6



Chapter 2

Study Area And Data Collection

In this chapter, first a description of the study area and its population trend is provided.

This is followed by a discussion about data need, their sources and data collection for this

study.

2.1 Study Area

The study area is the Dhaka metropolitan area with an area of about 343 sq. km. It is

situated between 23° 53' and 24° 06' north latitude and between 90° 01' and 90° 37' east

longitude and consists of 15 thanas. According to 1991 census, the population in the

Dhaka metropolitan area is approximately 4.2 million.

The study area is composed of alluvial terraces and low-lying areas. Dhaka city and the

surrounding towns are located mainly on alluvial terraces, which are classified as a part of

the Madhupur Tract of Pleistocene deposits.

The climate of the study area is classified as a tropical monsoon type, characterized by

three distinct seasons: monsoon, cool and warm. The monsoon season is normally from

June to September and 75% of annual rainfall in Dhaka occurs in monsoon season.

Summer/ summer ( March - May) is the transition season between the rainy season and

the dry season. Some rainfall with thunder storms occurs in the Summer season. Post-

monsoon is the dry season from October to November.

During monsoon, most of the annual rainfall occurs frequently accompanied (by high

intensity and some have duration of several days. Maximum temperatures are commonly in

the 40°C range and coincide with high humidity and generally overcast skies. Destructive

winds are frequent during both the early and the late stages of the monsoon season.

Following the monsoon, the cool season begins in November and continues through

February. Cool days are usually with little or no rainfall. Minimum temperatures may drop

to about 5°C. Maximum temperature are perennially under 35°C. The humidity is

relatively low and the skies are generally clear.

The warm season, March and April, is characterized by high temperatures occasionally

exceeding 40°C, accompanied by frequent violent thunder storms and winds ranging up to

9 km/hr. The humidity is generally low during this season.

7



Monthly evaporation varies from 75 rom to 130 mm depending upon locality. Rates are
highest during the warm season and the lowest during the cool season.

2.2 Trend of Urbanization

Population : The study area covers the central part of the Dhaka Statistical Metropolitan
Area (Dhaka SMA). Dhaka SMA includes Dhaka city corporation! metropolitan areas and
the adjacent areas having urban characteristics. The study area is shown in Figure 2.1.
With its expolding population, Dhaka- the capital city of Bangladesh, is regarded as one of
the fastest growing cities in the world. The population of the city between 190 I and 1931

was below 200,000. In the next 30 years the city added only 300,000 inhabitants, with the
total population reaching 557,000 in 1961. But since then, the city has received a record
number of people in the consecutive census periods. Specially after independence of
Bangladesh in 1971, Dhaka received several hundred thousand people every year. As a
result, the total population of the city jumped from 5,57,000 in 1961 to almost 3.6 million
in 1991. The population increased from 410,000 in 1951 to 6,951,000 in 1991 in Dhaka
SMA. According to 1991 census, the population of Dhaka metropolitan area is 3568,099.
Table 2.1 shows the population in each census year in Dhaka SMA, Mymensingh and
Bangladesh. Decadal wise changes in population growth rate in Dhaka SMA, Mymensingh
and Bangladesh can be obtained from Table 2.1. It is seen from Table 2.1 that the decadal
increase of population growth in Dhaka SMA compare to Bangladesh is more significant.

Various studies and surveys have indicated that the rapid growth of Dhaka's population is

mainly caused by heavy influx of migrants from the vast rural areas. It is estimated that

nearly 60 per cent of the present population of the city are migrants and in early 1970s the
proportion of the migrant in the capital was higher 70-75 per cent. Evidence from many
studies also indicate that a large number of Dhaka's migrant population were driven to the
capital by their proverty at the source region which in turn was caused by different factors
such as high rural population densities, rural landless, natural disasters, less opportunity of
job, less increased earning source, famine, loss of husband or bread earner and long period

of unemployment. Dhaka Metropolis is going to become a mega city. Population trend in

Bangladesh, Dhaka SMA and Mymensingh municipality are shown in Figure 2.2. The
population of Dhaka SMA has grown rapidly after 1960.

It is seen from the Figure 2.2 that the population growth rate in Dhaka SMA is increased
in each decade, but after 1974, the population growth rate was significantly increased in
Dhaka SMA. On the other hand, the increasing trend of population growth during 1951 to

1991 is approximately same in Bangladesh, and in Mymensingh, population growth rate

8
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Table 2.1 Population census and decadal increase in Dhaka SMA, Mymensingh and Bangladesh

Year Population (number) Decadal increase (%) Percent of country
population living in

Dhaka SMA
Dhaka Mymensingh Bangladesh Dhaka Mymensingh Bangladesh
SMA SMA

1951 404,301 44,527 44,165,740 0.915
+77.78 + 19.60 25.04

1961 718,765 53,256 55,222,663 1.30

+171.33 +242.0 38.35 ~

1974 1,950,222 182,153 76,398,000 2.55

+75.89 +4.8 + 17.69

1981 3,430,311 190,911 89,912,000 3.82

+102.63 +43.18 23.96
1991 6,950,920 273,350 111,455,185 6.24
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was very low during 1951-1960 and 1974-1980 . Population density in Dhaka city and
Mymensingh municipality from 1974 to 1991 are shown in Table 2.2. Population density is
more higher in Dhaka than Mymensingh. Population density is decreased due to increase

of city area ..

Table 2.2 : Population density in Dhaka city and Mymensingh municipality.

Year Population density ( number per sq km)

1961
1974
1981
1991

Dhaka cit

8,565
14,294
9,038
10,403

M
9,513
7,814
3,497
2,984

Built-up Area: Due to huge increase in the population of Dhaka, the pressure on load
for residential, commercial and industrial use has been very high. After 1975, there has
been a new trend of housing development mainly in private sector. To meet the basic needs
with the increased population a road networks are also increased. Table 2.3 presents the
trend of rapid increased number of house hold in the Dhaka city.

Table 2.3 : House-hold increase trend in Dhaka city.

Year

1951
1961
1981
1991

Number of house-holds

46,070
93,985
4,51,977
7,43,768

Most of the area of Dhaka city is covered by multistoried residential/commercial buildings
and road networks which are responsible for increasing high heat capacity and the trapping
of long-wave radiation.

Solar radiation, the earth's chief source of energy, determines weather and climate.
Differences in insolation are one of the primary factor in determining the general
circulation of the earth's atmosphere. Solar radiation data has wide variety of use. Apart
from providing information as potential source of solar energy, data are also important for
architecture, engineers for designing of building and infrastructures and also planner
particularly in urban areas. But solar radiation data in Bangladesh are very scarce. Helali,
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(1988) and Helali et al (1988) studied the daily solar radiation in Dhaka and Bangladesh
for the period 1982-1988. It revealed that the mean monthly average daily total radiation
in Dhaka is about 323 caVcm2.day. The mean monthly average daily total radiation for
Bangladesh is 314 caVcm2.day. The maximum) and minimum monthly average daily
radiation in Bangladesh are found to be 407 caVcm2.day and 251 caVcm2.day occurring
during the month of April in Dhaka and in January at Jessore respectively. From the above
study, it is clear that the solar radiation is higher in Dhaka than any other places of
Bangladesh. This increased albedo is due to rapid growth of urbanization, development of
buildings, infrastructures, road networks, mass transportation and also reducing plantation,
grass covered plain land, marshy land etc. day by day.

About half the incident radiation at the outer limits of the atmosphere eventually reaches
earth's surface. Much of it is absorbed, but some is reflected to the atmosphere and to
space. The albedo of earth's surface varies widely, depending on solar altitude and type of
surface. It is less for green forest, grass-covered plains, marshy land, crop covered
cultivated fields and moist soil surfaces than for dry, and tends to be less for high solar
altitudes.

Industry: A radical change took place in the process of industrialization in and around

the city of Dhaka with the creation of Bangladesh in 1971. The major industrial units are
mainly located in the industrial zones ofNarayanganj, Tejgaon and Tongi. Jute and textile,
chemicals, metal, cigarette, machine tools, automobiles, hosieries, oil mills, tanneries,
engineering workshop, printing press etc. are some of the of the major industries in this
city. From Table 2.4 it is seen that the industrial growth rate also shows a increasing trend
like population.

Table 2.4 : Industrial growth rate of Dhaka

•..

Year

1969-70

1972-73

1977-78

1983-84

1988-89

1991-92
Source: Bangladesh Bureau of Statistics

Number of Industries

754

1104

1484

2385

4187

4323

Transport : The communication system of the Dhaka SMA has always been somewhat

better than other urban area of the country as it enjoyed the privilege of being the capital
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city. Communication facilities in SMA has been developed after the creation of Bangladesh
and further developed after 1980 with a view to facilitate quick and safe journey to and
from different parts of the country. Due to rapid increase of population in Dhaka city many
new roads have been constructed and old one~ have been reconstructed to allow the
movement of increasing number of transport of different categories. Main means of land
transports available in Dhaka SMA are bus, truck, mini-bus, car, jeep, taxi, motor cycle,
auto rickshaw etc. Total length of the road in Dhaka SMA is 1691 km according t01981
census. Table 2.5 presents the transport growth rate of Dhaka city.

Large scale industrial activities and mass transportation are known to result in mechanism
of changing the climatic parameter of the atmosphere near the earth's surface. Most of the
pollution which affect the climate comes from two major sources, industry and increasing
number of motor vehicles, and the salient parameters are those of suspended particulates,
sulfer dioxide, nitrogen oxides, hydrocarbons, carbon monoxide, and lead. It is noticed
that in Dhaka, air-quality conditions near the ground are poor due to dust, industrial
emissions and vehicle emissions especially along the main roads.

Table 2.5 : Transportation growth rate of Dhaka

Year

1971

1976

1981

1986

1987

1988
Source: Dhaka Metropolitan Police

2.3 Data Need

Following data are needed for this study:

Number of Transport

35,458

52,850

80,603

164,425

176,315

1,82,366

•

•

•

•

daily rainfall data

daily maximum temperature data

daily minimum temperature data

daily atmospheric pressure data
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2.4 Sources of Data

Hydrometeorological data are available from two organizations like, Bangladesh Water
Development Board (BWDB) and Bangladesh Meteorological Department (BMD).
BWDB mainly collects rainfall, river flow data and evaporation data. Basic data required
for this study consist of rainfall, surface temperature and atmospheric pressure data. Main
source of these data is the Bangladesh Meteorological Department which maintains a
network of observation stations throughout Bangladesh to collect climatological data, such
as rainfall, evaporation, wind speed, temperature, humidity, sunshine hour, atmospheric
pressure etc. A index map of climatological data observation stations is shown in Figure
2.3. Another source of rainfall data is the Directorate of Surface Water Hydrology,
BWDB. The required data are collected from Bangladesh Meteorological Department and
Surface Water Hydrology, BWDB for three stations- Dhaka, Mymensingh and Tangail,
and is shown in Table 2.6. For this study rainfall, temperature and atmospheric pressure
data were collected for Dhaka and is shown in Table 2.6. For comparison of changes in
these parameters observations from a nearby rural area was required. MY'!1ensingh and
Tangail were found to be the nearest stations that could be used for the purpose of
comparison. For Mymensingh rainfall, temperature and atmospheric pressure data were
available, but for Tangail only rainfall was available. Data for Mymensingh and Tangail are
also shown in Table 2.6.

Table 2.6: Rainfall, Temperature and Atmospheric pressure Data for Indicated Stations

Station Source Data and Length of Record
Rainfall Maximum Minimum Atmospheric

Temperature Temperature Pressure
Dhaka BMD 1953-1995 1953-1995 1953-1995 1953-1994

(43 Years) (43 Years) (43 Years) (42 Years)
and

BWDB 1958-1995 - - -
(38 Years)

Mymensingh BMD 1951-1995 1951-1995 1951-1995 1951-1995
(45 Years) (45 Years) (45 Years) (45 Years)

and

BWDB 1961-1995 - - -
(35 Years)

Tangail BWDB 1962-1995
(34 Years) - - -

Daily rainfall, maximum temperature, minimum temperature and atmospheric pressure data
are read once a day. Monthly and annual data series and mean monthly and mean annual

data series are computed from these readings. Mean daily temperature data is computed
from the average of daily maximum and minimum temperature data. Sample of data sheets
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of daily rainfall, daily maxtmum temperature, daily mlrumum temperature and daily
atmospheric pressure are presented in Table Al through A4 in Appendix-A

After collection, data were checked for continuity and consistency. Missing data were
)

filled by simple arithmetic average method and the normal ratio method depending. on the
variations of normal values of adjacent stations. After checking data were organized in a
data base for further analysis. Records of missing data for rainfall, temperature and
atmospheric pressure data series for Dhaka, Mymensingh and Tangail are also presented in

Table 2.7.

Table 2.7: Records of missing data for rainfall, temperature and atmospheric pressure
data for indicated stations

Station Source Year of missing data
Rainfall Maximum Minimum Atmospheric

Temperature Temperature Pressure
Dhaka BMD 1966 (JaIl-Mar), 1966 (JaIl-Mar), 1966 (JaIl-Mar), 1966 (Jan-Mar),

1971 (Mar, Apr 1971 (Mar, Apr 1971 (Mar, Apr & 1971 (Mar, Apr
& Dec), 1973 & Dec), 1973 Dec), 1973 (J ul), & Dec), 1973
(Jul), 1974 (Jan- (Jul), 1974 (JaIl- 1974 (Jan-Dec) (Jul), 1974 (Jan-
Dec) Dec) Dec) .

BWDB
1966 (Jan-Dec) - - -

Mymensingh BMD 1966 (Feb), 1966 (Feb), 1969 1966 (Feb), 1969 1971 (Jan-Jul),
1969 (Jtm), (Jun), 1971 (Jan- (Jun), 1971 (Jan- 1973 (Mar, Sep-
1971 (Jan-Jul), Jul), 1973 (Mar, Jul), 1973 (Mar, Dec) & 1974
1972 (Oct, Sep-Dec), 1974 Sep-Dec) , 1974 (May,Jun, Nov-
Mar), 1973 (Jan- (May-Jun, Nov- (May-Jun, Nov- Dec)
Dec) & 1974 Dec) & 1977 Dec) , 1977 (JaIl-
(JaIl-Dec) (Jan-Dec) Dec) & 1981 (Jan-

Dec)
BWDB

1963 (Jun), - - -
1971 (Apr),
1972 (Jan-Dec)

Tangail BWDB 1971 (Apr), - - -
1980 (Jan-Dec)
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Chapter 3

Data Analysis

The primary objective of this analysis is to provide early warmng of any changes in

selected climatic parameters (rainfall, temperature, atmospheric pressure) due to rapid

urbanization. This will involve statistical analysis of data to detect changes in selected

parameters over time. From a statistical view point, all climatic parameters are considered

random variables.

Different types of analyses are performed herein. Data are subjected to various statistical

analyses in this chapter. The statistical analyses are necessary to ascertain whether or not

there has been any incidence of change in selected climatic parameters.

3.1 Data Organization

Rainfall, temperature and atmospheric pressure data for Dhaka city (1953-1995),

Mymensingh (1951-1995) were used for different analysis performed in the study. For

Tangail only rainfall data for the period from 1962-1995 were available and included here.

For purpose of analysis following data series shown in Table 3.1 were extracted from

observed daily values.

Summer (pre-monsoon) season consists of three months from March to May, monsoon

season consists of four months from June to September and winter season from December

to February.

Each of the data series are subjected to following analysis:

Tests for Normality

Estimation of Trend

Comparison of two period means

Inter-annual and Monthly variability

3.2 Tests for Normality

Of all the commonly used probability distributions, normal distribution is used most

widely. This is because the normal distribution is frequently used as a base distribution for

comparison and for error analysis. In this study data were examined for normality by
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several alternative methods, such as fitting empirical distribution, skewness test and chi-
square goodness-of-fit test.

Table 3.1 : Data series used for different analysis)

Data Data series for analysis

Rainfall

Annual rainfall (mm)
Summer rainfall (mm)
Monsoon rainfall (mm)
One day annual maximum rainfall (mm)
Number of annual rainy days
Number of Summer rainy days
Number of monsoon rainy days

Tcmpcraturc

Annual average maximum temperature
Annual average minimum temperature
Annual mean temperature
Summer average maximum temperature
Summer average minimum temperature
Winter average maximum temperature
Winter average minimum temperature
One day annual maximum temperature

One day annual minimum temperature

Atmosphcric prcssurc

Annual average atmospheric pressure

3.2.1 Empirical Distribution

Empirical distribution of observations, generally represented frequency histograms,
provide a visual indication of the symmetry of probability distributions. Histograms were

constructed for each of the data series as mentioned in Table 3.1. For frequency tables,

number of class intervals should be between 10 to 25 for hydrologic application
(Yevjevich, 1972). Relative frequency provides an estimates of the probability of
parameter observation in the indicated range or class interval.
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Rainfall histograms -- for different data series for Dhaka city are presented in Figures

3.1a to 3.1h and frequency tables are given in Table B.l of Appendix-B. It is seen from

above figures that frequency histogram of each data series of rainfall of Dhaka city
)

appeared to be approximately normal except one day annual maximum rainfall and it is

skewed to the right.

Similar rainfall histograms and frequency tables are given In Figures C.l a to C. 1h in

Appendix-C and Table B.2 in Appendix-B respectively for different data series of rainfall

for Mymensingh. It is observed from these figures that frequency histogram of each data

series of rainfall of Mymensingh appeared to be approximately normal except summer

rainfall and number of monsoon rainy days. Summer rainfall of Mymensingh are appeared

to be skewed to the right and number of monsoon rainy days is skewed to the left.

For Tangail, only rainfall was available and corresponding frequency tables are given In

Table B.3 in Appendix-B and frequency histograms are given in Figures C.2a to C.2h in

Appendix- C. It is seen from the figures that frequency histograms of each data series of

rainfall of Tangail appeared to be approximately normal except one day annual maximum

rainfall and it is skewed to the right.

Temperature histograms -- for various data series for Dhaka city are given In Figures

3.2a to 3.2i and frequency tables are given in Table 8.4 in Appendix- B. It is observed

from these figures that frequency histogram of each data series of temperature of Dhaka

city appeared to be approximately normal except annual average maximum temperature,

one day annual maximum temperature, one day annual minimum temperature and annual

mean temperature. These histograms are appeared to be skewed to the right.

Similarly, temperature histograms are presented in Figures C.3a to C.3i in Appendix-C and

frequency tables are given in Table B.5 in Appendix-B for different data series of

temperature for Mymensingh. It is seen from these figures that the frequency histogram of

each data series of temperature of Mymensingh appeared to be approximately normal

except one day annual maximum temperature, one day annual minimum temperature and

summer average minimum temperature. One day annual maximum temperature, one day

annual minimum temperature and summer average minimum temperature are appeared to

be skewed to the left.
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Atmospheric Pressure histogram - - for annual data series for Dhaka city is presented in
Figure 3.3 and frequency table is given in Table B.6 in Appendix-B. It is seen from this
figure that frequency histogram of annual data series of atmospheric pressure appeared to
be approximately normal.

Similarly, atmospheric pressure histogram of annual data series for Mymensingh is given in
Figure CA in Appendix-C and frequency table is given in Table B.7 in Appendix-B. It is
also seen from this figure that frequency histogram of annual data series of atmospheric

pressure of Mymensingh appeared to be approximately normal.

Possible reasons for these large values of skewness may be of (I) measurement errors, in
which case the high values may be disregarded, or (2) the high values may belong to a
population different from that of the remaining sample values. In either case, variables that
have symmetric frequency distribution except for a few large values, might be assumed to

be approximately normal, particularly if the large values were excluded.

3.2.2 Skewness Test

Skewness is a measure of symmetry of the distribution and can be a conclusive indicator
of non-normality. The skewness co-efficient, C. is calculated by the following equation

L (Xi - ~ i n

Cs = ------------------. -------------------

S3 ( n-l ) ( n-2)

where, Xi = ith observation, x = mean of the observation and n = number of observations,
and n / (n-l)(n-2) is a factor which make the value of C. unbiased. Co-efficients of
skewness of selected rainfall, temperature and atmospheric pressure data series are listed in
Table 3.2.

Skewness of some of the data series have positive value and some have the negative
value. Negative skewness is affected by a very few points which are very much lower than
the rest. Based on skewness coefficient none of the rainfall, temperature and atmospheric
pressure data series were found to be normal.
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Table 3.2 Skewness of rainfall, temperature and atmospheric pressure data series

Data Series Skewness of the sample for the period

Dhaka (1953-1995) Mymensingh (1951-1995) Tangail (1962-1995)
a. Rainfall :

Arumal rainfall
0.35 0.6!0.16

SUI1Unerrainfall
-0.070.33 0.81

Monsoon raintall
0.750.15 -0.02

One day alUmaI max.
1.44 0.85 0.85rainfall

AlUmal average rainfall
0.15 0.35 0.6

Number of UlUlual rainy
-0.23 -D.07 -0.42days

Number ofSulluner rainy
0.31 0.19 0.09days

Number of monsoon rainy
0.17 -0.55 -0.49days

h. Temperature:

AIUlual average max.
O.SS 0.34temp. -

AIUlual average min. temp.
0..).) -0.38 -

AIUlual mean temp.
0.9 o.os -

One day alUmalmin. temp.
0.3') -1.12 -

One day annual max.
0.55 -1.08temp. -

Sununer average max.
-1),06 -0.18temp. -

SUlluner average Min.
-0.18 -0.7')temp. -

Winter average max. temp.
0.49 0.07 -

Winter average min. temp.
-0.07 -0.46 -

C. Atmosllhcric Pressure:
Annual average At.

003 -0.7Pressure -

3.2.3 Chi-square Test

The Chi-square goodness-of-fit test is used to test for a significant difference between the
distribution suggested by a data sample and a selected probability distribution. Here the
test will assume the data have been drawn from a normal population and chi-square test
will check the validity of the assumption. In essence the hypothesis being tested is :

Samples drawn from population that are normally distributed.

Samples drawn from population that are not normally distributed
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The first step is to compute the X2 -statistic given by :

k ( OJ _Ej)2

X2 L ---------------
i=l Ei

in which OJ is the frequency of occurrence of values of the random variable within the
range of cell i, Ej is.the expected frequency of occurrence for the probability distribution
specified in the null hypothesis, k is the number of cells; X2 is the value of a random
variable that follows a chi-square distribution with k-q-l degree of freedom, and q is the
number of sample statistics used to compute the tabulated frequencies. The observed
sample is used to form a histogram of k cells. For hydrologic application value of k
should be between 10-25 and can have equal or unequal width. The observed frequencies
for the range of values within each cell are determined from the sample. The expected
frequencies are computed for the same cell configuration used to tabulate the observed
frequencies. To compute the expected frequencies, the probability that is expected for
each cell to be determined and multiplied by the sample size n. The expecte.d probability
for cell i, Pi, is the area under the population density function between the bounds for that
cell. The sum of the expected frequencies must equal the sample size n.

The computed values of X2 are listed in Table 3.3 together with critical X2 for a
significance level of O. 10 and an example calculation of X2 is also presented in Table B-8
in Appendix B.
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Table 3.3 : Value of X2 for rainfall, temperature and atmospheric pressure data series

Data Series Station: Dhaka Station: Mymensingh Station: Tangail
) .

(1962-1995)(1953-1995) (1951-1995)

Compo d.o. Crit. "I: Compo d.o.f Crit. X2 Compo d.o.f. Crit. X2

X2 value f. at 10% X2 value at 10% X2 value at 10%
sig. sig. sig.
level level level

a. Rainfall :
AlUmalrainfall 9.05 7 12.0 5.67 5 9.24 8.62 7 12.0
Summer rainfall 7.05 8 13,4 8.35 8 13,4 3,44 7 12.0
Monsoon rainfall 3.91 7 12.0 7.27 5 9.24 7.31 7 12.0
One day alUmal 35.77 8 13,4 20.54 7 12.0 8 D,4
max. rainfall

AlUmalaverage 4.5 7 12.0 11.57 7 12.0 9.97 7 12.0
rainfall

Number of annual 10.74 8 D.O 9.17 7 12.0 18.77 7 12.0
rainv davs
Number of 7.28 6 10.6 18.62 7 12.0 12.29 6 10.6
sununer rainy

days
Number of 10.39 7 12.0 D,48 7 12.0 8.41 .7 12.0

monsoon rainy
days

b. Temnerature :

Annual average 20.04 8 D,4 4.74 6 10.6 - -
max. temo.
Annual average 8.88 7 12.0 7.28 5 9.24 - .. -
min. temp.
Annual mean 12.27 6 10.6 7.93 7 12.0 - -
temp.
Qne day annual 32.72 8 13.0 44.49 X IJ.4 -
min. temp.
Qne day annual 22.9 10 16.0 38.99 10 I Cd)

max. temo.
Summer 3.73 7 12.0 8.15 7 12.0 -
average max.
temp.
Summer 1.83 7 12.0 4.95 7 12.0 -
average min.
temp.
Winter average 22.65 9 14.7 4.75 7 12.0 -
max. temo.
Winter average D.3l 7 12.0 12.61 7 12.0 - -
min. temp.
e. Atmospheric Pressure:
Annual average 10.28 7 12.0 12.69 8 13.4

At. Pressure

Based on X2-test, it can be concluded that those computed X2 value is smaller than the
critical X2 value, these data series are normally distributed. Table 3.3 shows that the most
of the data series appeared to be normal except one day annual maximum rainfall, annual
average maximum temperature, annual mean temperature, one day annual maximum and
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minimum temperature, winter average maximum and minimum temperature for Dhaka, one
day annual maximum rainfall, number of summer and monsoon rainy days, one day annual
maximum and minimum temperature and winter average minimum temperature for

I

Mymensingh, and one day annual maximum rainfall, number of summer and annual rainy
days for Tangail.

3.3 Estimation of Trend

Trends in a hydrometeorological time series can result from gradual natural or artificial
changes in the hydrometeorological environment producing the time series. Urbanization
on a large scale may result in changes in rainfall, temperature and pressure amounts that
may show up as trends in respective data series. Detection of a trend of a time series in
rainfall, temperature and atmospheric pressure were examined in three ways:

Examination of time series plot
Linear regression
Moving average method

Rainfall, temperature and atmospheric pressure for Dhaka and Mymensingh were
investigated to identitY any trend and for Tangail, only rainfall data series was examined to
identitY any change.

3.3.1 Time Series Plot

A sequence of values collected over time on a paI1icuiar variable is a time series. A time
series may be composed of only deterministic events, only stochastic events or a
combination of the two. Most generally a hydrometeorologic time series will be composed
of a stochastic component superimposed on a deterministic component.

Rainfall - - time series data of annual rainfall, summer rainfall, monsoon rainfall and one

day annual maximum rainfall for Dhaka city are plotted in Figures 3. II a, 3. 12a, 3. 13a and
3.14a, and data series are presented in Tables 0.1 through 0.4 in Appendix-D. Each of the
data series of rainfall for Dhaka city exhibit year to year variation. Only summer rainfall
showed a increasing tendency with large variability, and monsoon rainfall and one day

annual maximum rainfall showed a decreasing tendency. Time series data of the, number of

summer rainy days, number of monsoon rainy days and number of annual rainy days of

Dhaka city are plotted in Figures 3.ISa, 3.16a and 3.17a, and data series are given in
Table D.S in Appendix-D. The figures show that the number of summer rainy days has a
increasing tendency but the number of monsoon rainy days shows a decreasing trend and
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the number of annual rainy days of Dhaka does not show any increasing or decreasing
trend.

Similar time series data of annual rainfall, summer rainfall, monsoon rainfall and one day
annual maximum rainfall for Mymensingh are plotted in Figures 3. lib, 3.12b, 3.13 band
3.14b, and corresponding data tables are given in Tables D.6 through 0.9 in Appendix-D.
It is observed from the above figures that all the data series of rainfall for Mymensingh also
exhibit year to year variability. It is also seen from the figures that each data series of
rainfall in Mymensingh exhibits an increasing tendency. Time series data of the, number of
summer rainy days, number of monsoon rainy days and number of annual rainy days for
Mymensingh are also plotted in Figures 3. 15b, 3 .16b and 3. 17b, and data series are given
in Table 0.10 in Appendix-D. Above figures reveal that each data series of number of
rainy days for Mymensingh has an increasing trend.

For Tangail, data series of annual rainfall, summer rainfall, monsoon rainfall and one day
annual maximum rainfall for Tangail are plotted in Figures 3.llc, 3.12c 3.13c and 3.14c,
and corresponding data series are given in Tables D. I I to D. 14 in Appendix-D. It is seen
from the above figures that each data series of rainfall for Tangail showed the yearly
variation and the data series of annual rainfall, summer rainfall, monsoon rainfall and one
day annual maximum rainfall for Tangail has an increasing trend. Similarly, time series data
of the number of summer rainy days and number of monsoon rainy days and number of
annual rainy days for Tangail are plotted in Figure 3 .15c, 3 .16c and 3 .17c, and data series
are given in Table 0.15 in Appendix-D. It is observed from these figures that number of
rainy days in each data series for Tangail has an increasing trend throughout the period of
record ..

Temperature - - data series of temperature for Dhaka such as annual average maximum
temperature, annual average minimum temperature, annual mean temperature, one day

annual maximum temperature, one day annual minimum temperature are plotted in Figures
3.18(a, c), 3.19a and 3.20(a, c), and data series are given in Tables 0.16 through D.20 in

Appendix-D. These data series of temperature exhibit year to year variation, but showing a
linearly increasing trend throughout the period in each data series. Similarly, seasonal data
series of temperature for Dhaka are also plotted in Figures 3.2 I(a, c) and to 3. 22( a, c), and
data series are presented in Tables 0.21 through 0.24 in Appendix-D. It is seen from these
figures that increasing tendency of temperature is occurred in summer average minimum

temperature and winter average minimum temperature of Dhaka.
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In the same way, different annual and seasonal data series of temperature such as annual
average maximum temperature annual average minimum temperature, annual mean

temperature, one day annual maximum temperature, one day annual minimum temperature,
summer average maximum temperature, summer average minimum temperature, winter
average maximum temperature and winter average minimum temperature for Mymensingh
are also plotted in Figures 3 .18(b, d), 3 .19b, 3.20(b, d), 3.21 (b, d) and 3.22(b, d), and data
series are given in Tables D.25 to D.33 in Appendix-D. Each data series of temperature
exhibits year to year variation. Only summer average maximum temperature, winter
average maximum temperature and one day annual maximum temperature of Mymensingh
exhibit a decreasing tendency of temperature.

Atmospheric Pressure - - time series data of annual average atmospheric pressure for
Dhaka and Mymensingh are plotted in Figure 3.23 to examine the trend. Time series data
are presented in Tables D.34 and D.35 in Appendix-D. It is observed from Figure 3.23
that year to year pressure variation is occurred throughout the period in Dhaka and
Mymensingh. It is also seen that increasing trend of pressure is noticed only in case of
Dhaka city.

3.3.2 Linear Regression

Long term trends may be identified by fitting a linear regression line to the data series of
rainfall, temperature and atmospheric pressure. Trends are then identified by the slope of
the respective regression lines. Linear regression line can be drawn by using the least

square method. This method can also be used to find the mathematical equation of an
appropriate trend line or trend curve. The least squares line approximating the set of points
(Xl, Yl ), (X2, Y2), ... .. .... (x"' y,,) has the equation y == all+ bx.

where ~J is the intercept and b is the slope of the regression line. Constant ao and b
determined by solving simultaneously the equations

Iy == <\{J N + bIx

Ixy == <\{l Ix + b Ix2

which are called the normal equations for the least squares line.

The constants are

( I y ) ( I x2
) - ( I x ) ( Ixy )

ao =='-------------------------------------------
N Ix2 - ( Ix )2
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N LXY - ( LX ) ( LY )
b == ,-----------------------------

Rainfall -- linear regression lines are fitted to the data series of annual rainfalI, summer
rainfalI, monsoon rainfall and one day annual maximum rainfalI for Dhaka city and linear
regression lines are shown in Figures 3.11 a, 3 .I2a, 3.13 a and 3 .I4a. From these figures, it
is seen that annual rainfall and summer rainfall have a increasing trend; but monsoon
rainfalI and one day annual maximum rainfall of Dhaka have a decreasing trend. Linear
regression lines have also been drawn for the data series of the number of summer rainy
days, number of monsoon rainy days and number of annual rainy days for Dhaka city and
presented in Figures 3 .15a, 3 .IGa and 3 .I7a. It is observed from these figures that number
of summer rainy days has a increasing trend, but the number of monsoon rainy days has a
decreasing trend, and no increasing or decreasing trend is found in the number of annual
rainy days.

Similar linear regression lines are fitted to the data senes of annual rainfall, summer
rainfalI, monsoon rainfall and one day annual maximum rainfall for Mymensingh and linear
regression lines are shown in Figure 3.11 b, 3 .12b, 3 .13b and 3. 14b. It is seen from these
figures that above data series have an increasing trend. In the same way, linear regression
lines have also been drawn for the data series of the number of summer rainy days, number
of monsoon rainy days and number of annual rainy days for Mymensingh and presented in
Figures 3.15b, 3.IGb and 3.17b. It is seen from the figures that each data series has an
increasing trend.

For Tangail, linear regression lines are fitted to the data series of annual rainfalI, summer
rainfalI, monsoon rainfall and one day annual maximum rainfall are shown in Figures 3.11 c,
3.12c, 3.13c and 3.14c. From the above figures, it is observed that above data series of
rainfall for Tangail has an increasing trend. Also linear regression lines have been drawn

for the data series of the number of annual rainy days, number of summer rainy days and
number of monsoon rainy days are presented in Figures 3.15c, 3. 16c and 3.17 c. It is
observed from these figures that in each data series of the number of rainy days of Tangail
has an increasing trend.

The statistical significance of the observed trends in the above rainfall data senes for
Dhaka city, Mymensingh and Tangail are judged by t-test and results are presented in
Section 3.3.2.1
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Temperature - - time series data of annual average maximum temperature, annual average

minimum temperature, annual mean temperature, one day annual maximum temperature,

one day annual minimum temperature, summer average maximum temperature, summer

average minimum temperature, winter average maximum temperature, winter average

minimum temperature for Dhaka city were used to compute the linear trend by using'linear

regression line and are presented in Figures 3.18(a, c), 3.19a, 3.20(a, c), 3.21(a, c) and

3.22(a, c). It is observed from these figures that each data series of temperature for Dhaka

has an increasing trend. Increasing rate of temperature is higher for the case of annual

average maximum temperature, annual average minimum temperature, annual mean

temperature, one day annual maximum temperature, one day annual minimum temperature

and winter average minimum temperature for Dhaka.

For Mymensingh, similar linear regression lines are also fitted to the data series of annual

average maximum temperature, annual average minimum temperature, annual mean

temperature, one day annual maximum temperature, one day annual minimum temperature,

summer average maximum temperature, summer average minimum temperature, winter

average maximum temperature, winter average minimum temperature and are 'presented in

Figures 3.18(b, d), 3 .19(b, d), 3.20(b, d), 3.21 (b, d) and 3.22(b, d); It is observed from

these figures that each data series of temperature has a decreasing trend except annual

average minimum temperature, summer average minimum temperature and winter average

minimum temperature; these three data series of minimum temperature for Mymensingh

showed a small increasing trend. Decreasing rate of temperature is higher in one day

annual maximum temperature and summer average maximum temperature than other data

series of temperature for Mymensingh.

The statistical significance of the observed trends in the above temperature data series for

Dhaka city and Mymensingh are judged by t-test and results are presented in Section

3.3.2.1.

Atmospheric Pressure -- linear regression lines are fitted to the data series of annual

average atmospheric pressure for Dhaka city and Mymensingh and presented in Figures

3.23a and 3.23b. It is seen from these figures that the data series of atmospheric pressure

for Dhaka and Mymensingh has an increasing trend. But, rate of increasing of pressure is

lower in Mymensingh and higher in Dhaka.

The statistical significance of the observed trends in the above atmospheric pressure data

series for Dhaka city and Mymensingh are judged by t-test and results are presented in

Section 3.3.2.1.
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Fig.a: Trend of annual rainfall in Dhaka for 43 years (1953-1995)
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Fig, b Trend of annual rainfall in Mymensingh for 45 years ( 195 1-1995)
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Fig.c: Trend of annual rainfall in Tangail for 34 years (1962-1995)

Fig. 3.11 Trend of Annual Rainfall for Dhaka (1953-1995), M)'mensingh (1951-1995)
& Tangail (1962-1995)
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Fig.a: Trend of Summer rainfall in Dhaka for 43 years (1953-1995)
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Fig.b: Trend of Summer rainfall in Mymensingh for 45 years (1951-1995)
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Fig.b Trend of monsoon rainfall in Mymensingh for 45 years (1951-1995)
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Fig.a: Trend of oneday annual maximum rainfall in Dhaka for 43 years (1953-1995)
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Fig.a: Trend of number of Summer rainy days in Dhaka for 43 years (1953-1995)
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Fig. 3.15 Trend of number of Summer Rainy Days for Dhaka (1953-1995),
Mymensingh (1951-1995) & Tangail (1962-1995)
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Fig.a: Trend of number of monsoon rainy days in Dhaka for 43 years (1953-1995)
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Fig.b: Trend of number of monsoon rainy days in Mymensingh for 45 years (1951-1995)
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Fig. 3.16 : Trend of number of Monsoon Rain)' Da)'s for Dhaka (1953-1995),
Mymensingh (1951-1995) & Tangail (1962-1995)
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Fig.a: Trend of number of annual rainy days in Dhaka for 43 years (1953-1995)
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Fig.b: Trend of number of annual rainy days in Mymensingh for 45 years (1951-1995)
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MJmensingh (1951-1995) & Tangail (1962-1995)
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Figure 3.18 : Trend of Annual Average Maximum & Minimum Temperature for Dhaka (1953-1995)
& Mymensingh (1951-1995)
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Fig. d: Oneday Annual Minimum Temperature in Mymensingh for 45 years (1951-1995)

Fig. 3.20: Trend of Oneday Annual Maximum & Minimum Temperature
for Dhaka (1953-1995) & Mymensingh (1951-1995)
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3.3.2.1 Significance of Trend

The data for this study were examined for presence of any trend. First, a linear regression

of parameter versus time was performed. Here time is the independent and parameter is

the dependent variable. The slope of regression line was tested for significance. The mean

value and a linear regression equation for different data series were obtained and presented

in Table 3.4. In order to test the significance of the slope of the regression equation the

following hypothesis is tested.

Ho bo = 0.0
HI: bo:f:. 0.0

The test statistic is calculated as follows

(b - bo)
t=

S / ,fSX,Y,

where b is the computed slope, bo is the hypothesized slope (zero in this case), S is the
standard error of estimate given by

Syy - bSxy
S= ,f ------------

n-2
in which

n

S = L ( Yi - y)2yy
j=l

11

- -
Sxy = L (x; - x ) (Yi - y)

;=1

11

and Sx.Y, =
j=l

Null hypothesis Ho is rejected if I t I > tI- uJ2, 11-2 , a is the level of significance and n-2 is

the degree of freedom.

For different data series of rainfall, temperature and atmospheric pressure, the computed

mean, the regression equation, computed t statistic and the critical t-values are given in

Table 3.4. From the table, it can be seen that slope is different from zero at 0.10

significance level for summer rainfall, one day annual maximum rainfall, number of

monsoon rainy days, annual average maximum and minimum temperature, annual mean



temperature, one day annual maxImum and mInImum temperature, winter average

minimum temperature and annual average atmospheric pressure of Dhaka. It is also seen

that slope is different from zero at 0.10 significance level for annual rainfall, summer

rainfall, monsoon rainfall, annual average rainfall, number of annual rainy days and summer
)

average maximum temperature and one day annual maximum temperature of Mymensingh

and, for all data series of rainfall of Tangail except the number of summer rainy days.
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Table 3.4 : Significance test for changes in rainfall, temperature and atmospheric pressure
values at 0.10 significance level

Data Series Mean Numb Linear Trend - Significance slope Remarks
er of (change)
obs. Regression eq. Camp. t Critical

t J-w2. n-2

A. Dhaka
a. Rainfall :
AlUmal rainfall 2055 43 y=5.164;.,:+1941.9 1.09 1.68 110
Summer rainfall 470.2 43 y = 5.9334;.,: + 339.67 2.72 1.68 (+)
Monsoon rainfall 1348.77 43 v=-2.5101;.,:+ 1403 0.71 1.68 110
One day alUlllal 136.63 43 Y= -1.1012;.,: + 160.83 1.72 1.68 (- )
max. rainfall

AlUmal average 67.27 43 Y= 0.1699;.,: + 63.529 1.10 1.68 110
rainfall

No. of mumul rainy 120.97 43 Y= 0.0094;.,: + 120.77 0.06 1.68 110
days

No. of Summer 25.88 4' Y= 0.1429;.,: + 22.741 1.57 1.68.' 110
rainy days

No. of monsoon 79.19 43 v = -0.1654;.,: + 82.824 1.81 1.68 (- )
rainy days

b. Temperature :
Annual avo ma;.,:. 30A 4J \' = 0.0172;.,: + 30.041 3.07 1.(,8 (+)

temp.
Annual avo mIn. 21.3 4, ~.= 0.0267;.,: + 20.723 7.1 X 1.68 (+)

tcmp.
Annual mean 25.9 43 \' = 0.022;.,: + 25.382 57.' I(,X (+)

temp.
One day annual 8.12 43 \' = 0.057;.,: + 7.1487 3J,2 1.(i8 (+)
min. temp.
One day annual 37.35 43 ~.= 0.0267;.,: + 36.988 2.1 I) 1.68 (+)

ma;.,:. temp.

SUlllmer avo 33.2 4.' \. = O.(HI16;.,:+ 33.138 o. 1(, 1.6X 110
ma;.,:. temp.

SUlllmer avo 22.8 43 Y= 0.0 II');.,: + 22.5(1
) 1.(,0 1.68 110

min. temp.
Winter avo ma;.,:. 26.6 41 ~.= O.<Hl43;.,:+ 26.485 OA5 1.6X 110
temp.
Winter avo min. 13.7 41 Y= 0.0582;.,: + 12.434 6.42 1.68 (+)
tcmp.
e. Atmospheric Pressure:
Annual avo At. 1007.7 42 Y= 0.0243;.,: + I()O7.2 5.() 1.68 (+)
Pressure

(+): indicates increasing trcnd
(-) indicates decreasi ng trend
no : indicates no change



Data Series Mean Num Linear Trend - Significance slope Remarks
ber of (change)
obs. Regression ego Camp. t Critical

, t l-a12, n-2
B.
Mymensingh

a. Rainfall :
Annual rainfall 2344.6 45 y = 13.882:-.: + 2025.3 2.69 1.68 (+)
Sununer rainfall 453.11 45 y = 5.8599:-.: + 318.33 2.66 1.68 (+)
Monsoon rainfall 1632.4 45 v = 6.6184:-.: + 1480.2 1.77 1.68 (+)

One day alUlllalma:-.:. 151.4 45 Y= 0.6083:-.: + 137.S 1 1.15 1.68 no
rainfall

AlUlllal average 76.68 45 Y = 04534\ + 66255 2.74 1.6S (+)
rain!illl

Number of annual 114 45 Y = 0.6963:-.:+ '>7.985 453 168 (+)
rainy days

Numher of Sununer 24.67 45 \' = O.170!x + 20.755 2.10 1.68 (+)
rainy days

Numher of monsoon 76.56 45 Y= 0.4377:-.: + 664X') 4.67 1.68 (+)
rainy days

b. Temperature:
AmnIaI average ma\. 30 45 Y = -0.01149, + 311.11(, U(, 16X no

temp.
Annual average min. 20.7 45 \' = 11.1)004, + 21J.{,(,3 0.11 1.6X no

temp.
Annual mean temp. 25.3 45 \' = -O.IHI22\ + 25.3X') 0.75 1.68 no
One day mUlual min. 8.32 45 Y = -Il,II I04, + 85632 063 1.68 no

temp.
One day mUlualmn:-.:. .37.23 45 y. = -0.0144, + 37.55') 1.94 1.6S (- )

temp.
Summer nverage 32.1 45 Y = -0.0336, + 32. ')03 4.24 I J)X (- )
max. temp.

Summer average min. 214 45 ~'= 0.0035\ + 21.3()() ().4S I J)S no
temp.

Winter nverage nla\. 2(,.2 43 \' = -11.(H)92\ + 2('.357 112 I'(,S no
It:mp.

Winter average min. I.U .:l3 \' = O.IHI27\ + 13.132 ().42 I.(,S no
temp.

C. Atmospheric P rCSSlIl'C :
AJUlllal average At. 1008.5 45 \' = O.OIH)9\ + IIHI8.5 0.1') 1.(,8 no

Pressme

C. Tallgail
a. Rainfall :
Annual rain!all 1777 34 \' = 35.S9\ + 1148.6 5.13 1.70 (+)
Sununer rain!:11l 353.4 34 \' = 6.263\ + 243.93 2.54 uo (+)
Monsoon rainfall 1214.7 35 \' = 25.392\ + 757.()8 4.51 1.70 (+)

One day mUlualma\. 12l.37 35 y = 2.1462\ + 82.682 2.70 1.711 (+)
rain!illl

AJUlllal average 58.16 34 Y = 1.1781 \ + 37.538 5.15 U() (+)
rainfilll

Number of mUlual 104.71 34 y = 0.7074\ + 92.326 3.53 Uo (+)
rainy days

Number of Sununer 22.24 34 y=0.190!x + IS.909 l.34 UO uo
miny dnys

Numher of monsoon 71.46 35 Y = 04401\ + 6353(, 2.28 UO (+)
rainy dnvs



3.3.3 The Moving Average Method -- by using moving average method of appropriate
orders, one can estimate cyclic, seasonal and irregular patterns thus leaving only the trend
movement.

For a set of numbers XI, X2, X3,... ...
be the sequence of arithmetic means:

n

Xn a moving average of order n is identified to

n+j-I

j = 1, L Xj I n
j;l

L Xi I n
i;j

If the data are given annually or monthly, a movlllg average of order n is called
respectively an n-year moving average or an n-month moving average. Thus it is told of 5-
year moving average, 10-year moving average etc. A 10-year moving average is the mean
over successive 10-year period. The first mean is obtained for years ti'om one to ten and
plotted between 5th year and 6th year. The second mean is obtained for years from two to
elevan and plotted between 6th year and 7th year, and so on.

Changes in physical conditions over a period of several years can result in corresponding
changes in climatic parameter characteristics that may show up as trends in time series of
given data. Evidence of real trends may be obtained by a study of progressive long term
averages using 10- years moving average. Rainfall, temperature and atmospheric pressure
for Dhaka and Mymensingh were investigated to identify any trend and for Tangail, only
rainfall data series was examined to identify any trend.

Rainfall -- ten-year movlllg average data senes of annual rainfall, summer rainfall,
monsoon rainfall and one day annual maximum rainfall for Dhaka city are plotted In
Figures 3.24 and 3.25 and data series are presented in Tables D.l through D.4 111

Appendix- D. It is seen ti'om these tigures that 10-year moving average of annual rainfall
and summer rainfall for Dhaka indicates an increasing trend throughout the period; but

monsoon rainfall does not show any increasing or decreasing trend and its yearly variation
is much more. 10-year moving average of one day annual maximum rainfall of Dhaka
exhibits a decreasing trend which started after 1970.

For Mymensingh, 10-year moving average data series of annual rainfall, summer rainfall,

monsoon rainfall and one day annual maximum rainfall are plotted in Figures e.5 and e.6
in Appendix-C and data series are presented in Tables D.6 through 0.9 in Appendix- D.
From the above figures, it is observed that 10-year moving average of annual rainfall,
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summer rainfall, monsoon rainfall and one day annual maximum rainfall for Mymensingh
exhibit an increasing trend throughout the period.

Similarly in Tangail, la-year moving average data series of annual rainfall, summer rainfall,
monsoon rainfall and one day annual maximum rainfall also showed the increasing trend
throughout the period. These data series of rainfall are plotted in Figures C. 7 and C. 8 In
Appendix-C and data series are presented in Tables 0.11 through 0.14 in Appendix-D.

Temperature -- time series data of la-year moving average of annual average maximum
temperature, annual average minimum temperature, annual mean temperature, one day
annual maximum temperature, one day annual minimum temperature, summer average
maximum temperature, summer average minimum temperature, winter average maximum
temperature, winter average minimum temperature for Dhaka city are plotted in Figures

3.26 through 3.28 and data series are given in Tables 0.16 through 0.24. It is observed
from these figures that all the data series of temperature for Dhaka shows an increasing
trend. Among all the data series of temperature of Dhaka, the increasing. tendency of
annual average maximum temperature, annual average minimum temperature, annual mean
temperature, one day annual maximum temperature, one day annual minimum temperature
and winter average minimum temperature are more than that of other data series of
temperature. It may be concluded that increase of maximum temperature at Dhaka city has
started after 1980 and the increase of minimum temperature star1ed earlier but rate of
increase of minimum temperature is more rapid after 1980.

For Mymensingh, la-year moving average data senes of annual average maximum
temperature, annual average minimum temperature, annual mean temperature, one day
annual maximum temperature, one day annual minimum temperature, summer average

maximum temperature, summer average minimum temperature, winter average maximum
temperature, winter average minimum temperature are plotted in Figures C. 9 to C. I I and

data series are given in Tables 0.25 to 0.33 in Appendix-D. It is seen from the figures that
no increasing or decreasing trend is present in annual average maximum temperature,
annual average minimum temperature, annual mean temperature, one day annual minimum
temperature, summer average mInllnUm temperature, winter average maximum
temperature and winter average minimum temperature for Mymensingh. Only decreasing

tendency of temperature is found in summer average maximum temperature and one day
annual maximum temperature.
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Figure a: lO-year moving average of annual rainfall in Dhaka for years (1953-1995)
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Figure b: lO-year moving average of Summer rainfall in Dhaka for years (1953-1995)

E 1450

oS 1400
]! 1350
c.~ 1300
c 12500
0
I/J 1200c:
0~ 1150

M to I'- m 10 M to I'- m r:: M to I'- ento to to to <D <D <D <D I'- I'- I'- I'-en en en m en en en en en en en en en en~ ~
Year

M to
co coen en

I'-coen
encoen Oien

Menen
I/)enen

Figure c: lO-year moving average of Monsoon rainfall in Dhaka for years (1953-1995)

Figure 3.24: Trend of 10-year moving average of Annual rainfall, Summer rainfall
and Monsoon rainfall for Dhaka for 43 years period (1953-1995)
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Figure 3.25 : Trend of 10-year moving average of one day annual maximum rainfall
in Dhaka for 43 years (1953-1995)
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Figure a lO-year moving average of annual average maximum temperature in Dhaka for 43 years (1953-1995)
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Figure b : lO-year moving average of annual average minimum temperature in Dhaka for 43 years (1953-1995)
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Figure c : lO-year moving average of annual mean temperature in Dhaka for 43 years (1953-1995)

Figure 3.26 : Trend of 10-year moving average of Annual al'erage maximum, annual average
minimum and annual mean temperature for Dhaka for 43 years Ileriod (1953-1995)
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Figure a : lO-year moving average of one day annual maximum temperature in Dhaka for 43 years (1953-1995)
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Figure b : IO-year moving average of one day annual minimum temperature in Dhaka for 43 years (1953-1995)

Figure 3.27: Trend of 10-year moving average of One day annual maximum and One day annual
minimum teml)erature for Dhaka for 43 years period (1953-1995)
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Figure (b) : la-year moving average of sUIluner average minimum temperature in Dhaka for 43 years (1953-1995)
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Figure (c) : la-year moving average of Winter average maximum temperature in Dhaka for 41 years (1954-1994)
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Figure (d) : la-year moving average of Winter average minimum temperature in Dhaka for 41 years (1954-1994)

Figure 3.28: Trend of to-year moving average of Summer average maximum,Summer average minimum,
Winter average maximum and Winter average minimum temperature minimum temperature for Dhaka

for 43 years period (1953-1995)
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Figure (a) : lO-year moving average of annual average atmospheric pressure in Dhaka
for 42 years (1953-1994)
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Figure (b) : lO-year moving average of annual average atmospheric pressure in in Mymensingh
for 45 years (1951-1995)

Figure 3.29 : Trend of 10-year moving average of annual average atmospheric pressure in Dhaka
for 42 years (1953-1994) and Mymensingh for 45 years (1951-1995)
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Atmospheric Pressure -- time series data of 10-year moving average of annual average
atmospheric pressure for Dhaka city and Mymensingh are plotted in Figures 3.29a and
3.29b, and data series are given in Tables 0.34 ard 0.35 in Appendix-D. It is seen from
the figures that only the data series of atmospheric pressure for Dhaka indicates the
increasing trend.

3.4 Comparison of Two-period Means

Temporal variation of a given climatic parameter such as rainfall, temperature and
atmospheric pressure may be detected by comparing two-period means for the chosen
parameter. Two time periods 1953-1975 and 1976-1995 for Dhaka and 1951-1975 and
1976-1995 for Mymensingh were arbitrarily chosen to distinguish between temporal
variation. Two-sample test were then performed to compare the means between two
groups of samples. Here the test is performed to see whether or not the mean of
parameters has significantly changed between the two time periods in the above stations.
Usaually, t-test is employed in this type of analysis.

Student's t-Test

The t-test is the most widely used one for comparing means of two independent groups of
data. The hypothesis to be tested is as follows:

where, ~ll and ~l2 are the mean of a given parameter for group I and group 2 respectively.

The test statistic is computed as

t=

in which Xl and X2 are the sample means of groups I and 2 respectively; t is the value of a
random variable having a t-distribution with v = n, + n2 -2 degrees of freedom; n, and n2

are the sample sizes for groups 1 and 2 respectively; Sf' is the standard error which is given

( n, -I) S ,2 + (n2 - I) S/
Sf' = [--------------------------------- (lin, + l/n2)] ll.S

n, +n2 -2

5X



in which S,2 and S/ are the sample variances of groups 1 and 2 respectively. If I t I < tal2,

the null hypothesis Ho is accepted which means that group 1 and group 2 do not show
significant difference in means for a specified significance level LJ.. The Two-period mean

}

value for rainfall, temperature and atmospheric pressure, and the results are presented in
Table 3.5 and 3.6, respectively. It is seen from the Table 3.5 that summer rainfall, number
of summer rainy days, annual average maximum and minimum temperature, annual mean
temperature, one day annual maximum and minimum temperature, winter average
minimum temperature and annual atmospheric pressure has a significantly increasing
change, and one day annual maximum rainfall has significantly decreasing change for
Dhaka at 0.10 significance level.

Similarly for Mymensingh, annual rainfall, summer rainfall, number of annual rainy days,
number of summer rainy days, number monsoon rainy days has a significantly increasing
change at 0.10 significance level and also summer average maximum temperature has a
significantly decreasing change at O. 10 significance level. Other events of temperature and
atmospheric pressure of My men singh does not show any significant change.

Table 3.5
data series

Two-period mean value for rainfall, temperature and atmospheric pressure

Mcan ,',lIl1c of two indc(lcndcnt groll(l
Paramctcr Station: Dhaka Station: Mnncnsin"h

Groll(l-I (xtl Groll(l-2 (xz) Groll(l-I (xd G rOll (1-2 (xz)
1953-1975 1976-1995 1951-1975 1976-1995

a. Rainfall :
Annual rainfall 1992111111 2129111111 21 ') I 111111 253711Ull

Summer rain/nil 399111111 552 Ullll .165111111 56.1 111111
Monsoon rain/:111 1370111111 1322111111 15R211U11 1695 '11111

One day annualma~. rain/nil 153111111 11811UlI 1.12 111111 164111111
No. of annual rainy days 119.30 122.9 I05.R 124.25
No. of summer rainy days 23.09 29.1 22 2R

No. of monsoon rainy days ROAR 77.7 71.RR R2.5

h. Tcm(lcratll rc : ( °c)
Annual avo max. temp. 30.22 30.65 30.04 29.%

Annllal avo min. temp. 21.04 21.62 20J,9 20.65

Annual mean temp. 25.6 26.1 25A 25.3

1- dav annual min. temp. 7.46 8.87 R.43 8.19

1- day annllal max. temp. 37.29 37.91 .17.36 37.07

Summer avo max. temp. .13.20 .13.13 .12.45 31.73

Summer avo min. temp. 22.67 22.89 21.4 I 21.37

Winter avo max. temp. 26.52 26.64 26.17 26.13

Winter avo min. temp. 13.19 14.20 13.21 13.1 (I

C. AtmllsJlhcric (I rcsslI rc (m h)
Annual av At. Pressure

1007.4.1 1008.01 100K53 IOOS-54
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Table 3.6 Results of t-test showing temporal variation of rainfall, temperature and
atmospheric pressure ( at 0.10 significance level)

Parameter Station: Dhaka Station : M~'mcl1sil1gh
(1953-1975 and 1976-1995) (1951-1975 and 1976-1995)

Compo t Critical t Changc Compo t Critical t Changc
value valuc valuc valuc

a. Rainfall :
Annual rainfall 1.15 1.68 no 2.55 1.68 C+)
Summer rainfall 2.89 1.68 (+) J.68 1.68 C+)
Monsoon rainfall 0.55 1.68 110 1.15 1.68 110

One day annual max. 2.22 1.68 C-) 1.60 1.68 Ill)

rainlilll
Atlllual average rainlilll 0.33 1.68 no 0.59 1.68 no
No. of alUmal rainy days 0.87 1.68 no 4.68 1.68 (+)
No. of Sununer rainy days 2.90 1.68 (+) 5.26 1.68 C+)
No. of monsoon rainy 1.21 1.68 110 4.19 1.68 C.)

days
b. Tempcrature :
Annual avo max. temp. J.lJ 1.68 (+) 0.83 1.68 110

Annual avo min. temp. 5.33 1.68 (+) 0.40 1.68 Illl

Annual mean temp. 4.89 1.68 (+) 1.25 1.68 IHl

One day annual min. J.8 1.68 (+) 0.57 1.68 Illl

temp.
One day annual 11Iax. 2.11 1.68 (-) I.)) 1.68 Ilo

temp.
Summer avo 11Iax. 0.25 1.68 Ihl 2.7S I'(,S (-)

te11lp.
Summer .av. 11I1U. 1.16 1.68 11\\ lUI 1.68 Illl

temp.
Winter av. 11Iax. temp. 0.52 1.68 110 0.1') 1.68 110

Winter avo min. tcmp. J.8J 1.68 (.) 0..12 1.68 nil

C. Atmosphcric Prcssurc :
Annual avo At. 5.06 1.68 (~) lUI 1,(,8 IHl

Pressure

(+): indicates increasing trend
(-) indicates decrcasing trend
no : indicatcs no change
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3.5 Monthly and Inter-annual Variability

3.5.1 Variability of Mean Monthly Data

The mean monthly data series of rainfall, temperature and atmospheric pressure for Dhaka,
Mymensingh and for Tangail, only mean monthly rainfall data series, and their coetlicient
of variation has been computed for each month and the values are given in Table D.36 to
D.44 in Appendix D and these are plotted in Figure 3.30 (a and b) to 3.33 (a and b).

Rainfall-- figure 3.30 (a and b) shows the temporal variation of mean monthly rainfall for
Dhaka, Mymensingh and Tangail. It is seen from the figure that the maximum rainfall
occurred in July at three stations although mean monthly rainfall varies from January to
December. Mean monthly rainfall during monsoon in Mymensingh is higher than Dhaka.
Mean monthly rainfall during Summer is predominant in Dhaka. From the Figure 3.30 (b),
it is seen that the coetlicient of variation of monthly rainfall of above three stations show
approximately a definite pattern of variation. Coetlicient of variation of monthly rainfall
has been found minimum in July when rainfall is maximum and then has an inci-easing trend
of coefficient of variation in the subsequent month with decreasing mean monthly rainfall.

Temperahll'e -- the temporal variation of the mean monthly maximum and minimum

temperature over Dhaka and Mymensingh and their coetlicient of variation have been
studied and plotted in Figure 3.31 (a and b) and 3.32 (a and b) respectively. The mean
monthly maximum temperature during summer season (March - May) is more higher in
Dhaka than Mymensingh and maximum temperature occurred in April over two stations.
From the Figure 3.3/(b), it is seen that the coetlicient of variation of mean monthly
maximum temperature over two stations show approximately a definite pattern of
variation. Although, temperature variation is approximately less in Dhaka than
Mymensingh except June, November and December.

Similarly, the mean monthly minimum temperature shown in Figure 3.32 (a) is higher
from February to June in Dhaka than Mymensingh and minimum temperature occurred in
January over the two stations. From figure 3.32 (b), it is observed that the coetlicient of
variation of mean monthly minimum temperature over Dhaka and Mymensingh show
approximately a definite pattern of variation except in the month of December. Although,

minimum temperature variation is approximately higher in Dhaka than Mymensingh but

coetlicient of variation of mean monthly minimum temperature almost equal during
monsoon period (June - September).
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Atmospheric Pressure -- figure 3.33(a and b) shows the temporal variation of mean
monthly and coefficient of variation of monthly atmospheric pressure for Dhaka and
Mymensingh. It is seen from the Figure 3.33(a) that the pressure in Mymensingh is all
through higher than Dhaka. Atmospheric pressu(e is maximum in December to January
and minimum in June to July over the two stations. But from Figure 3.33(b), it is observed
that the coefficient of variation of mean monthly pressure of above two stations show no
definite pattern of variation from January to July. Variation of pressure during this period
is higher in Dhaka than Mymensingh except April.

3.5.2 Inter-annual Variability of Data Series

Generally, an interest in climatic change is stimulated by a concern about the changing
probability of extreme events. Changes in the frequency and intensity of extreme events are
highly sensitive to small changes in climatic variability ( Katz and Brown, 1992; Katz and
Acero, 1994). As a result, it is important to test for a change in the variability of selected
climatic parameters- rainfall, temperature and atmospheric pressure in order to identity

whether climatic parameters change has occurred. So, the coetlicient of variation has been
calculated in annual rainfall, annual average maximum temperature, annual average
mll1lInUm temperature and annual average atmospheric pressure for Dhaka and
Mymensingh, and only annual rainfall for Tangail. Coefficient of variation of time series
data of selected parameters such as rainfall, temperature and atmospheric pressure are
plotted against time. Any changes in parameters variability have been identitied using linear
regression.

Rainfall -- coefficient of variation of time series data of annual rainfall for Dhaka city,

Mymensingh and Tangail are given in Tables D.36 through D.39 in Appendix-D and
coefficient of variation of annual rainfall for above stations are plotted in Figures 3.34a to
3.34c. Linear regression lines are fitted to the data series of coet1icient of variation of
annual rainfall for three stations, and linear regression lines are shown in above tigures.

Changes in annual rainfall variability over three stations are illustrated in above tigures.
Figures 3.34a to 3.34c indicates the decreasing trend of coefficient of variation of annual
rainfall for Dhaka city, Mymensingh and Tangail. But the decreasing ~Iope of coet1Jcient of
variation in Dhaka is more among other stations. This decreasing trend of variability
provides the evidence that the increase in rainfall variability is occurring at a slower rate.

Temperature -- for Dhaka city and Mymensingh, coet1icient of variation of time series

data of annual average maximum temperature and annual average minimum temperature

are plotted against time in Figures 3.35a to 3.35d and corresponding data series are
presented in Tables 0.39 through D.42 in Appendix-D. Linear regression lines are titted to



y = -o.0052x + 1.1349
1.4

1.2
co
.Q
i;j
.co
~ 0.8
'0
C 0.6Q)
.0
IE

8 0.4

0.2

0
M .,., •... a> CD M .,., •... a>.,., .,., :5l .,., ~ ~ to ~~ ~ ~ ~ ~

•...
a>

M•...
a>

.,.,•...
a>

Year

•...•...
a>

a>•...
a>

M
ex>
a>

.,.,
ex>
a>

a>
ex>
a>

c;;
a>

.,.,
a>
a>

Figure 3.3.ja : Trend of coefficient of variation of annual rainfall over Dhaka for the period 1953-1995

./'\ ~ - y = -0.OOO6x+ 1.121 /\
-./ \ I \/ "" ...•.•.... / '- ./ I~ V" \/

1.4
co 1.2.Q
Ai..,
'"> 0.8'0
C 0.6Q).0

0.4IE
Q), 0

0.2u
0 .,.,.,.,

a>
•...
to
a>

•...
a>

M•...
a>

Year

.,.,•...
a>

•...•...
a>

a>•...
a>

;;;
a>

M
ex>
a>

.,.,
ex>
a>

•...
ex>
a>

a>
ex>
a>

c;;
a>

.,.,
a>
a>

Figure 3.3.jb : Trend of coefficient of variation of annual rainfall over Mymensingh for the period 1951-1995

co
.Q
Ai.,
~
'0
C
QJ.0
IE

<3

1.4

1.2

08

0.6

0.4

0.2

y = -00042x + 1.1633

o
1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994

Year

Fib'Ure 3.3.jc : Trend of coefficient of variation of annual rainfall over Tangail for the period 1962-1995



c: 0.14
0

0.12~
.~ 0.1
>
'0 008
C 0.06
QJ
'0 0.04IE
~ 0.02
u 0

M
10

~
r-
IO
Ol

r-
Ol

10
r-
Ol

Year

r-
r-
Ol

Ol
r-
Ol

y = .6E.05x + 0.0929

/\

r-
<Xl
Ol

Figure 3.35a : Trend of coefficient of variation of annual average maximum tern perature over Dhaka
for the period 1953-1995

0.3
c: 0250

~ 0.2"fij
>

0.15'0
C 0.1QJ
'0

005IE
QJ
0

0u

-....•.•••... - /"-... y -0.OO12x + 0.2771v
'V '-" '- .---..-' \. /'

10
10
Ol

r-
IO
Ol

r-
<D
Ol

r-
Ol

Year

10
r-
Ol

r-
r-
Ol

Ol
r-
Ol

<Xl
Ol

10
<Xl
Ol

r-
<Xl
Ol

Ol
<Xl
Ol

Oi
Ol

10
Ol
Ol

Figure 3.35h : Trend ofcoefficicnt of variation of annual avcrage minimum tcmpcrature ovcr Dhaka for
the Jleriod 1953-1995

c:o
.~

.~

'0
C
QJo
IE
QJo
U

0.14
012
0.1

0.08
0.06
0.04
002

o

v = -0.0001x + 0.0932
A L\ A.

7"/
V' "'-../ v

10
10
Ol

M
<D
Ol

r-
<D
Ol

Ol
<D
Ol

r-
Ol

Year

10
r-
Ol

r-
r-
Ol

<Xl
Ol

10
<Xl
Ol

r-
<Xl
Ol

Ol
<Xl
Ol

Ol
Ol

10
Ol
Ol

Figure 3.35c : Trend of coefficient of variation of annual average maximum temperature over 1V1.\'mcnsingh
for the Jleriod 1951-1995

c:
.9
iii.",
~
'0
C
Q)

'0
IE
~
U

0.35
03

025
0.2

0.15
0.1

0.05

o

y = -
'\ ./""'0.. /'.... -"'=-" ""

0- _

r-
Ol

Year

10
r-
Ol

r-
r-
Ol

Ol
r-
Ol

10
<Xl
Ol

r-
<Xl
Ol

Ol
<Xl
Ol

Oi
Ol

10
Ol
Ol

Figure 3.35d : Trend of coefficient of variation of annual average minimum temperature over M)'mensingh
for the period 1951-1995

65



the data series of coefficient of variation of annual average maximum temperature and
annual average minimum temperature for Dhaka and Mymensingh, and linear regression
lines are shown in above figures. Changes in annual average maximum temperature and
annual average minimum temperature variability over Dhaka and Mymensingh are
illustrated in Figure 3.35a to 3.35d. It is seen from the above figures that coefficient of
variation of annual average maximum temperature and annual average minimum
temperature over two stations have a decreasing trend. Among these data series, rate of
decrease of temperature is more in annual average maximum temperature over Dhaka.
This decreasing trend of variability provides the evidence that the increase in temperature
variability is occurring at a slower rate.

Atmospheric Iwessure -- similarly, coefticient of variation of time series data of annual
average atmospheric pressure for Dhaka and Mymensingh are also plotted in Figures 3.3 6a
and 3.36b and corresponding data series are presented in Tables 0.43 to 0.44 in
Appendix-D. Linear regression lines are fitted to the data series of coefficient of variation
of annual average atmospheric pressure for Dhaka and Mymensingh, and linear regression
lines are shown in above figures These figures exhibit the decreasing trend in .Mymensingh
and small increasing trend in Dhaka. This decreasing trend of variability provides the
evidence that the increase in pressure variability is occurring at a slower rate.

The statistical significance of the observed trends in the above coetlicient of variation data
series of annual rainfall, annual average maximum temperature, annual average minimum
temperature and annual average atmospheric pressure are judged by Hest and results are
presented in Section 3.5.2.1.

3.5.2.1 Significance of Changing Trend of Coefficient of Variation

First, linear regression analysis was performed to relate coefticient of variation of rainfall,
temperature and atmospheric pressure with time. Here, time is the independent and
coefficient of variation of parameters is the depended variable. The slope of the regression
line was tested for significance at O.10 significance level. A linear regression equation for
each parameter were obtained and presented in Table 3.6. For each parameter, computed t
statistic and the critical t-values are also given in Table 3.6. The procedure of t-test is as
same as described in section 3.3.la.

From the Table 3.7, it can be seen that the coetlicient of variation of annual rainfall of
Dhaka has a significant decreasing trend although there is no significant change in annual

rainfall; coefficient of variation of annual rainfall for Mymensingh has no significant trend
and coefficient of variation of annual rainfall for Tangail has a significantly decreasing

l. _
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Figure 3.36a : Trend of coefficient of variation of Atmospheric Pressure over Mymensingh for the
period 1951-1995
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Figure 3.36b : Trend of coefficient of variation of annual average atmospheric pressure over Dhaka for the
period 1953-199~
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trend although it has a linear significantly increasing trend in annual rainfall. In this case, it
may be concluded that the decreasing trend of variability provides that the increase in
rainfall variability is occurring at a slower rate.

From the same table, it is observed that the coefficient of variation of annual average
maximum temperature at Dhaka has no significant change although a significantly
increasing trend is obtained in annual average maximum temperature of Dhaka. A
significantly decreasing trend IS observed in coefficient of variation of annual average
minimum temperature of Dhaka and it has a significantly increasing trend in time series
annual data. On the other hand, there is no significant trend in coefticient of variation of
annual average maximum and minimum temperature in Mymensingh. But decreasing trend
is observed in coefticient of variation of annual average atmospheric pressure of
Mymensingh, and it has no changing trend on time series of annual data. Here, it may also
be concluded that the decreasing trend of temperature or pressure variability provides that
the increase in temperature or pressure variability is occurring at a slower rate.

Table 3.7 : Significance test for changes in variability of rainfall, temperature and
atmospheric pressure at 0.10 significance level

Data Series Numb Linear Trend - Significance slope Remarks
er of (change)
obs. Regression eq. Camp. t Critical

tl-1e/2. 11-2

Cv. of Annual Rainfall of -l~ y = -ll.llll52.\ + 1.13-l0 3.2<) l.oX (- )-'
Dhaka

CV. of Annual Rainfall of -l5 y = -0.0000.\ + 1.121 O.-l-l l.(iX 110
Mvmcnsingh

CV. of Annual Rainfall of 3-l y = -O.OO-l2 + 1.1033 2.035 1.70 (- )
Tangail

CV. of Annu<ll Avcrage -l3 y = -oE -ll5.\ + O.()'.J20 o 50 l. oX 110
Maximum Temperature of

Dhaka
CV. of Annual Avcrage -l3 y = -ll.llO 12.\ + ll.277 I 5.3-l l.OX (-)

Minimum Temperaturc of
Dhak<l

Cv. of Anlllt<ll Average -l5 y = -O.OllO l.\ +ll.O')32 ll.70 l.CiX 110
Maximum Temperature of

Mvmcnsingh
CV. of Annual Average -l5 y = -ll.llOO l.\ + 0.2581 0.5(, l. CiS no

Minimum Temperature of
Mvmcnsingh

Cv. of Annual Average At. -l2 y = -5E -llCi.\ + (l.(I057 1.75 l.Mi (- )
Pressure of Mnnensingh

Cv. of Annual Average. At. -l5 y = IE -00.\ + ll.ll055 ll. 3 ') I. oS no
Pressurc of Dhaka

(-) indicates decreasing trend
no indicates no changc



Chapter 4

Results and Discussion

Results of analyses carried out in this study are summarized in Table 4.1. These can be

discussed under the following headings:

(a) Rainfall (b) Surface temperature (c) Surface Atmospheric pressure.

(a) Rainfall: The time series of annual rainfall for Dhaka (1953-1995), Mymensingh

(1951-1995) and Tangail (1962-1995) were examined in order to identify rainfall

variability and any trend or change in pattern.

The data for rainfall were analyzed by time senes plot, regression line, 10-year

moving average and comparison of two period means. All the observed trends for

different data series of rainfall were tested for significance at 0.10 significance level.

The trend of rainfall change in Dhaka city is found to be different from that of

Mymensingh and Tangail, where extent of urbanization is lower than Dhaka. Annual

rainfall and monsoon rainfall for Dhaka does not show any increasing or decreasing

trend, but a significantly increasing trend is observed in summer rainfall; it depicts an

increase by an amount of about 255 mm over a 43-year period. One day annual

maximum rainfall for Dhaka exhibits a significantly decreasing trend, it decreases by

about 47 mm over a 43-year period. On the other hand, increasing trends in annual

rainfall, monsoon rainfall, summer rainfall and one day annual maximum rainfall are

observed in case of My men singh and Tangail.

The number of monsoon rainy days for Dhaka shows a decreasing trend and number

of annual rainy days does not indicate any change. But the number of summer rainy

days for Dhaka shows an increasing trend. Beside that, the number of summer,

monsoon and annual rainy days in case of Mymensingh and Tangail exhibit a

increasing trend except the number of summer rainy days for Tangail.

The variability of mean monthly rainfall for Dhaka is approximately less in each

month than for Mymensingh and Tangail. The coefficient of variation of annual

rainfall for Dhaka and Tangail shows a decreasing trend whereas this coefficient of

variation is very low in case of Mymensingh. This decreasing trend of coefficient of

variation provides the evidence that the increase in rainfall variability is occurring at a

slower rate.
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Table 4.1 Summary of the results of analysis of selected climatic parameters

Climatic parameter Results of
Dhaka Mymensingh Tangail

(most urban area) (less urban area) (less urban area)
Data period = 1953-1995. Data period = 1951- Data period = 1962-

1995. 1995.
Mean annual rainfall =
2055 mm. = 2345 mm. = 1777 mm.
Standard deviation = 390 = 479.99mm. = 536.23 mm.
mm.
ev. of Mean annual
rainfall = 18.98%. = 20.47%. = 30.18%.

Rainfall Annual Trend of annual rainfall Trend of annual Trend of annual
is not significant. rainfall is significantly rainfall is significantly

increasing. increasing.
Trend of one day annual Trend of one day Trend of one day
maximum rainfall is annual maximum annual maximum
significantly decreasing. rainfall is significantly rainfall is increasing.

increasing
Number of annual rainy Trend of number of Trend of number of
days has no trend. annual rainy days is annual rainy days is

significantly significantly
increasing increasing.

Trend of ev. of annual Trend of ev. of Trend of ev. of
rainfall is significantly annual rainfall is not annual rainfall is
decreasing. significantly significantly

decreasing. decreasing.
Data period = 1953-1995. Data period = 1951- Data period = 1962-

1995. 1995.
Mean Summer rainfall = = 453.1 mm. = 353 mm.
470 nUll.

Summer Standard deviation = = 206.7 mm. = 15-l mm.
(March- 191.37mm.
May) Rainfall variability = = 45.87%. = 43.63%.

40.72%. Trend of Summer Trend of Summer
Trend of Summer rainfall rainfall is significantly rainfall is significantly
is significantly increasing. increasing. increasing.

Trend of number of Trend of number of
Trend of number of Summer rainy days is premonsoon rainy
Summer rainy days is not significantly days is not significa-
significant. increasing. ntlv increasing.
Data period = 1953-1995. = 1951-1995. Data period = 1962-
Mean Monsoon rainfall = 1995.
1348 mm. = 1632.4 mm. = 1215 mm.
Standard deviation =

Monsoon 287.45 mm. = 3366.50 mm. =41O.14mm.
(June- Rainfall variability =

Rainfall September) 21.32%. = 20.61%. = 33.76%.
Trend of monsoon rainfall Trend of monsoon Trend of monsoon
is not significant. rainfall is significantly rainfall is significantly
Trend of number of increasing. increasing.
monsoon rainy days is Trend of number of Trend of number of
significantly decreasing. monsoon rainy days is monsoon rainy days is

significantly significantly
increasing. increasing.
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Tempera-
ture

Tempera-
ture

Tempera-
ture

Annual
average
maximum

Annual
average
minimum

Annual
average
minimum

Annual
mean

Summer
average
maximum
(March-
May)

( Dhaka)

Data period = 1953-1995
Mean of annual average max.
temperature = 30.4° C.
Standard deviation = 0.5045°C.
Temperature variability = 1.66%.
Trend of annual average maximum
temp. is significantly increasing.

Trend of one day annual maximum
temp. is significantly increasing.

Trend of ev. of annual average
maximum temp. is not significant.

• significant warming tendency in
maximum temperature i.e.
temperature is increasing.
Data period = 1953-1995
Mean of annual average min.
temperature = 21.3° C.
Standard deviation = 0.50°C.
Mean temperature variability =
2.35%.
Trend of annual average minimum
temp. is significantly increasing.
Trend of one day annual minimum
temp. is significantly increasing.

Trend of ev. of annual average
minimum temp. is significantly
decreasing.

• significant warming tendency in
minimum temperature i.e. night time
temperature is increasing.

Data period = 1953-1995
Mean of annual mean Temperature =

25.9° e.
Standard deviation = 0.4°e.
Temperature variability = 1.54%.

Trend of annual mean temp. is
significantly increasing.

• Strong warming tendency in mean
temp. i.e. temperature is increasing.
Data period = 1953-1995
Mean of summer average max.
temperature = 33.2° e.
Standard deviation = 0.8104°e.
Temperature variability = 2.445%.
Trend is not significant.
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( Mvmensingh)

Data period = 1951-1995

= 30.0° C.
= 0.300e.
= 1.0%
Trend of annual average maximum
temp. is not significant.

Trend of one day annual maximum
temp. is not significant.

Trend of ev. of annual average
maximum temp. is not significant.

No remarkable change of
temperature.

Data period = 1951-1995

= 20.7° C.
= 0.3 0C.
= 1.45%.

Trend of annual average minimum
temp. is not significant
Trend of one day annual minimum
temp. is not significant.

Trend of ev. of annual average
maximum temp. is not significant.

No remarkable change of
minimum temperature.

Data period = 1951-1995
= 25.3° C.

= 0.257°e.
= 1.02%

Trend of annual mean temp. is not
significant

• No remarkable change of mean
temperature.
Data period = 1951-1995

= 32.1° C.
=0.9515°C.
= 2.96%
Trend is significantly decreasing.



Tempera-
ture

Tempera-
ture

Atmosph
eric

pressure

Summer
average
minimum
(Mar-May)

Winter
average
maximum
(Dec-Feb)

Winter
average
minimum
(Dec-Feb)

Annual
average

Data period = 1953-1995
Mean of summer average min.
temperature = 22.8° C.
Standard deviation = 0.623°C.
Temperature variability = 2.73%.
Trend is not significant.

• slight warming tendency i.e. night
time temperature is slight increasing.
in the occurrence of temperature.
Data period = 1954-1994
Mean of winter average max.
temperature = 26.6° C.
Standard deviation = 0.729°C.
Temperature variability = 2.70%.
Trend is not significant.

• No remarkable change in winter
maximum temperature.
Data period = 1954-1994
Mean of winter average min.
temperature = 13.7° C.
Standard deviation =0.9782°C.
Temperature variability = 7.14%.

Trend of winter minimum temp. is
significantly increasing .

• strong warming tendency i.e. night
time temperature is increasing.

Data period = 1953-1994.
Mean annual average At. Pressure =

1007.7 mb.
Standard deviation = 0.4785 mb.
Pressure variability = 0.0475%.

Trend of annual avo At. pressure is
significantly increasing.

Trend of CV. of annual average At.
pressure is not significant.

Remarkable change of pressure.
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Data period = 1951-1995

=21.4°C.
= 0.6422°C.
=3.0%
Trend is not significant.

No remarkable change of
temperature.

Data period = 1952-1994
= 26.2° C.

= 0.6798°C.
= 2.59%.
No trend.

• No remarkable change in winter
maximum temperature.
Data period = 1952-1994
= 13.2° C.

= 0.585°C.
= 4.43%

Trend is not significant.

No remarkable change of
temperature.

Data period = 1951-1995.
= 1008.5 mb.

= 0.4 mb.
= 0.0397%.

No trend.

Trend of CV. of annual average At.
pressure is significantly decreasing.

No remarkable change of
pressure.



Dhak~ metropolitan area is treated as most urban area, and Mymensingh and Tangail
are treated as less urban area in this study. From the above results, it is found that
changes in the different data series of rainfall at Dhaka is quite different from that of
Mymensingh and Tangail. Because, overabundance of cloud condensation nuclei
(CCN) from soot and dust discharged by factories, houses, and various means of
transportation may be preventing the formation of rain drop within urban clouds.
But, if the great supply of moisture is available with the strong cyclonic winds
(during summer season), the rainfall of the urban area would increase due to
turbulence resulting from an increased surface roughness. It is seen that a certain
change in seasonal rainfall especially in summer months has occurred at Dhaka.

(b) Surface Temperature: Linear trends of the time series of annual average maximum
and minimum temperature, mean temperature and seasonal temperature were
computed for Dhaka and Mymensingh for the period 1953-1995 and 1951-1995
respectively.

The data for temperature were analyzed by time series plot, regression line, 10-year
moving average and comparison of two period means. Observed trends for different
data series of temperature were tested for significance at 0.10 significance level.

These time series of temperature for the above stations exhibit year to year
temperature variation. Annual average maximum, minimum and mean temperature
for Dhaka shows an increasing trend, the amount of increase being 0.74 0C, 1.15 0C

and 0.95 °C, respectively over the 43-year period. Rate of increase of temperature is

seen to be predominant in case of minimum temperature for Dhaka. It is readily

apparent that the greatest contribution to the warming of the mean temperature is
from the increase of the minimum temperature. Similarly, one day annual maximum
and minimum temperature for Dhaka also demonstrates a significantly increasing
trend. It increases by 0.74 0C and 2.45 0C, respectively during 1943-1995 period.
Among seasonal temperatures, only summer average minimum temperature and

winter average minimum temperature indicate a increasing trend. But, the rate of

increase of winter average minimum temperature is higher than summer average
minimum temperature; it increases by 2.5 0C over 43-year period. On the other hand,
each data series of temperature for Mymensingh does not show any significant
change except summer average maximum temperature and one day annual maximum
temperature; both are showing a decreasing trend. The temperature change in
Mymensingh with a small downward trend is indicative of an area which is less urban
in nature.
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Plots of 10-year moving average of all the data series of temperature for Dhaka has
showed the increasing trend. Increasing trend of all the data series of maximum
temperature of Dhaka has started after 1980. Moreover, increasing trend of all data
series of minimum temperature for Dhaka started earlier, but rate of increase appears
to be rapid after 1980. This is because, a radical change took place in the process of
urbanization in and around the city of Dhaka with the creation of Bangladesh in
1971. Many more new planned and unplanned urban development projects of
different sizes and categories were implemented to meet the requirements of the
capital of new state. Most of the area of Dhaka city is now covered by the paved
surfaces (buildings, road networks etc.), and reduced grass and marshy land, as a
results solar radiation is increased. Rapid industrialization and increasing mass
transportation are likely to be responsible for temperature change in Dhaka city.

The mean monthly maximum temperature from January to June is higher in Dhaka
than in Mymensingh and maximum temperature occurs in April over the two
stations. The coefficient of variation of mean monthly maximum temperature over
the two stations show approximately a similar pattern of variation, although
temperature variation is somewhat less in Dhaka than Mymensingh. The average
annual maximum and minimum temperature in Dhaka city show an increasing trend,
but the respective coefficient of variations exhibit a decreasing trend. Again
coefficient of variation for annual maximum temperature is found to decrease at a
slower rate than that of annual minimum temperature. So, it is apparent that the

decreasing trend of coefficient of variation of temperature provides the evidence that

the increase in temperature variability is occurring at a slower rate.

From the above results obtained, it is observed that some warming is evident in
Dhaka with the rise in minimum temperature. It is also readily apparent that the
greatest contribution to the warming of the mean temperature is from the minimum
temperature. It is possible that urban heat island might have caused temperature
increase at Dhaka over the last four decades. This plausible from a comparison of

temperature records at urban site (Dhaka) with the less urban area (Mymensingh).

Concerning diurnal variations, the greatest signature of urban heating appeared in the

minimum (night time) temperature as seen in Dhaka. The less urban area
(Mymensingh) examined was completely lacking for temperature increase specially in

night time. Apparently in Dhaka, the night time hours, having less ventilation and
greatest vertical stability, are most effective in accumulating city heat.
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Increase of urban temperature does not result from the action of single factor, but is
due to the complex interaction of many features of urban atmospheric system. For
example, contributing factors can be (a) release of anthropogenic heat; (b) high heat

capacity of building and road networks; (c) the trapping of long-wave radiation
beneath roof level; (d) increased counter radiation from the urban pollution dome; (e)
smoke from the mass transportation and industrialization; (t) rapid deforestation; (g)
less ventilation of city air, etc.

(c) Surface Atmospheric pressure: The time series of atmospheric pressure data for
Dhaka (1953-1994) and Mymensingh (1951-1995) were examined in order to
identify pressure variability and trend.

The data for pressure were analyzed by time senes plot, regressIOn line, 1a-year
moving average and comparison of two period means. All the observed trends for
different data series of pressure were tested for significance at a. 1a significance level.

The time series of annual average atmospheric pressure for Dhaka and Mymensingh
demonstrated year to year pressure variation. Annual average atmospheric pressure
for Dhaka exhibits a increasing trend and no such trend is present in Mymensingh.
Mean monthly atmospheric pressure of Dhaka is always less than Mymensingh; mean
monthly maximum pressure occurred in January and December and minimum in July
over the two stations. But the coefficient of variation of mean monthly pressure of
above two stations does not show a definite pattern of pressure variation. Mean

monthly pressure variation is higher in Dhaka than Mymensingh except for few

months. The coefficient of variation of annual average atmospheric pressure of
Dhaka shows a little increasing trend which is not significant, but in Mymensingh, it

is significantly decreasing and this decreasing trends provides evidence that the
increase in pressure variability is occurring at a slower rate.

From the above result, it is found that certain significant change in pressure trend
(increasing) obtained in Dhaka but not in Mymensingh. This change in pressure is
happening along with the other parameters of Dhaka due to urbanization.
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Chapter 5

Conclusion And Recommendations

5.1 Conclusion

In this study an attempt has been made to analyze data of selected climatic parameters

such as rainfall, temperature and atmospheric pressure for Dhaka metropolitan area for the

period from 1953 to 1995. From these results it is observed that some definite change of

selected climatic parameters for Dhaka metropolitan area is taking place. Dhaka

metropolis is treated as most urban area and Mymensingh and Tangail are treated as less

urban area. On the basis of analysis performed and results obtained, the following

conclusions may be drawn:

Rainfall

Rainfall study over Dhaka indicates the following features:

(a) Summer rainfall of Dhaka has showed a significantly increasing trend;

(b) One day annual maximum rainfall of Dhaka exhibits a significantly decreasing

trend;

(c) Number of monsoon rainy days of Dhaka has showed a significantly decreasing

trend;

(d) No significant increasing or decreasing trend has been observed In annual

rainfall and monsoon rainfall in Dhaka;

(e) Coefficient of variation of mean annual and summer rainfall is less in Dhaka

than Mymensingh and Tangail;

(f) Coefficient of variation of mean monthly rainfall is less in Dhaka than other two

stations;

(g) Decreasing trend of coefficient of variation of annual rainfall provides the

evidence that the increase in the rainfall variability is occurring at a slower rate.
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In summary, it can be said that the summer, monsoon and annual rainfall amounts for both
the non-urban stations, Mymensingh and Tangail, exhibited an increasing trend. But for
Dhaka, only summer rainfall showed some increasing trend, and monsoon and annual
rainfall showed a slightly decreasing trend. Such changes in rainfall pattern in Dhaka are
likely due to increased urbanization.

Temperature

Temperature study over Dhaka indicates the following features:

(a) Both the annual average maximum and minimum temperature of Dhaka are
increasing. Over 43- year period, these increased by about O.74°C and l.ISoC,
respectively. The increasing trend of annual average minimum temperature of
Dhaka indicates a warming of the city;

(b) The trend of winter minimum temperature of Dhaka is significantly increasing. It
increases by about 2.SoC over 41- year period;

(c) The trend of annual mean temperature of Dhaka is significantly warming. It is
readily apparent that the greatest contribution to the warming of the mean
temperature of Dhaka is from the minimum temperature. Annual mean temperature
of Dhaka increases by approximately O.945°C over 43- year period.

(d) One day annual maximum and minimum temperature of Dhaka are significantly
increasing. These are increases l.ISoC and 2.37°C respectively over 43- year
period.

(e) Coefficient of variation of annual average minimum temperature of Dhaka has a
significantly decreasing trend. It is an evidence that the increase in temperature is
taking place at a slower rate ..

It is seen from this study, minimum temperature of Dhaka is increasing along with the

maximum temperature which indicates the increase of night time temperature i.e. Dhaka is
warming. Urbanization is likely to be one of the factors which may cause such temperature
change.
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Atmospheric pressure

Annual atmospheric pressure study over Dhaka indicates the sign of pressure change. This
change shows an increasing trend over the period from 1953 to 1994. Coefficient of
variation of annual average atmospheric pressure of Dhaka shows no significantly
increasing or decreasing trend. Here, it is also likely that change of atmospheric pressure
over Dhaka city along with the other selected climatic parameters might have occurred due
to urbanization.

5.2 Recommendations:

Further studies in the following directions should prove to be fruitful:

(a) Heat island effect and and its relation with population.

(b) Study oflong-term trends and variability of other climatic parameters, such as wind
speed and direction, net radiation, humidity etc.
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APPENDIX- A : SAlVIPLE OF DATA



Table A.I : BMD Sample Data Sheet - Daily and Monthly Rainfall (mm)
Govenlment of the People's Repuhlic of Bangladesh

Bangladesh Meteorological Department
Climate Division

Agargaon. Dhaka-l207
-------------------

Station name: Dhaka Lat. 23 Dcg ~6 mts. N Long. 90 Deg 23 mts.E
--------------------------------------------------------------------------------------

Dail)' & Monthly min fall in millimeter

Year: 1969

Date Jan. Feb. Mar. Apr. l\lay .Inn. Jnl . Aug. Sep. Oct. Nov. Dec.

I 0 0 0 0 0 0 0 22 0 0 0 0
2 0 0 0 0 6 0 2 31 0 5 0 0
3 0 0 0 0 0 I 4 38 0 3 0 0
4 0 0 0 0 0 20 5 1 0 0 0 0
5 0 I 0 0 11 21 0 10 3 0 0 0
6 0 0 0 0 0 6 6 3 4 0 0 0
7 0 0 0 0 0 16 19 0 0 33 0 0
8 0 0 0 0 0 30 2 0 I 0 0 0
9 0 0 0 0 0 1 62 17 0 36 0 0
10 0 0 0 0 25 0 0 33 I 2 0 0
II 0 0 0 0 0 0 28 54 14 22 0 0
12 0 0 0 0 0 11 0 3 18 2 0 0
13 0 0 0 0 0 28 0 I 2 0 1 0
14 0 0 0 0 0 13 9 34 6 0 I 0
15 0 0 0 0 0 2 4 39 0 0 0 0
16 0 0 0 0 0 0 0 34 0 0 0 0
17 0 0 0 0 21 I 9 22 6 0 0 0
18 0 0 4 49 2 3 13 18 0 0 0 0
19 0 0 7 0 0 4 86 6 0 0 0
20 0 0 9 7 0 7 2 8 26 0 0 0
21 0 0 18 0 5 I I 45 0 0 0 0
22 0 0 0 4 I 0 0 6 0 0 0 0
23 0 0 I 0 8 0 6 13 IJ 0 IJ 0
24 0 0 26 2 29 0 0 43 0 0 ()
25 0 0 0 0 0 10 0 0 47 0 0 0
26 0 0 0 0 0 0 I 0 22 0 0 0
27 0 0 0 0 4 II) 1 I IJ IJ IJ 0
28 0 0 () IJ 'J IJ 1 IJ IJ IJ IJ
29 0 0 IJ I 3 16 2 0 IJ IJ
30 0 0 21 () 22 1 0 IJ () 0 0
31 0 0 0 13 0 0 0

Total 0 65 86 95 24') 198 540 201 103 2 0

Year: 1970

DatI.' .Jan. Fl.'b. 1\lar. AI"'. 1\la)' .IlIn. .Jnl. Ang. Sl'P, a,"!. ~tJ\". D,'".
I 0 0 0 I 33 0 7 I) 3 3 0 ()
2 0 0 0 7 0 0 1 0 II) 39 IJ IJ
3 0 0 0 4 1 22 () 0 21) 116 0 0
4 0 0 0 0 () 0 0 18 48 () 0
5 0 0 6 0 0 4 0 3 3 26 IJ ()
6 0 0 0 0 () 11 2 8 () 10 () ()
7 0 0 0 0 () 2) 3 3 2{) 25 () ()
8 0 0 0 0 0 6{) 6 17 IJ 2 IJ ()
9 0 0 0 0 l) 10 4 2 I 7 () ()
10 () 0 0 0 0 I 14 3 3 0 () ()
11 0 0 0 0 0 5 15 I 16 IJ 18 012 0 0 (J 2 0 (J 110 7 0 0 6 ()
13 I 0 0 (J 0 0 152 II) () 0 8 014 0 (J 0 8 IJ 32 12 0 34 0 IJ IJ
15 0 0 0 0 0 I (J I 14 (J (J 0
16 0 0 0 1 50 0 0 8 2 0 0 017 0 0 0 19 10 29 1 (J 0 0 0 018 0 0 0 0 60 3 2 41 () 0 0 0
19 0 0 0 0 4 9 0 I 0 0 0 020 0 8 0 3 0 7 0 0 11 0 0 021 2 0 0 0 0 0 30 0 0 () ()
22 12 0 0 0 () 3 28 6 2 40 () 023 0 0 0 0 0 I) 40 10 I 41 0 024 0 0 0 IJ 0 2'.1 15 I 2 65 IJ IJ
25 0 0 0 IJ 0 11 3 2 0 () () 026 0 0 0 0 18 IJ 4'.1 0 0 0 () 027 0 0 0 0 7 0 () 1 () 0 () (J
28 I 0 0 0 () () 8 16 IJ IJ () 029 0 6 (J 0 0 6 55 21 0 () 0
30 0 11 0 0 () X 24 I 0 () ()
31 0 0 0 5 12 0

Total 16 23 45 192 276 4% 280 200 427 32 0
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Table A.2 : BMD Sample Data Sheet - Daily and Monthly Maximum Temperature

Govenmlent of the People's Republic of Bangladesh
Bangladesh Meteorological Departmcnt

Climate Division
Agargaon, Dhaka-l207

--------------------
Station name: Dhaka Lat. 23 Dcg ~6mts. N Long. 90 Dcg 23 mts.E

--------------------------------------------------------------------------------------
Daily & Monthly max.tcmpcmturc in DcgJ"Cccelsius

Year :-1991

Date J••n. Feb. Mar. Apr. "1:1)' .,hm. .ruL Aug. Scpo Oct. ~o\'. Dcc.

I 25.6 28.5 27.8 32.7 3~.2 28.4 32 32.4 30.5 33.5 29.2 26.8
2 23.3 27.6 29.6 33.5 33.6 28 33 30 31.7 34.5 29.6 26.5
3 19.6 24.5 30.2 34.2 33.8 32.6 31.5 28.1 30 37 28.5 25.5
4 21.6 22.5 30.8 33.4 33.3 33.6 32 31.4 29.5 32.6 30.2 25
5 22.1 26 31.7 33.5 31 31 28.5 32.6 30.2 32 29.5 25.5
6 23.5 25.8 30 29.6 32.5 30.2 32 31.4 31.7 31 30 25
7 24.2 27 30.2 32.6 34 31.2 33.2 32.6 29.6 30 29 26.6
8 24.5 28.6 31 34.2 34.2 31.5 31.7 31.6 30.3 33 28.5 27
9 25.5 28.5 32 31.6 33 29.7 32.6 3l.8 28 31.6 29 28.5
10 22.5 28.6 33 32.5 32.7 32.5 32.8 32.2 28.2 32.5 29.5 29.3
11 24.7 28.6 31.8 32.5 31 28 32.6 31.4 31.7 32.5 30 27.5
12 24.5 30.2 33 34.6 32.4 31.8 33.1 31.7 32.2 31.5 29.1 27.8
13 24 30.3 31.6 34.5 33 31.5 33.5 31.8 28.4 25.8 29.2 27
14 24 28.2 31. 7 34.6 30.9 31.5 33.4 32.2 31.2 27.5 28 26
15 23 28.8 32.4 35 32.1 30.6 33.5 30.5 27 27.2 28.5 26.7
16 23.2 26.6 33.6 36.8 30.5 32.5 31.5 30.8 31.2 29.8 27.8 26
17 23.4 27.7 35.2 37 33 31.2 31.7 30.2 32.5 3l.4 27.4 26.6
18 23.5 29.2 36 36.6 29.8 27.6 31.4 32 32.8 31.8 2'),2 25.2
19 23.4 29.8 36.5 37.2 29.7 31.2 29.4 32.5 33.4 32.2 28.1 25.S
20 22.7 30.3 36.8 37.8 30.2 33.5 30.8 36.2 34.5 31.6 26.8 26.5
21 23 30.2 35.5 34.7 27.6 34 29.3 33.5 32.5 31 27 25.5
22 24.2 30.8 35.5 35 31.2 34 29.5 31.4 32 30,~ 27.5 25.6
23 25.6 31.6 31.6 35 33 33 32 32.4 29.8 31.6 27 25.5
24 24.4 31.7 29.8 33.6 29.4 33.4 32.8 31.8 2X-5 31.5 26.8 22.7
25 24 33 31.2 34.2 33.2 30.5 33.6 33 Zg.5 31.8 27.5 18.2
26 25.2 33 33 35 29.6 32.5 35 32 25.5 31 27.2 17.5
27 26.5 30 33.5 35.2 27.6 33.6 33.3 32.4 30.3 31.5 27 19.5
28 28 31 34.2 30 29.2 32.6 33.2 32.3 31 31.5 27.5 20.2
29 27.4 34 27.2 33.4 32.1 31 32.7 32.4 2') 27 20.4
30 28 32.3 32.7 33.5 32.6 32.6 33 33 2:'0:.5 26 20
31 27.6 33.5 32 32.6 28.8 23.6 21.2

Mean 24.3 28.9 32.6 34 31.8 31.6 32.1 31.9 30.7 31 28.3 24.8

Year:- /992

D••tc .r••n. F"b. 1\1•••.. Ap •., I\lay ./un. ./ul. Ang, S"p. Ol'l. \'ov. Ill"',

1 20.5 24.6 30 34.7 34.2 34.5 32.5 31) 31.4 32.2 32.S 26.4
2 21.2 26.4 30.1 35 30 35.5 33.5 31.8 33 33 :0.5 24.2
3 20.6 25.4 29 36.5 26.6 :\5.5 32 30.4 .\2.5 34.6 J2.5 26
4 23.2 24.8 29.7 37 30 35.8 32.7 32,2 34 30.6 31.7 27.8
5 23 25.5 31.4 35.6 32.4 35 32.5 30 33 31.5 31.2 27
6 21.8 26.4 31.8 34.4 34.5 35 30.5 30.9 33.5 31.7 30.8 26
7 23.2 27 31.4 35.5 35.5 35 30.5 31 32.9 33.2 30.7 26.2
8 23.2 24.2 30.4 36.1 36 33 32.8 29.8 32.3 33.5 30 26.7
9 23.2 24.3 30.7 37.4 34.8 34.6 33 32.4 3.U 33.6 30.3 26.4
10 24.5 25.6 31.2 37 34.8 32.5 29.8 31.7 32 32.8 30.1 26.5
II 24.8 22.6 32.2 39.2 36.2 34 28 31.2 29.5 JJ 2') 26,5
12 24.8 22.8 32.2 36.5 35.4 33.5 31.6 35.2 28.1 322 30.6 26.2
13 22.5 23.8 31.5 37 35.9 34.5 32.3 33.7 32.8 32.7 30.7 26.2
14 21.2 27.5 34 37.5 35.2 33.8 32.8 33.2 33.5 30 30.7 25.8
15 23.8 26.6 33.1 :17.8 34.4 35 31.5 32.6 33.8 31.5 30 26
16 24.6 24.6 31 35.8 35.6 34.5 27. I 32.1 34.5 30,3 28.5 26
17 23.4 25.2 32 36 35 34.8 31.5 31.4 33.5 31.6 28.4 25.5
18 23.8 25.2 31.5 35.5 34.8 33.7 29.8 32.5 32.6 31.5 27.2 25.1
19 23.4 25.2 31.3 35.3 35.2 34 30.1 32.1 34.5 32 28.8 25
20 24 26.6 32 36.5 35 34 30.4 31.6 34.2 29.2 29.2 25.6
21 25.2 26.8 31.5 36 29.4 33.2 31.6 31.8 34.4 26.5 30.6 25.8
22 24 26 31.8 36.5 32 32.8 31.5 31.2 35 30.5 29.6 25.X
23 24.6 25.7 33.5 36.5 30.5 30.4 32 30.6 34.2 31.6 30.5 26.1
24 24 24.9 36 36.5 33.5 32 33.8 32.8 31.3 31.6 22.6 27
25 25.1 26.5 35.6 38.2 32.6 33.9 33.5 32.8 32 31.4 25.8 27.8
26 25 26.5 34.8 37.2 29.6 33.5 33.5 31.5 30.7 30.9 27.4 26
27 26.4 26.9 35.5 33.5 31 28.6 31.3 30.2 29.6 30.8 28 25.8
28 26.5 24.3 35.4 32 32.9 31.2 30.4 31.5 27.5 32.2 2~U 24.5
29 27.4 28 36.2 35.4 35.4 33.2 32.2 32.9 26 32.8 28.5 26
30 27 36.6 35.5 35.4 33.5 32.6 34.2 31 33.1 25.5 25.5
31 27.1 34.5 34.5 29.8 33.4 33.6 25.5

Mean 24 25.6 32.6 36.2 33.5 33.7 31.(, 32 32.3 31.8 29.5 26.1
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Tablc A.3 : BMD Samplc Data Shcct - Daily and Monthly Minimum Tcmpcrature

Government orthe People's Republic of Bangladesh
Bangladesh Meteorological Departlllent

Climate Dlvl.lon
Agargaou, Dhaka-l207

------- ---------- ---
Station nallle : Dhaka Lal. 23 D('g 46 liltS. N Long. 90 D('g 23 lIIts.E

---------------.----------------------------------------------------------------------
Daily and Monthly j\lin.tl'lIIperatul'e in Degree Celsius

Year:- 1985

Date Jan. Feb. Mar. Apr. j\lay Jun. .Jul. Aug. Sep . 0("1. Nil\". Dec.

I 13.1 19.6 19.6 25.6 21 28.1 25.9 24.8 25.4 23 20.7 16.9
2 16.1 15 21.7 25.9 23.7 23.9 26 26 26.4 26.1 21 16.3
3 15.7 13.7 22.9 26.1 21.4 27.9 26.2 25.6 26.2 26.4 20.9 14.9
4 15.5 13.8 23.3 24.3 24 23.4 26.1 27 25.4 26 21.3 16.2
5 14.3 14.8 22.9 25.2 20.3 27.1 25.1 26.6 25 26.1 21.4 15.5
6 15.4 19.8 22.9 25.8 20 27.1 25.6 25.6 26.9 25.7 20.9 14
7 16.8 16.2 23.6 23.1 19.6 25.4 26.2 24.8 26.7 24.9 21.7 15.2
8 16.1 12.3 23.8 23.9 23.4 27.7 26.7 25.6 26 26.4 18.8 15.5
9 18.9 13.9 24.1 21 25.1 28.4 26.2 26.1 27.4 25.5 18.9 15.1
10 14.3 13.7 22.4 26.4 24.4 23.6 24.8 27.5 27.1 24.5 19.8 15.6
II 12.4 15.2 22.8 27.1 26.5 24.6 26.1 28.6 25 26.7 19 15
12 12.8 16 20.7 26.8 22.7 27.2 26.6 26.7 26.8 27.1 19.3 14.8
13 12.2 15 22.4 26.8 21.2 28.6 26.4 14.8 26.6 26.1 17.4 14.6
14 12.6 15.3 22.9 26.5 22.3 27.3 26.6 27.7 24.1 26.9 15.9 15.8
15 12.5 18.9 23.8 27.2 21 25.7 26 27.3 24.5 26.1 17.5 15.6
16 15.2 16.1 25.2 26.1 23.3 25.7 25.6 27.8 25.6 25.6 18.8 16.7
17 12.5 15.9 23.3 19.8 25.8 25.6 25.7 26.1 26.2 24.4 21.2 16.9
18 12.3 14.8 24.3 21.1 25.6 23.1 25.1 27.5 26.4 25.3 23.3 17.8
19 11.6 13.9 26.6 25.1 26.8 22.8 26.4 27.2 26.6 23.9 23.1 17.8
20 12.5 14 22.8 23.4 26.9 23.1 27.1 27.5 26 23.6 19.3 IS
21 13.3 16.1 24.3 26.4 27.1 27.2 26.2 27.2 23.8 21 17.1 13.4
22 13.4 16.1 25.1 23.9 25 27.1 24 27.4 26.1 21A 16.6 13.1
23 15.4 16.1 23.9 26.9 26.7 26.8 24.7 26.2 26.8 21.3 16.7 13.7
24 14.3 15.6 19.6 26.6 26.6 26.7 26.9 26.9 24.4 20.7 16.2 15.8
25 15.6 18.1 18.2 27.2 23.3 26.6 23.4 25.8 24.') 20.6 16.5 15.7
26 14 20.6 17.1 25 23.9 26.6 23.9 26.3 26.2 21.1 16.8 15.3
27 13.1 21.4 22.1 22.3 25.4 27.7 26.6 26.4 25.1 22.4 1(>.7 14.8
28 16 18.6 21.9 18.2 24.2 26.8 27.2 2(j.7 26.4 19.7 15.') 18.4
29 16.1 20.4 21.7 24.7 26.4 26.4 27.2 26.2 2() 16.7 IJJ)
30 17.1 25.7 22.8 27.8 24.') 26.9 2(>.8 26.2 20.6 16.1 12.4
31 17.8 23.9 27.5 27.3 26.') 20.4 11.9

~kan 14.5 161 22.8 24.7 242 2(t.:! 26 26.7 2:,.() 23.9 18.9 15.3

Year:. 1986

Date ./an. I'd•. I\lar. Apr. I\lay .Jun. .Jul. ..\tI~. S('p. 0('1. ;\u\'. Ill,,,.

1 12.2 19.5 16.3 19 20.8 27.2 25 26.8 25.3 24.4 23.9 15.6
2 13.9 16.6 17.8 25.3 23.7 27.6 25.8 27.2 2(>.7 25 23.3 15.6
3 13.3 15 16.4 25.1 26.6 22.7 27.4 25.(l 27.2 24 24 15.6
4 13.2 13.3 16.1 18.3 21.6 26.7 26 26 25.4 26.1 24 15.7
5 11.6 14.9 17.3 22.1 24.1 n.1 25.8 25J, 26 24.') 25.4 15.6
6 13.3 17.3 18.6 19.4 20.7 28.6 26.4 26.5 26.X 24.6 23.9 15.6
7 13.6 15.8 18.9 2l.8 21.1 28.6 26.7 25.1 26.8 23.4 24.7 15
8 14.2 18.3 19.4 21.7 21.7 28.') 26.3 27 26 24.1 23.8 14.2
9 16.2 18 22 21.1 24 28.9 27.2 26.8 25.6 24 21.2 14.4
10 17.7 16.6 21.1 22.4 24.6 23.9 26.2 25.6 25.6 24 18.3 15.2
11 14.4 16.6 21.9 23.1 26.2 26.7 27 27.2 25 2.1.9 20.7 16.7
12 16.9 18.8 22.8 22.7 22.9 26.9 27.5 26.2 24.6 24.4 18.3 15.3
13 17.7 16.6 23.8 2l.J 23.9 25.3 27.4 26.9 26.1 24.1 19.1 18
14 12 18.6 14.1 25.6 22.8 27.2 27 26.4 26.4 22.5 18.6 19.4
15 12.5 20.6 22 26 27.2 26 27 26.7 26.2 23.3 18.3 17.2
16 14.5 16.6 21.3 26.9 20.7 26.7 27.4 26.3 26.8 20.6 18.6 15.6
17 11.7 14.5 18.3 26.6 22.9 26.7 27 27.5 25.6 25 18.3 17.8
18 10.6 13.4 17.3 26.7 22.2 26.7 27.2 27.8 25.9 22.5 19.7 16.1
19 11.7 12.8 20.6 25.1 20.8 27.2 26.5 26.7 26.7 23.4 19.9 16.8
20 12.2 13.6 22.1 23.3 22.8 26.8 27 27 25.3 22.8 17.8 15.4
21 11.7 15.4 21.8 21.4 26.8 26.5 26.1 26.1 25.6 21.9 17.9 17.4
22 12.8 16.2 18.9 22 24.8 26 25.6 26.7 26.4 21.9 17.8 13.9
23 13.6 19 21.4 22.8 25 26.5 25 26.2 23.9 21.7 18.1 12.2
24 13.7 17.6 22.1 24.4 25 26.6 25 26.9 2.1.3 20.7 18.2 12.2
25 13.5 15.5 22.8 20.8 27.1 26.2 25 27.6 24.4 21.4 17.3 14.1
26 12.6 14.9 21.8 22.1 22.2 25.8 23.9 25.6 23 21.9 17.5 IJ.9
27 15.8 15 19.8 20.5 22 26 24.9 25.8 21.4 22.1 16.8 12.5
28 12.8 14.4 20.7 21.1 24.7 26.1 24.7 27.4 21.7 21.6 16.2 16.2
29 15 23.4 21.2 26.1 25.4 23.9 28 2.1.4 21.1 16.8 13.8
30 15.8 25.1 20 26.8 24.7 26 27 2.1.3 22.9 15.3 11.7
31 19.6 26.3 27 26.5 27.4 25.J 12.2

M~an 13.9 16.3 20.S 22.7 23.9 2(>.6 26.2 26.7 25.3 23.3 19.8 15.2
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Table A.4 : BMD Sample Data Sheet - Daily and Monthly Atmospheric Pressure

Government of the People's Republic of Bangladesh
Bangladesh Meteorological Department

Climate Division
Agargaon, Dhaka.l207

---------- ----------

Sial ion name: Dhaka Lat. 23 Deg .•6 mls. N Lonl:. 90 Deg 23 IlIls.E
--------------------------------------------------------------------------------------

Daily and Monlhly avcntge AlllIospher-k Pressure in "IiIlihar
Year:J953

Dale Jan. Feb. Mar. Apr. 1'lay ./Iln. Jul . Aug. Sep. 0"1. Nu\". D",'.

I 1016.7 1013.7 lOll.! 1011.5 1004.3 1O01.1 994.3 999.4 1003.6 1007.2 1007.7 1013.5
2 1015.9 1014.7 1010.8 1009.7 1004.6 1001.4 994.3 1001 1002.6 1005.6 1007.1 1013.3
3 1017.5 1016.2 1009.5 1009.6 1004.9 1002 994.3 1002.3 1001.6 1007.3 1008 1013.4
4 1017.9 1014.4 1011.8 1008.4 1004.7 1001.8 993.5 1003.1 1003 1008.8 1009.1 1014.2
5 1017.1 1014.7 1012.6 1007.4 1005.9 1000.2 996 1003.7 1004.4 1008 1009.7 1015.5
6 1016.1 1016.2 1010.2 1007.9 1006.4 998.4 1000.5 1005 1005 1008.7 1010.1 1014.2
7 1016 10 17.4 1010.1 1006.4 1004.7 998.4 1003.1 1004 1002.9 1010.2 1011.3 1015.3
8 1016.3 1017.3 1008.8 1005.2 1003.7 998.7 1002.8 1001.2 1001.4 1009.8 1010.8 1015.8
9 1015.4 1017.1 1010.6 1005.6 1003.5 1000.5 1002.1 999.6 1003.1 1009.2 1011.9 1016.2
10 1015.3 1016.6 1011.2 1005.1 1003.9 1002.1 1002.5 999 1006.3 1011.6 10 11.9 1015.9
II 1014.9 1015.6 1010.1 1004.6 1002.5 1003.4 1002.4 997.8 1007.6 1013.1 1013.5 1016.2
12 1014.1 1015.1 1008.7 1004.6 1001.5 1004.7 1002.8 995.5 1006.9 1012.3 1014.5 10 15.4
13 1013.5 1015.2 1007.3 1003.6 1003.4 1004.4 1004.9 996.4 1004.3 101O.S 1014.5 1014.4
14 1013.9 1014.9 1008.1 1003.5 1003.3 1004.2 1005.6 997.8 1002.3 1011.2 1014.3 101.1.2
15 1013.3 1014.1 1009.5 1005 1003.1 1004.8 1003.3 997.6 1004.9 1011.1 1015.4 IOl3.5
16 1013.9 1012.6 1007.9 1004.8 1002.2 1003.4 1003.1 996.7 IOr)7.1 IOIO.S 1013.7 1Ol3.7
17 1014.9 1011.4 1006.1 1005.6 1002.5 100r1.2 1003.3 997.2 1006.5 1010.1 1013.1 1013.9
18 1018.3 1010.5 1006 1005.2 1003.5 998.7 1003.9 997.1 1005.6 1009.3 1012.1 1014.6
19 1018.7 1011.6 1006.7 1004.7 1004.2 999 1003.6 997 1005.6 1009.5 1013.2 10[3.9
20 1017.4 1015.5 1008.1 1005.6 1003.4 999.5 1002.4 997.6 1005.5 1009.9 lOIS 1013.9
21 1015.3 1014.9 1009.4 1006.7 1005.3 1000.6 1001.8 996.4 1006 1010.3 1015.6 1013.9
22 1014.4 1012.8 10 10.7 1008.4 1004.9 1003.3 1002.8 995.9 1004.3 1009.7 10 15.7 1014
23 1014.4 1011 1009.5 1008.2 1004.3 1004.6 10037 998.8 1002.6 1009.7 1015.7 1015.1
24 1013.8 1011.3 1007.5 1008.5 1004.8 1000.7 1003.8 1003.9 lOr)]. I 1011.6 1014.9 1015.8
25 1015.1 1012.2 1003.4 1008.7 1005.2 997.4 1003.9 1004.1 1001.9 1011.6 10 13.9 1015.7
26 1013.9 10 13.3 1002.2 1008.9 1004.2 9')5.6 1003.3 1005 1002.4 1010.S 1014.2 1014.6
27 1012.7 1010.8 1003.1 1007.6 1002.5 995.3 1001.1 1006.3 1006.4 1OO:-~.6 1013.7 1013.6
28 10 12.7 1010.5 1005.9 1006.7 1000.3 995.3 1000.7 1006.9 1007.8 1008.4 1013.8 1014.3
29 1012.7 1007.8 1006.4 1000.3 9')4.6 IOrJ2.7 1008.1 10()7 1008.7 IOU.9 1014.3
30 1012.9 1009.2 1006.7 999.4 9')4.7 1000.7 1008.3 1007.7 1007.6 101.12 1014.5
31 1012.3 10 II 1000.5 999.1 1005.5 100S.1 1014.8

",lean 10 15.1 1014 I00K6 1006.7 1003.5 10(J().4 1001.4 1001 !I)I)4.(' 100').7 IOI2.X IOI4.!,

rear: /95-1

Dale .Jan. F,'h . 1\lal'. Apr. "lay ./Iln. ./111. Aug. S"p. lkl. ;\"u\". Il",'.

I 1014.9 1015.4 1010.5 1005.4 1005.5 999.3 1000.5 1000.5 1001.8 lO06.4 lO [1.8 1012
2 1014.5 1015.6 1007.1 1007.4 1004.5 9')9.6 999.9 1001.3 lOO2.3 1006.5 1011.8 1013
3 1015.5 1014.2 1007.4 lOr)? 1006 998.4 999.8 1000.4 1001.9 1006 lO 11.3 10 l.1.9
4 1014.8 1013 1008.1 1006.5 1004.7 997.8 998.7 999 lOO2.2 1006.1 10 12.1 10 13.2
5 1014.1 1012.7 1009.7 1005.9 1003.2 996.6 999.4 997.6 1002.6 lO05.6 1011.8 1011.5
6 1014.6 1014.7 1011.1 1004.4 lO03.2 996.6 1000.4 998.4 1002.4 1005.7 lOll 1009.3
7 1013.6 10 17.8 1010.6 1004.2 1003.6 9'J7.7 1000 998 1004.7 1006 1010.9 11111.3
8 1011.8 1016.7 1010.6 IOO4.! 1002.3 997 100r1.2 997.9 1004.4 1005.8 1011.9 1IJ14.9
9 1010.1 1015.1 lO 10.3 lO03.8 1001.1 996.1 lOO1.1 998.2 1003.9 1006.2 1012.2 1014.X
10 1012.2 1014.6 lOW 1003.8 999.7 9%.2 1001.2 998.2 1002.6 1009.3 1012.1 1014.2
11 1013.6 1010.5 1009.1 1003.8 999.8 997.6 1000.2 998.8 1002.g 1011.5 1011.5 1014.1
12 1014 1006.4 1010.3 1004.4 100rJ.} 9')7.2 998.8 1000.4 1001.7 1IJI0.6 1011.5 1013.4
13 1013 lO06.2 1010.3 1005 1001.2 9')7.3 997.6 997.9 1000.6 1009.8 1013.1 1015.4
14 1013.9 1007 1011.8 1003.7 1002.8 998.4 999.2 997.1 999.6 1010.7 1014.3 1016.5
15 1015.2 1008.2 1011.7 1002.3 1003.5 999.4 lO01.2 997.9 1000.8 1012.1 1014.5 1016.1
16 1014.9 10 10.4 1012.9 1003.4 1002.9 1000.2 lOOO.7 999.4 1001.4 1011.1 1IJ14.7 1013.1
17 1014 1013.5 1012.6 1005 1002.2 1002.2 1001.7 1000.9 1001.7 1010.4 lO14.7 10 11.7
18 1013.2 1011.4 1011.4 1004.8 1002.6 1003.4 1002.7 1000.5 1002.9 IOJ(H 1015.5 1013.2
19 1011.7 1010.8 1011.1 1006.5 1003.1 1003.3 1002.9 1000.7 1003.5 1011.3 1016.4 1014.3
20 1009.g 1012.6 1010.7 1006.8 IOrJ2.8 1003.3 1001.2 999.8 1000.8 1011.7 1015.2 1014.3
21 1009.5 10 11.5 1010.8 1006.8 1003.4 1002.7 1000.5 1000.9 lO02.5 1012 1013.9 1015.3
22 1012.6 1008.6 1011.5 1007.3 1002 9')9.7 lOOO.7 1000.4 1005.2 1013.3 1013 1014.8
23 1013.5 1007.2 1011.2 1005.5 1002.4 997.5 1003.3 999.6 1005.1 1012.8 1013.5 1014.5
24 101 I.7 1007 1011 1002.9 1002.3 998.4 1004.1 1001.7 1002.8 1010.3 1013.8 1014.4
25 1012.8 1008.8 1010.2 1002.8 1001.2 lOO1.2 1002.5 1003.5 1002.2 1007 1012.9 10 13.2
26 10 13.3 1011.3 1008.1 lO04.7 1000 1002.6 lOOO.7 1003.8 1004.3 1002.4 1012.9 1013.2
27 1014.7 1010.5 1006.3 1006.6 10CJl.1 1002.5 1002 1003.2 1006.2 1007.3 1014.4 1013.7
28 1015 1010.8 lO05.9 lO05.9 1003.5 1001.7 1003.8 1003 1006.2 1009.2 1015.8 1012.7
29 1014.6 1005.3 1005.9 1004.2 1000.6 1004.2 1002.5 1005 1010.6 10l3.3 1012.5
30 1014.5 1005.1 1006.4 1001.2 1001.1 1001.5 lO02.9 1005.3 1011.8 1012.2 10 !J.8
31 1014.6 1004.9 999.2 999.9 1001.7 1011.8 1016.6

",lean 1013.5 1011.6 100').7 1005.2 1IJ02.5 9')9.6 1001 1000.2 1003 1009.1 1013.2 10l3.8
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APPENDIX- B : STATISTICAL CHARACTERISTICS



Table B.1: Statistical characteristics and frequency table of Rainfall
for Dhaka city (1953-1995)

'T

Annual Rainfall (rrvn)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 2055 1150-1350 1250 2 4.651162791
Standard dey. 390.044 1350-1550 1450 2 4.651162791
Standard Error 380.12 1550-1750 1650 4 9.302325581

variance 152134.3 1750-1950 1650 10 23.25581395
Median 2053 1950-2150 2050 8 18.60465116

Skewness 0.18 2150-2350 2250 7 16.27906977
Minimum 1159 2350.2550 2450 7 16.27906977
Maximum 3028 2550-2750 2650 0 0
Count 43 2750-2950 2850 2 4.651162791

2950.3150 3050 1 2.325581395
Total 43

One day Annual Max. Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 136627 50-75 62.5 4 9302325581
Standard deY. 53.999 75-100 87.5 7 16.27906977
Standard Error 51.5 100-125 1125 10 23.25581395

variance 2915.892 125.150 137.5 10 2325581395
Median 128 150-175 162.5 6 13.95348837

Skewness 1.44 175-200 187.5 2 4.651162791
Minimum 58 200-225 212.5 0 0
Maximum 326 225.250 237.5 1 2325581395
Count 43 250.275 262.5 2 4651162791

275-300 287.5 0 0
300-325 312.5 1 2.325581395

Total 43

No. of Annual Rainy Days
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 120.9767 90-96 93 3 6.976744186
Standard dell. 13.8228 96-102 99 2 4.651162791
Standard Error 13.66 102-108 105 4 9302325581

variance 191069 108-114 111 3 6.976744186
Median 124 114.120 117 7 16.27906977

Skewness .0.23 120-126 123 6 1395348837
Minimum 92 126.132 129 10 23.25581395
Maximum 152 132.138 135 3 6976744186
Count 43 138-144 141 4 9302325581

144-150 147 0 0
150-156 153 1 2.325581395

Total 43

No. of Summer Rainy Days
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 25.8837 10-14 12 2 4.651162791
Standard dey. 7.4966 14-18 16 6 13.95348837
Standard Error 7.334 18.22 20 7 1627906977

variance 56.199 22-26 24 9 20.93023256
Median 25 26-30 28 7 16.27906977

Skewness 0.31 30.34 32 6 1395348837
Minimum 13 34.38 36 4 9.302325581
Maximum 43 38-42 40 1 2.325581395
Count 42.46 44 1 2325561395

Total 43

Monsoon Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 13487.74 650-800 725 2 4.651162791
Standard dey. 287.4538 800-950 875 2 4651162791
Standard Error 28239 950.1100 1025 2 4651162791

variance 82629.88 1100-1250 1175 9 20.93023256
Median 1363 1250-1400 1325 9 20.93023256

Skewness 0.15 1400-1550 1475 9 20.93023256
Minimum 703 1550.1700 1625 6 1395348837
Maximum 2120 1700-1850 1775 2 4.651162791
Count 43 1850-2000 1925 1 2.325561395

2000-2150 2075 1 2.325561395
Total 43

Summer Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 470.2 75.150 112.5 1 2325581395
Standard de ..••. 191.369 150.225 187.5 2 4651162791
Standard Error 175.56 225-300 262.5 4 9302325581

..••ariance 36622.09 300.375 337.5 5 11.62790698
Median 428 375-450 412.5 10 2325581395

Skewness 0.33 450-525 487.5 4 9302325581
Minimum 43 525-600 562.5 5 11.62790698
Maximum 600.675 637.5 6 13.95348837
Count 675.750 712.5 1 2325581395

750.825 787.5 3 6976744186
825.900 862.5 2 4651162791

Total 43

No. of Monsoon Rainy Days
Frequency table

Statlstics Class interval Class mark Frequency ReI. Freq (%)

Mean 79.186 60-64 66 1 2325581395
Standard de ..•• 7.7128 64.68 66 4 9302325581
Standard Error 7.34 68-72 70 3 6976744186

variance 59487 72.76 74 8 1860465116
Median 80 76.80 78 6 1395348837

Skewness 0.17 80.84 82 11 2558139535
Minimum 64 84.88 86 6 1395348837
Maximum 99 88-92 90 2 4651162791
Count 43 92.96 94 1 2325561395

96.100 98 1 2325581395
Tala I 43

Annual Average Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 67.2677 33-40 36.5 1 2325581395
Standard de..••. 12.7546 40-47 43.5 1 2.325581395
Standard Error 12.43 47-54 50.5 5 11.62790698

variance 162679 54.61 57.5 9 20.93023256
Median 6709 61.68 64.5 7 1627906977

Skewness 0.15 68••75 71.5 9 2093023256
Minimum 37.9 75-82 78.5 7 16.27906977
Maximum 99.0 82-89 85.5 1 2325581395
Count 43 89-96 925 2 4.651162791

96-103 99.5 1 2.325581395
Total 43
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Table 8.2 Statistical characteristics and frequency table of Rainfall

for Mymensingh (1951-1995)

Annual Rainfall (1TVl1)

Frequency table
Statistics Class interval Class marl Frequency ReI. Freq (%)

Mean 2344.6 1350-1550 1450 1 2.222222222
Standard deY. 479.9857 1550-1750 1650 2 4.444444444
Standard Error 445.09 1750.1950 1850 6 13.33333333

variance 23036506 1950.2150 2050 9 20
Median 2317 2150.2350 2250 7 15.55555556

Skewness 0.35 2350.2550 2450 6 13.33333333
Minimum 1368 2550.2750 2650 4 8868688689
Maximum 3311 2750.2950 2850 4 8886868869
Count 45 2950.3150 3050 2 4.444444444

3150.3350 3250 4 8888888889
Total 45

One day Annual Max. Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 151.8 80.100 90 5 11.11111111
Standard dey. 46.5706 100.120 110 11 2444444444
Standard Error 45.37 120.140 130 5 11.11111111

variance 2262.98 140.160 150 6 13.33333333
Median 144 160.180 17 7 1555555556

Skewness 085 180.200 190 5 11.11111111
Minimum 95 200.220 210 2 4444444444
Maximum 268 220.240 230 0 0
Count 45 240.260 250 2 4444444444

260.280 270 2 4444444444
Total 45

No. of Annual Rainy Days
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)
Mean 114 79.86 82.5 3 6.666666667

Standard dey. 1620325 86.93 895 3 6.666666667
Standard Error 13.23 93.100 96.5 1 2.222222222

variance 262.546 100.107 1035 6 1333333333
Median 114 107-114 1105 10 2222222222

Skewness -0.07 114-121 117.5 9 20
Minimum 81 121-128 124.5 6 1333333333
Maximum 148 128-135 131.5 2 4444444444
Count 45 125.142 136.5 3 6666666667

142.149 145.5 2 4444444444
Total 45

No. of Summer Rainy Days
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)
Mean 24.6686 5-9 7 2 4.444444444

Standard dey. 7.3654 9-13 11 0 0
Standard Error 6.96 13-17 15 3 6666666667

variance 54.544 17.21 19 11 2444444444
Median 24 21.25 23 7 1555555556

Skewness 0.19 25-29 27 13 2888888889
Minimum 8 29-33 31 3 6668666667
Maximum 42 33-37 35 3 6666666867
Count 45 37-41 39 2 4444444444

41-45 43 1 2222222222
Total 45

Monsoon Rainfall (mm)
Frequency table

Statistics Class interval Class mar~ Frequency ReI. Freq (%)

Mean 1632.4 900-1050 975 3 6668888667
Standard deY. 336.5 1050.1200 1125 0 0
Standard Error 32145 1200-1350 1275 9 20

variance 113232.3 1350-1500 1425 5 11.11111111
Median 1671 1500-1650 1575 5 11.11111111

Skewness -002 1650-1600 1725 7 15.55555556
Minimum 969 1800-1950 1875 8 17.77777778
Maximum 2375 1950.2100 2025 5 11.11111111
Count 45 2100-2250 2175 2 4.444444444

2250-2400 2325 1 2222222222
Total 45

Summer Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency Rei. Freq (% )

Mean 453.111 1-100 50 1 2.222222222
Standard dev. 206.705 100.200 150 4 8888888889
Standard Error 189.7 200.300 250 6 1333333333

variance 42726.96 300.400 350 9 20
Median 424 400.500 450 10 2222222222

Skewness 0.81 500-600 550 7 1555555556
Minimum 74 600.700 650 3 6666666667
Maximum 1056 700.800 750 2 4444444444
Count 45 800.900 850 1 2222222222

900.1000 950 1 2222222222
1000-1100 1050 1 2222222222

Total 45

No. of Monsoon Rainy Days
Frequency table

StatistiCS Class interval Class mark Frequency ReI. Freq (%)

Mean 765555 48-53 50.5 1 2222222222
Standard dev. 9983 53-58 55.5 2 4444444444
Standard Error 807 58-63 605 2 4.444444444

variance 99.66 63-68 65.5 3 6666666667
Median 78 68.73 705 6 1333333333

Skewness .0.55 73-78 755 10 22.22222222
Minimum 51 78.83 805 13 2888888889
Maximum 94 83-88 85.5 2 4444444444
Count 45 88.93 90.5 4 8888888889

93.98 955 2 4444444444
Total 45

Annual Average Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 76.68 40.47 43.5 1 2222222222
Standard dey. 15.67 47-54 505 2 4.444444444
Standard Error 1424 54-61 57.5 2 4.444444444

variance 24573 61.68 64.5 11 24.44444444
Median 75.5 68.-75 71.5 6 13.33333333

Skewness 0.35 75-82 78.5 7 15.55555556
Minimum 44.8 82.89 85.5 5 11.11111111
Maximum 108.4 89.96 92.5 5 11.11111111
Count 45 96-103 99.5 2 4.444444444

103.110 106.5 4 8888888889
Total 45
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Table B.3: Statistical characteristics and frequency table of Rainfall

for Tangail (1962-1995)

Annual Rainfall (rrvn)
Frequency table

Statistics Class interval Class mane Frequency ReI. Freq ('ll.)

Mean 1777 650-900 n5 2 5.882352941
Standard deY. 536.2 900-1150 1025 1 2.941176471
Standard Error 393.84 1150-1400 1275 4 11.78470588

variance 287510.4 14QO..1650 1525 10 29.41176471
Median 1687 1650-1900 1n5 8 23.52941176

Skewness 0.81 1900-2150 2025 2 5.882352941
Minimum 650 2150.2400 2275 3 8.823529412
Maximum 3079 2400.2650 2525 2 5882352941
Count 34 2650-2900 2775 0 0

2900.3150 3025 2 5.882352941
Tolal 34

One day Annual Max. Rainfall (rnm)
Frequency table

Statistics Class interval Class marl< Frequency ReI. Freq ('ll.)

Mean 121.371 30.50 40 2 5714285714
Standard deY. 48.685 50.70 60 1 2.857142657
Standard Error 42.74 70.90 60 8 22.85714286

variance 2368.28 90.110 100 8 22.85714286
Median 106 110.130 120 4 11.42857143

Skewness 0.85 130.150 140 5 14.28571429
Minimum 35 150.170 160 1 2.857142857
Maximum 35 170.190 180 2 5.714285714
Count 251 190.210 200 2 5.714285714

210.230 220 1 2857142857
230.250 230 1 2857142857

Total 35

No. of Annual Rainy Days
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)
Mean 104.71 50.60 55 2 5.882352941

Standard dey. 19.38 60.70 65 1 2.941176471
Standard Error 18.33 70.60 75 0 0

variance 37555 60.90 85 2 5.882352941
Median 102.5 90.100 95 8 23.52941176

Skewness .0.42 100.110 105 7 2058823529
Minimum 57 110.120 115 9 26.47058824
Maximum 146 120.130 125 2 5882352941
Count 34 130.140 135 2 5.882352941

140.150 145 1 2.941176471
Total 34

No. of Surrvner Rainy Days
Frequency table

Statistics Class interval Class mar~ Frequency ReI. Freq (%)
Mean 2224 5.9 7 2 5.882352941

Standard deY. 8.072 9.13 11 4 11.76470588
Standard Error 7.97 13-17 15 4 11.764 70588

variance 65.16 17.21 19 2 5882352941
Median 23 21.25 23 12 35.29411765

Skewness 0.091 25.29 27 4 11.76470588
Minimum 8 29.33 31 2 5882352941
Maximum 41 33-37 35 3 8823529412
Count 34 37.41 39 1 2.941176471

Total 34

Monsoon Rainfall (rrvn)
Frequency table

) Statistics Class interval Class man. Frequency ReI. Freq ('ll.)

Mean 1214.7 300.500 400 1 2.857142857
Standard deY. 410.144 500.700 800 1 2.857142857
Standard Error 312.48 700.900 800 3 8.571428571

variance 168218.1 900-1100 1000 10 28.57142857
Median 1125.48 1100.1300 1200 8 22.85714286

Skewness 0.75 1300.1500 1400 5 14.28571429
Minimum 331 1500.1700 1800 3 8571428571
Maximum 2421 1700.1900 1800 1 2.857142857
Count 35 1900.2100 2000 2 5714285714

2100.2300 2200 0 0
2300.2500 2400 1 2857142857

Total 35

Summer Rainfall (rrvn)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 3535 20.80 50 1 2.941176471
Standard dey, 153.994 80.140 110 3 8823529412
Standard Error 138.71 140.200 170 1 2.941176471

yariance 23714.15 200.260 230 4 11.76470588
Median 350.3 260.320 290 6 17.64705882

Skewness .0.07 320.380 350 .6 17.64705882
Minimum 22 380.440 410 4 11.76470588
Maximum 653 440.500 470 4 11.76470568
Count 34 500.560 530 2 5882352941

580.620 590 2 5.882352941
620.680 650 1 2.941176471

Total 34

No. of Monsoon Rainy Days
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 71.457 36.42 39 1 2857142857
Standard dey, 12.358 42.48 45 1 2.857142857
Standard Error 11.341 48.54 51 2 5.714285714

variance 152.72 54.60 57 1 2.857142857
Median 71 60-66 63 5 14.28571429

Skewness .049 66.72 69 9 25.71428571
Minimum 39 72.78 75 6 17.14285714
Maximum 96 78.84 81 5 1428571429
Count 35 84.90 87 3 8571428571

90.96 93 2 5714285714
Total 35

Annual Average Rainfall (mm)
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 58.155 20.28 24 1 2.941176471
Slandard deY. 17.576 28.36 32 1 2.941176471
Standard Error 12.893 38.44 40 4 11.76470588

variance 306 ..916 44.52 48 7 20.58823529
Median 55.23 52.60 56 10 29.41176471

Skewness 0.6 60.68 64 3 8823529412
Minimum 21.2 68.76 72 2 5.882352941
Maximum 100.6 76••84 80 3 8.823529412
Count 34 84.92 88 1 2.941176471

92.. 100 96 2 5.882352941
Total 34
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Table 8.4 Statistical characteristics and frequency table of Temperature
for Dhaka city (1953-1995)

Annual Av. Max. Temperature (0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 30.4 29.5-29.7 29.6 1 2325581395
Standard dell. 0.5045 29.7-29.9 29.8 4 9.302325581
Standard Error 04504 29.9-30.1 30 8 18.60465116

variance 025452 30.1-30.3 30.2 10 23.25581395
Median 30.3 30.3-305 30.4 8 1860465116

Skewness 0.88 30.5-30.7 306 2 4651162791
Minimum 29.6 30.7-30.9 308 3 6.976744186
Maximum 31.6 30.9-31.1 31 2 4.651162791
Count 43 31.1-31.3 312 2 4651162791

31.3-31.5 31.4 2 4.651162791
31.5-31.7 31.6 1 2.325581395

Total 43

Summer Av. Max. Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)
Mean 33.2 31.0-31.4 62.5 1 2325581395

Standard dev. 0.81 31.4-31.8 87.5 2 4651162791
Standard Error 0.8 31.8-322 1125 3 6976744186

variance 06561 32.2-32.6 137.5 5 11.62790698
Median 33.17 326-33.0 1625 6 13.95348837

Skewness -0.06 330-33.4 187.5 10 2325581395
Minimum 31.3 33.4-338 2125 9 2093023256
Maximum 35 338-34.2 237.5 4 9302325581
Count 43 342-34.6 2625 1 2325581395

34.6-35 287.5 2 4651162791
Total 43

Winter Av. Max. Temperature ( 0 C )

Frequency table
Statistics Class interval Class mark Frequency ReI. Freq (%)
Mean 26.6 24.7-25.0 24.85 1 243902439

Standard dell 0.73 250-253 25.15 0 0
Standard Error 07186 253-25.6 25.45 1 2.43902439

variance 05329 25.6-259 2575 4 9.756097561
Median 264 259-262 26.05 6 1463414634

Skewness 049 262-265 2635 '14 34.14634146
Minimum 248 265-268 26.65 4 9756097561
Maximum 283 26.8-27.1 2695 1 2.43902439
Count 43 27.1-27.4 2725 4 9756097561

27.4-27.7 27.55 3 7.317073171
27.7-28.0 27.85 1 2.43902439
280-283 28.15 2 487804878

Total 41

Annual Mean Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)
Mean 25.9 251-25.3 25.2 1 2325581395

Standard dey. 0.4 253-25.5 25.4 6 1395348837
Standard Error 0.3088 255.257 256 9 20.93023256

variance 0.16 257.259 258 10 2325581395
Median 25.76 259.26.1 26 5 1162790698

Skewness 0.9 261-26.3 26.2 5 1162790698
Minimum 25.3 263-26.5 26.4 2 4651162791
Maximum 26.9 265.26.7 26.6 3 6976744186
Count 43 267.269 268 2 4.651162791

Total 43

Annual Av. Min. Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 21.3 20.3-20.5 204 1 2325581395
Standard dev 0.5 205-207 20.6 2 4651162791
Standard Error 0.2985 20.7.20.9 208 9 2093023256

variance 0.25 20.9-21.1 21 4 9302325581
Median 2125 21.1-21.3 212 8 18.60465116

Skewness 033 21.3-21.5 21.4 7 1627906977
Minimum 205 21.5-21.7 21.6 5 11.62790698
Maximum 222 21.7-21.9 21.8 2 4.651162791
Count 43 21.9.22.1 22 3 6.976744186

22.1-22.3 222 2 4651162791
Total 43

Summer Av. Min. Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency Rei Freq (%)
Mean 22.8 21 1.21 4 21.25 1 2325581395

Standard dev 062 21.4.21.7 2155 2 4.651162791
Standard Error 05979 21 7-22 21.85 3 6976744186

variance 0.3844 22.22.3 2215 6 1395348837
Median 228 223-22.6 2245 6 1395348837

Skewness -018 22.6-22 9 2275 7 1627906977
Mmimum 214 229-232 2305 9 2093023256
Maximum 239 232.235 2335 5 11 62790698
Count 43 235.238 2365 3 6976744186

238-24 1 23.95 1 2325581395
Total 43

Av. Winter Min. Temperature ( 0 C )
Frequency table

StatistICS Class mterval Class mark Frequency Rei Freq (%)

Mean 137 112-116 114 1 243902439
Standard dey 097817 116-12.0 11.8 1 243902439
Standard Error 06777 120-124 122 1 243902439

vanance 09568 124-128 126 3 7317073171
Median 136 128-132 13 8 1951219512

Skewness .007 132.136 134 9 21 95121951
Mmlmum 113 136-140 138 5 1219512195
MaXimum 158 140-144 142 4 9756097561
Count 43 144.148 146 1 243902439

148.15.2 15 6 1463414634
152.156 154 1 243902439
156-160 15.8 1 243902439

Total 41
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One Day Annual Min. Temp. ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 8.1186 5.5-6.0 5.75 1 2325581395
Standard dey. 1.406 60-60.5 6.25 5 11.62790698
Standard Error 1.223 65-7.0 6.75 5 11.62790698

variance 1.9853 7.0-7.5 7.25 7 16.27906977
Median 7.8 7.5-8.0 7.75 4 9302325581

Skewness 0.39256 8.0-8.5 8.25 2 4.651162791
Minimum 5.6 8.5-9.0 8.75 10 23.25581395
Maximum 11.6 9.0-9.5 9.25 1 2325581395
Count 43 9.5-100 9.75 5 1162790698

10.0-105 1025 0 0
10.5-11.0 10.75 2 4.651162791
11.0-115 11.25 0 0
11.5-12.0 11.75 1 2.325581395

Total 43

One Day Annual Max. Temp. ( 0 C )
Frequency table

Statistics Class interval Class mar~ Frequency ReI. Freq (%)

Mean 37.574 353-35.8 35.33 3 6.976744186
Standard de". 1.0228 35.8-36.3 36.05 0 0
Sta~dard Error 0.9782 363-368 36.55 4 9302325581

varrance 1.046 36.8-37.3 37.05 11 2558139535
Median 37.6 37.3-37.8 37.55 17 39.53488372

Skewness 0.554 37.8-38.3 38.05 2 4651162791
Minimum 35.3 383-38.8 3855 0 0
Maximum 408 388-393 3905 3 6976744186
Count 43 393-39.8 3955 2 4651162791

)lJJ': •..W3 40.05 0 0
~O.-~OS 40.55 1 2325581395

Total 43

Table 8.5 Statistical characteristics and frequency table of Temperature

for Mymensingh (1951.1995)

Annual Av. Max. Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency Rei. Freq ( % )
Mean 30 29.1-29.3 292 1 2222222222

Standard dev. 0.3 293-29.5 294 1 2222222222
Standard Error 0.3116 295-297 296 8 17.77777778

vanance 0.09 297-299 29.8 9 20
Median 2996 29.9-301 30 12 2666666667

Skewness 034 30.1-303 302 7 1555555556
Minimum 29.3 303-305 30.4 5 11.11111111
Maximum 309 305-30.7 30.6 1 2222222222
Count 45 307-309 308 1 2222222222

Total 45

Summer Av. Max. Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)
Mean 32.1 298-302 30 2 4444444444

Standard dey 09515 302-306 304 1 2222222222
Standard Error 06818 306-31.0 308 4 8888888689

varrance 09053 31.0-31.4 31.2 1 2222222222
Median 32 31.4-31.8 31.6 9 20

Skewness -0.18 318-322 32 9 20
Minimum 30.1 322-326 32.4 4 8888888889
Maximum 34 32.6-330 32.8 7 1555555556
Count 45 330-334 332 5 11.11111111

33.4-338 33.6 1 2222222222
338-342 34 2 4.444444444

Total 45

Winter Av. Max. Temperature ( 0 C )
Frequency table

Statisllcs Class interval Class mark Frequency Rei. Freq (% )
Mean 26.2 247-25.0 2485 3 6.976744186

Standard dev. 06797 25.0-253 25.15 1 2325581395
Standard Error 0662 253-25.6 25.45 5 11.62790698

variance 0.46199 256-259 25.75 6 1395348837
Median 261 259-262 2605 10 2325581395

Skewness 0.07 262-26.5 2635 7 1627906977
Minimum 24.8 265-26.8 2665 3 6976744186
Maximum 27.8 26.8-27.1 2695 5 11.62790698
Count 43 27.1-27.4 27.25 2 4651162791

27.4-27.8 27.55 1 2325581395
Total 43

Annual Av. Min. Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency Rei Freq (%)
Mean 20.7 19.6-19.8 19.7 1 2222222222

Standard dev 03 198-200 19.9_ 0 0
Standard Error 0.313 20.0-202 201 1 2222222222

variance 009 202-204 203 8 1777777778
Median 2069 204-206 205 9 20

Skewness -038 206-208 207 15 3333333333
Minimum 196 208.210 209 8 17 77777778
Maximum 21 4 210-21 2 211 1 2222222222
Count 45 212.214 213 2 4 444444444

Total 45

Summer Av. Min. Temperature ( 0 C )
Frequency table

StatIstics Class interval Class mark Frequency Rei Freq (%)
Mean 21.4 19.4-19.7 1955 1 2222222222

Standard dev 06421 197-200 1985 0 0
Standard Error 0633 200-203 20.15 2 4 444444444

variance 04122 203-206 2045 3 6666666667
Median 2153 206-209 2075 3 6666666667

Skewness -079 209-212 21.05 7 1555555556
MinImum 195 21 2-21.5 21.35 7 1555555556
MaXimum 227 215-21.8 21.65 11 24 44444444
Count 45 218.221 21.95 8 1777777778

221-22.4 2225 2 4 444444444
224.227 22.55 1 2222222222

Total 45

Winter Av. Min. Temperature ( 0 C )
Frequency table

Stabstics Class interval Class mark Frequency ReI. Freq (%)
Mean 13.2 11.5-11.8 11.65 1 2325581395

Standard dev 0.59 118-121 11.95 1 2325581395
Standard Error 05151 121-12.4 1225 0 0

variance 0.3481 124-127 1255 6 1395348837
Median 1327 12.7-130 1285 7 1627906977

Skewness -0.46 130-133 1315 12 27.90697674
Minimum 11 7 133.136 13.45 9 2093023256
MaXimum 144 136-139 13.75 4 9.302325581
Count 43 139-142 14.05 2 4.651162791

142-145 1435 1 2.325581395
Tolal 43

B-)
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Annual Mean. Temperature ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 25.3 24.7.24.8 25.75 1 2.222222222

Standard dev. 0.257 24.8.24.9 25.85 1 2.222222222

Standard Error 0.2525 24.9.25.0 24.95 1 2.222222222

variance 0.066 25.0.25.1 25.05 6 13.33333333

Median 25.3 25.1.252 25.15 8 17.77777778

Skewness 0.08 25.2.253 25.25 10 2222222222

Minimum 24.7 25.3.25.4 25.35 5 11.11111111

Maximum 25.9 254.25.5 25.45 2 4.444444444

Count 45 25.5.25.6 25.55 5 11.11111111
25.6.25.7 25.65 4 8888888889
25.7.25.8 25.75 0 0
25.8.25.9 25.85 2 4.444444444

Total 45

One day Annual Max. Temp ( 0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 37.228 35.3.35.6 35.45 2 4.444444444
Standard dev. 0.657 35.6.35.9 35.75 1 2.222222222
Standard Error 0.6366 359.362 36.05 2 4.444444444

variance 0.4316 36.2.36.5 36.35 1 2222222222
Median 37.4 36.5.36.8 36.65 2 4.444444444

Skewness .1.0851 36.8-37.1 36.95 6 1333333333
Minimum 35.4 37.1.37.4 37.25 12 2666666667
Maximum 38.5 37.4-37.7 37.55 16 35.55555556
Count 37.4 37.7-38.0.0 37.85 0 0

38.0-38.3 3815 2 4.444444444
38.3-38.6 38.45 1 2.222222222

Total 45

Table 8.6: Statistical characteristics and frequency

table of Atmospheric pressure

for Dhaka city (1953-1994)

Annual Av. At. Pressure ( mb )

Frequency table

StatIstics Class interval Class mark Frequency ReI. Freq (%)

Mean 1007.7 10066-1006.8 1006.7 1 2380952381

Standard dey. 0.4785 1006.8-1007.0 1006.9 2 4.761904762

Standard Error 0377 1007.0-1007.2 10071 8 1904761905

variance 02289 1007.2-1007.4 1007.3 2 4.761904762

Median 1007.73 1007.4.1007.6 1007.5 6 1428571429

Skewness 0.03 1007.6-1007.8 10077 7 16.66666667

Minimum 1006.8 10078-1008.0 1007.9 4 9.523809524

Maximum 1008.6 1008.0-1008.2 1008.1 7 16.66666667

Count 42 1008.2-1008.4 10083 2 4.761904762

1008.4.1008.6 1008.5 3 7.142857143

Total 42

B-G

One day Annual Min. Temp. (0 C )
Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 8.3244 4.0-4.5 4.25 1 2.222222222
Standard dey. 1.4172 4.5-5.0 4.75 0 0
Standard Error 1.427 5.0-5.5 5.25 0 0

yariance 2.0087 5.5.6.0 5.75 5 11.11111111
Median 8.5 6.0-6.5 6.25 1 2.222222222

Skewness -1.1168 6.5.7.0 6.75 0 0

Minimum 42 70-7.5 7.25 1 2222222222
Maximum 10.1 7.5.80 775 6 13.33333333

Count 45 80-85 8.25 9 20
~_5-~,O 8.75 6 13.33333333
1l.O.ll.5 9.25 9 20
".5-10.0 9.75 5 11.11111111
10.0-10.5 1025 2 4.444444444

Total 45

Table 8.7: Statistical characteristics and frequency

table of Atmospheric pressure

for Mymensingh (1951-1995)

Annual Av. At. Pressure ( mb )

Frequency table

Statistics Class interval Class mark Frequency ReI. Freq (%)

Mean 1008.5 10080.10081 1008.05 3 6666666667

Standard dev 0328 10081-1008.2 1008.15 5 1111111111

Standard Error 0323 10082-10083 100825 7 1555555556

variance 01075 1008 3.1008.4 100835 4 8888888889

Median 1008.53 10084.1008.5 1008.45 4 8888888889

Skewness -07 10085.10086 1008.55 4 8888888889

MInImum 1008 10086.10087 100865 4 8888888889

MaXimum 1009.1 1008.7.1008.8 1008.75 3 6.666666667

Count 45 10088-1008.9 100885 4 8888888889

10089.1009.0 1008.95 6 13.33333333

1009.0.1009.1 100905 1 2.222222222

Total 45
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A Sample Calculatiol): X .... Test

A sample calculation of Chi-square goodness- of- fit is shown in the following Table B-8
for the annual raii1t~lll of Dhaka for the period 1953- I995, A null hypothesis is proposed
that the annual rainfall data (1953-1995) are normally distributed with mean 2055 mm and
standard deviation 390,04 mm respectively. Table B-8 gives the standard variates Zj for
the bounds of each intel\lal, the probability that the variable Z is less than Zj, the expected
probabilities for each inteI\lal, the expected and obseI\led frequencies and the X2 values,
Test statistic has a computed value of 9.05. Here degree of freedom was 7 for the test
statistic, I degree of freedom was lost for n, while 2 were lost for the mean and standard
deviation which were obtained ti'om the 43 observations. At 10% level of signiticance, the
critical X2 value is 12. So the null hypothesis Hli is accepted which means that the annual
rainfall data (1953-1995) are normally distributed with mean = 2055 mm 'arid standard
deviation = 390,04 nun,

Table B-8 : Sample calculation of annual raint~ll1 data (1953-1995) for Chi-square
goodness - of -tit test for normality.

Class Zi P (Z < Zi ) E,'\Pl:CICd Expected Obsef\'ed ( OJ - E, )~
inlel",a] Probability frequcncy frequency OJ -----------

y Ej E,
] 150-]] 50 -2.()() 0.0 In 0,0] n o,x.n] 2 1.57
1350-1550 -1.55 o,OW (J O.O.HJ<) 1.75X7 2 0,03
1550-1750 - I. O~ ll.l ~ 'J2 O,OXXG 3,XO<)X ~ O,()O<)
175()-1950 -0.5:, O.2l)X] 0.1 ~X9 ()A027 10 2.02
1<)50-2150 -O,() 12 OA5W 0,157<) G.7~(J7 8 0.22
2150-2350 +(),50 OJ)<) 15 (),2355 IO.12G5 7 o.n
2350-2550 1.() I O,X~3X 0,1523 G.5~X<) 7 O,IJ3
255()-2750 I.5J 0, <)370 0.0<)32 H)07G 0 ~.O
2750-2<)50 2.()~ 0.n<)3 O,O~23 I.X] 89 2 0.02
2950-3150 2.55 O,99~(J O,Ol5J 0.G579 I 0,08

B-7

~J 9.05
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Figure C.1 : Frequency histogram of different rainfall series of Mymensingh (1951-1995)
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Figure C.2 : Frequency histogram of different rainfall series of Tangail (1962-1995)
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Figure c: Ia-year moving average of monsoon rainfall in Mymensingh for years (1951-1995)

Figure C.5 : Trend of 10-year moving average of Annual rainfall, Summer rainfall
and Monsoon rainfall for Mymensingh for 45 years period (1951-1995)
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Figure a: lO-year moving average of annual rainfall in Tangail for years (1962-1995)
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Figure b: IO-year moving average of Summer rainfall in Tangail for years (1962-1995)
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Figure c: lO-year moving average of monsoon rainfall in Tangail for years (1961-1995)

Figure C.7: Trend of IO-year moving average OfAnnual rainfall, Summer rainfall
and Monsoon rainfall for Tangail for 34 years period (1962-1995)
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Figure c IO-year moving average of annual mean temperature in Mymensingh for 45 years (1951-1995)

Figure C.9 : Trend of 10-)'ear moving average of annual average maximum, annual average
minimum and annual mean temperature for M)'mensingh for .•5 years period (1951-1995)
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Figure a : lO-year moving average of one day annual maximum temperature in Mymensingh
for 45 years (1951-1995)
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Figure b IO-year moving average of one day annual minimum temperature in Mymensingh
for 45 years (1951-1995)

Figure C.IO : Trend of IO-)"ear moving average of one da:y annual maximum and one da:y
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Figure (a) : lO-year moving average of sununer average maximum temperature in Mymensingh for 45 years (1951-1995)
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Figure (b): lO-year moving average ofsumll1er average minimum temperature in Mymensingh for 45 ~ears (1951-1995)
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Figure (c) : IO-year moving awrage of winter average maxnimum tcmpcraturc in Mymcnsingh for 43 ycars (1952-1994)
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igure C.ll : Trend of lO-year moving average of summer average maximum, summer average minimum,
winter average maximum and winter average minimum temperature in Mymensingh

for 45 years (1951-1995)
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Table D.1 : Annual Rainfall
for Dhaka City (1953-1995)

Year Annual 10-year
Rainfall in Moving

mm average
1953 1934
1954 2353
1955 1543
1956 2495
1957 1554 1933
1958 1299 1937
1959 2355 1938
1960 1834 1994
1961 2181 1928
1962 1786 1978
1963 1971 2042
1964 2361 1960
1965 2104 1976
1966 1833 1989
1967 2053 1995
1968 1937 2030
1969 1540 1999
1970 1995 2004
1971 2306 2044
1972 1848 2025
1973 2324 2056
1974 2054 2086
1975 2145 2108
1976 2238 2064
1977 1861 2060
1978 2251 2067
1979 1837 2164
1980 2218 2155
1981 1865 2181
1982 1805 2214
1983 2392 2237
1984 3028 2216
1985 2053 2204
1986 2500 2303
1987 2187 2238
1988 2482 2276
1989 1627 2134
1990 2103 2103
1991 2850
1992 1159
1993 2767
1994 1614
1995 1743

Table D.2 : Summer
Rainfall for Dhaka City
(1953-1995)

Year Summer 10-year
Rainfall in. Moving

mm average
1953 454
1954 297
1955 221
1956 393
1957 247 355
1958 310 346
1959 410 371
1960 393 387
1961 444 365
1962 377 397
1963 368 404
1964 550 388
1965 382 374
1966 168 379
1967 569 401
1968 379 443
1969 246 428
1970 260 433
1971 490 477
1972 600 491
1973 784 519
1974 403 509
1975 428 544
1976 610 561
1977 707 534
1978 666 536
1979 137 580
1980 615 604
1981 655 589
1982 339 556
1983 804 576
1984 836 594
1985 671 583
1986 461 580
1987 372 564
1988 869 559
1989 313 533
1990 507 504
1991 628
1992 178
1993 756
1994 573
1995 349

Table D.3 : Monsoon Rainfall
for Dhaka City (1953-1995)

Year Monsoon 10-year
Rainfall in Moving

mm average
1953 1404
1954 1814
1955 1152
1956 1898
1957 1141 1372
1958 703 1373
1959 1358 1332
1960 1379 1370
1961 1661 1316
1962 1214 1340
1963 1411 1410
1964 1407 1393
1965 1526 1381
1966 1363 1373
1967 1374 1364
1968 1410 1347
1969 1188 1354
1970 1252 1345
1971 1581 1358
1972 1132 1299
1973 1241 1305
1974 1475 1329
1975 1430 1331
1976 1499 1276
1977 781 1288
1978 1467 1288
1979 1432 1352
1980 1268 1338
1981 1032 1348
1982 1254 1437
1983 1238 1410
1984 2120 1370
1985 1284 1370
1986 1605 1434
1987 1667 1394
1988 1200 1442
1989 1030 1320
1990 1270 1306
1991 1675
1992 848
1993 1717
1994 905
1995 1147

Mean
Side\'

2055
390.044219

2078
107.598

470.2
191.3691967

D-l

484
85.8569

1348 1355
287.453855 42.8222



Table D.4 : One day annual maximum
Rainfall for Dhaka City (1953-1995)

Year ne day annual 10-year
maximum Moving

Rainfall (mm) avera~e
1953 90
1954 147
1955 115
1956 325
1957 73 138
1958 58 147
1959 125 144
1960 141 150
1961 185 144
1962 116 149
1963 189 157
1964 114 154
1965 177 155
1966 257 161
1967 125 173
1968 145 171
1969 86 170
1970 152 166
1971 251 157
1972 231 155
1973 168 153
1974 106 155
1975 143 149
1976 163 131
1977 100 123
1978 128 119
1979 108 124
1980 91 118
1981 72 120
1982 146 124
1983 133 124
1984 151 125
1985 92 126
1986 176 131
1987 138 125
1988 135 126
1989 118 118
1990 94 117
1991 123
1992 90
1993 140
1994 74
1995 83

Table D.5 : Number of Rainy days for Dhaka city
(1953-1995)

Year Number of Rain~ Days
Summer Monsoon Annual Total

1953 29 85 128
1954 21 85 124
1955 23 86 121
1956 31 86 135
1957 20 72 104
1958 19 76 108
1959 23 82 128
1960 18 85 112
1961 19 82 113
1962 23 82 129
1963 26 77 119
1964 32 75 129
1965 13 91 119
1966 22 85 127
1967 25 80 115
1968 29 82 124
1969 23 82 115
1970 20 84 125
1971 17 79 . 115
1972 20 67 95
1973 36 82 141
1974 17 66 92
1975 25 80 126
1976 28 74 117
1977 43 74 137
1978 38 75 127
1979 16 68 98
1980 40 95 152
1981 37 76 129
1982 28 71 111
1983 30 70 122
1984 28 99 140
1985 33 91 133
1986 30 82 129
1987 24 82 115
1988 35 84 139
1989 18 73 104
1990 34 77 129
1991 33 77 132
1992 16 64 96
1993 33 81 139
1994 24 66 102
1995 14 75 107

Mean

Stdev

136.6046512
53.91578068

141
17.751126

Mean

Stdev

D-2

25.8837209 79.186047 120.976744
7.49669547 7.7128705 13.8228389



Table D.6 :Annual Rainfall
for Mymensingh (1951-1995)

Year Annual 10-year
Rainfallin Moving

mm average
1951 1603
1952 1922
1953 2836
1954 1638
1955 2610 2252
1956 2843 2228
1957 1985 2226
1958 2075 2145
1959 3029 225-l
1960 1978 2227
1961 1368 2118
1962 1896 2115
1963 2027 2129
1964 2729 2043
1965 2335 2040
1966 1754 211-l
1967 1956 2105
1968 2214 21-l9
1969 2170 2183
1970 1946 2190
1971 2112 2269
1972 1806 2358
1973 2464 2329
1974 3071 23-l5
1975 2403 2383
1976 2548 2390
1977 2847 24-l5
1978 1924 2483
1979 2330 2-l43
1980 2321 2-l00
1981 2187 2466
1982 2354 2413
1983 2840 2541
1984 2679 2538
1985 1970 2550
1986 3203 2662
1987 2317 2623
1988 3209 2666
1989 2300 2608
1990 2439 2674
1991 3311
1992 1966
1993 3262
1994 2105
1995 2625

Table D.7 :Summer
Rainfallfor Mymensingh
(1951-1995)

Year Summer 10-year
Rainfallin Moving,

averagemm
1951 177
1952 336
1953 625
1954 401
1955 198 368
1956 642 381
1957 74 392
1958 365 366
1959 575 376
1960 283 385
1961 310 348
1962 442 382
1963 367 382
1964 500 373
1965 288 375
1966 273 363
1967 415 340
1968 369 344
1969 484 341
1970 299 355
1971 193 361
1972 216 425
1973 398 445
1974 477 423
1975 424 476
1976 337 527
1977 1056 551
1978 570 581
1979 264 585
1980 823 588
1981 700 614
1982 465 554
1983 693 592
1984 519 596
1985 452 571
1986 596 581
1987 462 552
1988 943 541
1989 308 545
1990 573 538
1991 800
1992 176
1993 576
1994 560
1995 386

Table D.S :Monsoon Rainfall
for Mymensingh (1951-1995)

Year Monsoon 10-year
Rainfallin Moving

mm average
1951 989
1952 1276
1953 2009
1954 1006
1955 2195 1592
1956 2028 1590
1957 1547 1596
1958 1420 1536
1959 1810 1613
1960 1636 1586
1961 969 1509
1962 1335 1489
1963 1415 1517
1964 1771 1499
1965 1933 1470
1966 1255 1549
1967 1347 1553
1968 1694 1602
1969 163-l 16.0
1970 13-n 1621
1971 1765 1696
1972 1377 1703
1973 1899 1665
197-l 2183 1700
1975 1715 1693
1976 2007 16-l9
1977 1-l09 1696
1978 1321 1674
1979 1977 1648
1980 1276 1613
1981 1326 1604
1982 1851 1631
1983 1671 1688
1984 1926 1658
1985 1363 1687
1986 1920 1744
1987 1678 1709
1988 1893 1780
1989 1679 1715
1990 1562 1778
1991 1897
1992 1505
1993 2375
1994 1278
1995 1994

M"an

Stdev

2344.6
479.9857195

2336
191.123

453
206.7057881

0-]

459
98.4215

1632 1630
336.500196 80.1863



Table D.9 : One day annual maximum
Rainfall for Mymensingh (1951-1995)

Year ne day annual 10-year
maximum Moving

Rainfall (mm) averaj!c
1951 99
1952 95
1953 119
1954 95
1955 192 155
1956 245 156
1957 178 159
1958 145 164
1959 249 174
1960 133 167
1961 105 152
1962 132 145
1963 166 149
1964 198 138
1965 114 135
1966 100 134
1967 103 132
1968 194 134
1969 134 125
1970 102 129
1971 95 135
1972 117 142
1973 180 140
1974 106 147
1975 156 148
1976 164 154
1977 167 156
1978 175 157
1979 204 158
1980 120 156
1981 146 160
1982 144 156
1983 192 165
1984 109 161
1985 143 161
1986 202 174
1987 127 171
1988 261 170
1989 165 174
1990 125 172
1991 268
1992 116
1993 181
1994 151
1995 119

Table D.I0 : Number of Rainy days for
Mymensingh (1951-1995)

Year Number of Rain Davs
Summer Monsoon Annual Total

1951 19 51 87
1952 29 80 121
1953 29 75 115
1954 18 54 87
1955 26 73 III
1956 32 67 113
1957 9 61 83
1958 26 80 115
1959 27 74 122
1960 21 79 106
1961 15 67 90
1962 23 73 109
1963 26 78 117
1964 26 81 123
1965 18 81 110
1966 8 63 85
1967 20 67 95
1968 22 78 . 108
1969 20 80 105
1970 15 74 101
1971 20 92 126
1972 20 55 81
1973 26 75 117
1974 29 69 110
1975 26 70 108
1976 24 82 117
1977 34 82 136
1978 33 71 106
1979 18 76 107
1980 34 90 133
1981 34 73 117
1982 23 82 113
1983 28 78 119
1984 24 94 128
1985 28 75 114
1986 28 81 125
1987 23 81 116
1988 41 89 148
1989 20 79 113
1990 42 82 142
1991 38 91 147
1992 17 74 107
1993 31 86 136
1994 22 88 127
1995 18 94 134

Mean

Stdev

151.8
46.57086487

153
14.056404

D-4

Mean

Stdev

24.6666667 76.555556 114
7.38548946 9.9830665 16.2032544



Table D.11 :Annual Rainfall
for Tangail (1962-1995)

Year Annual 10-year
Rainfall in Moving

mm average
1962 650
1963 1348
1964 1612
1965 1818
1966 1330 1459
1967 1452 1506
1968 1604 1577
1969 1466 1600
1970 1749 1507
1971 1565 1511
1972 1117 1553
1973 2055 1567
1974 1846 1552
1975 883 1530
1976 1377 1537
1977 1868 1580
1978 1744 1603
1979 1319 1654
1980 1523 1730
1981 1640 1843
1982 1545 1829
1983 2285 1868
1984 2352 1886
1985 1644 1915
1986 2508 2059
1987 1730 2087
1988 2133 2116
1989 1501 2121
1990 1814 2262
1991 3079
1992 1821
1993 2582
1994 2398
1995 3049

Table D.13 :Summer
Rainfallfor Tangail
(1962-1995)

Year Summer' 10-year
Rainfall in Moving

mm average
1962 261
1963 354
1964 407
1965 220
1966 115 270
1967 366 269
1968 344 285
1969 299 293
1970 218 281
1971 120 294
1972 242 297
1973 518 322
1974 488 295
1975 99 301
1976 249 342
1977 393 357
1978 598 355
1979 22 338
1980 279 364
1981 529 373
1982 400 365
1983 493 353
1984 318 392
1985 355 411
1986 346 415
1987 307 394
1988 477 404
1989 418 437
1990 464 433
1991 570
1992 190
1993 595
1994 653
1995 314

Table D.12 : Monsoon
Rainfallfor Tangail
(1961-1995)

Year Monsoon 10-year
Rainfall in Moving

mm average
1961 509
1962 331
1963 994
1964 937
1965 1566 954
1966 972 1033
1967 946 1082
1968 1141 1121
1969 1067 1151
1970 1080 1067
1971 1294 1080
1972 825 110I
1973 1379 1100
1974 1236 1103
1975 729 1102
1976 1102 1075
1977 1160 1101
1978 1125 1109
1979 1101 1177
1980 1068 1211
1981 1023 1260
1982 1087 1276
1983 1455 1294
1984 1917 1266
1985 1071 1278
1986 1590 1383
1987 1320 1425
1988 1308 1454
1989 821 1405
1990 1193 1540
1991 2071
1992 1507
1993 1739
1994 1431
1995 2421

Mean 1777
Stdev 536.2342628

1738
241

354
153.9944688

D-5

346
53

1215 1198
410.144504 148



Table D.14 : One day annual maximum
Rainfall for Tangail (1961-1995)

Year ne day annual 10-year
maximum Moving

Rainfall (mm) avera~e
1961 50
1962 35
1963 146
1964 101
1965 135 89
1966 75 100
1967 91 104
1968 90 98
1969 82 98
1970 85 95
1971 160 105
1972 70 107
1973 86 III
1974 106 116
1975 106 121
1976 177 114
1977 106 119
1978 128 122
1979 140 137
1980 134 137
1981 86 140
1982 121 138
1983 117 146
1984 250 147
1985 109 144
1986 207 148
1987 83 154
1988 210 164
1989 150 148
1990 104 146
1991 130
1992 180
1993 215
1994 89
1995 92

Table D.15 : Number of Rainy days for Tangail
(1962-1995)

Year Number of Rain) Days
Summer Monsoon Annual Total

)

1961 - 51 -
1962 24 50 84
1963 29 66 95
1964 25 75 120
1965 10 85 101
1966 10 71 100
1967 23 68 101
1968 23 73 104
1969 17 66 92
1970 12 82 113
1971 15 79 99
1972 8 48 60
1973 41 91 146
1974 28 71 113
1975 12 39 57
1976 23 83 110
1977 34 67 112
1978 30 73 . 109
1979 9 60 71
1980 15 65 83
1981 22 70 95
1982 28 69 101
1983 23 61 101
1984 22 82 113
1985 22 82 113
1986 23 77 117
1987 20 71 100
1988 35 71 121
1989 21 66 99
1990 30 70 113
1991 34 88 136
1992 15 74 99
1993 28 73 117
1994 23 88 127
1995 22 96 138

Mean

Stdev

121.3142857
48.61782016

125
21.610757

D-o

Mean

Stdev

22.2352941 71.457143 104.705882
8.07186969 12.358238 19.3790412



Table D.16 : Annual average
maximum temperature for
Dhaka City (1953-1995)

Year Annual 10-year
avo maximum Moving
temperature average
(celcious)

1953 30.8
1954 30.3
1955 30.2
1956 29.9
1957 30.5 30.3
1958 30.9 30.3
1959 29.8 30.2
1960 30.6 30.2
1961 29.7 30.3
1962 30.4 30.2
1963 30.4 30.2
1964 30.1 30.2
1965 30.1 30.2
1966 30.4 30.2
1967 30.1 30.2
1968 30.2 30.1
1969 30.4 30.1
1970 30.2 30.1
1971 29.6 30.1
1972 30.5 30.1
1973 30.0 30.1
1974 30.1 30.1
1975 30.1 30.1
1976 30.2 30.2
1977 29.8 30.2
1978 30.2 30.2
1979 30.8 30.2
1980 30.3 30.3
1981 30.1 30.5
1982 30.4 30.6
1983 30.2 30.8
1984 30.5 30.8
1985 31.1 30.8
1986 31.4 30.8
1987 31.6 30.9
1988 31.6 30.9
1989 31.4 30.9
1990 30.1 31.0
1991 30.2
1992 30.7
1993 30.3
1994 31.0
1995 31.4

Table D.17: Annual average
minimum temperature for
Dhaka City (1953-1995)

Year Annual
,

10-year
avo minimum Moving
temperature average
(celcious)

1953 20.9
1954 20.7
1955 20.6
1956 20.9
1957 20.8 20.9
1958 21.6 20.9
1959 20.9 20.9
1960 21.0 21.0
1961 20.9 21.0
1962 20.5 21.0
1963 20.9 21.0
1964 21.4 21.0
1965 20.9 21.1
1966 21.2 21.1
1967 20.9 21.2
1968 21.1 21.2
1969 21.3 21.2
1970 21.5 21.2
1971 2U 21.2
1972 21.0 21.2
1973 21.4 21.2
1974 21.2 21.3
1975 21.1 21.3
1976 21.3 21.2
1977 21.2 21.3
1978 20.8 2l.3
1979 21.8 21.3
1980 21.4 2U
1981 21.2 21.5
1982 21.2 21.6
1983 21.5 21.7
1984 21.7 21.7
1985 22.1 21.8
1986 21.7 21.9
1987 22.1 21.9
1988 22.2 21.9
1989 21.7 21.8
1990 22.2 21.8
1991 22.0
1992 21.7
1993 2l.3
1994 21.4
1995 21.8

Table D.18 : Annual mean
temperature for
Dhaka City (1953-1995)

Year Annual 10-year
mean Moving

teml)eratu re average
(celcious)

1953 25.8
1954 25.5
1955 25.4
1956 25.4
1957 25.6 25.6
1958 26.3 25.6
1959 25.4 25.6
1960 25.8 25.6
1961 25.3 25.6
1962 25.4 25.6
1963 25.6 25.6
1964 25.8 25.6
1965 25.5 25.6
1966 25.8 25.6
1967 25.5 . 25.7
1968 25.6 25.7
1969 25.9 25.7
1970 25.9 25.7
1971 25.5 25.7
1972 25.7 25.7
1973 25.7 25.7
1974 25.6 25.7
1975 25.6 25.7
1976 25.7 25.7
1977 25.5 25.7
1978 25.5 25.7
1979 26.3 25.8
1980 25.9 25.9
1981 25.7 26.0
1982 25.8 26.1
1983 25.8 26.2
1984 26.1 26.3
1985 26.6 26.3
1986 26.6 26.3
1987 26.8 26.4
1988 26.9 26.4
1989 26.6 26.4
1990 26.2 26.4
1991 26.1
1992 26.2
1993 25.8
1994 26.2
1995 26.6

Mean

Stdev

30.4 30.4
0.504583321 0.2952

21.3
0.5

0-7

21.3
0.31767

25.9
0.4

25.8
0.29671



Table D.19 : One day annual
maximum temperature for
Dhaka City (1953-1995)

Year One day annual 10-year
maximum Moving
temperature average
(celcious)

1953 37.7
1954 37.3
1955 36.6
1956 37.7
1957 37.7 37.4
1958 37.3 37.4
1959 37.7 37.3
1960 37.7 37.4
1961 37.2 37.4
1962 37.4 37.4
1963 37.2 37.4
1964 36.7 37.4
1965 37.3 37.3
1966 37.6 37.1
1967 37.7 37.1
1968 37.7 37.1
1969 37.2 37.2
1970 37.2 37.2
1971 35.3 37.2
1972 36.8 37.0
1973 37.7 37.0
1974 37.3 37.0
1975 37.6 37.0
1976 37.6 37.1
1977 35.6 37.2
1978 37.2 37.3
1979 37.4 37.3
1980 37.2 37.3
1981 36.5 37.5
1982 38.3 38.1
1983 37.8 38.2
1984 38 38.4
1985 37.8 38.3
1986 39.5 38.4
1987 40.8 38.5
1988 39 38.4
1989 39.4 38.4
1990 35.4 38.5
1991 37.8
1992 39.2
1993 37
1994 37.6
1995 39

Table D.20 : One day annual
minimum temperature for
Dhaka City (1953-1995)

Year One day annual to-year
minimum Moving

temperature average
(celcious)

1953 6.8
1954 6.5
1955 6.4
1956 7.7
1957 9 7.2
1958 8.9 7.3
1959 6.8 7.2
1960 7.2 7.3
1961 6.7 7.2
1962 6.1 7.2
1963 7.6 7.0
1964 5.6 7.0
1965 7.2 7.1
1966 7.2 7.3
1967 8.6 7.5
1968 6.7 7.6
1969 7.2 7.8
1970 8.3 7.9
1971 8.9 8.0
1972 7.3 8.0
1973 8.9 7.9
1974 7.2 8.2
1975 8.9 8.2
1976 8.4 81
1977 7.8 8.5
1978 6.4 X.~
1979 9.4 8.6
1980 8.6 8.9
1981 10 9.1
1982 8.9 9.2
1983 7.8 9.5
1984 9.6 9.2
1985 11.6 9.4
1986 10.6 1J.4
1987 8.8 9.5
1988 9.6 9.5
1989 6.8 9.4
1990 10.7 8.9
1991 10
1992 9.7
1993 7.2
1994 9
1995 6.5

Table D.21 : Summer average
maximum temperature for
Dhaka City (1953-1995)

Year Summer avo 10-year
maximum Moving

teml)erature average
(celcious)

1953 33.5
1954 34.1
1955 33.2
1956 32.6
1957 33.6 33.4
1958 33.6 33.3
1959 33.1 33.2
1960 33.5 33.2
1961 32.9 33.4
1962 33.6 33.2
1963 32.8 33.2
1964 33.1 33.2
1965 33.1 33.2
1966 34.4 33.2
1967 31.8 33.1
1968 33.4

. 33.1
1969 33.4 33.0
1970 33.6 33.1
1971 32.6 32.9
1972 33.3 32.9
1973 32.1 32.8
1974 32.<) 32.8
1975 33.6 32.8
1976 32.3 32.6
1977 31.8 32.6
1978 32.1 32.6
1979 34.2 32.7
1980 33.0 32.7
1981 31.3 32.8
1982 32.8 33.1
1983 32.3 ~~ ?.1.'._
1984 33.5 33.3
1985 33.4 33.2
1986 34.2 33.4
1987 34.0 33.5
1988 33.7 33.5
1989 34.8 33.5
1990 32.5 33.6
1991 32.8
1992 34.1
1993 32.0
1994 33.1
1995 35.0

Mean

Stdev
37.6
1.0

37.5
0.51526

8.1
1.4

D-8

8.2
0.87399

33.2 33.1
0.81041273 0.28153



Table D.22 : Summer average
minimum temperature for
Dhaka City (1953-1995)

Year Summer avo 10-year
minimum Moving

temperature average
(celcious)

1953 23.2
1954 22.7
1955 22.1
1956 22.8
1957 22.0 22.7
1958 23.1 22.5
1959 22.7 22.6
1960 22.7 22.6
1961 23.8 22.6
1962 21.9 22.7
1963 21.6 22.6
1964 23.2 22.6
1965 22.3 22.7
1966 23.0 22.6
1967 22.2 22.7
1968 22.3 22.7
1969 23.2 22.7
1970 23.5 22.7
1971 22.3 22.7
1972 22.8 22.8
1973 22.5 22.7
1974 22.6 22.7
1975 22.8 22.6
1976 23.1 22.6
1977 22.5 22.5
1978 21.4 22.5
1979 23.3 22.6
1980 22.9 22.7
1981 21.8 22.6
1982 22.3 22.7
1983 22.6 22.9
1984 23.4 23.0
1985 23.9 22.9
1986 22.5 23.1
1987 23.1 23.2
1988 23.4 23.1
1989 23.8 23.1
1990 22.6 23.1
1991 23.2
1992 23.8
1993 21.7
1994 23.1
1995 23.5

Table D.23 : Winter average
maximum temperature for
Dhaka City (1954-1994)

Year Winter av.) 10-year
maximum Moving
temperature average
(celcious)

1954 27.5
1955 26.3
1956 26.3
1957 25.8
1958 27.3 26.7
1959 26.5 26.5
1960 27.6 26.5
1961 25.8 26.6
1962 26.2 26.6
1963 27.2 26.5
1964 26.3 26.5
1965 26.3 26.4
1966 26.4 26.5
1967 26.5 26.4
1968 26.3 26.5
1969 26.6 26.4
1970 26.5 26.4
1971 26.0 26.4
1972 25.9 2().4
1973 27.6 26.3
1974 26.0 2().4
1975 26.4 26.3
1976 2().3 26.4
1977 2().2 26.4
1978 25.8 26.2
1979 27.1 26.2
1980 26.0 2(d
1981 26.3 26.5
1982 26.4 26.7
1983 25.6 26.9
1984 26.2 27.0
1985 27.4 27.0
1986 28.0 27.0
1987 28.1 26.9
1988 28.3 27.0
1989 27.3 27.0
1990 26.6
1991 26.6
1992 24.8
1993 26.5
1994 26.7

Table D.24 : Winter average
minimum temperature for
Dhaka City (1954-1994)

Year Winter avo 10-)'ear
minimum Moving

temperature average
(celcious)

1954 13.2
1955 12.0
1956 11.6
1957 13.1
1958 13.4 12.6
1959 13.2 12.()
1960 12.6 12.8
1961 13.1 12.9
1962 11.3 13.0
1963 12.7 13.U
1964 13.2 13.0
1965 13.] 13.1
1966 13.3 13.1
1967 14.1 13.5
1968 q.O.. 13.6
1969 13.3 13.7
1970 I3.S 13.7
1971 13.4 13.8
1972 14.9 13.7
1973 14.1 13.6
1974 13.6 13.6
1975 I-U) 13.6
1976 13.6 13.7
1977 12.9 13.6
1978 12.7 13.6
1979 13.1 13.6
198() 13.9 13.7
1981 14.6 13.9
19lQ 13.6 I.U
1983 13.6 I..U
1984 14.1 14.4
1985 15.1 14.()
198() 15.2 I-U
1987 I-L9 I-U
1988 15.1 I-U
1989 14.3 14.8
1990 15.0
1991 15.8
1992 14.9
1993 13.7
1994 13.7

Mean

Stdev

22.8
0.623066726

22.7
0.19002

26.6
0.729308058

0-9

26.6
0.24857

13.7
0.97817068

13.7
0.63339



Table D.25 : Annual average
maximum temperature for
Mymensingh (1951-1995)

Table D.26 : Annual average
minimum temperature for
Mymensingh (1951-1995)

Table D.27 : Annual mean
temperature for
Mymensingh (1951-1995)

Year Annual 10-year
avo maximum Moving
temperature average
(celcious)

1951 30.3
1952 30.1
1953 30.4
1954 30.3
1955 29.9 30.1
1956 29.7 30.1
1957 30.1 30.1
1958 30.3 30.1
1959 29.7 30.0
1960 30.5 30.0
1961 30.4 30.1
1962 30.2 30.0
1963 29.9 30.0
1964 29.8 30.0
1965 29.6 29.9
1966 30.2 29.9
1967 29.8 29.8
1968 29.6 29.8
1969 29.8 29.9
1970 29.8 30.0
1971 30.5 30.0
1972 29.3 30.0
1973 30.1 30.0
1974 30.6 30.1
1975 30.2 30.1
1976 30.1 30.1
1977 30.0 30.1
1978 29.8 30.1
1979 30.9 30.0
1980 30.1 30.0
1981 29.9 30.0
1982 30.0 30.0
1983 29.6 30.0
1984 29.6 29.9
1985 30.0 29.9
1986 30.0 29.9
1987 30.3 29.9
1988 30.0 29.9
1989 29.9 29.9
1990 29.7 29.9
1991 29.7
1992 30.4
1993 29.4
1994 30.0
1995 30.0

Year Annual ) 10-year
avo minimum Moving
temperature average
(celcious)

1951 20.4
1952 20.4
1953 21.0
1954 20.5
1955 20.7 20.7
1956 20.7 20.7
1957 20.7 20.7
1958 21.2 20.7
1959 20.6 20.7
1960 20.8 20.7
1961 20.8 20.7
1962 20.3 20.7
1963 20.5 20.7
1964 20.9 20.7
1965 20.8 20.7
1966 20.7 20.7
1967 20.5 20.7
1968 20.7 20.7
1969 20.8 20.7
1970 20.8 20.7
1971 20.9 20.7
1972 20.3 20.7
1973 20.7 20.6
1974 20.6 20.6
1975 20.9 20.6
1976 20.4 20.6
1977 20.5 20.6
1978 20.3 20.6
1979 21.0 20.6
1980 20.5 20.6
1981 20.4 20.6
1982 20.4 20.7
1983 20.8 20.8
1984 20.5 20.S
1985 21.0 20.8
1986 20.9 20.7
1987 2l.4 20.7
1988 2l.4 20.7
1989 20.6 20.7
1990 20.2 20.7
1991 . 19.6
1992 20.7
1993 20.7
1994 20.7
1995 21.0

30.0
0.3

30
0.09142

20.7
0.3

D-IO

20.7
0.06537

Year Annual 10-year
mean Moving

temperature average
(celciolls)

1951 25.3
1952 25.2
1953 25.7
1954 25.4
1955 25.3 25.4
1956 25.2 25.4
1957 25.4 25.4
1958 25.7 25.4
1959 25.2 25.4
1960 25.6 25.4
1961 25.6 25.4
1962 25.3 25.4
1963 25.2 25.3
1964 25.3 25.3
1965 25.2. 25.3
1966 25.4 2:U
1967 25.1 25.3
1968 25.1 25.3
1969 25.3 25.3
1970 25.3 25.3
1971 25.7 25.3
1972 24.8 25.3
1973 25.4 25.3
1974 25'() 25.4
1975 25.6 25.4
1976 25.3 25.3
1977 25.2 25.4
1978 25.1 25.3
1979 25.9 25.3
1980 25.3 25.3
1981 25.1 25.3
1982 25.2 25.4
1983 25.2 25.4
1984 25.1 25.4
1985 25.5 25.3
198() 25.4 25.3
1987 25.9 25.3
1988 25.7 25.3
1989 25.3 25.3
1990 25.0 25.3
1991 24.7
1992 25.6
1993 25.1
1994 25.3
1995 25.5

25.3 25.3
0.25715337 0.04649



Table D.28 : One day annual
maximum temperature for
Mymensingh (1951-1995)

Table D.29 : One day annual
minimum temperature for
Mymensingh (1951-1995)

Table D.30 : Summer average
maximum temperature for
Mymensingh (1951-1995)

Year One day annual 10-year
maximum Moving
temperature average
(celcious)

1951 37.7
1952 37.7
1953 37.7
1954 37.7
1955 36.6 37.6
1956 37.4 37.5
1957 37.7 37.5
1958 37.7 37.5
1959 37.7 37.3
1960 37.7 37.4
1961 37.1 37.4
1962 37.7 37.4
1963 37.7 37.3
1964 36. I 37.2
1965 37.4 37.1
1966 37.3 37.2
1967 37.2 37.2
1968 37.2 37.1
1969 36.1 37.2
1970 37.2 37.2
1971 38.2 37.2
1972 37.2 37.3
1973 37.2 37.3
1974 37.2 37.4
1975 37.6 37.4
1976 37.2 37.4
1977 37.4 37.4
1978 37.5 37.4
1979 37.7 37.4
1980 36.9 37.2
1981 38.5 37.1
1982 37.1 37.1
1983 36.7 36.9
1984 37.6 36.9
1985 35.4 36.8
1986 36.4 36.6
1987 37.5 36.7
1988 35.6 36.8
1989 37.4 36.7
1990 35.7 36.9
1991 37
1992 38.1
1993 37
1994 37
1995 37.6

Year One day annual 10-year
minimum Moving

temperature average
(celcious)

1951 6.2
1952 8.9
1953 8.9
1954 7.8
1955 7.8 8.7
1956 9.5 8.7
1957 10.1 8.6
1958 10.1 8.5
1959 9.5 8.3
1960 8.6 8.4
1961 5.6 8.5
1962 8.1 8.4
1963 7.8 8.2
1964 5.6 8.2
1965 9.4 8.2
1966 10 8.5
1967 9.4 8.2
1968 7.8 8.4
1969 9.4 8.8
1970 8.9 8.7
1971 8.4 8.6
1972 5.6 8.5
1973 9.7 8.2
1974 9.4 8.2
1975 S.3 8.2
1976 9.4 8.2
1977 8.4 8.5
1978 4.2 8.4
1979 III 8.3
1980 8.7 8.4
1981 8.3 8 -.)
1982 8.4 8.5
1983 8.4 8.9
1984 9 8.7
1985 9.6 8.6
1986 9.8 8.3
1987 8.3 8.4
1988 8.6 8.4
1989 7.7 8.3
1990 7.4 7.9
1991 5.8
1992 9.5
1993 8
1994 8.5
1995 5.8

Year Summer avo to-year
maximum Moving

temperature average
(celcious)

1951 33.2
1952 31.8
1953 32.9
1954 33.7
1955 32.8 32.7
1956 31. 9 32.7
1957 33.4 32.8
1958 33.0 32.7
1959 32.2 32.6
1960 32.6 32.5
1961 33.2 32.7
19G2 32.9 32.5
1963 31.6 32.4
1964 32.1 32.4
1965 31.9. 32.4
1966 33.9 32.4
1967 31.6 32.1
1968 32.0 32.2
1969 32.~ 32.1
1970 33.0 32.2
1971 32.4 32.1
1972 30.7 32.2
1973 31.8 32.1
IlJ74 3U 32.3
1975 :'3.1 32.1
1976 33.1 3 I.')
IlJ77 32.1 32.0
1978 31.11 32.11
1979 34.0 32.0
1980 31.9 31. 9
1981 30.2 31.7
1982 31.7 31.7
1983 31.0 31.7
1984 31.7 31.6
1985 32.0 31.4
1986 31.8 31.5
1987 32.0 31.6
1988 311.lJ 31.6
1989 32.7 31.5
1990 30.1 31.6
IlJ91 31.1
IlJ92 32.9
1993 30.3
1994 31.6
1995 32.5

-+-

i\lean

Stdev

37.2
0.65700

37
0.25245

8.3
1.41729

0-11

8.4
0.20805

32.1
0.95154634

32.1
0.40357



Table D.31 : Summer average
minimum temperature for
Mymensingh (1951-1995)

Table D.32 : Winter average
maximum temperature for
Mymensingh (1952-1994)

Table D.33 : Winter average
minimum temperature for
Mymensingh (1952-1994)

Year Summer avo 10-year
minimum Moving

temperature average
(ceIcious)

1951 20.2
1952 19.5
1953 21.7
1954 21.7
1955 21.7 21.4
1956 22.2 21.6
1957 21.8 21.8
1958 21.9 21.7
1959 21.6 21.7
1960 21.7 21.6
1961 22.7 21.5
1962 20.7 21.4
1963 20.7 21.3
1964 21.6 21.4
1965 21.3 21.4
1966 21.2 21.3
1967 20.7 21.4
1968 21.2 21.5
1969 22.1 21.4
1970 22.1 21.4
1971 21.4 21.4
1972 21.7 21.5
1973 21.6 21.4
1974 21.0 21.3
1975 21.4 21.3
1976 21.3 21.2
1977 21.2 21.2
1978 20.1 21.1
1979 21.6 21.2
1980 21.3 21.3
1981 21.1 2l.3
1982 21.1 2l.3
1983 21.4 21.6
1984 21.5 21.6
1985 22.1 21.5
1986 21.2 21.5
1987 22.0 21.5
1988 22.2 21.5
1989 22.1 21.5
1990 20.5 21.5
1991 20.5
1992 21.9
1993 20.6
1994 21.8
1995 21.9

Year Winter av.} to-year
maximum Moving

temperature average
(celcious)

1952 27.3
1953 26.1
1954 27.2
1955 26.3
1956 25.7 26.4
1957 25.0 26.2
1958 26.4 26.3
1959 25.9 26.2
1960 27.8 26.2
1961 26.2 26.3
1962 25.8 26.4
1963 27.0 26.3
1964 26.3 26.3
1965 26.0 26.1
1966 26.3 26.1
1967 26.6 26.1
1968 25.5 26.0
1969 26.0 26.0
1970 25.8 25.9
1971 26.2 20.0
1972 24.8 25.9
1973 26.4 25.9
1974 26.8 26.0
1975 24.9 26.1
1976 26.9 20.1
1977 26.0 26.2
1978 25.6 20.1
1979 27.1 20.0
1980 26.0 26.1
1981 20.2 26.0
1982 26.4 26.1
1983 25.5 26.3
1984 25.4 26.2
1985 25.7 26.2
1986 26.5 26.2
1987 27.1 26.1
1988 27.0 26.1
1989 25.9 26.1
1990 26.0
1991 26.8
1992 24.9
1993 25.5
1994 26.0

Year Winter avo 10-year
minimum Moving

temperature average
(celcious)

1952 11.7
1953 13.0
1954 13.4
1955 13.0
1956 12.0 13.2
1957 13.8 13.3
1958 13.8 13.3
1959 13.5 13.3
1960 13.5 13.3
1961 13.5 13.4
1962 12.6 13.4
1963 13.3 13.4
1964 13.0 13.3
1965 13.8 13.3
1966 13.-\. - 13.3
1967 14.1 13.3
1968 13.2 13.3
1969 13.0 13.3
197() 13.4 13.3
1971 13.2 13.2
1972 12.7 13.1
1973 13.3 13.1
1974 13.1 13.1
1975 13.3 13.()
1976 13.1 13.0
1977 13.2 13.0
1978 12.7 13.0
1979 12.0 12.9
198() 13.2 13.()
1981 IV) 13.0
1982 12.8 13.1
1983 13.3 13.3
1984 12.5 13.4
1985 13.5 13.3
1986 13.7 13.3
1987 14.4 13.3
1988 14.1 13.3
1989 13.4 13.4
1990 12.9
1991 12.0
1992 13.5
1993 13.3
1994 13.3

+-
I

Mean

Stdev

21.4
0.642149969

21.4
0.14796

26.2
0.679782494

D-12

26.1
0.1308

13.2
0.52233827

13.2
0.14833



Table D.34 : Annual average
Atmospheric I)ressure for
Dhaka city (1953-1994)

Table D.35 : Annual average
Atmospheric I)ressure for
Mymensingh (1951-1995)

Year Annual avo 10-year
Atmospheric Moving
pressure average
(mb)

1953 1007.7
1954 1006.9
1955 1007.2
1956 1007.1
1957 1007.9 1007.3
1958 1007.7 1007.3
1959 1007.2 1007.3
1960 1007.1 1007.4
1961 1006.8 1007.4
1962 1007.1 1007.3
1963 1007.9 1007.3
1964 1007.2 1007.4
1965 1007.7 1007.4
1966 1007.2 1007.5
1967 1007.5 1007.6
1968 1007.8 1007.6
1969 1007.6 1007.6
1970 1007.5 1007.5
1971 1007.8 1007.6
1972 1007.9 1007.7
1973 1007.5 1007.7
1974 1007.4 1007.7
1975 1007.3 1007.8
1976 1007.6 1007.8
1977 1008.2 1007.8
1978 1008.1 1007.9
1979 1008.1 1007.9
1980 1007.8 1007.9
1981 1008.1 1007.9
1982 1008.1 1008.0
1983 1008.5 1007.9
1984 1007.2 1007.9
1985 1007.0 1007.9
1986 1008.2 1007.9
1987 1008.6 1008.0
1988 1007.6 1008.0
1989 1007.8 1008.0
1990 lO08.1
1991 1008.3
1992 1008.6
1993 1008.4
1994 1007.9

Year Annual avo 10-year
AtmoSI)heric Moving
pressure average
(mh)

1951 1008.6
1952 1008.6
1953 1008.9
1954 1008.0
1955 1008.3 1008.5
1956 lO08.1 1008.4
1957 1009.0 1008.4
1958 1009.0 1008.4
1959 1008.4 1008.5
1960 1008.3 1008.5
1961 1008.0 1008.6
1962 1008.6 1008.5
1963 1008.9 1008.5
1964 1008.4 1008.6
1965 1008.9 . -1008.6
1966 1008.3 1008.6
1967 1008.6 1008.7
1968 1008.7 1008.6
1%9 1008.8 1008.6
1970 1008.4 1008.5
1971 1008.8 1008.6
1972 1009.0 1008.6
1973 1008.3 1008.6
1974 1008.2 1008.6
1975 1008.3 1008.6
1976 1008.9 1008.5
1977 1008.S 1008.5
1978 1008.7 1008.5
1979 1008.4 1008.5
1980 1008.3 1000U
19S1 100S.5 1008.5
1982 1008.5 1008.5
1983 1009.0 1008.5
1984 1008.0 1008.5
1985 1008.1 1008.5
1986 1008.7 1008.5
1987 1009.1 1008.5
1988 1008.1 1008.6
1989 1008.3 1008.6
1990 1008.5 1008.6
1991 1008.7
1992 1009.0
1993 1009.0
1994 1008.5
1995 1008.1

"---- -

Sldev

1007.7
0.4 78508507

1007.7
0.25135

1008.5
0.3

0-13

1008.5
0.06268



Table D.36 : Monthly & Annualy Rainfall in mm

Station :Dhaka (BMD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct No\' Dec Annual - Std. C.V.

1953 10 2 90 90 274 333 392 326 352 52 13 0 1934 158.77 0.9851
1954 14 0 0 86 211 810 320 433 251 218 0 10 2353 242.59 1.2372
1955 0 0 0 54 167 254 502 247 149 71 99 0 1543 149.84 1.1653
1956 12 5 189 135 69 433 690 489 286 121 53 13 2495 222.03 1.0679
1957 68 69 16 117 114 487 385 125 144 29 0 0 1554 153.05 1.1819
1958 0 95 5 105 200 161 184 267 91 191 0 0 1299 93.072 0.8598
1959 15 4 78 78 254 270 230 413 445 568 0 0 2355 198.12 1.0095
1960 0 0 16 19 358 304 655 189 231 38 24 0 1834 204.72 1.3395
1961 12 12 20 205 219 856 296 288 221 52 0 0 2181 242.92 1.3366
1962 0 15 6 166 205 191 355 273 395 180 0 0 1786 144.44 0.9705
1963 0 0 51 98 219 621 404 186 200 182 7 3 1971 189.03 1.1509
1964 9 42 18 296 236 354 629 155 269 283 70 0 2361 186.67 0.9487
1965 0 14 22 55 305 442 304 480 300 50 131 1 2104 179.82 1.0256
1966 12 0 7 34 127 270 291 306 496 261 14 15 1833 166.04 1.087
1967 23 12 168 185 216 241 363 504 266 74 I 0 2053 159.16 0.9303
1968 0 5 121 64 194 590 480 212 128 69 74 0 1937 189.21 1.1722
1969 0 I 65 86 95 249 198 540 201 103 2 0 .I~O - 155.75 1.2136
1970 16 8 23 45 192 276 496 280 200 427 32 0 1995 173.73 1.045
1971 3 28 12 176 302 308 471 540 262 118 86 0 2306 IX5.44 0.965
1972 0 II 12 248 340 353 249 380 150 105 0 0 1848 152.94 0.9931
1973 0 21 32 131 621 414 241 238 348 128 64 8(, 2324 188.12 0.9714
1974 1 29 15 197 191 247 604 389 235 145 0 2054 185.42 1.0833
1975 1 29 13 98 317 235 559 307 329 232 25 (J 2145 178.97 1.0012
1976 0 7 117 34 459 627 346 361 165 114 8 0 2238 211.41 1.1336
1977 0 66 71 255 381 252 306 92 131 273 10 24 1861 l31.06 0.8451
1978 0 20 18 194 454 529 320 426 192 98 0 0 2251 198.27 I.CJ57
1979 3 13 6 17 114 258 267 525 382 146 55 51 1837 170.19 1.1118
1980 3 32 54 147 414 323 380 269 296 300 (J 0 2218 161.16 (UnI9
1981 10 42 109 274 272 168 356 IX8 320 82 9 35 IX65 125.66 0.8085
1982 0 15 81 104 154 514 136 346 258 146 51 0 1805 154.54 1.0274
1983 18 61 138 318 348 300 179 437 322 253 0 IX 23'>2 150.62 0.7556
1984 13 I 5 124 707 637 694 311 478 58 0 0 3028 296.55 1.1752
1985 8 I 195 176 300 399 262 317 306 79 0 10 2053 146.52 0.8564
1986 22 0 23 247 191 304 443 171 687 237 172 3 2500 203 0.9744
1987 4 0 33 230 109 316 526 462 363 104 7 33 2187 190.93 1.0476
1988 0 44 74 282 513 580 255 169 196 213 153 3 2482 184.37 0.8914
1989 0 32 0 85 228 319 347 59 305 240 0 12 1627 140.15 1.0337
1990 0 36 151 154 202 229 567 227 247 181 103 6 2103 150.74 0.8601
1991 27 8 46 53 529 320 318 345 692 392 14 106 2850 228.67 0.9628
1992 I 47 0 25 153 132 386 182 148 83 2 0 1159 113.88 1.179
1993 5 53 87 113 556 486 418 439 374 217 19 0 2767 210.03 0.9109
1994 11 39 118 201 254 273 216 247 169 39 47 0 1614 103.52 0.7697
1995 8 31 0 88 261 237 353 353 204 96 112 0 1743 132.28 0.9107

Mean 7.6512 22.093 53.605 136.95 279.65 369.81 380.77 313.79 283.35 163.91 33.907 9.9767 2055.5
Std 12.004 22.868 55.88 82.5 146.54 168.39 143.51 126.18 132.(J2 113.97 46.21 22.344 390.04
C.V. 1.5689 1.0351 1.0424 0.6024 0.524 0.4553 0.3769 0.4021 0.4659 0.6954 1.3628 2.2396 0.1898

0-14



Table D.37 : Monthly & Annualy Rainfall in mm

Station :Mvrnensingh (BMD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Std. C.V.

1951 0 0 12 25 140 401 275 167 146 360 77 0 1603 143.78 1.0763
1952 0 0 25 96 215 166 371 271 468 254 56 0 1922 157.69 0.9846
1953 20 0 107 229 289 473 407 341 788 179 3 0 2836 240.5 1.0176
1954 24 48 23 60 318 367 301 93 245 142 0 17 1638 134.49 0.9853
1955 6 4 55 46 97 583 536 702 374 130 77 0 2610 257.54 1.1841
1956 6 0 67 104 471 581 433 727 287 148 19 0 2843 256.17 1.0813
1957 145 53 0 I 73 579 352 282 334 166 0 0 1985 IX5.52 1.1215
1958 0 93 I 75 289 432 271 523 194 197 0 0 2075 178.13 1.0301
1959 18 0 158 45 372 505 194 931 180 626 0 0 3029 299.21 1.1X54
1960 0 0 69 27 187 363 339 355 579 53 6 0 197X 196.61 1.1928
1961 0 0 0 15 295 456 242 150 121 86 3 0 1368 148.43 1.302
1962 6 10 I 51 390 461 311 353 210 103 0 0 1896 176.8 1.119
1963 0 0 37 72 258 518 410 313 174 161 82 2 2027 172.69 1.0223
1964 13 49 31 101 368 598 488 237 448 396 0 0 2729 221.15 0.9724
1965 0 19 25 59 204 409 558 669 297 76 19 0 2335 235.93 1.2125
1966 20 0 4 140 129 218 386 472 179 189 10 7 1754 155.94 1.0669
1967 16 0 46 74 295 2 iI 451 402 283 155 23 0 1956 162.43 0.9965
1968 5 2 37 39 293 464 618 244 368 144 0 0 2214 21 1.75 1.1477
1969 0 2 139 169 176 398 335 634 267 50 0 0 2170 198.36 1.0969
1970 23 0 6 117 176 570 323 207 242 274 8 0 1946 174.63 1.076X
1971 17 0 0 0 193 588 407 397 373 79 5X 0 2112 209.67 1.1913
1972 0 20 0 89 127 625 418 130 204 163 30 0 1806 191.64 1.2733
1973 0 15 0 114 284 538 527 121 713 56 38 58 2464 249.74 1.2163
1974 0 0 21 109 347 621 860 282 420 407 4 0 3071 285.03 1.1137
1975 0 0 5 127 292 98 798 530 289 241 23 0 2403 250.39 1.2504
1976 0 10 84 248 625 635 490 257 190 4 0 2548 245.65 1.1569
1977 12 119 0 327 729 794 250 176 189 196 36 19 2X47 265.76 1.1202
1978 0 0 46 119 405 509 475 124 213 33 0 0 1924 195.02 1.2163
1979 0 8 6 45 213 425 704 436 412 52 18 II 2330 240.14 1.2367
1980 2 II 16 84 723 289 309 464 214 20') IJ 0 2321 226.64 1.1718
1981 12 48 51 280 369 103 683 262 27X 22 0 79 21X7 202.44 1.1lOX
1982 0 2 65 124 276 689 5X2 337 243 28 X 0 2354 237.59 1.2111
1983 9 3 66 115 512 112 413 X65 281 4'1 0 II n41J 273.5X 1.156
1984 13 0 15 28 476 512 M<9 257 46X 221 IJ 0 2679 252.34 1.1303
1985 9 37 2 190 260 505 251 250 357 104 0 5 1970 165.3 1.0069
1986 0 4 0 400 196 284 673 316 647 583 X6 14 3203 259.9 0.9737
1987 0 0 18 82 362 406 410 479 383 159 17 1 2317 196.64 1.0184
1988 0 45 115 94 734 587 586 411 309 195 120 13 3209 254 0.9498
1989 6 17 18 23 267 290 812 171 406 284 0 6 2300 243.06 1.268l
1990 0 83 67 116 390 529 477 237 319 213 7 I 2439 188.76 0.9287
1991 2 15 44 77 679 603 322 237 735 520 0 77 3311 285.34 1.0341
1992 6 36 0 20 156 270 762 155 318 241 I 1 1966 221.72 1.3533
1993 69 13 44 182 350 848 512 490 525 229 0 0 3262 273.89 1.0076
1994 8 59 121 116 289 324 336 333 295 189 35 0 2105 134.3X 0.7661
1995 10 19 20 81 285 559 682 523 230 115 101 0 2625 241.56 1.1043
Mean 11.093 19.628 36.07 103.49 321.91 463.23 477.4 374.6 340.65 196.67 19.442 7.4884 2344.6
SId 23.678 27.931 40.268 81.53 160.74 173.11 173.28 198.63 157.92 142.15 31.564 18.218 479.99
C.V. 2.1345 1.423 1.1164 0.7878 0.4993 0.3737 0.363 0.5302 0.4636 0.7228 1.6235 2.4329 0.2047

0-15



Table D.38 : Monthly & Annualy Rainfall in mm

Station :Tangail (BWDB)

Year Jan Feb Mar Apr May Jun Jill Aug Sl'P Od Nov Dl'C Annual Std, ev.

1962 9 6 0 37 225 101 121 50 59 42 0 0 650.37 67.116 1.2384
1963 0 0 7 51 297 380 266 187 161 0 0 0 1348.2 139.85 1.2447
1964 0 37 9 151 248 244 448 149 95 231 0 0 1611.8 139.62 1.0395
1965 0 4 17 64 140 437 299 512 319 4 19 4 1817.8 188.87 1.2468
1966 31 0 0 25 90 168 234 406 164 189 II 12 1329.8 125.39 1.1316
1967 13 1 163 57 145 165 208 311 263 126 0 0 1451.6 107.55 0.8891
1968 0 0 27 90 227 408 309 277 147 106 13 0 1603.9 140.65 1.0523
1969 3 0 109 90 100 226 184 441 215 77 21 0 1466.1 129.12 1.0568
1970 33 4 8 79 132 257 392 228 204 393 20 0 1748.8 146.95 1.0084
1971 I 0 0 70 120 305 285 2n 426 47 34 0 1565.4 151.06 1.158
1972 5 0 6 1 234 298 194 249 85 45 0 0 1117.1 116.11 1.2472
1973 7 58 14 140 364 369 286 249 475 91 3 0 2054.8 170.01 0.9928
1974 0 0 55 268 165 324 514 147 252 122 0 0 1845.7 161.5 1.05
1975 0 0 I 29 69 266 223 134 106 55 0 0 882.94 92.048 1.251
1976 0 0 0 50 199 399 219 369 114 21 5 0 1376.6 148.16 1.2916
1977 13 89 1 164 229 582 275 129 174 158 28 26 1867.8 160.81 1.0332
1978 0 12 26 68 504 411 222 156 336 9 0 0 1744.4 181.37 1.2477
1979 5 2 7 10 4 265 249 387 200 147 8 33 vI.8.g 134.94 1.2278
1980 6 0 5 88 202 348 286 233 237 109 10 0 1523.3 128.12 1.0093
1981 4 16 12 225 291 133 467 231 193 5 0 63 1640.5 14lU6 1.0853
1982 0 3 85 163 152 382 266 335 104 26 29 0 1544.9 134.48 1.0446
1983 5 0 72 144 277 272 470 430 284 304 0 28 2285.2 170.67 0.8962
1984 6 0 15 II 292 798 411 185 523 112 0 0 2352.2 261.14 1.3323
1985 0 0 30 112 212 357 408 ()S 211 211 0 7. 1644.2 143.26 1.0456
1986 6 3 2 150 194 130 437 319 703 497 66 0 2507.9 231.95 1.1099
1987 I 0 33 159 115 285 338 356 341 51 21 31 1730.4 145.34 1.0079
1988 0 44 34 85 358 622 430 171 86 153 149 4 2133.1 193.65 1.0894
1989 0 56 I 87 331 181 317 61 263 199 0 6 1501 127.19 1.0169
1990 0 31 88 205 171 233 500 289 170 123 0 4 1814.1 147.11 0.9731
1991 14 16 80 53 437 366 428 545 732 315 0 93 3079 246.52 0.9608
1992 0 65 0 2 188 392 314 300 501 54 0 1821 180.77 1.1912
1993 7 7 44 192 359 527 487 297 428 234 0 0 2582 202.99 0.9434
1994 25 58 86 151 416 359 245 488 339 220 12 0 2398.3 169.94 0.8503
1995 17 67 17 48 249 521 732 707 462 105 125 0 3048.6 276.5 1.0884

M~an 6.1441 17.058 30.944 97.606 227.53 338.51 337.23 285.21 275.62 134.68 17.006 9.1468 1776.7
Stu 8.8324 25.593 39.175 67.843 111.62 149.64 125.87 146.96 170.92 116.1 33.661 20.285 536.23
c.\'. 1.4375 1.5003 1.266 0.6951 0.4906 0.4421 0.3732 0.5153 0.6201 0.862 1.9794 2.2177 0.3018
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Table D.39 Monthly & Annualy Ave."age Maximum Tempe."atUl"e in celcius

Stlltion :Dhllkll C8MD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct No,' Dl'C Annual Std. C.V.

1953 25.2 29.6 32.7 35.1 32.8 31.4 31.1 31.7 32 31 28.7 27.9 30.767 2.6015 0.0846
1954 24.8 29.9 34.7 34.2 33.5 30.2 31 31.1 31.5 29.9 27.8 25.2 30.317 3.1654 0.1044

I 1955 25.1 28.6 33.1 33.4 33 31.5 30.6 30.7 31.7 31.3 28.4 25.2 30.217 2.8422 0.0941

~
1956 25.5 28.1 32.2 33.4 32.2 30 30.7 30.9 30.4 31.1 27.6 26.2 29.858 2.4814 0.0831
1957 24.8 26.4 31.3 35.5 34.1 32.1 30.8 31.8 32 31.2 29.5 26.5 30.5 3.1906 0.1046
1958 27.3 28.2 32.4 35 33.4 33 31.4 31 31.9 31.4 29.5 26.6 30.925 2.557 0.0827
1959 25.3 27.5 32.5 33.8 33 31.4 30.5 30.7 30.2 29.2 28 26 29.842 2.7154 0.091
1960 25.6 31.3 30.8 36 33.8 31.9 30.5 31.5 31 30.9 27.5 25.9 30.558 3.0056 0.0984
1961 26 25.4 33.1 33.8 31.8 30.5 31 30.8 30.7 30.4 28 24.6 29.675 2.9982 0.101
1962 25.1 29 33.8 34.4 32.5 31.2 31.7 30.8 31.7 30.4 28.5 25.7 30.4 2.8904 0.0951
1963 25.4 30.5 33.3 33.4 31.8 31.2 31 31.2 31.9 30.3 28.3 26.1 30.367 2.5436 0.0838
1964 24.2 28.7 33.9 32.8 32.6 31.6 30.2 31.2 31.3 30.3 28.1 26.2 30.092 2.843 0.0945
1965 25.3 27.5 32.4 33.7 33.1 30.8 30.6 30.3 31 31.1 29.3 25.5 30.05 2.7205 0.0905
1966 25.5 28.3 32.6 36.1 34.5 31.1 30.8 30.9 30.6 29.8 29 25.1 30.358 3.2177 0.106
1967 25.3 29.2 29.2 33.1 33.2 32.4 31.5 31.1 30.4 30.8 28.4 26.5 30.092 2.4854 0.0826

f". 1968 25 27.4 33 33.7 33.4 30.3 30.7 31.2 32.3 30.6 28.8 25.6 ~0.!6J .2.9255 0.097
1969 25.1 29.2 32.3 34 33.9 31.5 31.1 30.2 31.7 30.9 29.2 26.1 30.433 2.7294 0.0897
1970 24.8 28.7 32.4 34.1 34.2 31.9 31 30.9 3U 29.8 27.9. 25.7 30.225 2.9906 0.On9
1971 24.8 27.4 32.6 33.9 31.3 30.3 30.3 29.5 30.7 30.5 27.5 25.7 29.542 2.7111 0.0918
1972 25.9 26 32.7 33.2 33.9 31.9 31.6 30.3 32.3 31.8 29.7 26.4 30.475 2.8712 0.0942
1973 26.6 29.8 30.7 34.3 31.2 3U 30.9 3U 31 30.6 27.4 24.5 29.967 2.6036 0.0869
1974 25.3 28.2 31.8 33.7 33.1 3U 30.9 30.7 3U 30.6 28.5 25.7 30.092 2.6552 0.0882
1975 25.2 28.2 33.2 34.8 32.7 32 29.8 31.1 30.5 30.7 27.3 25.2 30.058 3.0619 0.1019
1976 25.8 28 31.4 33.5 32.1 30.8 30.8 30.4 31.6 31.3 30.1 26 30.15 2.3682 0.0785
1977 25 27.7 33.2 31.3 30.9 30.3 31.2 31.4 32.2 30.1 28.6 25.7 29.8 2.5467 0.0855
1978 24.4 27.3 31.9 33 31.4 31.1 31.2 31.7 3U 31.9 30 27.1 30.192 2.5589 0.0848
1979 26.8 27.3 33 34.5 35.1 31.7 31.4 31.6 31.5 31.4 30.3 25.3 30.825 2.9912 0.097
1980 24.7 28 31.8 35.2 31.9 31.6 30.9 31.4 31.4 30.5 29.5 26.7 30.3 2.7565 0.091
1981 25.2 27 30.6 31.3 31.9 32.8 30.6 32.4 31.8 32.4 30 25.6 30.133 2.6935 0.0894
1982 26.3 27.3 30.9 32.8 34.6 31.6 32 31 32.1 32.1 28.1 25.7 30.375 2.8217 0.0929
1983 24.5 26.7 31.5 33 32.3 33 32 31.1 31.2 30.7 30.3 25.9 30.183 2.8654 0.0949
1984 24.9 27.7 34.6 34.5 31.4 30.9 31 3U 31.4 31.9 29.9 26.8 30.525 2.8712 0.0941
1985 26.3 29.2 34 33.7 32.4 31.7 30.8 31.8 31.9 32.6 30.3 28.1 31.067 2.2757 0.0733
1986 26.5 29.5 35.1 33.5 33.9 33.5 32 33.1 31.3 31.4 29.5 27.2 31.375 2.7116 0.0864
1987 26.7 30.4 33.2 33.8 34.9 34 31.4 31.9 32.3 32.4 30.3 27.4 31.558 2.5239 0.08
1988 27.2 30.2 32.6 35.3 33.2 32 32.3 31.9 33.1 32.8 30.6 27.5 31.558 2.3508 0.0745
1989 25.4 28.9 33.8 36.1 34.4 32.9 32.1 33 32.1 31.6 30.3 26.7 31.442 3.1364 0.0998
1990 25.5 27.5 32.8 32 32.7 32.3 31.1 32.2 32.1 30.2 29.8 26.6 30.4 2.5424 0.0836
1991 24.3 28.9 32.6 34 31.8 31.6 32.1 31.9 30.7 31 28.3 24.8 30.167 3.0356 0.1006
1992 24 25.6 32.6 36.2 33.5 33.7 31.6 32 32.3 31.8 29.5 26.1 30.742 3.6983 0.1203
1993 24.6 28.8 31.3 33.1 31.6 31.8 31.4 31 31.6 31.5 29.5 27.2 30.283 2.3855 (J.0788
1994 26.2 26.6 32.4 33.3 33.7 32 32 32 32.9 32.8 29.9 27.7 30.958 2.6777 0.0865
1995 25.4 28 33.8 36.5 34.6 32.9 31.8 32.5 32.5 32.9 29.8 26.4 31.425 3.3602 0.1069

M.:an 25.414 28.226 32.553 34 32.96 31.698 31.149 31.314 31.551 31.114 29.012 26.153 30.429
Std 0.7903 1.3202 1.1803 1.2073 1.1095 0.9508 0.5759 0.7302 0.684 0.8884 0.9747 0.8656 0.503
C.V. 0.0311 0.0468 0.0363 0.0355 0.0337 0.03 0.0185 0.0233 0.0217 0.0286 0.0336 0.0331 0.0165
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Table D.40 Monthly & Annualy Average Minimum TemperatUl'e in Celcius
;

Station :Dhaka (BMD)

Year Jan Feb l\lllr Apr May Jun Jul Aug Sell Oct Nov Dec Annual Std. C.V.

1953 II 14.8 21.8 23.5 24.2 25.2 25.5 25.8 25.5 22.9 17.2 13.7 20.925 5.2917 0.2529
i 1954 10 16 18.4 24.6 25.1 25 26 26.1 25.9 22.5 15.8 12.8 20.683 5.7909 0.28

~
1955 II 12.1 19.8 21.8 24.6 25.7 25.6 25.6 25.6 24.3 18.8 11.8 20.558 5.8609 0.2851
1956 11.2 11.8 19.7 23.1 25.7 25.5 25.9 26.2 25.8 24 18.6 12.8 20.858 5.9158 0.2836
1957 13.1 13.5 17.4 22.9 25.7 25.1 26.5 26.6 26.2 22.8 16.5 12.7 20.75 5.6762 0.2736
1958 12.6 14.8 18.8 24.5 26 27 26.4 26.4 26.3 24.4 18.5 14 21.642 5.5216 0.2551
1959 12.2 13.5 18.9 24.3 25 26.2 26.1 26 25.5 23.3 16.9 12.7 20.883 5.6738 0.2717
1960 10.5 14.6 18.2 24.2 25.7 26.2 25.9 26.6 26 23.7 16.6 13.4 20.967 5.9021 0.2815
1961 12.3 13.5 22.1 24 25.2 25.5 26 26.2 25.7 23.7 16.4 10.3 20.908 6.0076 0.2873
1962 9.5 14.1 18.1 23.7 23.9 25.9 26.7 26.1 25.8 23.1 16.7 12.3 20.492 6.0679 0.2961
1963 10.6 15.2 18.8 22 24.1 25.9 26.5 26.6 26.2 23.5 17.7 13.5 20.883 5.5852 0.2674
1964 11 15.1 21.2 23.7 24.6 25.7 25.9 26.3 26.1 24.8 19.1 13.8 21.442 5.4176 0.2527
1965 11.8 14.3 18 23.4 25.6 25.6 26 25.4 25.8 23.1 18 14.3 20.942 5.328 0.2544
1966 11.5 14 19.1 24.3 25.7 25.9 26.1 26.3 25.6 22.5 19.3 13.l< 21.175 5.4915 0.2593

~ 1967 12.8 15.7 19.4 22.2 25 26 26.4 26.1 25.5 22.l< 15.9 13.4 20.933 5.2458 0.2506-1968 12 13.6 19.7 23.2 24 25.1 26.4 26.2 26.5 23.8 18.7 13.l< 21.083 5.3888 0.2556
1969 11.8 14.4 20.6 23.6 25.5 26 26.5 25.5 26.3 23.2 18.1 13.9 21.283 5.4CJ75 0.2541
1970 12 15.4 20.5 24.4 25.6 26.2 26.3 26.2 26.2 23.9 18.6 12.9 21.517 5.4865 (1.255
1971 12.9 14.5 19.8 23.5 23.7 25.7 25.5 24.6 25.3 24.2 17.3 19.8 21.4 4.4729 0.209
1972 12 12.8 19.7 22.9 25.8 25.l< 26.3 25.5 25.8 23.4 18.3 13.4 20.975 5.5743 0.2658
1973 12.4 16.5 19.3 24.7 23.6 25.7 26.2 25.8 25.5 24.1 19.1 14.1 21.417 4.9425 0.2308
1974 12 14.6 19.3 23.5 24.9 25.8 26.2 25.8 25.9 23.6 18.2 14.3 21.169 5.23 0.2471
1975 12.3 15.5 20 23.9 24.6 26 25.6 25.9 25.3 24 ..1 1l< 12 21.117 5.3742 0.2545
1976 12.4 16.4 21.3 24.1 23.8 25 25.8 25.4 25.8 23.3 20.1 12.1 21.292 5.0307 0.2363
1977 11.7 14.9 22.1 22.2 23.1 25.2 26.3 26.7 26.1 22.8 20.2 13.2 21.208 5.2153 0.2459
1978 10.6 14.2 18.3 22 23.9 25.7 25.9 26.6 25.7 24.5 19.3 12.5 20.767 5.7 0.2745
1979 12.6 14.1 19.8 23.9 26.3 26.4 26.6 26.5 26.1 23.9 20.8 14.4 21.783 5.3728 0.2466
1980 12 15.3 20.7 25 22.9 26.3 26.1 26.5 26.2 23.4 17.8 15 21.433 5.1727 0.2413
1981 13.4 15.5 19.9 21.9 23.6 26.5 26 26.5 26.1 23.6 1l<.2 1.1.6 21.233 5.0182 0.2363
1982 12.3 15 19.2 22.6 25 26 26.9 26.1 25.9 23.4 17.9 13.7 21.167 5.3227 0.2515
1983 12.6 14.5 20.7 22.6 24.5 26.1 26.9 26.3 26.3 23.9 19.5 14.2 21.508 5.2093 0.2422
1984 13.1 15 21 24.6 24.5 25.9 26 26 ..1 25.4 25.6 18.6 14.7 21.725 5.04l<7 0.2324
1985 14.5 16.1 22.8 24.7 24.2 26.2 26 26.7 25.9 23.9 18.9 15.3 22.1 4.6 0.2081
1986 13.9 16.3 20.8 22.7 23.9 26.6 26.2 26.7 25.3 23.3 19.8 15.2 21.725 4.5456 0.2092
1987 13.1 16.4 20.7 23.9 24.7 27.3 26.5 26.6 26.6 24.3 20.2 15.2 22.125 4.9397 0.2233
1988 13.7 16.4 20.7 24.5 24.9 25.7 26.6 26.9 26.8 23.9 19.7 16 22.15 4.7014 0.2123
1989 11.4 15.4 20.3 25.1 26 26.3 26.4 26.9 26.1 24.5 18.9 13.4 21.725 5.6569 0.2604
1990 14.3 17.4 19.8 22.8 25.1 26.8 26.1 26.9 26.3 23.6 21.7 16 22.23.1 4.430 I 0.1993
1991 13.9 17.5 21.9 24.4 23.3 26 26.7 26.4 25.8 24.5 19.1 15 22.042 4.5612 0.2069
1992 13.6 16 22.1 25.1 24.2 26.6 25.9 26.4 26.1 23.8 18.7 12.4 21.742 5.214 0.2398
1993 12 16.7 18.8 22.8 23.6 25.8 26.2 26.5 25.7 23.8 19.3 13.8 21.25 5.0323 0.2368
1994 13.1 14.2 21.1 22.9 25.3 26.5 26.7 26.4 25.8 23.4 18.9 12.5 21.4 5.4456 0.2545
1995 11.4 15.8 19.4 24.7 26.4 26.9 26.4 26.5 26.4 24 19.9 13.3 21.758 5.6455 0.2595

-Mean 12.188 14.963 20 23.591 24.721 25.964 26.201 26.223 25.922 23.704 18.508 13.745 21.3 11
SId 1.1323 1.2707 1.2793 0.9541 0.9049 0.5365 0.3529 0.4752 0.3612 0.6355 1.3 1.4896 0.4512
C.V. 0.0929 0.0849 0.064 0.0404 0.0366 0.0207 0.0135 0.0181 0.0139 0.0268 0.0702 0.1084 0.0212
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Table D.41 : Monthly & Annualy Ave."age Maximum Tempe.-atUl"e in Celcius

Station :Mvrnensingh (BMD)

Year Jan Feb Mar Apr May J,m Jul Aug Sep Oel Nov Dec Annual .Std. C.V.

1951 24.5 29.3 32.6 33.9 33.1 31.1 31.1 31.9 31.6 30.1 27.9 26.7 30.317 2.7801 0.0917

1952 25.7 29.4 31.5 33 31 31.7 30.8 31.2 30.6 31.3 28.6 25.8 30.05 2.2901 0.0762

1953 24 28.5 31.4 34.8 32.5 31.5 31.8 32.8 31.5 30.2 28.1 27.7 30.4 2.8936 0.0952

1954 24.7 29.1 33.3 34.4 33.4 30.4 31.3 31.5 31.4 29.8 28.3 25.9 30.292 2.9463 0.0973

1955 24.6 28.4 32.3 33 33 31.2 30.3 30.1 31.1 31.1 28.4 24.7 29.85 2.85 0.0955
1956 24.6 27.7 32 32.7 31.1 29.9 31 31 31.2 30.6 28.7 25.9 29.7 2.4896 0.0838
1957 23.6 25.5 31.3 35.4 33.4 31 31.3 32.2 31.8 30.7 28.8 26.5 30.125 3.4163 0.1134
1958 26.2 26.5 32.6 34.1 32.2 32.5 32.1 30.3 31.8 30.7 29 26 30.333 2.7838 0.0918
1959 24.5 27.1 31.7 33.3 31.5 31.3 31.6 31.6 30.4 28.7 28.2 26.9 29.733 2.6172 0.088
1960 25.6 30.8 30.1 36.1 31.6 31.6 30.5 32.1 30.9 31.6 28.4 26.1 30.45 2.7914 0.0917
1961 26.9 25.7 32.2 34.3 33.1 31.4 32 32.2 31.9 31.6 28.6 24.7 30.383 3.1086 0.1023
1962 24.8 27.8 33.2 33.8 31.6 31.1 32.2 30.5 32.1 :\0.8 28.7 25.9 30.208 2.8356 0.0939
1963 25.5 29.6 31.5 32.4 30.8 31 31.5 30.9 31 30.1 28.2 26.4 29.908 2.1369 0.0714
1964 24.5 27.9 33.1 31.5 31.6 31 30.6 31.9 30.9 30.2 28.6 25.6 29.783 2.6226 0.0881
1965 25.3 27.2 30.4 32.5 32.8 30.6 30.9 30 30.8 31.1 28.1 26 29.642 2.4359 0.0822
1966 25.2 27.6 32.7 34.9 34.1 30.7 31.9 30.5 31.1 29.7 28.5 25.3 30.182 3.113 0.1031
1967 25.5 29 29.8 32.6 32.3 31 31.6 31.7 30.9 29.9 27.5 25.3 29.758 2.4909 0.0837-
1968 24.5 26.8 31.8 33.3 30.9 30.7 30.5 30.9 31.1 30.3 28.5 26 29.608 2.6057 0.088
1969 24.3 27.8 31.7 32.2 32.9 31.0 31.5 30.1 31.3 29.6 28.4 26.2 29.753 2.61 0.0877
1970 23.7 27.4 31.6 33.7 33.7 30.8 30.6 31.3 31 29.4 28.4 26 29.8 2.9927 0.1004
1971 25.0 27.7 31.8 33.1 32.4 30.9 31.3 33.6 31.8 33.6 28.8 25.4 30.455 3JJ263 0.0994
1972 24.4 24.6 29.3 31 31.7 31.1 31.9 31.5 31.5 30.4 29.2 25.5 29.342 2.8615 0.0975
1973 24.9 28.7 31.4 34.1 29.8 30.9 33 32.1 31.1 30.4 28.4 25.8 30.053 2.7384 0.0911
1974 24.5 30.2 31.9 30.5 32.2 30.9 32.3 33.7 33.3 33.1 28.--1 25.7 30.562 2.9601 0.0969
1975 20.9 28.1 32.6 34.7 31.9 33 29.8 32.4 33.5 29.8 29.2 26.9 30.233 3.7606 0.1244
1976 25 28.9 34.2 33.6 31.--1 29.6 30.5 30.1 30.8 30.7 30.1 25.7 30.05 2.6763 0.0891
1977 24.3 27.9 31.6 32.9 31.9 31.0 31.3 31.7 31.6 30.7 28.7 25.8 ......•......•..... 2.6892 0.0898ff.-r ••.•.••.r- •.•

1978 23.5 27.4 31 32.3 29.7 30.1 31.2 32.6 30.9 32.1 29.3 27.2 29.775 2.6379 0.0886
1979 26.6 27.4 33.1 34.9 33.9 32.4 30.8 31.9 31.6 31.6 30.2 26.2 30.883 2.8187 0.0913
1980 25 26.8 31.3 34.2 30.1 31.6 31.6 31.5 31.6 30.6 30 27 30.108 2.588\1 0.086
1981 24.6 27 30.4 29.9 30.3 .1.1 30.7 .11.7 31.7 .12.7 30 ..1 26 29.858 2.6428 0.0885
1982 26.2 27 29.7 32.1 33.3 30.5 31.4 31.8 32.3 31.9 28.6 25.3 30.008 2.6497 0.0883
1983 24.5 26.8 30.5 31.8 30.8 32 31.6 30.9 31 30.8 29.8 25 29.625 2.6455 0.0893
1984 24.3 26.8 32 33.4 29.7 30.7 30.6 3l.8 30 31 29.3 25.7 29.608 2.707 0.0914
1985 25 26.4 31.8 32.2 32 31.2 30.6 31.8 30.9 31.7 29.3 26.8 29.975 2.5136 0.0839
1986 25.3 27.5 32.5 30.9 32 32.3 31.1 32.6 30.6 29.9 28.8 26 29.958 2.5307 0.0845
1987 26 29.2 30.8 32.5 32.6 32.2 30.7 31 31 31.4 29.6 26.7 30.308 2.1211 0.07
1988 26.1 28.1 29.9 32.5 30.3 31 31.1 30.6 31.6 .11.7 29.7 26.9 29.958 1.9741 0.0659
1989 24.1 26.8 31 34.2 32.9 31.2 30.9 31.6 30.5 31.1 29.1 25.4 29.9 3.0184 0.101
1990 25.7 26.9 28.2 30.1 32 31.5 30.9 32.1 31.3 30.5 30.5 27.2 29.742 2.1753 0.0731
1991 24.9 28.4 32.2 32.7 28.5 30.5 32.1 32.2 29.7 31.2 29.1 25.2 29.725 2.6444 0.089
1992 24.5 25.1 31.7 34.7 32.2 32.2 31.5 32.2 32.1 32.1 30.3 26.3 30.408 3.2559 0.1071
1993 22.9 27.2 29.8 31.2 30 30.6 31.1 31.1 30.9 31.1 29.4 27.3 29.383 2.4793 0.0844
1994 25.7 25.1 30.5 32.1 32.2 30.9 32.1 32 31.9 31.4 29.1 26.5 29.958 2.6939 0.0899
1995 24 26.2 30.5 33.5 33.5 31.6 30.6 31.1 31.9 32.2 29 25.8 29.992 3.1102 0.1037

Mean 24.802 27.584 31.477 33.044 31.865 31.21 31.241 31.563 31.324 30.917 28.937 26.065 30.002
SId 1.025 1.3391 1.1972 1.4129 1.2863 0.7351 0.6395 0.8607 0.7119 0.9867 0.7007 0.6947 0.3217
C.V. 0.0413 0.0485 0.D38 0.0428 0.0404 0.0236 0.D205 0,0273 0.0227 0.0319 0,0242 0.0267 0.0107
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Table D.42 Monthly & Annualy Average Minimum Tempe."atUl"e in Celcius

Station :Mvrnensin;h (BMD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct i'iov Dec Annual Std. C.V.

1951 9.1 12.9 17.2 20.2 23.2 25.5 26.1 26.4 26 24.4 19.2 14 20.35 5.926 0.2912
1952 10.1 10.9 16.1 20.9 21.4 26.2 26 26.7 26.2 25.6 21.8 13.3 20.433 6.2799 0.3073
1953 10.1 15.6 19.8 22.8 22.5 25.8 26.3 26.6 25.5 24.2 18.2 14.6 21 5.3655 0.2555
1954 10.5 15 17.8 22.9 24.3 24.9 25.6 26.1 25.4 22.6 16.8 13.7 20.467 5.4172 0.2647
1955 12 13.3 18.9 21.9 24.2 24.7 25.6 25.7 25.6 23.9 19.2 13.9 20.742 5.1796 0.2497
1956 11.3 12.7 19 22.8 24.8 25 25.4 25.3 25.4 23.4 18.9 13.9 20.658 5.3687 0.2599
1957 13.2 14.2 18 22.8 24.6 24.3 25.6 26.4 25.4 22.4 17.5 13.9 20.692 5.0121 0.2422
1958 13.5 14 18.6 23.2 24 25.5 26.2 25.7 25.8 24.2 18.4 14.8 21.158 4.9764 0.2352
1959 12.4 13.4 17.8 23.5 23.4 25.3 25.7 25.8 25.2 22.9 18 14.1 20.625 5.1678 0.2506
1960 11.7 14.8 17.7 23 24.4 25.1 25.4 26.2 25.6 23.7 17.5 14.2 20.775 5.2304 0.2518
1961 13.3 12.9 20.5 23.2 24.3 24.9 25.9 26.2 25.7 23.7 17 12.2 20.817 5.4735 0.2629
1962 10.9 14.6 17.3 22.4 22.3 25.1 26.1 25.5 25.6 22.6 17.9 13.8 20.342 5.2514 0.2582
1963 11.6 14.5 17.9 21.1 23 24.8 25.9 25.9 26 23.2 18.1 14.2 20.517 5.1202 0.2496
1964 10.8 14 19.5 21.9 23.5 24.8 25.4 26.3 25.7 24.7 19.4 14.4 20.867 5.2737 0.2527
1965 12.7 14.3 17.2 22.8 23.8 24.8 25.5 24.8 25.4 23.7 21.2 13.5 20.808 4.9629 0.2385
1966 12.7 13.9 17.4 22 24.2 25 25.9 25.7 25.5 22.4 19.4 14.3 20.703 4.9876 0.2409

"20.'5i7 . 4.85'81967 12.9 15.1 18.3 20.1 23.6 24.7 26 25.9 25.4 22.9 17.1 14.2 0.2368
1968 12.5 12.9 18.2 22.1 23.3 25 26.1 26.2 25.7 23.3 19 13.9 20.683 5.2383 0.2533
1969 11.8 13.4 19.1 22.3 24.8 25.0 26.4 25.2 25.6 23.4 18.7 13.9 20.796 5.28 0.2539
1970 11.8 14.5 18.7 23.2 24.3 25.2 25.6 25.7 25.5 23.6 18.4 13.5 20.833 5.2091 0.25
1971 12.1 14.0 18.4 22.1 23.7 24.9 25.9 25.2 26.1 26.2 17.8 13.8 20.854 5.3516 0.2566
1972 12 12.3 19.3 21.5 24.4 24.9 25.8 25.3 25 22.1 17.8 12.6 20.25 5.3885 0.2661
1973 12 15.4 18.4 23.4 22.9 24.6 25.6 25.2 25.6 23.6 18.7 13.6 20.74 4.9345 0.2379
1974 11.7 13.9 17.4 21.8 23.9 24.9 25.4 25.1 25.9 24.8 18.7 13.5 20.581 5.2898 0.257
1975 12.4 14 18.2 22.1 23.8 25.4 25.3 26.3 25 25.6 18.7 14.2 20.917 5.1733 0.2473
1976 12.1 12.9 18.2 21.9 23.8 25 25.7 25.6 25.5 22.3 lK3 13.7 20.417 5.2136 0.2554
1977 12.1 13.7 18.0 22.0 23.5 24.8 25.4 25.4 25.2 23.8 18.3 13.2 20.458 5.1439 0.2514

> 1978 12 12.8 16.5 20.7 23.2 25.3 26.1 26.4 25.4 24.2 18.7 12.3 20.3 5.6551 0.2786
1979 12.7 12.7 17.1 22.7 25 25.9 25.8 26.2 25.5 23.4 20.3 14.4 20.975 5.36 0.2555
1980 11.6 13.5 17.9 22.1 23.8 25.1 25.5 25.6 25.4 24.0 18.6 13.0 20.50 I 5.3607 0.2615
1981 12.1 13.4 17.8 22.0 23.4 24.9 25.3 25.5 25.3 24.0 18.6 12.9 20.438 5.2398 0.2564
1982 12.0 13.6 17.7 21.9 23.6 24.9 25.2 25.4 25.0 23.8 18.7 13.1 20.421 5.1761 0.2535
1983 12.2 14.6 18.9 22.0 23.4 25.8 26.7 26 25.8 24 18.1 12.4 20.824 5.4281 0.2607
1984 11.5 13.5 18.5 22.7 23.4 25.7 25.6 26.4 24.8 23.9 17.2 13.1 20.525 5.4839 0.2672
1985 12.6 14.7 20.9 22.1 23.3 25.6 25.8 26.7 25.5 22.9 17.3 14.2 20.967 5.0202 0.2394
1986 12.6 14.3 18.4 21.5 23.7 26.4 26 26.5 25.1 22.6 19.2 14.7 20.917 5.0125 0.2396
1987 12.6 15.8 19.5 22.9 23.6 26.4 26.3 26.3 26.2 23.9 19.1 14.2 21.4 5.0357 0.2353
1988 12.5 15.6 19.4 23.5 23.7 26.1 26.6 26.3 26.2 23.2 18.5 15.5 21.425 4.9468 0.2309
1989 11.2 13.6 18 23.3 24.9 25.8 26.1 26.4 25.5 23.7 17.3 11.4 20.6 5.9542 0.289
1990 12.3 15 17.7 20.5 23.4 25.6 25.3 25.7 24.9 21.5 lK6 12.2 20.225 5.0613 0.2502
1991 9.8 14 17.8 20.2 23.6 23.9 24.6 25.2 25.4 21.3 15.9 [3.5 19.6 5.3025 0.2705
1992 12.9 14 19.3 23.3 23.1 25.4 25.9 26.3 25.4 23.3 17.8 12.1 20.733 5.325 0.2568
1993 11.6 16.3 17.3 21.3 23.2 24.9 26.2 26.4 25.3 23.6 18.9 13.9 20.742 5.043 0.2431
1994 12.7 13.2 18.9 22.3 24.3 25.8 26.2 26.3 25.5 22.7 18.2 12.1 20.683 5.5093 0.2664
1995 10.7 14.5 17.7 22.9 25.2 26.1 25.9 26.1 25.7 23.6 19.6 13.6 20.967 5.5765 0.266

Mean 11.888 13.963 18.271 22.172 23.727 25.239 25.8 25.914 25.52 23.525 18.458 13.589 20.672
Sid 0.9493 l.0315 0.9661 0.9207 0.73 0.5462 0.4019 0.4942 0.3356 0.9782 1.0654 0.8418 0.3145
C.Y. 0.0799 0.0739 0.0529 0.0415 0.0308 0.0216 0.0156 0.0191 0.0131 0.0416 0.0577 0.0619 0.0152
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Table D.43: Monthly & Annualy Ave.'age Sea Level Atmospheric P.'essUI'e in mb

Station :Dhaka (BMD)

Year Jan Feb l\lar Apr ./UII ./ul Aug Sep Oct No\' O,'c Anllual Std. C\'.

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963
1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

[982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1015.1

1013.5

1016.8

1012.8

1014.1

1015.7

lOIS

1015

1015

1009.6

1014.5

lOIS

10 15.4

1014.2

1014.6

1014.3

1013.2

1015.3

1014.3

1014.7

1014.4

1014.5

1015.1

1015.3

1013.8

1015.9

1015.5

1014.7

1015.5

1015.3

1016.5

10 14.4

1015.3

1015.2

1016.6

1014.6

1013.9

1014.1

1015.2

1017

1015.2

1013.9

1014

1011.6

1010.7

1011.5

1012.7

1012.2

1012

1012

1011.1

1013.7

1013.2

1012.7

10 11.8

1012.3

10 11.2

1013.4

1012.6

10 13.6

10 11.7

10 11.8

1013.4

1012.5

1013.1

10 11.8

1013.3

1015.5

1013.4

1013

10 13.2

1012.8

1014

1012.9

1008.9

10 13.6

1015.1

1012.4

1012.3

10 13.4

1013.6

1013.4

1013.2

1012.9

1008.6

1009.7

1008

1009

1010.9

1010.1

1009.9

1010

1008.6

1009.4

1010

1009.7

1010.9

1009.9

1010

1008.8

1010

1009.2

1011.7

1010.2

1010.9

1013.1

1009.6

1008.7

1011.2

1010.4

1009.3

1010.3

1011.6

1010.9

1009.9

1009.2

1008.2

1009.1

1010.4

1008.6

1009.2

1012.2

1009.8

1009.5

1011.3

1009.4

1006.7

1005.2

1006.7

1005.6

1006.8

1007.4

1006.7

1005.8

1005.6

1006.7

1007.7

1006.1

1006.8

1005.6

1006.7

1007.9

1007.8

1007.9

1006.9

1007.3

1004.9

1006.8

1005.7

1006.7

1006.7

1007.8

1007

1005.9

1007.9

1007.2

1007.3

1005.7

1004.6

1006.8

1007.8

1007.5

1005

1006.3

1006.8

1007

1008.5

1007.5

1003.5

1002.5

1003

1000.8

1003.4

1003.6

1002.7

1002.1

1002.2

1003.7

1004.4

1003.8

1003.3

IOrJ3.1

1003

1003.5

1004.8

1003.4

1004.9

1003.6

1004

1003

1002.6

1003.6

1004.9

1002.4

1004.2

1004.6

1005

1005.7

1005.8

1002.7

1003.5

1004.6

1006.9

1003.2

1003

1004.1

1005.2

1005.2

1004.6

1004.3

1000.4 1001.4

999.6 1001

999 1000.5

1000.5 1001.8

1000.4 1000.4

1000.1 999

1001.1 999.9

1000.3 1001.4

1000.7 999.4

999.1 998.9

1000.3 999.5

999.9 1002.5

9')8.9 1000.7

1000.1 1000

1000.8 1000.3

1000.7 1000.3

1000.3 996.3

1001.3 999.7

999.7 999.6

1001.6 998.7

1000.5 999.8

1003.7 ')99.8

999.5 1002.3

1001 1000.5

IOrll.9 999.3

1000.5 1001.7

1000.4 1001.9

1001.4 1000.8

1000 1000.9

1000.3 1000.4

1002.1 1002

9')7.6 1001.5

998.3 1002.3

99') 1001.5

1000.2 1000.6

1000.6 1001.8

1001.4 1001.7

1000 1000.1

1001.7 ')99.9

1000.9 1001.9

1001.1 1000.8

999.1 99R.8

1001

1000.2

1003

1000.6

1002

1003.2

999.6

999.7

1000.1

1Or)2. 7

1001.6

1000.3

1003.5

1001.5

1000

1000J,

Ir)(J3

1002.1

1002.2

1002.1

IOrJ2.1

1001.7

1001.3

1003.4

100 LX

1000.1

1000.5

1001.8

1000.6

1000.1

1002.3

1000.4

1000.X

100 LX

1002.2

1002.5

1002.3

1003.7

1001.4

1002.X

1001.8

1001.5

1004.6 1009.7

1003 1009.1

1005.2 1008.6

1003.7 1009.9

1005.3 1010.1

1004.2 1008.8

1003.3 1009.1

1004.2 1008.6

1002.6 1009

1004 1009.5

1004.9 10 10

1003.8 1006.9

1005.2 1009.5

1005.1 1010

1003.8 1010

1005.4 1010.4

100.l.) 1010.1

I003.X 1007.7

[004.5 1009.2

1006.7 1011.1

1005 IOOX.X

1004.X 1009.4

1005.5 1007

1005.4 1009.1

1(0).1 1012

1004.7 1009.4

1(0).9 101l.4

1005.5 100').(,

1006.4 100').3

1005.3 101 LI

1(0).2 1007.6

IOO(J.3 1009

1005.3 1009.4

1006.5 1010.7

1005.5 1010.5
1(0) 1007.3

1(0) 100X.5

1005.4 1009.')

1006.2 1008.8

1005.2 1009.1

1005.8 1011

1005.6 1011.1

1012.8 1014.6

1013.2 10IJ.X

1010.6 1014.6

1013.3 1015.4

1013.8 1014.9
1013.1 1(1).5

1012.4 1014.1

1012.5 1013.9

1013.5 IOU.9

1013 1014.8

1013.4 1014.7

1011.5 1014.7

10U.5 IOU.2
1011.7 [012.7

101.U 1(1).7

1014,(, 1014.2

10 IJ 101 ).)

1012 IOU4

1014.1 1014.3

1012.6 1014.6
1011.6 1014.')

1012.X 1014.3

1012.1 1014.3

101U 1014.5

iOI.U 1015.3

IOU.2 1016.1

1012.3 101 ).8

1012.8 1013.6

IOIU 1016

10U.[ 101 ).2

1013.4 1(1).5

1013.8 IOU

10 12.) 10 14.(,

1012.9 1016.3

101 L8 1015.9

1012 ..1 1015.6

1014.) 1016.7

1012.2 101 ).')

1014.') 101r)

1014 1016.6

1012.X 1015.1

1014.) 1015.9

1007.7 5.5514 0.0055

1006.9 5.5273 0.0055

1007.2 5.4354 0.0054

1007.1 5.5434 0.0055

1007.9 5.5158 0.0055

IOrJ7.7 ).7529 0.0057

1007.2 5.6679 0.0056

1007.1 5.5683 0.0055

1006.8 5.7699 0.0057

1007.1 5.4513 0.0054

1007.9 5.6103 0.0056

1007.2 5.3891 0.0054

1007.7 5.426') (J.()(J54

1007.2 5.215 0.0052

1007.5 5.7792 0.0057

1007.8 5.6513 0.(0)6

L007.6 5.X742 O.005X

I007.S 5.3522 (!.fJ053

1007.:-: 5.5667 0.0055

1007.9 5.4122 0.0054

1007.5 5.4767 0.0054

1007.4 5.3537 0.0053

1007.3 5.4071 0.0054

1007.6 4.9929 0.005

IOOx.2 5.55 0.0055

1OOR.I 6.174') 0.0061

1OOX.I 5.6315 0.0056

1007.8 5.[ 156 0.0051

1008.1 5.6675 0.(0)(,

IOOX.1 5.7581 O.(){))7

1008.) 5.3197 0.0053

1007.2 5.7443 (J.0057

10rJ7 ).4341 0.0054

1008.2 5.7304 (UJ057

100X.6 5.7626 0.0057

1007'() 5.169X 0.0051

1(j(J7.X 5.486:-: 0.0054

IOOX.1 5.5374 0.0(5)

1008 ..1 5.7132 O.OU57

100X.6 5.651 1 0.0056
1(j(J8.4 5.4.114 (L0054

1007.') 6.0352 0.00(,

~Iean
SId
c.Y.

1014.8 1012.7 1009.9 1006.7 1003.8 1000.4 1000.5 1001.6 1005 1009.5 1012.9 1014.9 1007.7
1.2141 1.1617 1.0867 0.9317 1.1S95 1.0879 1.2401 1.1187 0.9292 1.1572 0.9726 o.n55 0.4785
0.0012 0.00 II 0.0011 0.0009 0.0012 0.00 II 0.0012 0.00 I I 0.0009 0.0011 0.00 I 0.00 I 0.0005
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Table D.44: Monthly & Annualy Average Sea Level Atmospheric Pressure in mb
~- Station: Mvmensingh (BMD)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dl'C Annual Std. c:.V.

1951 1016.3 1012.8 lOll 1009.5 1006 1001.3 1000.6 1001.4 1005.6 1008.5 1012.5 1017.9 1008.6 5.8004 0.0058
1952 1016.3 1012.8 lOll 1009.5 1006 1001.3 1000.6 1001.4 1005.6 1008.5 1012.5 1017.9 1008.6 5.8004 0.0058
1953 1017.1 1015.2 1010 1008.7 1004.9 1001.8 1001.8 1001.6 1005.4 1010.6 1013.9 1015.7 1008.9 5.7578 0.0057
1954 1014.6 1012.6 1010.9 1006.5 1003.8 1000.4 1001.6 1001 1004.1 10 10.4 1014.6 lOIS 1008 5.6749 0.0056
1955 1018.1 10 11.8 1009.2 1007.9 1004.2 1000.1 1000.9 1003.6 1006.1 1009.8 1011.9 1015.9 1008.3 5.6244 0.0056
1956 1013.9 1012.5 1010 1007 1002.2 1001.2 1002.6 1001.3 1004.6 lOll 1014.4 1016.5 1008. I 5.6217 0.0056
1957 1015.1 1013.8 1012.2 1008 1004.7 1001.5 1000.9 1002.9 1006.1 1011.4 1015.3 1015.7 1009 5.6229 0.0056
1958 1016.9 1013.5 1011.7 1009.1 1005.2 1001.2 999.9 1003.8 1005.1 1009.8 1014.5 1016.8 1009 5.8931 0.0058
1959 1016.2 1012.9 1011.2 1008.2 1004.2 1002.2 10CJI.1 1000.5 1004.4 1010.3 1013.7 1015.3 1008.4 5.6891 0.0056
1960 1016 1013.1 1011.5 1007.1 1003.5 1001.6 1002 1000.6 1005 1010 1013.8 1015.2 1008.3 5.6613 0.0056
1961 1016.3 10 12.4 1009.8 1006.9 1003.8 1001.8 1000.2 1001 1003.6 1010 1014.7 1014.9 1008 5.8345 0.0058
1962 1014.3 1014.7 1010.7 1008.1 1005.2 1000.3 1000 1003.4 1005.1 1010.6 1014.2 1016 1008.6 5.7061 0.0057
1963 1015.5 1014.1 1011.4 1009.2 1005.9 1001.1 1000 1002.5 1005.5 1011.1 1014.6 1015.8 1008.9 5.7481 0.0057
1964 1015.9 1014.2 1011.1 1007.5 1005.1 1000.9 1003.2 1001.1 1004.8 1008.2 1012.9 1015.9 1008.4 5.5182 0.0055
1965 1016.6 1013 1012.1 1007.6 1004.4 999.9 1001.7 1004.3 1006.5 1011 1015.3 1014.9 1008.9 5.6358 0.0056
1966 1017.2 1013.4 1009.5 1006.2 1003.9 1001.1 1001.1 1002.8 1006.5 1011.2 1013 1014.1 1008.3 5.4932 0.0054
1967 1016.1 1012.7 1011.4 1007.9 1004.1 1001.6 1000.9 1001.4 1005 1011.1 1014.7 1016.7 1008.6 5.9068 0.0059
1968 1015.4 1014.3 1009.8 1008.7 1003.9 1001.1 1001 1001.4 1006.4 1011.3 1015.6 1015.3 1008.7 5.8314 0.0058
1969 1014.3 1013.9 lOll 1008.6 1005.5 1001.2 1000.7 1003.5 1005.6 1011.1 1014.2 1016.4 1008.8 5.4433 0.0054
1970 1016.5 1014.9 1009.8 1008.4 1003.9 1002.1 1000.4 1003 1004.6 1009.1 1013.4 1014.3 ,008.4 5.5403 0.0055
1971 1015.8 1013.8 1010.7 1007.9 1004.6 1001.1 1000.9 1003.6 1006 1010.3 1015.7 1015.2 1008.8 5.5878 0.0055
1972 1015.7 1013.1 1010.1 1008.7 1005.2 1002.2 999.2 1002.7 1007.5 101.U 1013.6 1015.5 1009 5.6493 0.0056
1973 1015.6 1014.5 1010.7 1006 1005.1 1000.2 998.6 1002.8 1005.8 1010.9 1014.3 1015.4 1008.3 6.0482 0.006
1974 1014.1 1012.4 1011.1 1006.7 1004.6 1001.2 1001.1 1000.7 1006.4 1009.6 1014 ..\ 1015.4 1008.1 5.4433 0.0054
1975 1015.2 1014.7 10 10.6 1006.3 1003.7 1000.7 1002.7 1002.2 1006.7 1008 1013 1015.7 1008.3 5.4343 0.0054
1976 1016.8 1013.4 1010 1007.7 1005.3 1001.6 1001.8 1004.6 1007.1 1009.6 1012.6 1016 1008.') 5.1193 0.0051
1977 1014.4 1014.1 1011.7 1007.5 1005.5 1002.3 999.9 1002.1 1005.5 1012.6 1014.1 10 I('.1 1008.8 5.6(,8') 0.0056
1978 1016.7 1016.1 1010.6 1008.3 1003.1 IOCJI 1002.2 1000.7 1005.2 1009.8 1013,(, 1016.7 1008.7 6.1857 0.0061
1979 1016.1 1013.9 1008.2 1005.8 1004.5 1001.2 1002.3 1001.1 1006.4 1011.8 1013 10 I(,.4 1008.4 5'(,778 0.0056
1980 1015.1 1013.5 1010.7 1006.4 1005.4 10Ol.8 1001 1002 1005.8 100').') 1013.5 1014 1008.3 5.1752 1).0051
1981 1016 1013.7 1012 1008.6 1005.5 1000.3 1001 1(J{){!7 100(,.5 100').5 II) 11.5 1(JI (>.J I(J08.5 5.7502 0.0057
1982 1015.9 1013.2 1011.6 1007.6 1006.1 1000.7 1000.7 1000.4 1005.4 1011.5 1013.6 1015.7 1008.5 5.R525 0.0058
1983 1016.9 1014.4 1010.3 1007.8 1006.6 1002.6 1002.2 1002.7 1005.8 IOOK3 1014.1 1015.9 1009 5.3231 0.00.53
1984 1015.1 1013.7 1009.8 1006.2 1003.6 1001.3 1001.5 1000.8 1006.6 1009.3 1014.3 10 13.5 1008 5.4046 0.0054
1985 1015.8 1014.1 1008.4 1005.1 1004.2 1001.1 1002.7 1001.2 1005.7 1010 1013 1015 1008 5.4463 0.0054
1986 1015.7 1014.1 1009.7 1007.6 1005.3 999.6 1001.8 1002 1006.8 1011.3 1013.4 1016.8 1008.7 5.7628 0.0057
1987 1017 1015.6 1010.8 1008.1 1007.4 1000.7 1001.1 1002.7 1006.1 1011.3 1012 ..1 1016.4 1009.1 5.755 0.0057
1988 1015 1012.9 1009.1 1008 1003.9 1001.3 1002.2 1002.9 1005.4 I007.X 1013 1016 1008.1 5.145 0.0051
1989 1014.2 1012.6 1009.7 1005.2 1003.S 1002.1 1002.2 1003 1005.7 1009.1 1015.1 1017.2 1008 ..1 5.4.1 14 0.0054
1990 1014.2 1013.8 1012.6 1006.8 1004.6 1000.5 1000.5 1004.1 1005.8 1010.4 1012.6 1016.2 1008.5 5.476 0.0054
1991 1015.5 1013.9 1010.1 1007.3 1005.9 1002 1000.3 1001.8 1006.6 1009.1 1015.2 1016.3 1008.7 5.6622 0.0056
1992 1017.3 1013.7 1009.4 1007.1 1005.7 1001.5 1002.5 1003.5 1005.8 10()').7 1014,(, 1017.2 100') 5.5~()c) 0.0055
1993 1015.8 1013.7 1011.8 1009.2 1005.4 1001.8 1001.4 1002.4 1006.4 1011.4 1013.3 1015.7 1009 5.3786 n.0053
1994 1014.4 1013.6 1010.1 1008.2 1005 999.9 99').6 1002.2 1006 1011.6 1015.2 1016.6 1008.5 5.9919 0.0059
1995 1017 1013.5 1010.8 1007.4 1003.6 1001 1001 1002.4 1006 1010.1 10 11.9 10 13.4 1008.2 5.3985 0.0054

I\l~all \015.8 1013.7 1010.6 1007.6 1004.7 1001.2 1001.1 1002.2 1005.7 1010.3 1013.8 lOi5.8 1008.5
SId 1.0107 0.8793 0.9863 1.0895 1.0157 0.6979 0.9976 1.1345 0.7953 1.2586 1.0491 0.9941 0.3309
C.V. 0.001 0.0009 0.001 0.0011 0.001 0.0007 0.001 0.0011 0.0008 0.0012 0.001 0.001 0.fHJ03
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