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Abstract

The Regional Climale Model (RegCM} developed by ICTE, Htaly is employed for the study
of some meteorological parameters in and around Bangladesh, The validation of RepCM maoel i
Banpladesh is performed with the surface observational data of rainfall and temperalure {maximum
and minimum) collected by the Bangladesh Meteorological Department {BMD) at 26 observational
sites throughout the country from 1982-1989 arc processed to calibrate model output. Frois the
anaiysis it is fouad that regional analysis provides overestimation of’ RepCM values in Banghwdesh
wliereas data extracted at some particutar locations provide betier performance of RegCM. The act
of comparison has made between model and observational data at a wide spatial domain for u lew
scales (daily, monthly, seasonal and yearly). it is indispensable o do some conclusion of RepCM
madel outputs with the ground based data say rain-gauge rabifall and surface air temperature e
choose the RegCM for this region. The RepCM model is run at 0.54°x0.54° horirontal grid
resolution with the parameterization schemes of Grel! and Fritsch-Chappell (GIFC) assumptions
where GFC system run is used in Lateral Boundary Conditions (LBCs) data for 1982-1989.

The Regional Climate Model {RegCM) data with well adapted with Tain-gauge observational
data for the Pre-monsoon (March - May). Monsoon (June- Scptember) and Post-mensoon (Oclober-
November) scasons which has been conducted for the validation of rainfull over Bangladesh. For the
case of temperature (maximum and minimum) daily data has been used for the validity chech with
model data in different scasons for the entire year.

It is observed that model overestimales in estimation of rainfall in Pre-monsoon and
underestimates in Monseon periods. For the entire rainy scason (March — November). inodel
estimates about 98% of the tota! surlace rainfall for GEFC assesMMent.

As Dangladesh is situated in the tropical belt and it has warm and humid climate in the
summer and dry cool weather in the winter, Here thres seasons are generally recognized: a hot.
luwnid summer from March to June: a cool, rainy monsocn season from June to Ocober; and a coal,
dry winter from Oclober 1o March. We see maximum summer temperatures range is 32°C to 38°C.

April is the warmest month and January is the coldest month when the average lemperaiure for most

of the country is about 10°C.
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CHAPTER 01 wre.2.3106:09

INTRODUCTION

The tenm weather is generally used (o denote day to day variations m temperature, rainfall,
snowiall, wind velocily, ele.. experienced on the surlace of the earth, whereas the term climate is
used to deseribe the long-term observed, averaged data for any of the weather components lor o
perticular time period which can also be several decades.

Wealher may vary from day o day or week to week, whereas climate varies from seawn 1o
season or year 10 year. Climale is dynamic by nature. 1t is highly inlluenced by a multitude of Bietors
such as the change in carth’s orbit. gascous composition of the earth’s atmosphere, changes in the
surface of the carth. and human aetivilies.

Natural and man-made activities are much influenced by weather and climate. The seasonal
variation in the surface air temperature is important for understanding the impact of elimate change
an humarn activilies,

Repional Climate Models (RCMs) share many of the same features as global climate models
(GCMs) 1n tetms of the parameterizations of their dynamics and physics though they are generally
run at much higher spatial and lemporal resolution. RCMs dilfer. however, in their need to assimilate
latesal boundary and Initial conditions from global models and / or reanalysis.

The precipilation or rainfall in tropic plays an important role in the global hydrological cvele.
the tropical ratnfall arca and two-third of the giobal precipitation occws in (his tropics. Three-fourths
of the enerygy that drifts atmospheric wind cireulation comes from the latent heat released by tropical
precipitation (Scllers. 1965, Hartman, 1994). Sometimes the presence of large amount of
precipitation in space causes a unfortunate hazard w human beings. The risk can not be removed
clearly because it 1s one of the most difficult atinospheric parameters present in space and time, 11 is
esaceially different to measure precipitation over the oceans for the sake of surface based
observations uver most occanic and underdeveloped land arcas (Xic rumJ Arkin, 1996). The actual
arsount of ramnfall lender a partial solution from RepCM mode! output which is one of the
li 1itations.

- I'I'hc trupical numerical weather predietion system is required to address these problents
adequately. Much progress has been made in recent years in the development of pumerical
models for the low latitudes. The World Weather Watch (www). now supported by a variely of
surface  based  and space based observing platforms. has  considerably  enhanced

the
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observational data base lor numerical modeling. The availabitity of Tasier computers has enabled
as large volume of tesis on analysis, initializations sensitivity to physical paramelerization. and
slatistical evaluation of numerical weather prediciion, resulting in an overall improvement in
the skill of tropical dynamical models.

The  numerical  guidance  preducts  thal  are  routinely available on the Global
Telecommunication System (GT8) Irom the advanced global NWP (Numerical  Weather
Prcdiction) centers like LCMWFE (Furopean Center for Medium  Weather Forecasts) and NCLIP
(National Center for Cnvironment Prediction). Global models have the obwvious advantage af
despensing with the need for lateral boundary conditions, which are invariably required for runnImg a
limited arca model. While global models can provide pood forecasts of large scale weather systems,
Lhe regional models have their own place in the field of NWP modeling.

A limuted arca numerical weather prediction model based on Florida States University
(Knshnamurti et al.. 1990 } has been implemented in the SAARC Meteorological Rescarch
Center (SMRC), Dhaka for NWP rescarch. Various versions of this model have been used in
tropical  prediction  experiments by Krishnamuri et al. (1979, 1987) Krishnamurti and
Ramanathan (1982},

The above model has been used in (he present work, for several case studies of bheavy
cainfall and movement of monsoon depressions duting the  summer monsoon  season The
cases chosen for experiments are in respect of some heavy rmainfall episodes in 1987 and
1998, the two most prominenl excess rainfall and fiood years in Bangladesh. as also some
cascs of monsoon depressions originating in the Bay of Bengal in regard 10 their cxceptional
behavior. We desenibe in - the basic frame work of the FSU model which provides some peneral
information on the principal rain bearing systems the seasona!l monsoon trough and the
mansoon depressions of the southwest monsoon in the Indian subcontinent. A briel deseription of
the data and methodology is given in table - 01. Results of case studies are presented in figure- 5,
Table-01 gives concluding remarks,

The limited arca models used for forecasting in limited space domains essentially necd
specification of lateral conditions. Numerical treatment of lateral boundary is a difTicult but
irporant aspect of limited arca modeling as (he flow in ihe interior of the domain pgets

influenced by changes outside the domain. The influence is impertant even in short jange



lorccasting for a couple of days. In the present mode] we make use of the time dependent

boundary eonditions,

1.1 Climate Change

The earth’s clunate, by nature. is a complex system consisting of oceans, stmosphere. Jand
surtace and vegetation, which respond to influences of various lime scales. Occans are geneially
influenced on time scales of years to centurics, whereas atmosphere, which is defined as a blanket of
air surrounding the earlh, may change on a daily basis and vegetation changes on a scasonal time
scale. Earth expericnces changes in its climate continuously. Due o enormous increase in population
and the advancement in the technology founded on carbon-based fucls there has been a signiticant
change in-global climate. Climate change is direclly linked to the incrcase in the green house gas
concentration. caused by human aciivities (IPCC, 2001a). Climate change does nol necessarify mean
that all regions cxpericnce a uniform change with respect to the dircetion and magaitude. but ther
may be repional varialions. Also climate change may not imply that ali successive years wifl

necessarily have the same trend of increase or decrease.

1.2 Effects of Climate Change

Prediclion of weather is imporiant because it gives us a snap shot picture of climate which is
helpful in many ways. It helps agricubtare, industrics, and long ierm planning of hydraulic structurcs
and also in planning large domestic construction projects, sucl: ;15 roads, bridges. etc. Furthermaore it
is helpful in quantifying global warming and in initigating it. Until recent years green house pases in
the atmosphere were atiributed primarily (o the emission of carbon dioxide generated by fucl, but in
recent vears the role of irace gases has been recopnized to be equally ymportant. The knowledpe
atout the change in temperature offers an insight into the impact of increasing COz concentrations.
Estimates of possible regional changes in the climate due to the inerease of atmosphenc CO: are
required to evaluate the impact on various social and economic activities. Global warming has
become one of the most alarming issues these days. The plobal change adversely impacts terrestrial
and aguatic ecosysierms. Some of the most important econemic resources. such as agricultwe.
forestry. lisherics, and waler resources may also be affecled. Increased iemperature, severe and
frequent droughts and floods, and sca level rise would have huge impacts on human lite and

economic well being. Based on statistical evidence, the average plobal surlace air temperature hag



icreased by 0.6°C between 1860 and 2000 (1PCC, 2001). The increased global carbon dioxide
erissions arc mainly due to the energy burnt o run aglomobiles, power factories and heat homes
and businesses.

Measurements of seasonal variations in the surface air temperature are important for beter
understanding of the impact of climate cliange on human activities. Although natural factors may
have contributed to the temperature increase in the 20% century., studies indicates that warming in the
tast 50 ycars may be due to increases in the greenhouse gas concentration (Elaine and Rick. 2000).
The major contributing factor for the climate change may be anfhropogenic changes. which result in
the decrease in the extenl of snow cover and sca-ice thickness. Dircet information can also he
obtained from the instrumental records, such as average temperature. 1t is also noted that due to the
(hermal expansion of oceans. over the past century, global average sea level has been increasing by
about 1 to 2 millimeter per year (Elaine and Rick, 2000). Even without the influence of
anthropogenic faclors climate may vary from year 10 year duc 10 natural reasons, such as volcanic
eruptions. In the past, the main reason for the change in the ecosystem was considered 1o be the

buman intervention, but now the influence of climate change on the ceusysiem has been establbished

{Beaubicn and Freeland. 2000,

1.3 Evaluation of Climate Change

The most reliable ool for estimating change in the atmosphere is General Circulation Models
{GCMs). General Circulation Models are numerical models that analvze the atmosphere on an
hewrly basis which is very small time slots in all three spatial dimensions based on the law of
conservation of mass, momentum and conservation of energy. These models are complex computer
simulations deseribing the circulation of air and -;:ccan currents and how the encray is transported
wilhin a climate system. The best available GCMs for estimating the climate show that the annual
global surface air temperature may increase at a rate of 2.5K to 4.5K due to the doubling of carbon

dhoxide concentration in the atmosphere (Groteh and MacCracken, 1390).



Some of them are listed below:

L. There 1s a possibility of having more hot days and higher temperatures in almost al] land weas.

2. There is a possibility of having a few cold days and very fow minimum temperatures b alimosd
all land areas.

3. There is a greater risk 10 natural ccosysterns and wetlands due to (hese changes,

4. Due (o the increase i sea level, there will be vreater potential loss of land crosion due v and
flooding resulting in the damage of wetlands in coastal arcas. With increasing plobal warming,
people are concerned about these effects on local areas. Some of the hasic ohservations are dnly
maxnnum and minimum temperature.

5. Temperatures and daily precipitation sometimes have localized features that may be dilficalt to
produce with the current coarse spatial resolution of the GCMs. Many ol these shorlcomings can be
overcome by considering local topography and regional geography., By observing the local climate
and comparing it with the outpul of GCMs, we can improve the capabilities of current GCMs and
have an understanding the local climate. Considerable atteniion is given (o test the ahility of GUMs
lo reproduce the observed data. The very important issue concerning this verification is the ability of
GCMs to reproduce observed regional and local climates. Some of the difficulties in compariny the

local climate with the climate generated from the GCMs control run are:

a. Simee local surface based observations are highly influenced by the local Topography and
geography, it is difficult to relate (hem.

b. There is always an uncertinty in the interpretation of the arca represented by a GCM ocutput a1
a nd poinl.

¢. GCMs [ilter the important spalial discontinuities in the surface boundary due to coarse spatial

resolulions.

For these reasons. it is important to understand the climate change on a local basis. In spile of

the above difficultics, there arc reasons why comparisons belweeo the outputs of a control run lrom

GCMs and the local observed data should be made, These reasons are:

1. Improved GCMs will give us a better undersianding of their ability to reproduce local climate.

2. The impact of climate change occurs due to certain technalogical and sociveconomic issucs.
which are specific to locul arcas.

3. 1t is important to understand how well GCMs reproduce day-lo-day weather transitions. whicl

can be more accurately accomplished considering daily variations in the local weather.
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. As of now the validation has been coniined o large-scale features and larger time scules.
However, there is a growing nced lor (his kind of information on smaller regional scales.
Atmospheric events have a range of spatial and temporal scales. Meteorological variables. such us
temperature, precipitation. and wind. at a particular location normally vary around the mean values
[tom year to year, il they are not influenced by external agenis, such as anthropogenic changes in the
composition of the atmosphere,

Generally, global models have larger spatial resolutions of several hundred kilometers. The
range of increase of temperature is estimated on a global scale but the range in increase of
lemperaturc varies drastically when applied to a smaller spatial feature. Hence there is a need lor the
regional estimation ol various weather parameters,

As there is a need to simulate global climatic features, it is advantageous o have snaller
regional scale changes 1o assess the potential impact of climate change.

The basic step for any study connected with the future climate should have a tharough
analysis of current climate conditions and the possibie variability. Many times current climate is
relerred to as the base line climate, which is taken as a 30-year reference climate delined by the
World Meteorological Organization (WMO). This base line climate is important lor MUY Feasens,
some of which are:

t. The ongoing trends in the climate can be casily identificd.

2. Knowing the prevailing conditions helps us to adapt some of the most likely features for
luiure desipn.

3. The base line climate is useful to deseribe the average conditions, spatial and temporal

variability and extreme events that have vecurred.

1.4 Ohjectives of the Study

The Regional Climate Model (RegCM) is employed for the study of some meteorological
parancters. But model products have ne consistence with the real observations. To make model
product usclul. the first and foremost thing is 1o de (he validation. Once the model data is validaied
and calibrated it can be used (o make climale scenario. There are lots of data collecting methuuls or
ohservational facilitics of climate parameters. Some of these are pelar orbiting and peostativnary
satellites, radars, IRMM satellites etc. But these collection methods arce not the ecal ones. In some
cases they can estimate near (o real ones. The actual scenario ean be found by using thermomvliers.

rain gauges located in a standard height from surface and standard condition defined by World



Meteorological Organization (WMO). But conventional instruments are not so sophisticated to
calcalate the parameters in a very small interval of time excepting RegCM Model. Therefore. (o et
the observation as much as small scale, model simulation is the best way subject to the vadidition or
calibration. Bangladcsh Meteorological Department (BMD) has the lacility for collecting climate
data iy dilferent pars of our couniry. Dut the density of stations is not uniform and high. Tn some
areas data collection facilities arc very rare. Therefore, climate change of thosc areas is not so well
defined by the conventional observations, Tn this case RegCM model simulation is one of the best
ways for making scenario. To make a good climate scenario (lime and space domain} of Bangladesh,

attempts has been made Lo run RegCM with different resolution and validate accordingly with thc
chimate parameters collected by BMD.

1.5 The scope of the present work

The RegCM spatial resolution is fine enough to correcily represent climate processes of
small dimensions such as the formation of clouds or thunderstorms, precipitations, evaporation and
s0il moisture.

The RegCM is a sub-model embedded within a worldwide or a GCM. Onrce the studied area
i$ dutermined, it must be isolated on the GCM so that the conditions at the boundaries of the region
can be determined. These conditions are then introduced in the RegCM, which will simulate the
clirate of the selected domain, Therefore, the regional simulation can lake place over any region of
the globe. The focus of present study is to adopt RegCM for the region in and around DBangladesh.
DifTercnt meteorological variables such as rainfall, temperature obtained by RegCM are calibrated
with available data Jrom rain gauge and temperature,

The RegCM spatial resolution is adequale to evaluate the regional representations of clinate
changes. The outcome of RegCM rescarch will conribute in operational sectors and guvernment
services which will benefit from the progress in climale modeling, e.g. meteorological and maritime
previsions, as well as environmental status monitoring. Using the predicted range of precipilation
and temperaturc it may be pessible to formulate future panning lor agriculture, waler management
ete.

To evaluate the RegCM miodel output like as rainfall and temperature with the ground based
dala of minfall and tcmperature for the daily, monthly and seasonal {Pre-monsoon, Monsocn and

Pest-mosoon) for 8 years.
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1.6 Temperature

Bangladesh is situated in the tropical belt and it has warm and humid climate in the sumimer
and dry cool weather in the winter. Regional climate dilforences in this ffat country are minor. Three
scasons are generally recognized: a hot, humid summer from March 10 June; a cool. rainy monsoon
season from June lo October; and a cool. dry winter from October o March. In general, maximum
summer temperatures range between 32°C and 38°C. April is the warmest month in most parts of the
country, January is the coldest month. when the average lemperature for most of the country is about
10°C,

The decrease of temperature during July and August is observed almost cach year duc (o the
high precipitation activitics from the southwest monsoon. In these months of cloud coverage

increases compared to the others months most of the vears.

1.7 Rainfall

Bangladesh is situated in the most active zone of southwest monsoon Most o the

precipitation 65% occurs in the monsoon secason (June- Seplember). Pre-monsoen reccives about
20%, Post- monsoon receives 13% and winter receives 2% of the anmual rainfall. The winter of
Bangladesh s dry and cool.

Winds arc mostly {rom the north and northeast in the winter, blowing gently at one 1o three
kilometers per hour in northern and central areas and three to six kilometers per hour near the coast.
From Match (0 May. violent thunderstorms, called Norihwesicrs by local English speakers, produce
winds ol up to sixty kitomelers per hour. During the intense storms of the early summer and late
monsoon season. southerly winds of more than 160 kilometers per hour cause waves to erest as high
as 6 melers in the Bay ol Bengal, which brings disastrous [looding 1o coastal areas.

Heavy rainfall is a characteristic ol Bangladesh. With the exception of the relatively dry
westemn region of Rajshahi, where the annuval rainfall is about 1600 mm, most parts of the counlry
receive at least 2000 mm of rainfall per year. Because of its location just north of the foothills of the
Himalayas. where monsoon winds turn west and northwest, {he region of Sylhet in northeaslern
Dangladesh receives the greastest average precipitation is about 4800 mm per years, Averapge daily
humidity ranged from March [ows of between 45 and 71 pereent Lo July high of between 84 angd 92

percent, bascd on readings laken at selected stations nationwide in 1986 (Source:  hipe!

worldiact.us).
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1.8 Verification of Climate Change

To vaiidate and make climate scenano of Bangladesh simulation of RepCM madel i sen
esscntial. To do this job RepCM model is run at Physics Department of BUET with the 0,547 « 13,547
horizontal grid resolution with the g-levels of 23 vertically. Afler getting the output data.
lemperature data of 2m above ground ((2m) and precipilation data are extracled using GrADS Bui
before employed this model it is very essential to validate it.

Bat the validation of regional climate model in Bangladesh is perfurmed with the surlace
observational data of rainfall and temperature (maximum and minimum) collected by the
Bangladesh Metcorological Depariment (BMD) at 32 observational  siles throughout the country
from 1982-1989 are processed to calibrate mode! outpui. llere we found that regional analysis
provides overestimation of RegCM values in Bangladesh whercas data extracted at some particular
locations provide better performance of RegCM. The act of comparison has made between mode!
and observational data at a wide spatial domain for 4 few scales (daily, monthly. seasonal apl
yeariy})It is indispensable o do some conciusion of RegCM model oulputs with the ground hased
data say rain-gauge and surface air temperature o choose the RegCM for this region. The Reponal
Climate Model (RegCM) is run at (.54x0.54 horizontal grid resolution with Fritsch-Chappell {€1°C)
assumplions where GFC system run used in Lateral Boundary Conditions (L13Cs) data for 1982-
1989. Tropical storms strike the coast once in every lour years on an average. As a result. many ol
thz coastal wetlands arc damaged and so also are the coastal aguatic systems. There is also an
aluming rate of nearly 60 acres of loss for the wetlands per day due 1o increase in sea level. human
mierference with coustal processes and land sinking, Due o changes in global climate, impacts can
be [elt on human health and terrestrial aguatic ccosystems. This could resuli in serious social-
economic consequences if this trend continues. There is therefore an urgent need to stuely the
regional climate wnpacts, particularity for the coastal regions of Bangladesh. Various measures are
being implemented in Bangladesh to protect coastal wetlands, reduce brown marsh problems and
protect coastal agquatic life from the present and future danger. 'To make his studly more clivetive

one needs to have a clear idea about the future trends in climate.
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1.9 Modern Climate Measurements

Here we compare the results of a modern day regional climate simulation (o observation. The
model simulation of present day conditions {s similar in design 10 our 1xCO; and 2xCO, scenurios.
CCM3 was run for 22 years foreed with a single climatofoical year of $5Ts (calculated from
ohservation for the pernod 1950 to 1979,

The obscrvational dala used arc historical weather station dala collected by the western
Regional Climate Center. The types of scope of data available vary depending on the climate
characteristics of interest. For the analyses of seasonal temperature and precipitation we used
climatological dala calculated with a minimum of 22 years of data from the period 1971 to 2001 . For
the mare specific analyses {DTR. growing scason and extremes) the available data ranges from 27 to
100 years in length {on average 49.4 years) for the period 1901 10 2001, We began our analysis with
~ 26 siations and due to the shear volume of available dalz, narrowed it 1o stations where the actual
and model derived elevations differed by no more than 100 meters. What remained were 16 stations
remresenting a wide range of latitude, longitude and elevations across Bangladesh.

Overall the comparisen between modern day regional medel results and weather station data
is very good. This is especially the case considering the data record is much longer than the vyl
simulation and therefore provides a lonper sample population. Furthcrmore the weather stations
provide point data while the model results are derived from single grid cells with 40 km horizontal
resolution. Still there are some issues the model resulis. especially for the DTR and the seasanality
ol precipilation.

The regional medel adequately captures the sessonal changes 1 temperature as well as the
arual mean (cmperature. On average the RCM is only 0.7°C cooler Tor the annual mean and no
maore than 2.4°C dilTerent seasonally than the observalions (Table-1). The RCM morn accurately
captures the summer (JJIAS) and fall (ON) temperature than the winter (DJF) and spring {MAM)
temperatures. The DTR 15 loo small by ~ 5 to 6°C annually and seasonatly (Table-1} the growing
season starts on average 10.5 days toe soon and ends 13.8 days too late.

IFor extremes the tnodel simulates ~ 28 too few hot {32.2°C) days fyear and ~ 30° o fow cold (17C)
days /vear (Table-1). While the mode] simulates too few extremic cvents it does nal overestimate the
intensity ol simulated extreme evenls. The historic 1- day events simulated by the model fail within

the range ol historic cvents in the longer observational record (Table-1)
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The regional model outpuls temperature (wice a day al noon and midnight. These
temperatures are used as proxies for the daily maximum and minimuom and are not the actual
maximum & minimum lemperatures. As a result. the proxy maximum temperatures are too cool and
the proxy minimum temperalures are loo warnl, producing a damped DTR,

Annually the regional model slightty overestimaies tolal precipitation (38 emfyear) and
poorly captures the scasonality of precipitation. The mode] overestimates winter & spring
precipitation and underestimates summer and fall precipitation (Table-1). The mode] alse simulates
~ 8 o many light rainfall days/year (< 1.27 em / dav). For moderate (1.27 to 2.54 em Adan) and
heavier (= 2.54 cm /day) rainfall days the medal is much more accurate (Table -1). The model
simulales one day too many per year of moderate precipitation and vnly 0.2 too many days/yvar of

heavicr rainfall.
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labie-01: Comparison of vbservational (obs) parameters and simulated RegCM model outpul.

Components Observed (obs) | RegCM (rem) Obs-rem

TEMPERATURE .
Annual Mcan ("C) 32.7 320 1.7
DIF ("C) 353 239 - 4
MAM {*C) 314 29.0 ' A
HAS () 344 348 04
ON (°C) 336 34 -0.5

r ] -day max{"C) 39l 35.1 4.0
1-day min {"C) 10 99 0.1
DTR
Annual Mean ("C) 264 22.7 5.7

i [BAlD ") . 2272 16.0 . 6.2

% MAM {*C) 30.0) 242 5.8

i JTAS (°C) 333 284 49

OGN (°C) : 28.9 23.2 ! 5.7

: Precipitation

: Annual Mean (cm) 162.9 166.7 -3.8
DIF(em) 26.6 22.0 4.6
MAM({cm) 821 848 -2.7
JJAS{cm} 208 209.1 1.7
ON{em) 112.5 112.0 0.3
Light {(days) 2997 307.9 -8.2
Moderate {(days) 246 - 247 ~1.0
Heavy (days) 67.5 67.7 0.2

Precipitation intensities are defined as: Light days < 1.27 em, Moderate days < 2.54 cm and Fleavy
doys> 2.54 ¢m.



Table -02; Chunges in annual precipitation and lrequency of 1-day extreme evens,

Basins | 1 2 3 4 5 6 |7 8 ) [
Annnaf rainfalf
-

Rainfrain | -0.02 | 0.00 .02 1002 | -0.02 | -0.04 §-0.01 0.02 (.02 (.05

day (om)

Rain -4.0 -3.2 0.9 -5.1 -7.6 -4.7 -2 | -R -9.1 -7.5
(days/yr)

Total -3.0 -(1L4 -1.4 -3.4 -5.4 -#.1 -1.9 1.1 -3.3 1.7
f.un

{cm/yr)

Extreme wet evenfs (Pys)

Pys index | 0.68 0.07 0.29 {149 .18 1,25 (.44 .44 (0.72 .10
{cm/day)

Pos -3.2 -3.2 -2.0 -2.4 =21 -1.7 3.0 2.8 -1.1 2
{daysiyr)

b

All values gre calculated as 2xCOu resulls minus [xCOxresults, Values in bold type Indicate

statistically significant results at the 95% cenlidence level {3% significance level). Farkka barrage is
Ba,in-1, Tista barrage is Basin-2, Kaptai Lake is Dasin-3, Shangu Lake is Basin-4, and so on .
* Precipitation intensitics are defined as: ght days, 1.27 e moderate days, 2.54 cm. and heavy
diys ¥ 2.54 ¢cm.  atures (88Ts) were used to drive a second sot of CCM3 Simulations. Thesc
simulations, using the preseribed $571s for the corresponding €0, concentrations, were run {or 08
veurs and resulls were saved at 12-h intervals,

The lirst 4 years of cach simulation were removed as equilibration time and the remaining
13 yr of results were used to drive the RCM. This study ciploys a modificd version of the second
generation NCAR Regional Climate Model {RepCM3} (Giorgi and Shiclds 19993 (hereafter referred
ta as RepCM3} as deseribed by Snyder et al. (2002), FegCM3 wis run with a horizon) 1esolution
of 40 km and a domain centered over Bangladesh, We performed two 18-yr simulations with the

first three vears removed for equilibration. These simulations varied only in (he specified

a'mospheric CO; concentrations (280 and 560 ppim).
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1able -03: Changes in annual temperature and frequency of 1-day extreme events,

Basins | 2 3 4 5 0 7 8 o 10
Tmax(®C) |.08 |231 [2358 (199 1239 [238 |1.95 |2.66 |250 |247
Trin{°C) 199 1224 1240 [193 222 (226 1957 251 [243 |53
[ Tonec(°C) | 0.09 [0.07 [0.08 | 0.06 (0.07 612 | -002 (015 (046 loiz "
Huot events N
TosIndex | 325 1402 (347 [300 [308 207 [316 |258 1300 ]283
(°C)
Tos(days/yr) | 100|220 | 300 [ 150 [255 fr12 127 {335 {321 271
CUsxdaystyny | U103 | 200 269|120 1203|161 |98 0.8 JEIEE
| Cold events -
| Tosindex [5.1 [7.5 |08 67 {09  [-01 [al F6 0 |19 aw T
°C)
| Tos(days/yr) | -47.5 | -43.6 [-42.7 |-573 | 301 | 349 | 528 296 1355 "o
Tofdays/yr) |-15.1 |-9.6 |-383 |[-7.6  [-343 |-36.0 - {-122 |-399 |-474 | -436
Growing season -
Firstday | -35.0 [-206] <223 [ 340 [ 210 | 266 | 375 [ 93 | 2051 -33.0
Length L 025 1300 [312 (467 |29 (401 |46.6 |225 (308 |376
{days)

All values are caleulated as 2xCOz results minus {xCOn results. Values in bold tvpe indicnte

statistically significant results at the 95% confidence fevel (5% signiticance fevel). The basins are

located in different parts of the country in Bangladesh that illustrated as betore,
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Table - 04: Changes in profonged (7-day) extreme temperature event,

P, 3 4 5 0 s [ 9 T

Basins

trolonged ot evenis

_Frt:qucncy{#fyr) 0.8 1.0 1.1 1.0 1.2 L6 | 04 1.5 1.5 i.0
| Length (days) 0.1 63| 100] 07{ 51 37| 05| 72| 54| 32
Vrwan [ﬂC]I 0.6 0.8 0.6 0.8 0.9 (.5 1.2 0.5 0.7 0.4

_Pra.’wrgfd cedd evenis

Frequency(#/yt) | 25|  -1.31 -1.9] 28] -16] -12[ 23| -121 18] 131
Lengih {days) -2.8 -4.3 38| 27 22 -321 =26 02 0.5 0.1
Toneem (°C) 0.1 021 04 02 06] 06 RS

All values are caleulated as 2xCO:z results minus 1xCOz resuits. Values in bold type indicate

statistically significant results at the 95% coniidence fevel (5% significance level). For basin names

and locations are given in Figure 5.1.0

1.10 CLIMATIC CONDITION OF BANGLADESH

Bangladesh is in the sub-tropical monscon climate. Based on pressure. rainfall and
temperature: the climate of this country can be described under the follows ng four seasons:
I. Winier or Nerth-East Monsoon: December, January and F uﬁruur}*.
2. Summer or I're-Monsoon: March. April and May.
3. South-West Monsoon or Monsoon: June. July, August and sSepember.

4. Autumn or Post-Monsoon: Octlober and November,

1.10.1 WINTER SEASON

The season is characterized by mainly by an anti-cyclonic pressure system dominating the
couniry exceept in February when a shallow trough of low mashes its appearanwe over the northern
distnets. Very lght northerly winds. mild temperature and dry weather with clear 1o vecasionally

cloudy shies over the country. Execplionally some powcerful western disturbance passes over the

country.
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The mean temperature is in the ranges of 18-21°C .In the south — western and the coastal
distriets the mean temperature range between 22-23°C with its lowest ranging between 6-10°C. The
lemperature gecasionally goes down (o less than 5°C in the north — castern paris of the coulry.

The prevailing air mass is dry during 0900 (o 1500 hrs local time. The dryness of air is not
evident from morming and late alternoon humidity trends. ‘This is due to the reason thal continuous
evaporation Lakes place from numerous rivers, lakes and natural water-sheds during clear sunny day s
and the evaporated moisture show up in the form of high hm?ﬂidily during the ceol hours aof late
cvening and morni-ng,. This ultimately helps formations of mists Hogs during the Tate nights and carly
mornings. The effect is more pronounced in the Genetic contral districls and the coastal disirict.
Al'er passing the western disturbance morning fog occarred.

Rainfall over the country during winter is very scanty. Bul sometines in winter Bangldesh
receives rain or cloudy sky this particular system occurs when some powerful westerns distulvnce
approach from Mediterian Sea 1o east giving rain in Iran, Pakistan, Nonhern ndia and ther (o
Bangladesh .which is the only source of winter rain in Bangladesh exceplionally the depression vver
North Bay of Bengal which moves wwards Bangladesh coast, The driest month of the seawn s
Llecemnber when the northem and the western districts get hardly 3-10 mm of rainfall: the districts of

greater Barisal. Noakhali. Chittagony and Chittagong Hill Tracts get 15-3¢ mm of rain,

1.10.2 PRE-MONSQON SEASON

The winter anti cyclonic pressure regime stans changing of a summer heat low from March
enwards. The Jow heat develops over Bihar and adjoining central India when the pressure svsiem
over Bangladesh Forms a part of the resultant trough. In the northern and central districts the surlace
wind changes from northerly in the winter o soutit-weslerly and it becomes southerly 1;:1 soulh-
casterly over rest of the country.

The mean temperature during the summer months remains within 23-30°C. April and May
are the hottest months, The highest temperature ranging from 38-41°C is attained in the northern and
norh-western districts. Over rest of the country it ranges from 36-38°C Practically the highest
temperature attaing in the month of May.

The southerly low level circulation brings in considerable amount of moistire from e Bay
ol Dengal over the country causing sultry weather towards late afiernoon and evening, Such inflow

of .moisture causes local thunderstorms in the late allernoon and carly night. These local pre-
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monsoon thunder storms are usually called Nor“westers as becasse they move across the counny
mainly (rom the north-westerly to northetly direction. The norwesters is loeally known o
kalbaishakhis after the name of Bengali month ~Baishakly™ in which they oceur trequently These
storms are often associaled with strong squalls and occasionally with hail storms. The thunder starm
activity is less in March moderate in April and severe in May. Tornadoes are frequent in this scason,
The tornade of Dhaka (1969), Manikgonj (1985) and Tangail {1992} are remarkable.

These local severe storms are responsible for the pre-monsoon rain over the country, In
March the ratnfal] is 20-40 mm in the districts west of 90°F longisde and also over south- custern
tip, Cox’s Bazar and Teknaf. Over rest of the country, the rainfall is between 40-80 mm. With the
progress of the season the rainfsll increases and in May it is 150-300 mm excepl i the distict ol
Sylhet where the amount is about 600 mm. Sometime last week of May south —west monsuon vaset
over south — eastern part of the country. 1n the pre-monsoon season normal minfat] of the country 20
mm which is 70% of the total annual raintall of the country.

The season is also characterized by cyclogenesis in the Bay of Bengal. Some of the
dzpressions that form may develop inlo eyelonic storms which travzl peneralty north — west wans
initially and then turns o north- cast moving towards Bangladesh and Myanmar consts. Some of
these stormis may atlain hurricane intensily and give tise o storm surpes. The exclone of 1970 and

1991 are still in the memories not only the people of Bangladesh but also the people of the world.

L13 MONSOON SEASON

In this scason. the surface wind changes to southerly direction over the southern and the
central districts and 1o south-casterly 1o easterly over the northern districts of the country. Wind
speed is light to moderate, 1

Monsoon normally reaches the coastal districts of the :L:U'LII'ITI'}' by the lasi week of May to
firsl week of June and progpressively enpulis the whoie couniry through lune. Generally hea v to
very heavy rain with overcast skics characterizes the scason. On the average there are 20-25 iny
days per month during June to August, decreasing (o 12-15 days in Scpiember. Moie than 73 peicent
of the total annual rainfalls oceur in the scason. The rainfall is the preater over the norih —casiein, the
southern and the south —castern districts than over the central, western and north —aestern disiricts.
During the first two months of the scason the rainfall is between 450-600 mm per month ever the

northern and the southern districts and it is 700-850 mn3 per month sver the districts of Sylhet and
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te south-castern districts of Chitlagong and Chittagong, Thll Tracts. Over the central districts the
rainfall is 250-380 mm per month in these two months. As the scason advances. the rainfail over the
country decreases generally, In September the rainfal] is 200-250 mm over the country exeept i the
district of Sylhet and the coastal districts of Barisal, Noakhali, Chittagong and Chittageng Hill
Tracts. where the rainfall 1s 300-450 mm.

With the advance of (he monsoon. the summer extreme temperatures {all appreciably
throughout the country. Although the mean lemperature [alls hardly by vne degree, the Maximum
temperature falls by 2-57°C over mosi of the country except the coastal districts where ihe fall is by 5-
6'C

Tropical depressions and storms from the Bay of Bengal during the scason and penerally

move to the north-west or north towards India and Bangladesh coasts. Storms hewever seidom atlain

hurncanc intensity in this season,

1.10.4 POST MONSQOON SEASON

This 15 the transitional scason (rom summer monsoeon 1o the winter. South-wesl monsoon
tegins to withdraw in early October and its withdrawal from the country 15 complete through
{clober, The surluce wind is very light and variable.

Rainfall deereases considerably in Ociober and in November the Dy period starts setting in
cver the country. The district of Sylhet gets 200-250 mm of rain in October and the rest ol the
country gets about 100-700 mim, In November the amount of rainfall over the southeastern coastal
districts amounts to 25-65 mm whereas the rest of the country gets only 1-3 days in the month of
rlovember.

The mean temperature falls from 28-29° C in Scptc;nhcr to 25-26°C in October and to 23-
25°C in November. The highest maximum temperature hardly exceeds 29°C and the lowest
minimum docs net fali below 10°C throughout the country.

Tropical cyclones form ;:aw:r the Bay of Bengal in this season and moves initially 1owards
west and then towards north-west and at times towards north-cast alfecting Banpladesh coast. Some
ol these storms in the scason may attain hurricane intensity.

The country is also subject to Nooding almost every ycar starling {rom late Apri! or carly
May 10 the end of September due to either high stream lows of three major tribwtarics i.c. Pudnia

Jamuna and Meghoa. Three recent worst (loods occurred in 1987, 1988 and 1998,
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[.11 HYDROLOGICAL ASPECTS:

‘The availability of water in (he Ganges in Bangladesh is expected 10 1nerease due i the
Ganges Waler Sharing Treaty. i the apreed flow in the treaty is maintained at Farakha, the
avatiability of water the Ganges River will certainly improve compared to non agreement period,
pa-ticularly daring the lean period of March and April.

Due to lack of control structure most of the dry season Now of the Ganges is drained to the
seit, The Barrage will help contain thar water tor agricultural and environmental purpose. The project
will be critical particularly for the peried off March 21 to May 10. Because. for this period
Dangladesh will receive a smaller quantum of water and the barrage would help maximizing the

Utilization of Bangladesh’s share of Ganges water.

1.11.1 FLOOD MODERATION:

The mean anmual peak discharge of the Ganges river al the Hardinge Dridge has increased by
13% in the post Farakka period. While the Barrage project will not be able o reduce longiiudinal
propagation of flood waves, the embankments 1o be constructed in the lateral propagation of {lood
waler. S0, the risk of [looding in the vulnerable areas is likely to be reduced.

The Ganges Barrage will help by halting the penetration of saline water front. Besides, the
barrage will also help in meeting the inereased demand of water lor irrigation. More iri gation, more

cvapotranspiration may result in more rainfalls. Thus changing or influencing the climate of the

south-west region.

"
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: Chapter 02
Maodel Description

2.1 General Circulation Models

2.1.1 History of GCMs

- The idea of mathematically simulating atmospheric motion. to aid the Toreeast of vweather.
was [ivst started in the 1920s. But the numerical weather lorecasting became very practical i the
19505 wsing electronic digital computers, [owards the end of the 19505 wenther lorccastiers in
Untted States and some parts of Europe incorporated computer-gencrited weather maps e their
work on a routine basis. In the 1960s. with the incrcase in the computer power, it was possible iy
beyond regional weather simulations to model the global general eireulation. This heiped seicntisls
to simulate climate over very long periods,

By the 1970s, General Circulation Models (GCMs) bad beeome a very mportant teal of
climate seience, During that time, scientists became concerned about the long term possible ¢ffeets
cf carbon dioxide accumulation in the atmosphere, which resulted in the study of anthropogenic
(human-induced) global climate change. GCMs stmulations provided a crucial means of anabysing
the ¢ffeets of climate change.

: Meanwhile. ocean modelers started 0 build similar computer simulations of the Occanic
General Cireulation Models (OGCMs). Since oceans are a major compenent of the overall elimate
system. climate medelers began trying to "couple” OGCMs with atmospheric GCMs. Although there
were some difficullies in coupling these modets, by (he middie of the 1980s, these coupled models
had cstablished a new standard {or climate modeling.

D1 the 1980s. scientific concerns led to international political negotiations over how to respond to the
possible climatic changes. A global body of climate scientists. the Intergovernmenal Pane! on
Climate Change (IPCC), was formed to provide scientilic advice 1o these negoliabions. In 1992, most
af the world's nations signed the United Nations Framework Convention on Climate Change
(FCCC). After several meetings, FCCC focused on the ways o reduce the emissions and also in
ather ways of mitipating the effects of climate change, GCMy have thus played & major role not oniy

in advancing the atmospheric Scicnce but also in creating global awareness of a possibly serious

threat 1o human civilization.
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2,1.2 Definition of GCMs

A general circulation model 1s a numerical medel that gives the analysis of atmosphere on an
hourly basis in all three spatial dimensions based on conservation laws of momentam, energy and
V/aler vapor. |

GCMs are the most rehable and powerlul wol for estimating the changes i the elimate. §hese

are also known as global climate models, generally abhreviated as GUMs,

Thesc are also the complex computer simulations (hat describe the cirenlation of air and
ocean curremts and also how the cnergy is tansported within a climate system. These are
rathematical representations of atmospheric and occanic properties and processes that hetp deswribe
the carth's climale sysiem.

These are also computer models used 10 enhance our understanding of the factors that
mflucnee climate and improve our ability (o predict fulure climate patterns, The main objective ot a
typical general circulation model is to predict climate having a spatial coverage with a teniporal
scale of years. having a very coarse spatial resolution. low relevance of initial conditions. having a

high relevance of clouds, radiation, surface, ocean dynamics. and maodet siability.

2.1.3 Features of GCMs

The main features of General Circulation Models are

= The main goal 15 o predict the future climate.

= They have a global spatial coverage.

= They have a temporal range of years 1o cenluries,

* They have a very coarse resolution af several hundreds of kilometers.

* They are based on the conservation laws lor mass, momentum, encrgy and water vapo .

* They arc controlled by spatial reselution.

* The method used to run GCMs is finile difference expression of continuous time and SRS
equaliuns, or a spectral representation,

Global chimate models are the only powerful tools currently available for simulating the
rzsponse of the global climaie system to the increasing preenhouse gas concentrations. These three-
dimensional models of (he amosphere and ocean have been used (o invest gate the clfeels of

changes in the atmospheric composition on the global climate, The more recent GCMs ape table 10

S .



Jilfercutiate between the warming effect of greenhouse gases and the regional cooling ¢livat of
sulphale acrmsols.

Sulphate acrosols affect climate directly through the scattering and absorplion ol sofar
radiation and also by altering the propertics and lifetime of clouds. which ultimately cool the carth’s
surface. Cutrently, the available GCMs only have the direct effects of sulphate acrosels, Unlike
greenhouse gases, sulphate acrosols have a relatively short atmospherie lifetime,

Sulphate acrosols are produced mainly in industrial regions and depending, upon almaosplicric
conditions they may be rained out in a matter of days. To model the atmospheric effects of sulplane
acrosols adequately, GCMs must be able to reproduce the geopraphical variation in their
atmospheric concentration. Patierns of acrosol emission can vary immensely {rom season to season
and decade to decade, depending on the sources and volumes of sulphate emissions. Many (UM
experiments are now available for use in elimate change studies,

There is a large library of equilibrivm GCMs experiments  available  for use
(hitp:/fipeedde.cruuca.ac.uk). For the impacts and those who are unfamiliar with GCM studics, the
choice ol experiments is large and most likely confusing. Even for the lamiliar it will be confusing 1o
decide the right experiment o choose. For this reason Smith and ulme (1998) put lorward o
number of eriteria to guide the selection of GCM experiments:

2.1.3.1 Vintage:

Simulations faken from a more recent model are likely 1o be more reliable than those Tron
ihe carlicr ones, since they will be hased on the current Knowled ge invalving mone processes and

«tdbacks and will usually have a higher spatial reselution than the earlicr models,

2.1.3.2 Resolution:

GCM resolutions have been becoming finer with time due to the adsances in computing
lechnology and also with more recent models having spatial resolutuoms of the order of 250 km and
asout 20 vertical levels. compared s resolution ol about 1000 km and betswveen 2 and 1 vartical
levels in earlier GCMs. Sometimes. though the recent models contain more spatial details, better

boundary conditions and more complex wpography, they may net nccessarily  have high

performance compared to the previous ones.



2,1.3.3 Validity:

The very important factor 0 be considered in the sciection of GOMs is the mode!
forformance that is the sefection of GCMs that simulate the present day elimate more aceurated . 1l
is generally assumed that these GCMs are the most reliable representation of the future climate.
Though statistical methods can be employed 0 compate the mean values, sariability and climatic
patterns of the observed data and model resulis for the current baseline period, still the choice of
GOM, wiil much depend on the region of interest. The relative perlormance of GCMs depends
c.itically on the size of the region, on its location and on the variables to he analyzed. It must also by
noted thal comparisons between observed data and model results should take place at the resolution
ol the madel. rather than at the resolution of the observed data set. GCMs operale al a particular
s3atial resolution and they cannot be expected (o capture the features of climate. which occur at the
sub-grid scale. Hence, some “upscaling’ of the observed data is necessary. that is. the construction of
obscrved regional climates from station data. Rather ihan trying o wentily the model. which
simulates current climale most accurately, a better approach may be io ientily those models whose
prrformance is unacceptably poor. particulatly in the estimation of climatic features which are of
ciitical importance to the impact application. A number of international model InlcIcomparison
projects currently exist, in which specific components of different GCMs are compared in onder to

determine why mode! performance may not be particularly good in some cases.
I

2.1.3.4 Representativeness of Results:

It is strongly recommended that more than one GCM is used in any impact assessmend and
the sclected GOM shmlld show a rangc uf' ¢hany:s in a Le:f climate variable {c.p.. temperature,
precipitation) in the alud}f region. At the rcynna] level GCMs can display large dilTerences in their
estimates of climute change. particularly for variables, such us precipitation where one model will
indicate wetter conditions while another will show significant drying e the study region. It is

important to try and caplwie this range of {uture climate conditions in any asscssment of elimate

change impacts. s
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2.1.3.5 Validation

LC1s Important when discussing the need for more regional and focal scale studies of climate
~nange and impacts to be able to demaonstrate the capability for such studies. Tere we demonsirie
{1} the abifity of the regional model to adeyuately caplure both the general (seasonal temperature &
precipration ) and specific (diumal temperature range {DTR), growing season length . frequency
and intensity of extreme events ) characteristics of regional climate observed for the modern day.
and (2} 1hat regional models are currently better suited for the type of analysis than global muodels.
Mearns et al. (1999) have performed a simifar validation for RegCM2 with a domain centered on
Dhaka while Synder ct al. {2002) performed 2 mere gencral validation over Banpladesh.

Model validation 1» performed using National Climate Data Center (NCDC), Summary-
of-the Day (80D} meteorological — station precipilation and  maximum & minimum  air
temperature data. These SOD observations are available throughout the year and have a daily
temporal coverape that includes approximately 33 stations distributed  across the country Fyp-2.
Also shown in Iig-2 is the outer — boundary of the 50 km erid from Fig-1 . The SOD swation
data are grided to the 50 km CLmRAMS grid using an objective analysis scheme Cressman,
1959 and then compared with the model outputs. Before this comparison is made . the model
- produced maximum and minimum temperature felds arc adjusted to account for the
difference between the model and station elevations. This is done by pridding the stion
clevations to the model prid . and then applying a spatially and temporally — constant lapse
rete of -6.5°C per km to the difference between (he station and model topography. The
resulting  temperature correction Fig=3 s then added 10 the model lemperatures. We have
chosen 1o adjust the model temperatures 1o the station clevations o avoid any modificadion
of the obscrved data. We also recognize” that the observations are binsed towards lower
clevations , and that, in some sense, the modeled temperatures may be more representative ul'l
lhe true grid - cell averages., The observational data sets are known o inciude other erms |
such as urban heat island elfects on lemperature (Karl el gl.. 1988) and wind , mesoscale amd

regional. cloud & tand — surface atmospheric phenomena and interactivons (Piclhe ctal, 1974),
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L4 GCM vs. RCM

An RCM offers higher spatial reselution than a {i('l\fi. allowing lor greater wpogaphic
voaplexity and smaller seale atmospherie dynamics ta be simulated and investigated . hearcticully.
hipher resolution should lead 1w maore rcalisiic simadations of reglonal seale climate. The Mpecss
weakness with RCMs is the dependence on lateral boundary input cither via GOCM, reanaly sis or
observational data, Jf an RCM receives poor qualily input it is not likely to output much higher
quality tesults. So if quality GCM input is needed then is the use of an RCM necessary? The answer
s that question depends en the inquiry W be addressed. Obviously an RCM would he inadeqguate to
address issues of plobal or even hemispheric, changes in atmospheric circulation. Likewise a GCM
may not be appropriately suited for questions that are sub- .continental in scale. especialiv for
camplex regions. Calilornia is a climatically and 1opographically complex region and therelue @

siudy of the regional elimate there warrants the use of an RCM.

2.1.5 ASSOQCIATED RAINFALL PATTERN

The distribution of rainfall associated with @ monsoon depression is rather unique in
each case. depending on its intensity. dircction and speed of movement and the prevatling lapw
scale environmental conditions with which it interacts. Nevertheless there are some conmen
features. In the case of a normal westward moving depression in the mid monsoon nwmiths
of July and August, maximum rainfall is concentrated in o belt ahead of its current posilion 1o q
dhstance of about 500 km and 1o the left of the truck. viz, in the southwest sector ol the
depression {ield | in about 400 ta 500 km wide belt {Rao. 1976}, llowever, this relationship does
no' always hold pood, particularly in the late monsoon season. e September and October, A
typically of the late monsoon depressions “is that the rainfall associated with them is often
concentrated in a small arca and is much more intense than their mid monscon COUNterpiuts.
The latc monscon depressions have o special  significance in view of  their high Moo

producing potential due 10 a combination of concentrated heavy rainfall associated with twem

and a high antecedent precipitation index.

Z28 -



2.1.6 WATER POTENTIAL OF MONSOON DEPRESSION

The monsoon depression produce heavy o very heavy rainfall in the arcus throngh
which they pass. The intensity of  rumfall being  heavy or very heavy iy conventionully
measured in terms of the cumulative rainfull in 24 hours a1 an ohserving slation. As per the
convention in Indiun metcorology the magnitude ranpe of 710 12 cm in a 24 hour perind 15
classified as heavy rainfall. 13 em and above is known as very heavy rainfall. Rainfall amounts of
20 1o 30 cm in 24 hour are not uncommeon with monsoon depressions. Exceptionally heavy rainfall
ol as much as 60 (0 80 cm per day may also oceur in some infense stations, The highest 24 hour
roint rainfall on record at a plains station in India is 99 cm on second July. 1941 at Dharampur in

South Guyrat. This event was associated with a monsoon depression.

. L7 SUMMARY

The Regional Atmospberic Modeling System (RAMS) has been widely used o simulaw
relatively shon-lerm atmospheric process. To perform full- vear to multi- year model integrations, a
climate version of RAMS (ClimRAMS) has been developed. and is used to simalate dinmal,
scasonal and annual cycles of almospheric and hydrologic variables and integrations within the
central United States during 1989, The model simulation uses a 200 km grid covering the
conterminous Uniled States, and a nested. 50 km grid covering the Great Plains and Rocky Mountain
States of Kansas and Colosado. ‘The model's lateral boundary conditions are forced by three hourly
NCET reanalysis products Clim RAMS includes simplified precipitation and radiation sub- moedels
and representations that deseribe the seasonal evolution of vegetation - related parameters. Regional
climate modeling studies have demonstrated their ability to simulate the seasonal cyeles through
comparison with obscrved monthly ncan lemperature and precipilation data sets. this study
cemonstrales that a regional climate model can also caplure observed dinrnal and $3 RO
variability. Obscrved values of daily precipitation and maximum and minimum sereen — height air

temperature are used (o demonstrate this ability,



Chapter 03

Review
.1 Statistical Methods

In this seetion we summarize the statistics we used o analyze our one month simulation. The

s'alislics are similar to Denis et al. (2002),

3.1.1 Root Mean Square Errors: Root Mcan Square Error is defined by:

RMSE =R i=1({UBR - ULBR2n

w

Where {8 and {18 are respectively Big and Little Drother fields and # is the total number
of prid points (in space). Since we wanted 2 unitless reference, we have uctually caleulated rhe

following ratio:
Retio =R i=1(UBB - ULB2 Ri=1 UBB2 .. .....(2)
3.1.2  Spatial Correlation CoefTicient : Spatial Correlation Cocfficient is defined as Tolios:

R=CORRCOEF =R i=1{UBB - U_AB) - (ULB - U_LBYy W i=1(UBB U BB)2: Fi=|
HALE —U_LBY2 e A D)
Where {15 a spatial averaging operator aver # grid points:

U_= _#=1 Ul oo reee e {4)

3.1.3 Stationary and Transient Variance Ratios: To complete the asscssment of the 1l
Isrother
Ability to reproduce stationary and transient small-scale behavior we define two varianee ratios.,
Temporal decompesition for each variable U is given as a sum of its time mean (denoled by an
averbar). and its time deviation (denoied by prime):

e D=0+ 0 (e ) o, {5)
Cur filtering technigue allows us to distinguish between large- and small-seale components of ol

ficids. We define the ratio of domain-averaged stationary small-scale varianees as:

Vstat ss = U205 LB U258 UB.o .o o G

V/here “ss™ deinotes small-seale,
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And, then we deline the domain-averaged transient small-scales (denoted by subseript T4s7)

variances
as:
Viraas ss = U 258 IR 07 288 BB e (D

Lhe variance ratios Tsfar ss and Ttrans sy provide us with the ability of the Little Brother (o

ropeneratge

the spatial variance of the stationary and transient Big Brother smali-scales.

3.2 Betts’ scheme (lhermodynamic equations)
Butts fermulated his model in terms of the thermodynamic quamities” moist dry skt

energies. §= CF,T Tz
and molst static epergy b is defined as

h=¢,T+gz+ Lq
Ir o waler — saturated environment they may be defined as

S=¢pl gz =1y
and

[, =c, T+ gz +Lq,

The behavior of the guantities s and h may be considered to be atalogous w the bebavior ol &

and 01, respectinely,

The fundamental premise in Betts™ model is that the eddy Muxes of heat and moistute v be
represented as ihe product of a single conveetive mass Mux (™} and a perturbation Guantity derived
from a single entraining cloud parcel {subseript ¢} rising through a known mean environment, | hus.

Fi=-0X'=w*(X.-X,}

Where X represents h. g, or SL. The conveetive mass lux represents the cloud miva —
averaged flux due to clouds having active updrafts with velocity we and having a fraetional coscrage
a. Thus

w* = opw,



In a manner similar o that used 1o parameterize the eltect of cumulbus clowls . we wiite the

b adget equations for a saturated ¢loud layer in pressure coordinales,

Q1 = 880t + V.8 + 68/8p = Qp .0/dp (0'S"))

Betts® saturation — point analysis scheme:
**sing the transtormation
d/dp = { dps/dpXd/dps; ) =B(d/dps )
the gradicnt following a parcel of pressure p can be wrilten
db /dp =P{d0«, /dpg I,
A0, =B(dd) <./ dpe i,
drg, /dp = P(drs./dpg ),

Wlhere the subseript M relers to gradient along a mixing line. If f = 0. ne miaing occurs w
the cioud and the 8P (saluration point} al C {cloud base); §§ = | corresponds 1o mining at a rawe that
corresponds to totally evaporating the walter condensed as the parcel rises. The cloud parcel SP
neaches D (mixing line) as the ‘parcel p. For 0<f <1, partial cv;'upuratiun of cloud water by nixing
o:curs. 1hus, for example, for f =0.5, the parcel path of O {moist adiubat Y lies halfway between
th.e mixing line and the moist adiabat | 8, (03}, where the parcel path for € hies hal(way between
the mixing line and the dry adiabat,

Beils also estimated the ratio ', as

ten = (pst. ~ P ps—p)=1-P

S:nee '
b= (p3 = pSLY{ pDB - p) and pB is the cloud base pressure. For an ascending parcel o
remain cloudy, fl > 0 and B <1.

For a parce] (0 remain buoyant, however. its OLS and 0 paths must lie o the ¢ ght of the

civvironment steatilication illustrated
B (dGL-'SMp].-‘ (d0psis dPsidm =07 where 111 =03

The annual vatidation of Rainfall for Obscrved and Model (G1-€)



3.3 Realistic Simulation of Regional Climate

Accurale regional climate predictions are important but difficult. Shown here are the stalion
observed daily ramfall {panci a) and rainfal] spatial variability (panel b from May o Aupust Jduing
the 1998 East Asian monsoon and the results from a simulation with the nowly developed 1WRC-
Regional Climate Madel. Also shown are the observed and modeled daify minimum and maximum
temperatures {pancl ¢). The simulated region is the Yangtze-HuaiRiver Basin together with souther
China {23-34°N, 105-122°E). Overall, the model captures the unique features of Meiyulronts, the
associated rainfall events, including a severe Mood during the periad, and the ind-surfuce processes.
It can thus be used (o study the repiona) climate over East Asia. and o make climate predictions by

“nesting it into a GCM.

Based originally on 4 mesoscale impic:&l cyclone model, the model incorporates advanced
rediation and land surface schemes with high-resolution vepetation and soil classification daty The
model uses NCEP-NCAR rcanalysis data for initial and lateral boundary conditions. and weckiy
Rzynold’s 58T as lower boundary conditions over the occan. Where Rnet is the net incident
radiation at the surface. 1 is the sensible heat flux, Lv is the latent heat of vaporization. and 17 is the
rate of cvapotranspiration. Lvidence as shown that over the course of a year the net surface heating
(or ground heat flux) hs is negligibly small compared Lo the other terms in equation (1). When tithing
a long-term view in a slable climate the net surface heating should be essentially zere. On the other
hund, in a changing climate we would expect a long-term diift of the net surface heating. Henee the
net surface heating is an important indicator of long-tenn climate clange. tnfortunately. it is

difficult to measurc and can be a source of considerable variation between climate models

themselves.
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Fig. 3.3: Spatial Standard Deviation of Rainfall over South Asia {mm).
The waler budget cquation. which expresses the conservation of mass in a lumped or

averaged hydrological system, cum be writlen as
8P _LPA Q% dS=dL: 820

Here P is the mean rate of precipitation on the system. L s the rate of cvapalrimsmeation, A
15 the surface area.  is the net outllow of water (runofl). 3 is the water volume stared in the syaten.
ad tis time. Simikarly to the ground heal Dux, the change in soil moisture in a stable climate should

bz neglipible over the long term. Unlike the ground heat flua. though, soil moisture can change



considerably over the short 1o medium term, Lven on an interannual basis the soit moisture ean vary
woeatly from flood years 1o drought years.

A number of previous regional elimate model intereomparison studies have been condngld.
The Project to Intercompare Regional Climate Simolations (PIRCS) experiment la invelved eigh
BECMs (including MMS/BATS and RegCM2) run on a domain covering the continental United
States for a period of 2 months covering 15 May to 15 July 1988, Somc results from this cxperiment
are reported by Takle el al. [1999]. They found (hat the RCMs were abic 1o repreduce bulk temporal
aad spatial characteristics of meteorvlogical tields: in particular, the S00-hPa-height field was well
simulaled by participating models. They found hat lzlrgc-scatc. precipitation was simulated well in
terms of time and [ocation though amounts often varied from observations, while convective
precipitation is represented only in a stochastic sense with less agreement in temporal and spatial
patterns. Simulated surface encrgy budget was also compared 1o FIFE observations. While the
simulated results show broad agreement with the FIFIL observations, significant scatter among
results meant that no strong conclusions could be drawn. PIRCS experiment 1b was performed over
a similar domain but covered the period June—July 1993 with 13 RCMs involved. This petiod
meluded a flood in the central United States, The results are reported by Anderson et al. |2003].
They found that the models were able to reproduce recycling ratios within the range estimated from
obscrvations even though many of the RCMs demonstrated a low precipitation bias. The majority of
the RCMs were able 10 reproduce the observed nocturnal maxima in precipilation though none of the
models accurately reproduced the characteristics of the niesoscale convective system.

The Project for Intercomparisen of Land Surface Parameterization Schemes (PILPS) has
conducted several experiments focused on assessing the performance of land surlace schemes. Most
of these studies have driven the various land surface models with observational data |Henderson-
Szllers ctal., 1996; Liang ct al.. i998: Lohmann ct al.. 1998; Wood et al., 1998]. While studying the
performance of land surface schemes in an **olfline™ mode may provide useful infonuation Tor the
development of those modcls, it has been shown that these results may not be dircet] y relatable w
the performance of the same models when fully coupled to an atmospherie model [Ha and Tslam,
1996; Kim and Entekhabi, 1998]. Margulis and Entckhabi [2001] state thal “*offline” land surface
model intercomparison sensitivity studies can lead to incomplete and misleading sensitivitics ol
tnd-atmosphere interactions. Some luter PILPS experiments coupled several land surliace models to

the same RCM [Timbal and Henderson-Seliers, 1998], They found that the seatter atnong the



schemes, while different than that observed i the offline experiments. was of the same order of
aagnitude. In this study the land surface models are coupled 1o their native atmospheric
components; thus the maodel sensitivities are those applicable w these coupled model systems, As
well as the above formal projecis. there have been several other studies which have perlermed
intercomparisons of various climate model parameterizations. Chen ¢t al. L 1990)] compared the
simulation of land surface evaporation for four land surface parameterizations over FIFE.  The
simplest of these models was the simple bucket medel with two parsmeters [Munabe ¢t al., 1963].
and Ihe most complex model is the simplilied Simple Biosphere ($Sil3} model of Xue ot al. [1991]
with 22 parameters. They conclude that some complexity in the canopy resistance scheme is
importanl in reducing both the overestimation of evaporation during  wet periods  and
underestimation during dry periods with the two most complex models performing the best. They
clso demonstrated that simply increasing complexity of the model does not necessarily improve
performance. with the most complex medel (22 parameters) performing si milarky o the second muost
complex medel (15 parameters). Leung et al. (1999] intercompared three RCMs which were used
simulate an extreme (lood event over eastern Asia. They found that cach model simulated the ELEY I
Necd conditions reasonably well. though significant differences were found in the simulated Cnerey
and hydrological eycles. especially over cloudy areas. The reasons for this include the simulation of
the amount and vertical distribution of clouds. the treatment of clond 1adiative feedbacks, and the
representation of land surface processes, They also note that **One special imporant ariterion i< the
radiation balance which has serious hoplications for long term chmate simulations.”  This slus
differs from previous intercomparison studics due to a combination ol Factors, OF the tour ROMs
uscd. two share the same land-surface scheme (RepCM2 and MMS/ BATS) allowmg their
dilTerences to be attributed largely 10 the atmospheric components. while three share the same
a'maspheric components (MMS/BATS, MMS5/ SHEELS and MMSIDHU}. alloving their dilterence
to be attributed largely to the land-surfuce schemes. All of the models use hieir native parameler
values and initialization with no site-specific initialization performed: that is, they are apphed in

their default configuration just as they would be for climale clange impact stugdies. cte.
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Chapter 04

Review of the work
4.0 Case Studies

Based on an analysis of the discharge data by Mirza et al. {20033 repored  than the
discharge levels in the Guanga. Brahmaputra & Meghna fver systems attained  their highest ever
jeaks in these years al some locations. An analysis of the seasonal wainfal] departure teoin the
long period average over Bangladesh during the monsoon period revealed that the flouds in
1987 & 1998 occurred duc to cxcess rainfall  within Bangladesh as also in the upsticam
porion of the river basins that shows the year to year time scries of the prrecntage
cepartures ol the country average monsoon rainfall of Bangladesh during  (he two main
ronsoon months  of July & August with reference to the long period average (1971-2000),
where the years 1987 & 1998 stand owt clearly. -

We identified the dates of heavy rainstorms by eomputing the daily couniry average riintall
of Bangladesh. The daily country average rainfall of Bangladesh during the period 1 dune o
30 Scptember for the years 1987, 1988 and 1998, The monsoons of highly excess rainfall over
Bangladesh, as may be seen in the year 1988 and1998 respectively. The day 1o day roinfali
distribution in both the years is marked by occurrence of scveral peaks in the bar diagram.
A high peak in the country average is « reflection of widespread heavy rainfall with many
stations reporting high values of 24 hour precipitation, at times exceeding 20 (0 30 in a
continuous spell of several days. The most signilicant peaks in 1987 occurred inthe last week
of July, continuing into the beginning of August. and in the last week of Aupust, the later
recording a country average  rainfall exceeding 90 mm. The onc in the last week o July
excecded B0 mn. The highest peaks in 1998 wcre comparatively moderate as compared (o
F987. The most significant peaks in 1998 occurred in the 2™ week of July and the 2 week
of August. During 1988 on the. other hand, the month of Junc appeared to be quile active hut
the rainfall in July and August was considerably subdued. The forecast model was run brimid
on the inital conditions of 24 July with lateral conditions caleulated from analysis at 6 hourly
intervals, ‘The 24 hour and 48 hour predicted rainfall valid for 25 Tuly and cumulative fin 23
and 26 July 1987 are presented in the south and south-west respectively . The model produced
heavy rainfall in the arcas covering Assam and adjacent states and Bangladesh. consistent with the

s moptic patterns and the areas of heavy mojsture convergenee. the observed rainfall on 25 Juls and
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26 July as veribication, Widesprend heavy mainful along  the coastal arcas of Banpladesh,
influcneed by orography, as well as nonthern and central parts was the prominent feature.

The monsoon trough stayed noith for a considerably tong penod of aboul 10 days through
the beginning of August. As a corrohoration of this stalement. the mean sea level pressure anilysis
on 31 July ts presented in south zone, which shows the monsoon trough persisting in the same
Lacation across north Bangladesh. The observed rainfall distribution on 1 August {the day of peak in
the country average rainfall in 1987) is shown in the cast of Sylhet, which lies at the foothilts of
1. hasi-Jaintia hills near Cherapunji. recorded 30 em of rainfali on this day. Many stations in
northern and central parts of Bangladesh reporied heavy rainfall cxeceding 10 em. The 24 hour
predicted rainfall valid for | August 1987, based on the initial conditions of 31 July 1987, The inodel

simulated the observed precipitation reasonably well.

4.1 Calibration /Validation/ Sensitivily Analysis

The regional climate models (RCM) used to generale the ¢limate projections adequiately
reproduces historical climate conditions. These models are driven by oulpuls from global cireulation
climate models that due o their course geographical resolution can not be used direct] ¥ lar recionad
impacts and adoption analyses. The global models, however, adequately reproduce Tarpe seale
atiiospheric features. RCMs are used to downscale the outputs of global circulation models (o a

specitic region.

4.1.1 Conceptual Basis

Global Coupled Atmosphere — Qcean General Circulation Models (GCMs) currently used for
projecting future climate have a grid box size of 100-200 km. Many of these models are abie w
simulate present-day climate well on spatial scales of 1000 km upwards. and the best models provide
reasonable representations ol the climate on some what smaller scales. Their srid-box resolulion,
hawever. can not capture regional orographic details nor resolve important cyclonie disturbances or
s'milar—sized circulation leatures. This produces an accurate representation of the climate on seales
of individual grid boxes. For many impact models, however. informativn is required on sub prid
stales of 10 to 100 ki (referred to here as the local io regional scale). The method for producing
lveal-to regivnal scale information from larger-seale GCM data is called downscaling,



Two dewnscaling methods are commonly used dynamical and statistical downscaling,
Dynamical downscaling methods include: the use of a limited e, high-resolution Resiomil
Climate Model (RCM) nested within and driven by time-dependent lateral snd lower botnudes
conditions from 4 GCM: the use of a global model with variable spatial resolution {a stretched - erid
etmospheric GCM): ot the use of a high-resolution atmospheric GCM in (ime-slice cxperinents
Criven by Atmospheric-Ocean GCM forcing factors and surface baundary conditions. There e twa
lypes of RCM based downscaling depending on whether the RCM results feedback to the Jiiver
GOM {two-way nesting) or nol (ane-way nesting). Statistical downsculing invoelves the derivation.
validation and application of a slatistical mode] {usually bascd on regression analysis) that welates
lacal / regional—scale climate variables to global-scale predictors. PIER is using both numerical and

statistical dewnscaling techniques bul only one-way nesting of numerical regional climate madels

vitl] be pursued,

4.1.2 Theoretical Basis

GCMs simulate the law ol motion, based on conservation of mass and CHOCEEY. 1N guest 10
estimate potential changes in climate given cxternal jorcing factors such as the inccased
ammospheric concentration of green — house gases. Tlowever, these models require the use ol several
simplifying assumptions due to lack of scientific knowledge or lack of computer resources o solve
all physical process at all the spatial and temporal scales. Numerical RAMSs or limited arca models
also numerically solve the equations of motion (conservation of mass and energy) and are in some
tespect very siumilar to the global models, Several numerical cxperiments have conlinmed that the use

of RCM madels driven by (he output uf global models can adequately repraduce the main featines ol

regional climate. -

4.1.3 Numerical Basis

The global and regional dynamic models solve the basic cquations ol motion; conservation of
raass and encrgy, using numerical integration schemes. This is done for a three dinensiong| mwsh of
grid ponts at different horizomal and vertical resolutions. Some featues {c.g. cloud Tormativay aie
parameterized (simple semi empirical mathematical representation of certain provesses) o be ahie 1o

obtaim numerical solutions with existing conipuier resources.
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Statistical downscaling consists of the devetopment of mathematical relationships or
correlations between large scale features of climate {e.g. geo potential heighls) estimated by
Lumerical GCMs and climate conditions at given grid points in the region of study. An example of

tais technique is the canonical correlation method being enhanced by PIER rescarchers at Seripps.

¢.1.4 Inpul and Qutpuat

The inputs needed for the global circulation models are the boundary conditions for the
atimpsphere and the occans. Initial conditions Lo start the simulations and a description of how
unportant features would change with time (c. g, atmospheric carbon dioaide concentrations). The
regional climate madels require the same type of information but only for the specific region being
modeled. In addition. the regional modcels require the use of outputs from the clobal medels o the

boundarics of the modeling domain.

The outputs from the global and regional models are the estimated changes of wmperature,
precipitation and other metearological variables,
The model does a good job simulating historic - day events considering (he differences in

sample sizes. The average 1- day high is 1.3 em in the model than in the observations,

4.2 Data and Methodology

The basic data sets required for preparing the synoptic miaps and the initizl and  lateral
boundary conditions for running the limited ares model in the present study are drawn fiom
the Curopean Cenire for Medium-Range Weather Forecasts{ ECMWT) Reatalysis (era-40) data
downloaded from their [tp site. The ERA data sels in GRIB coded form are available on a coarse
ravolution of 2.5" x 2.57 lat / long . prid on constant pressure surfaces. The data downloaded  are
taose of the five basic flow variables; peopotential (gz), temperature (T), u & v components of
vind and relative humidity ( RH) on 15 isobaric levels. The lateral boundary conditions in this
study are caleulated from the 6 hourly analyzed ficlds, the so called perfect boundary conditions.
The input fields for the modcl are the five basic Mow variables 2. 1. u. v. R11 & the lixed ficlds of
crography (lerrain). the sea surface temperature (SSTY and the albedo. The highest point in the
crography field carries a value of aboul 5400 meters in the Himalayan region, The SST are (he

monthly climatology and albedo are available for June and December. which arc appropiiately

4

selected in the moded run.
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The observed daily rainfail data of abuut 33 rainfall stations of Bangladesh were obtuined
from the Bangladesh Meteorological Department (BMD). The data were subjected w0 a visul
inspection and message, before being used in the comiputations, to deal with the erroncous and
missing entries. and each station’s filc was reconstructed. For the purpose of this study we have
construeled the country average rainfall on day to day basis. The daily country average rainfall was
used as the basic clement for constructing the long period uvln:rﬂgc.«'. ol the monthly and seasonal
rainfall. The above method of compuling the cumulative monthly and seasonal country averape
rainfall using the daily country average rainfall as the basic element was considered superior
&5 1t obviates the need for artificial interpolations o il the missing  rainlall entries  when
individual station data arc taken as the working elements. Such missing ¢ntrics were substantially
lurge in aumber in some cases and the interpolation procedures using geaphical methods and ¢
of substitution by long peried averages. which are normally resorted to have their  own

bmitations,

The intensity and amount of 1ainfalls in Bangladesh depends on period and. About 2%. 201%.
61% & 16% of the annual rainfall {2200mm) in Bangladesh oceurs during winter (1JF). Pre-
monsgon (MAM), monscon (JJAS) and Post-mansoon (ON) periods respectively (Islam and {lveda,
2005). North-gastern and south-castern parts of the country arc heavy rainfall regions compared 10
western pars of the couniry (Islam e al., 2003), This technigue consists of using outpui from GCM
sirwlations to provide initial and driving lateral meteorological boundary conditions for high-
resolution Regional Climate Model (RegCM) simulations. with wo feedback from the RepCM 10 the
driving GCM.

General citculation models (GCMs) used to simulate weather and climale do not operile at
fine enough grid resolutions to resolve many abscrved regional weather and climale teatures. To
simulate these meteorological features. regional or limited—arca atmospheric models have been used.
These models are run at higher resofution than the GCMs and are thus able to better represent
mesoscale  dynamics  and  thermodynamics. meluding  processes  resulting  from finer -seale
topographic and land—surface {eatures, Typically the regional atmospheric model is run while
reeeiving lateral bdtmdary—cnndiﬁon inputs from a relatively—coarse resolution atmospheric analyuis
made] or from the output of a GCM. The mode] simulations performed as part of the Project o
lntercompare Regional Climate Simulations (PUERCS) (Takle o al., 1999 arc

an example of these
kinds of simulations. |
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Typically, full-year regional climate model integrations have been validated apainst moanthl
rcan temperature and precipitation observations (e.g. Giorgi et al.. 1993, Marinuect of al.. 1995,
tuch studies have been able 1o demonstraie the model’s ability w simulate the seasonal vveles
essociated with the particular demain of interest. Recause of the non—linear intcra-.:linn'g between the
lnd surface and atmosphere. a realistic elimate madel must also be able w simulate the divmnt and
eynoplic cycles that average (o make up the observed monthly climatologics. Mearns ¢t al. (1995),
far example, has compared regional climate model outputs with daily observations. As a speeiiic
illustrative example of why comparison with daily observations is important, consider an observed
monthly precipitation total of 30 mm of water; the behavior of (he land-atmosphere sysiem 15
expected Lo be guite sensittve 1o whether this precipitation Gills as a one day. 30 mm precipitation
event. or if it falls for 30 days at | mm per day. Consequenily. efforts (o validute (he performance of
regional climate models should include an assessment of the model's ahility o simulate general
atmospherie variables at a range of temporal scales. Speeificatly. a regional climute model shonld be
able 10 reasonably simufate diurnal. synoptic. and scasonal cycles. An additonal measure of o
regional climate model’s performance is its compeience in simulating interannual  vachilis:
sonething that is not addiessed in this paper. The analysis presented bere in assesses o restO bl
climate maodel’s performance on diurnal, synoptic and seasonal time scales,

To perform full-year (o multi-year regional atmospheric mode integrations, a ¢limaie
version of RAMS (ChimRAMS) has been developed. It contains additional {eatures requited o
satisfy both computational constrainis and time—evolving boundary conditions and land—srlace
leatures like vegetation parameters and scasonal snow cover, The made! is used 0 perform histerical
s.mulations where atmospheric analysis data are available w deiine the lateral boundary —condition
forcing. The model could also be configured 1o use GCM outpuls for the Jateral boundary conditions,
£ mecessary {although not sufficient) condition for using GCM outpuls as lateral boundary
conditions. is that realistic regional elimaw model simulations should result when the analysas Literal
boundary conditions are used.

A cument deficiency  in omost regional  and  global  elimate model  land-surface
parameierizations is that they use only simple climatological approachics, based on time of vear, to
dfine the model vegetation parameters. The climatologieal approuch is incapuble of realistically
respunding. {o deviations from climatology, such as wetler and deier than QVCTURE SCANINS. O 10

chunges in climate. In addition. climRAMS has been used 1o deselop sub-grid seale snow-
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distribution representations for application in regional and global climate models (Liston o1 al
1999) . Both of these research efforts require an aimospheric moded capable of performing realistic

giumal, synoptic and seasonal cycles.

4.2.1 Convective Precipitation Schemes
Mean Square Error (MSL) is 4 common measure used 10 assess the accuracy of a forecast

systemn. In our application MSL is defined as

m n .
MaE=I/mn 2 3 (e —ylhd {1)

Where p{i.j) is ihe forecast value and y{i.j) is the chserved value at a prid paint
(1.)) within the domain , with n & m (he tota! number of grid points within the domain in
each direction ¢ & y arc forecast and observed cumulative precipitation  tespectively. The

above equation can be decomposed as (Murphy 1988):
MSE= (g - ¥+ 852 +8y*- 2rgy Se Sy oo ()

Where the bar refers to the average value over the arca;

Sg Sy denote the spatial standard deviation of the forccast and observed  variables
respectively; and Cyy is the spatial correlation between forecast & observation

We rewrite eqn (2) by adding & subtracting 2 Sg Sy 1o cbtain
MSE=(g-¥F +{Sg- Sy + 201 —rgy) Sp 8y oo 3)

The comparison between the model outputs and observations are perlormed v ferms
of two siatistical measurcs, bias and rool-mean square enor (rmse). Renoting M {j & Ui,

model outputs and observation ( reality ) at the point at space and time characterized by two

itulices, [ & | and defining the model error as their difference,

dij=m ig-rij . We can definc the bias as
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Bias i =dj =1r’£d 0

and root- mean square error as r'sme j =+ (0™ ¥ d 2§ -d? )

Il t indexes lime & j indexes space. we obtain a spatin] distribution of crrom. whicli can
be mapped if the indexes are interchanged. Le., i indexes spaces & ] indexes time, a teniporal

cvolution of errors 1s described.

4.2.2 Analysis Mcthods

Bangladesh and SAARC'a wide latitudinal range and conlaing a varicty of microelimate-.
,Due 1o this diversity of microclimates, we perform our analysis on the hydrologic basin scale. as
defined by the Bangladesh Department of Water Resources (1998 The methods for analvais of
changes in extreme events are similur (o those of Salinger and Grfiiths (2001). Annual et emie

cvents are defined based on the Smand 95* percentiles of the 12CO2 resulis.

4.2.3 Results

The ficlds discussed are surface temperature, precipitation. and specilic humidity . and
teridional and zonal winds at 850 hP’a. We provide statistics for (he wlal felds. as well as for the
corresponding large/small-scale components, delined by removing wave numbers fargerfsmaller than
the cut oft wave number. The annual average Precipitation and anoual AVETAge MinInunm e andd

n:aximum temperature diagrams over South Asiz are shown hellow:
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Fig. 4.2.5(1): Annual Average precipitation over South Asia (mnih,

L 45 .



5

unugy (D) 3YUN1Y-H3IgdWIL

o
o

i
I
-
LY ]

uesw ] ‘xeiu] { Do ) JunoivyIdww3alL

1981 1986 1991 1995 2004

1951 1936 1961 1966 1971 1976

YEAR
Fig. 4.2.5(i): Annueal average min,, max. and mean temperature over South Asia

- 46 -

o



ir. Tenmperature

We define three types of extreme temperature events and examine clianpes between the
VFCO2and 2*C Oz scenarios. 1) The first type of extieme event is based un the 95w and Smpercontiles
of daily maximum and minimum temperatures, respectively.

These pereentiles cotrespond o the 18 hottest maxinmum and coldest minimum temperatures
in a year (based on the number of events per year multiplied by the pereentile). For all 15 seirs of
the 1xCOz2 simulation the annual 5w percenlile events were averaged together o create a Tong-term
cxtreme cold index value, likewise {or the aunual 95m percentile events, These long-term indiees are
used for the evaluation of changes in extreme events, 2) The second type of extreme event exanined
is hased on specific temperature thresholds. We examine the frequeney of events below 0°C and
above 32.2°C. 3) The third iype of extreme evenl is a prolonged extreme event, These are crvents
where the maximum {or minimum) tempersture exceeds the long-term 95m (or S0 pereentile for
SCVEN OF More conscculive days. Indices of temperature examined are:

Changes in mean daily temperature maximum, minimum. and range: T, o Lomge, rospeetively,

The frequency of days with maximum {minimum) temperaiures above (befow) the Y5m {5m)
percentile: Tos (Fass. (Extreme event of type b described above). The frequency of duys with
temperatures above (below) 32.2°C (0°C): Tx (Fw)  (lixtreme event of 1vpe 2 described
above].Changes in prolonged extremc cvents. including frequency, mean leagth and mean
temperature of prolonged hot and cold exireme events, (Extreme event of Type 3 described above).

. Changes in the beginning and length ol the annual growing scason (bused on the Frast-free period),

b, Temperatire

In pencral the 2xCOy scenario is hotter than the 1xCO; seenario. For crery basin the meim
daly maximum and minimum temperatures are peeater in the 2xC0s scenario than in the AN
suenario, with differences statistically significant at (the 95% confidence level (5% sipntlicanes
ievel). White the increases in both maximum and minimom are similar, the increase in daily
maximum is greater. for 9 of 10 basins, than the increase in daily minimum, This leads 1o an
increased mean TR in these regions. Although the chanpe in DTR s relatively small, it is still
signilicant in 7 of 10 basins. Our results indicate an increase in eatremely hot days (195). dinvs
E}Iu:-::cding 32.2°C.and in prolonged hat spells. Not oaly are there more prolonged hot events in the

2xCOy seenario. but these events are longer and hotter on average than the prolonged evemts in the
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IxCO; scenario. While the maximum temperatures are rising in the 22C0; scenario. 50 are (he
minimun temperatures. resulting in a deercase in days below the 5th percentile (T05) and in diys
below 0°C.. Due 1o the decrease in days with temperatures less than 0°C the frost-free period boypins,
on average, 25 days earlier in the 2xCO; scenario and is on average 38 days longer. In our 2xC0;
scenario we also find that prolonged cold events occur less ofien and are shorter and warmer on

average than in the 1xC0s seenanio.
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Chapter -05

Results and Discussions

5.1.0 Geographical Situation of Bangladesh

Bangladesh lies between 87.5°E w0 92.5°F longitudes and between 20.5°N 1o 26.9°N
fatitude. 1t is surrounded on the west. north and east by Indian territories, To the south lies the 3y of
Dengal. The area of Bangladesh is 1.44.000 square kilomelters or 55.600 square miles. 1 js divided
into six divisions and 64 districts, It has & population of about 144 million. In point of e st of
population, it is the tenth largest state in the world. The physical leatures of Bangladesh are mainly a
plain land criss-crossed by a network of rivers and canals. In the castern and south-castern TULIONS
these are onty a few hilly tracts. Places like Paharpur, Mahasthangarh and Mainamati and numerous
hvitorical monuments and relies give evidence o our glorious past. rich culture and hgh civilization,

Bangladesh is often called a land of natural calamities. Flood. eyclone. storm. and heavy
downpour and drought often visit the country. People here work and live ghting against recurring
natural calamities. Bangladesh ties in the tropical repion and its land is low. Almost CVRTY VEar
cyclone or storm hits the land in summer or in the late autwmn, Torrential rains and rush of water
from the upper north bring about Nood almost every veur, On ne other country of the world has
Natural bestowed so much beauty as on Bangladesh. Its beautics consist in bounty and variety. The
trapical climate brings for its abundance of sunshine. on the anc hand. and copiousness ol clowd and
rain, on the other hand.

The country is bounded in the west by west Bengal (Indin): west Bengal., Assam
Meghalaya (hilly area of Khashi and Joyonti hills) in the North: to the east by Tripura and Nssam
(killy states of India) together with Myanmar, and South by the Bay of Dengal. The Himalayas
demarcated the northern border of the Bengal basin while Shilong plateau and Topura hills detine
the northeastern and castern boundaries., respectively and Chhotanagar plateau delineate western
boundary. Bangladesh is a revering country within mi ghty drainage systems (Ganges, Drahmaputra
and Meghna) alony wilh its innumerable wributarics which originates 10 the Himalayas Mouniains is
largely responsible for the hydro-meteorological cycles of the whole Indian subcontinent inchuding
Bangladesh. It has a small border with Myanmar in the southeaster side.

The country is frequently hit by the tropical cyelones. which affect the coustal 7one by starm

surgges and wind actions. Salinity intrusion is a major problem in the coasial zone during the drv
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season. loods lrequeney oceurs in Bangladesh due to heavy monscon rainfall in the country and
also in the upper catchiments of GBM outside the country. Nearly 22% of the arca of Bangladesh
gets flonded in u normal monsoon year. The foods like those of 1988, 1998 and 2004 occur onee in
10-years, which are highly destructive to live and properiies. In Bangladesh, 33 stations are sct up by

BMD to observe the weather and climatic conditions of our country, Among these stations, 26 arc
used in this rescarch work.
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Fig. 5.1.0: Location of BMI) stations in Bangladesh.
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5.1.1 Rainfall Validation

Analyses of the differences between model results and observations sugpest that the
teniperature and precipitation fields are acceptable representabions ol the region™s spatial ond
temporal climatology. These research efforts require an atmospheric model of the year 1982-87 tha
cupable the represemations of diurnal. synoptic and seasonal cycles.

Itis turned oul from the analysis ol synoplic situations in respeet of the selected hcavy
rzinfall events in the two outstanding excess monscon rainfall years 1987 and 1998 that the
(3 pical synoptic setting for heavy rainfall in Bangladesh is the positioning of the axis of seasonal
monsoan trough in a northerly latitude passing acress the country's territory. The shifting ol the
i onsoon trough northward usually takes place in the wake of a monsoon depression or a low
pessure arca from the Bay of Bengal moving across central and northern parts of Idia. 1t
another casc. in August 1998, the surface monsoon trough located in the same position as in
1987 over north Bangladesh, ihe upper air flow pattern was {ypical of a strong mouscon
situation viz, the monsoon trough extending upto the middle troposphere levels sloping southward
with height. and the subtropical ridge in the upper lroposphere located in its normal  position in
a northerly latitude. 1998 was a pood monsoon year in India as well as Banygladesh, It developed
into a land depression after reaching Bangladesh possibly aided by increased moisture supply from
(he Bay of Bengal. The depression produced heavy rainfall in south Bangladesh. paricularly m the
coastal hill areas. Thus it appears that a prolonged residence of the axis of the monsoon trough in
northerly latilude across north Bangladesh is the primary lactor leading to persistent heavy ramlall in
the country.

Bangladesh is siluated in the most active zone of southwest monsoon. Mast ol tie
precipitation (63%) occurs in the mensoon scason (June-September). Pre-monsoon neceives aboul
20f%. Post-monsoon receives 13% and winter receives 2% of (the annual rainfall, The winter of
Baagladesh is almost dry and cool. lleavy rainfall is a characioistic of Bangladesh, With the
> ception of the relatively dry western region of Rajshahi, where the annual rainfall is aboul 1600
n:m. most parts of the country receive at least 2000 mim of rainfall per yvear. Because of its localion
julst notth of the foothills of the Himalayas, where monseon winds tuen west and nosthwes. 1

region of Sylhet in northeasiern Dangladesh receives the grealest aveiage precipitation is about 4800

T per year,
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5.1.2 Monthly (Mar-Nov) rainfall variation over Bangladesh for observed and RepCM modecl
From Fig. 5.1.2(a). it is seen that the spatial distribution of rainfall for the month of August
i 1982, the highest rainfali in Dangladesh and the second highest rnlall in July 1982 and thie lowest
rainfall at November te March in Bangladesh [or the observed data The model data for the ~ame
month shows the highest raintail bar in August and second highest rainfall bar in July and poor
reinfall shows from November to March in Bangladesh. Similarly. it can be seen that the spatial
distribution of rainfall for the month of Junc in 1982, The highest wainfall shows RepCM mode
gadually decrcasing for the observed data is shown in Fig, 5.1.2(a). The model dala shaws the
second highest rainfall in July 1982 ond less rainfall shows in March & Nowvember Tor the whole
yzar of Bangladesh. In 1982 the observed rainfall in the month of May. Getober and November is
micasured less amount by BMID> compared to RegCM model. whereas almost similar in the month of

August and April,

From Fig. 5.1.2(b). it is scen thal the highest amount of rainfall about 600 mm in the onth
ol August is recorded by BMI} which is overestimated about 30% compared (o RegCM model. 1 he
net does net capable te detect precipitation in the month of November and December” 1983, Almost
same amount of model precipitation is shown in May, June and August which is almost cqual
compared to observed data. The huge amount of rainfall is coliccled by BMD in August fin the
entire year, Bul RegCM model data overestimates in May, June and November compared w
obscrved data. The spatial distribulion of rainfall is almost similar in March, May, and July in 1983,
I he precipitation gradually [I'ltl';::ISE from May to August and decrcase wowards November. As (he

precipitation can not be capable to detect in December to February by model and even observed

reparesentatioms,
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Fig. 5.1.2 (a): Monthly average rainfall for observed and RegCM model.
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Fig.5.1.2 (b): Monthly average rainfall for observed and RegCM model.

From Fig, 5.1.2 (¢}, it is clearly measured the amount of model precipitation in the month of
May is about (800-900) mm that is overestimaled compared to BMD collection and monthly counted
amount explicitly uncxpected. The medel overeslimates approximately 50% than that of observed
rainfall. In November to March BMD can not be capable to detect rainfall whereas net data remain
visible something. The observed precipilation gradually decrease from Jung to November in 1984

where model is underestimaled compared to observed precipitation, The observed rainfall abruptly
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charged from March to June whereas the modal breaks its sequence in May to August so average

annual rainfall can be considered as 400-450 mm that approximately coincide with RegCM model.

From Fig. 5.1.2(d} it can be analyzed the heavy rainfall period and approximately dry period.
In ttis case, BMD collection gradually increase from Match-July and decrease July to November in
198%:. The highest rinfall is measured in June & July about 400mm that are approximately 70%
rain’all of the total annual where model over cstimates compared to observed rainfall. The model is
alwe ys capable to detect precipitation throughout the entire year whercas the observed remain absent
in ssme months as November. In the month of April, BMD record is 30% lesser compared {o
Reg’M model and even in November 1985. The natural balance depends on the climatic condition
and air flow pattern of a couniry. When torrential rains perform from June to September, the annual

average rainfall siored that can be counted (1200-1 500} mm abont 70% of the total annual rainfall.
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Fig. 5.1.2 (¢): Monthly average ratnfall for observed and RegCM model.
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Fig. 5.1.2 (d): Monthly average rainfall for observed and RegCM model.

From Fig 5.1.2(¢} it is easy to compare the model and observed rainfall variation in bar chat.
In Inly and September of 1986, the huge amount of rainfall can be capable to measure by BMD
whereas at the same period RegCM model can not be capable to detect such amount. So RegCM
model remain underestimated position of about 45% of BMD collection. The pericd of June model
overestimate about 30% compared to observed precipitation. As the variation happened between the
two cbservations. So analysis must be difference between model and observed results, [n March
1986, a few amount of rainfall is measured whereas at the same period model shows about 30%
more precipilation from April to July rainfall pradually increase and then abruptly decrease till
November 1986,

In Fig. 5.12(f) monthly observed precipitation is almost negligible from March to June 1987,
whereas the model can be capable to show the expected results of net data. Only in July and Augnst
1987, the huge amount of rainfall measured by BMD which is about 25% heavier than model. So
model underestimates compared to observed data. In October and Noveinber 1987, the net data and
observed data are very few. So maximum amount of rainfall can be ablc to record (600-700) mm by
BMI) observation and less amount (0-100) mm is measured during March, October and November.
Month of July expericnce the highest rainfall and second bighest rainfall is observed in August in
Bangladesh for the year 1987 for observed rainfall. For mode! data, month of July experience Lhe

highest rainfall and the sccond highest rainfall a June is observed in Bangladesh for the same year.
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Fig. 5.1.2 (F: Monthly average rainfall for observed and RegCM model.

In Fig. 5.}2(g), June is the highest rainfall month and the second highest rainfall month is
May for model whereas June, July and August in Bangladesh for (he year of 1988 for observed
rainizll. For model data, month of June is the highest rainfall month and the secend highest rainfall
month is May that over estimates compared to BMD for the same year. The maximwn amount of
rainfall (700-800) mm 15 measured by BMD in the month of June 1988 which is about 30% of the
tota’ annual precipitation, Whereas RegCM model overestimates compared to BMD output. In the
morth of September, mode! can detect a foew amounts of precipiiation which underestimates

compared to observed rainfall. In the year 1988, the (otal annual average rainfall for the both sysiems
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remains approximately equal. The average height of precipitation for the both cases is about {300-
3507 mm,

In Fig. 5.1.2(h) month of July is ihe highest rainfall and the second highest rainfali is
observed in June and September in Bangladesh for the ycar 1989 for observed rainfall. For the
mocel dala, June is the highest rainfall month and the second highest rainfall month is July in
Ban zladesh [or the same year. The maximum amount of rainfall about 450 mm is measured by
BM?Y in the month of July where RegCM model underestimates compared to observed ouiput
whereas BMD can not be capable to detect the expected amount of rainfall in the month of March
and NovemberI989, at the same period, RegCM model shows sulficient amount of precipitation.
The lotal average rainfall for the whole year is about 350-400 mm. In the month of J uly about 70%
of the total annual rainfall is counted and about 1% of the total annual rainfall is measured in the

months of March and November for the same period.
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Fig.5.1.2 (g): Monthly average minfall for observed and RepCM model.
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Fig. 5.1.2 (h): Monthly average rainfall for observed and RegCM model,

5.1.3 Beasonal rainfall variation over Bangladesh for observed and RegCM model

The yearly data of monsoon season have been used in this study for eight years, The spatial
distrbution of rainfall for the month of June to September shows the highest rainfall period in bar
diagram in Bangladesh and second highest rainfall period in the pre-monsoon of Bangladesh is
eslimated,

In Fig. 5.1.3(a}, the amount of monsoon rainfall in bar diagram about 1700 mm for obscrved
data which under estimates compared {o obscrved daia in the year 1982 whereas in the period of
Post-monsoon that is very few about 100 mm for observed collection which is overestimated by the
Reg’M model. The Post-monscon was observed about dry in that year whereas the model would be
able to delect somcthing at the same period. But the rainfall in the pre-monsoon season shows the
marginal level of precipilation for both cases, Therefore, the total annual average estimation showed
peor performance for the year 1982,

The schematic diagram for the ycar 1983 is shown in Fig. 5.1.3(b), the monscon rainfall
about (1700-1800) mm for observed data is higher than the RegCM model data which is
approximately 70% of the total annual rainfall of the country. The overall performance in three
seasons for observed data is betler than RegCM model data in the same year. This lime is very useful

for understanding the major periodicity associated with the Pre-monsoon, Monsoon and Post-
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mor soon seasons. In three seasons imodel underestimates compared to BMD collections. So this year

gave: the better performance of the model to Lhe peoples™ Republic of Bangiadesh.
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Fig. 3.1.3 {a). Seasonal Varjation of Rainfall (mm) for ebserved and RegCM model.
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Fig. 5.1.3 (b): Seasonal Variation of Rainfall {mm) for observed and RegCM model.

In Fig. 5.1.3(c) it can be seen that Post-monseon of obscrved collection in Bangladesh is

somewhat betler where model dala under estimates compared to BMD collection for (he year 1984,

The monscon rainfall for observed data about 2000 mm is higher than RegCM model data which is

approximaiely 75% of the total annual rainfall of the country for the same year whereas in the Pre-
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morsoon season, the model overestimates the observed data by approximately 60%. The annual
average rainfall for the year 1984 is about {(400-450) mm which is lcss good Lhan the previous year.
The seasonal variation of rainfall over Bangladesh is determined by observed data and
RegCM model data for the ycar 1985 is shown in Fig. 5.1.3(d), the highest amonnt of minfall about
(1800-1830) mm for model data is measured which overestimates compared to the observed data. [n
this year, RegCM model also shows (he betier performance compared 1o BMD collection in TPre-
monscon and Post-monsoon seasons. In Post-monsoon, BMD colleetion is very negligible which is

about (70-100} mm of rainfall that can be considered almost dry season.

ear 1984
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Fig. 5.1.3 (c): Seasonal Variation of Rainfall (mm) for observed and RegCM model.
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Fig. 5.1.3 {d); Seasonal Variation of Rainfall (mm) for observed and RegCM model,
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In Fig: 5.1.3(c), the highest rainfall about 1700 mm rainfall which is almost 60% of the toal
anmzl rainfall of the country is observed by BMD in the year 1986 where RegCM model
underestimales compared to observed data. The same manner is also scen in Post-monsoon by BMD
which is about 406 mm of precipitation. Only in Pre-monsocn, the model overestimates compared to
observed data, This year, 1986 is better for agricultural activitics than previous year. The observed
collection shows 30% beller performance compared to RegCM model in case of Monsoon and Post-
MON3con,

The schematic diagram is shown in Fig, 5.1.3(0) for the year 1987, the highest rainfall about
1820 mm is recorded by BMD where RegCM model underestimates compared to observed data in
Monsoon season, The model detection is very poor in Post-monscon that underestimates compared
to coserved data, this season ¢an be considered almost dry. In Pre-monsoon, model prerformance is
30% better than BMD collection. The observed record is about (400-420) mm rainfull in Pre-

monsoon where RegCM model averestimates compared to BMD collection.

Year 1986

1800 ]
1600
1400
1200 -
1000 -
800 4
600 -
400 -
200

Obsened
® Model

Raintan in mm

FPre-mon Monsoon Post-mon

Fig. 5.1.3{e): Seasonal Variation of Rainfall (mm) for observed and RegCM model.
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Fig. 5.1.3(f): Seasonal Variation of Rainlall (mm) for observed and RegCM model,

In Fig.5.1.3(g), the observed data collection is about (1800-1850) mm of rainfall which is
almost 70% of the total annual rainfall in the ycar 1988 that is approximately 25% better than
Reg’M model, In case of Pre-monsoon and Posi-monscon, the model shows belter perlormance
comyared to BMD. The overali results for the year 1988 gives better performance in agricultural
scolors compared to previous year, As the economic and socio-economic conditions depend on the
MON00N SCASON, $0 this year can be considered better welfare to Lhe people.

In Fig. 5.1.3(h), the highest amonnt of rainfall about (1400-1500) mm is observed by BMD
where RegCM model underestimates compared to observed data for the year 1989, In this season,
almost 63% of the total annual rainfall is measured by BMD whereas in Pre-monsoon and Post-
monsoon scasens, BMD collection is poor compared to RegCM model. The performance of this year
is better compared to the previous year, The socio-economnic condition of the Pecples” Republic of
Bangladesh was remaining well in that year, Some natural calamities snch as flood cccurred during
monsoon season which devasiate cur crops and other products in the ficids and forests. As aus crop

mainly in this scason, the yield loss occurs by heavy mansoon rainfall in this season.
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Fig. 5.1.3(g): Scasonal Variation of Rainfall (mm) for observed and RepCM model.

Year 1989

16800
1400 -

Rainfal in mm

10?25:?

Post-mon

Fig. 5.1.3¢h): Seasonal Variation of Rainfall (mm) for observed and RegCM model..

3.1.4 Yearly Station-wise rainfall variation over Bangladesh for observed and HegCM model
The highest rainfall is observed in Sylhet which is about 45% overestimated than RegCM
model. The similarities are seen at Cox’sbazar, Madaripur, Patuakhali and Sandwip for the whole
year 1982 where model data underestimates in difTerently, In Rajshahi net data is approximatcly
50% lesser than BMD annual collection. The overestimated annual model precipilation is detected in
Bogra, Ishurdi, Jessore and Satkhira that are approximately similar to Rajshahi. In 1982, the annual
average rainfall of (400-430) mm ja Sylhct about 70% of the 1olal annual rainfall of Sylhel Division.
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Fig. 5.1.4(a): Slation-wise rainfall variation for observed and RegCM model.

The schematic diagram is shown in Fig. 5.1.4(b) for the year 1983, the highest rainfall is
observed in Sylhet is about 430 mm of rainfall which is approximately 60% cof the total annual
rainsall of Sylhet and Chitlagong Divisions. The second highest rainfall are observed at Chitiagong,
Cox’s Bazar, Madaripur, Pataskala and Silakunda at the samc year that are all overcstimated by
RegCM model separately. The model and observed data are found sufficiently [or the whole year
198% at each station in Bangladesh. The annual average collection by BMD is about (200-220) mm
of rainfall whereas the RegCM model capable to show nearly the same amount as observed

accumulation. This year was the faverable period for cultivation crops to the cultivators,
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Fig. 5.1.4(b}: Station-wise rainfall variation for observed and RepCM model,
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The following features are obtained for observed and model rainfall in 1984 at different
stations Fig. 5.1.1(c). The highest amount of RegCM model is seen at Sitakunda which is about 30%
more overeslimaied than BMD collection, whercas the lowest amount of BDM collection is
observed at Irshurdi. In the same year the annual average rainfall of (400-450) mm is about 60% of
the .otal annual rainfall of Sylhet Division. In most of the stations, the model overestimated the
obscrved rainfall, whercas in Chittangong, Cox’s Bazar, Faridpur, and Sylhet are alinost same
amount of mode] and observed rainfall arc compared. A few amount of rainfall is detected by BMD

in some stations as Ishurdi, Rajshahi and Khepupara during the whole year.
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Fig. 5.1.4(c): Station-wise rainfall variation for observed and RegCM model.

The schematic diagram is shown in Fig. 5.1.4(d) for the ycar 1985, the highest rainfall about
480 mim is measured by BMD at Sylhet for observed data which is about 20% of the total annua]
rainfall of Sythet Division. In this year the model can be able to detect good performance in almost
each slalion that overestimales the obscrved minfall. Analyses of the diflerences between model
results and observed supgestions we get Lhe precipitation fields are more acceptable the RapCM
model compared to observed data. The Jowest rainfalls a1 Cox’s Bazar, {shurdi, Khulna and Rajshahi
whuch are about {100-150) mun [or BMD collection where RegCM model data overestimates

compared to BMD collection.
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Fig. 5.1.4(d): Station-wise rainfall variation for observed and RegCM model.

The station-wise rainfall in the year 1986 is observed by BMD is fewer amounls at the
slations as Ishurdi and Rajshahi compared 1o RegCM model. In fig: 5.1.1(e) Stimongal and Dhaka
the highest amount of precipitation is detceted by net data which is almost 35% overcstimated more
than BDM collcetion, The total annual precipitation recorded by net is about (300-350) mm (hat are
approximately 40% of the total annual rainfall of the country. The station wise TESPONSE gIVES an
idea that the minimum rainfall is the north-west region of Bangladesh and maximum rainfall is the
north-east region of the couniry. The average annual rainfall is considered for the whole year 150
mm. The stability condition does not atlain between model and obscrved precipitation for long
period in 1986, In coastal region net data is less detected and it is about 30% less than BDM

collection. Only the hilly arcas are substantially heavy rainfall region detected by model.
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Fig. 5.1.4(e): Station-wise rainfall variation for observed and RegCM model,

The variation of yearly station-wise rainfall over Bangladesh for the year 1987 is shown in
Fig. 5.1.4(1), the highest reinfall about 35¢ mm is at Cox’s bazar and Sylhet by BDMD collection
which is about 40% of the total annual rainfall of Sylhet Division whercas the highest rainfall about
380 mm is found at Srimongal by RegCM model, The lowest rainfall about 100 mm at Rajshahi and
Ishurdi arc found by BMD where nct data overestimates compared to observed data.The
performance of net data collection is always proceeding ahead compared observed data. The annual

average rainfall collection by BMD is about (100-150) mm for the wholc year,
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Fig.5.1.4 (f): Station-wisc rainfall vanation for observed and RegCM model,
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The station-wise annual average rainfall variation over Bangladesh for the year 1988 is
shown in Fig. 5.1.4(g), the highest rainfall about 420 mm is obscrved at Sylhet which is
approximalely 60% of the total annual rainfall of Sylhet Division where the net daia underestimates
corpare to BMIY collection. The lowest rainfall collection by BMD is about (70-100} mm at
Rajshahi where RegCM mode] overestimales compared to BMD collection. The annual average
rainfall for the whele year is about (200-230) mm for obscrved data whereas (he avecrage
perlormance of RegCM mode] data is sufficiently beticr for the year 1988, The results show that the
variability patterns are not uniform at station —to-station which is duc to the cause of heterogeneous
orographic characteristics of Bangladesh; as north-cast region is the hilly, west region is the plain

land and south region is the coastal alluvial in Bangladesh.
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Fig. 5.1.4(g): Station-wisc rainfall variation for observed and RegCM modetl.

It can be analyzed the difference between model result and observation in the year 1989 that
supgests the precipitation is more detected by BMD at Sylhet about {450-500)mem rainfa!l arnually
recorded that are about 60% of the total rainfall of Sylhct Division, In fig. 5.1.1(h) the less amount
rainfall are detected by BMD at Rajshahi, Sathkhira, Maijdi-court, Jessore and Begra compared to
RegCM model. The exactly same amount of precipitation has been found by BML} at Sandwip,
Madaripur, Hatiya and Chittagong that are more than RegCM model output. The annual record
amount by BMD is about 30% more compared 1o RegCM model precipitation. Generally simple
precipitation has been obscrved in plain region and heavy precipitation region in hilly arca detected

by BMD, whereas model can not detected more precipitation in hilly area. The tolal precipitations
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gradually decrease towards the coastal region compared to plain atea in case of BMD. The model
appieciably shows the similer precipitation for the whole year and is about 10% more than BMD
collection in case of annual tolal rainfall. The model has been able to simulaie thesc spatial

distribuiions in both cases at landmass and coastal regions.
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Fig. 5.1.4(h): Station-wise rainfal! varialion for observed and RegCM model.

3.1.3 Year-to-year rainfall vartation iso-line at contour map in Bangladesh for observed and
RepCM model
There are six seasons mainly follows in Bangladesh depending on the climatic conditions.

Among these six scasons monsoon is the vital scason that govemns mainly on the country, as the
period which brings forth torrential rains (1700-1800) mm average rainfall of the country in this
seasons. This menscon season mainly govems the life-style and socio-economie conditions of the
people of Bangladesh. Variations of season give the evidence of climate variability over the whole
country. Seasonal variation of rainfall is the most distinguishing feature of densely populated region
of Bengladesh. Year-to-ycar variation of season occasionally leads to extreme hydrological events
(i.e. large scale droughts and floods) over major paris of the country; Lhese results are scrious
reduction in agricultural sector that affects greatly to the national econemic conditions.

As the monsoon season starls from the first week of June every year, the onset of the monsoon takes
place with the northward movement of the Inter Tropical Convergence Zone (ITCZ) due to the
development of the large scale norih-south thermal gradient between landmass of south Asia and the

Indian Ocean. During monsoon seasons, the torrential heavy rainfall conditions for about three or

-69 -



more days (Quardir et al.. 2005) hat onset pradually takes place over the arcas nerth of the Py of
Bengal i.c. over Bangladesh.

In lig. 5 0.5{a} the spatial distribution ol rainfall for the year 1982 shows the highest raintall
arcas  in the north-cast of Bangladesh and the second highest raniall areas lic in the south-casl  of
Bangladesh in case of model contour map, the same conditions observed in BME collections. fn this
case the RepCM model data overestimate the observed data especially in the north-west region of
Bangladesh. We can see the lowest rainfall in the south-west region where RegCM model
overestimates compared to BMD data. For both cases. the hilly arcas are observed in the ey v
rainfall region in Bangladesh where approximately 60% rainfall ecurred during the whole vear.
About 30% regions remain dry for BMD performance. altheugh RepCM model ean be able 1o shiow
something precipitation, especially north-west region of Bangladesh for the collection of ubsened
data. The rainfall inensity is scen substantially reduce more or less in rest of the repiom ol
Bangladesh. These cstimalions are very useful for understanding the major periodicity associated

with the pre-nionsoon. Monsoon and Posl-monscon,
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Fig. 5.1.5(a): RATGIAL variation at contour map for observed and RegCM model.

The varialion of rainfall is shown Fig. 5.1.5(b} for the year 1983 over Dangladesh map, the
highest rainfall region is in the north-cast and the 2nd highest is in the south for RegCM mode! data
and for obscrved data it is somchow varies. The highest rainfall region  is same as mode! and 2nd
highest region is in (he south-east part of the couniry for observed collection. The poor rainfall
regioft is to the westemn part of Bangladesh in case of BMD observation whereas the model shows
something for the central and north-west part of Bangladesh. The iso-line decreasing gradually to

west for observed data and for the model it is shown to the south and coastal area. For most of (he

areas, model overestimates the obscrved data.
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Fig,5.1.5 (b): Rainfall variation at contour map for observed and RepCM model.

From Fig. 5.1.5(c} it can be scen that the spatial distribution of rainfall for the year 1984, the
highest rainfall region is in the eastern part and the 2nd highest rainfall area is in the south-west part
of Bangladesh for RegCM modcl, whereas it is scen for observed data, the highest region is the
north-east and the 2nd highest rainfall region is the central part of Bangladesh for the same year. For
obscrved dala, the dry and poor rainfall region is seen to the north-west and westem parl of
Bangladesh, whereas the model can be capable to show something everywhere for the same year,
The iso-line gradually increasing to the cast for RegCM mode! data and it is found same to the

eastern part of Bangladesh for observed dama. About the overall of Bangladesh, the medct
overestimales the observed dala.
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Fig. 5.1.5(¢): Rainfall variation at contour map for observed and RegCM model.

It can be scen from Fig. 5.1.5(d) the spatial distribution of rainfall for the ycar 1985, the
h-ghest rainfall area is in the north-west part and less rainfall region is to the south and coastal area
for model obscrvation whereas the highest rainfall region is in the north-gast part and lowest region
is in the south-west part of the country is shown for observed data. The rainfall intensity of model
data is seen substantially much more to the eastern part of Bangladesh whereas for obscrved data it
it similar to the north-east of Bangladesh. The western part of the country remains almost dry and

the annval average rainfall is very poor for observed data, whercas RegCM model can be able 1o

detect something for the same year.
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Fig. 5.1.5 (d): Rainfall variation at contour map for observed and RegCM model.

In Fig, 5.1.5(e) the heavy rainfall region of Bangladesh is scen for RegCM model
observation is in the central and north-west part and less rainfall region is to the south and coastal
avea [or Lhe year 1986. At the same time, the observed data shows the highest rainfall region in the
narih-east of Bangladesh and less rainfall or about dry region in the western part north-west of the
country. The iso-line gradually decreasing to the western side for observed daw and for RepCM
model data is also similar to the isc-line of observed data line. The annual average rainfall
observation is overestimated by model compared Lo observed precipitation. The central part of

Bangladesh remains poor rainfall region for observed precipilation in the year 1986.

-7



N 1 1 - —I | S - L e L [ F
I:I g N Tat o w
J;_r x:l‘\t:"m,_dh“‘n f“l\\\ﬁli\l\a_‘r{\:\Lr P Cimersed MF_
1 I""\Lh \-, { Annus Mode FF_B5 L I"’“.I ", N ]
e & U0,
e (R - . o \\ R T
251 _;\,j 4 |(f— \'| & 'ii:x'nilll“ﬁ,fr '.If "f#/ l.‘-cl' m| 2 H"‘?a,;\r . sx%-l\ S 1- % E =
RN L'i\r liale 8] ‘-“‘““--—Q*-l} AT
= - N ;z,;;a?" ol - ,-q - " \:. —- :—-_-:_1.;_{
5 P il Bk - ,-‘?@?ﬁfl‘!ﬁ-‘f i E o "\"" e el
q _jl (-('-J\:Q_‘j‘%# ;';_.‘-"L"“ ‘,\'}rf E“ flll({- \J) ):If) U ,Tlu'
aonielioel o 2T LseWl) R
. = o k%?ffzgg:ﬁl -..‘m%:%f 0 :’/:/x}” (: AR T
10— ) -":::' * {D\;\%M'-‘\Igﬁ = .': ﬁﬁ//;" .'ff' r® w0 "iﬁﬂﬁ;f’ ﬁl.
234 ‘E:f_;ﬂ_::_;x. % \\'l:\%“—_:dl Py - '|: o ,-’ﬁ' . '1.] f&{";; g fl,{a_u. 1|~ i
{l (G\.l \,4}‘ —— -\"'}' ! B "_?SIJ ilf |'II v Ié ' ."I 1 i
, k___//.l 'Ijl;?:':'(_ﬂ I:.l:‘ L-}ll I-,:"=4§§§Sj -.& § :I j{}]zjﬂr'f',a‘]r J_.‘ l{ -II!,I
1 Ao A T Ay T !
2 ?%Tu\?;l - ({”}Jh I:I \i\:: B # LL"iﬁ;l:l"J B JH ‘Il
4 i L'
‘E?"LL 'ili w
i
21, "i-ﬁ T )
I ]
as 8o 0 S " * Lnol - " “ ®
Longhae [E}

Fig.5.1.5 (¢): Rainfall variation at contour map for observed and RegCh model.

From Fig, 5.1.5([} it can be seen that the spatial distribution of rainfall for the year 1987, the
highest rainfall shows in the norih-cast region and the 2nd highest rainfall shows in the south-cast
1.2. hilly area and less rainfall is from central parl to weslemn part of Bangladesh for observed data.
The model data for the same year shows the highest rainfall in the same part as observed data and
the 2Znd highest rainfall is in the hilly arca of Bangladesh. The similar iso-line gradually decreasing
from central part towards western parl and also to coastal region. The annual average rainfall is very
poor (o the weslern part for observed data as well as RegCM model precipitation. So ol annual

rainfall is overestimated by RegCM model compared to observed precipitation.

-7 -



- H’ktw
,'J " l'x“_d':c\ AmuH Otsnad RF_AT
B L %\ B \ 26
) - K\yh i % 5
e
.
w| W o LR D "
} N \\‘\:\\ Sy
s .o-"'"_FH ".I )%\ . . H:‘:_—?;;;ﬁl_,
T i 20
: Y // S S T i
-~ - - =
> r; s s F:“\'ﬁ Bh 0 "Hﬁ’; E
3 o r-'r\‘?’l) ' "’-EP i a-'l\ 23
2 i z P Ltu R Sy
o e B R \
Voo T G
l"ﬁ - boegy o t,l l.'h-"l % s
3.\'?.5; ,:Jh%i? |"|:'f'| et S II?- w0
22 g ML B e,
E"J:L'-‘L E I"ﬁ xmL
Il-l_| L’\
1l |
21 1 b
- ! T T I TR e e s - e — - — ey
" 29 % 0 2 3 # “ % “ ® ¥
Lengeturdn {E] Litgihedt [E)

Fig.5.1.5 ((): Rainfall variation at contour map for chscrved and RegCM model.

The schematic diagram is to be seen in Fig. 5.1.5(g) that the spatial distribution of rainfal! for
the ycar 1988, the highcst rainfall shows in the north-east region and the Znd highest raiﬁfall in the
scuth-east i.e. hilly arca and poor rainfall area is in the westem part of Dangladesh for the observed
data, The model data for the same year also shows the same patlern as observed data. The iso-line
gradually decreasing lowards westemn part of Bangladesh for observed data whereas the mode] data

shows the well performance to same site. The observed data give the same performance as RegChM
model data to the coastal arca of Bangladesh.
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Fig.5.1.5 (g): Rainfall variation at contour map for observed and RegCM model.

The spatial distribution of rainfall for the year 1989 is shown in Fig, 5.1.5(h} (he highest
rainfalf area is in the north-cast and the 2nd highest rainfall region is in the south-east of Bangladesh
fur observed data. The model data shows for the same year as similar pattemn as observed data. The
poor rainfall area is from central part to south and south-west of Bangladesh for observed data. The
same condition ef iso-fine for model data is from central part to the north-west of Bangladesh. The
amount of annual average rainfali for observed data where RegCM model overestimates slightly
compared (o observed data. The observed data intensity is seen substantially reduce to west side of

Bangladesh whercas the model reduce towards the norih-west of Bangladesh.
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Fig: 5.1.5 (h): Rainfall variation at contour map for observed and RegCM model.

5.1.6 Annual Yariation of Rainfall for Observed and RegCM model

From Fig.5.1.6 (ii}, it can be seen that the annual highest rainfall shows in 1985 and the
sccond highest rainfall is observed in 1988 for RegCM model in Bangladesh during the period 1982-
89. Relatively lower amount of annual rainfall occurs in 1985 for the observed data. Another way it
¢in also be seen that the highest rainfall is obtained in 1988 and the second highest rainfall is
observed by BMD in 1983 for the same period. Yery low amounl of rainfall oceurs in 19¥2 for
model data and in 19389 for obscrved dala. The annual rainfall indicates that both observed and
model rainfall follows unimodal variation of rainfall for the period of 1982-89. This resull shows the
discrepancy between observed and model minfall, Hence the change of the model eption is

nzcessary to check this discrepancy, The Grell and Fritch-Chappell scheme in RegCM is described
in details at Table 06 and in appendix.
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Fig, 5.1.6i1): Annual Variation of Rainfall for Observed and RepCM model.
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5.1.7 Year-to-year rainfall variation over Bangiadesl for observed and RepCM model

Table 05: Seasonal rainfall cstimated by RegCM model in Grell Fritsch and Chappeli and observed

rainfall
Rainfall for the year of 1982-1989.
Obscived rainfall
Year | Month (in mm) Model Data( in mm) Obscerved data (rainfall in mm)
Pre- Posl- Pre-
Observed | Model monsoon | Monsoon maoiseon monsoon | Monsoon | Post-monsc
95T Miarch 1531 3830
Agril 153 46 193,82
May 125 3] 15491
Jung 503,77 424 66
July 414 25 447 .83 31408 1541.04 76 6% 1:‘ Eﬂ‘@gs?ﬁ;iiﬁiﬁmm;?mmx .
August 555.04 5Te 42
September T35 235,17
Dotober 41.77 6395
Hovemnbor 3152 541
WL March 2145 5% 57
Aril i96 12 fog 19
Muy 391,12 43597
lunc 153188 40 5O
hily 493,50 450,66 67908 179812 34338 ;’%’ﬁﬂ?lﬁ“ 5 'ﬁ;‘ 49295, “2se . T
August 659 04 446 72
September 29109 130,58
Dtehet 305 54 12221
Nuvember 7 51 190036
1984 March 6.35 T334
April 97.35 21813
May 431,54 891 49
June 125338 39133
July 571.42 31357 53523 207650 14931 0 ClaA20¢ 139071 . L
Ausust 460,12 407,50 T
Sepember 319.52 21789
(cioher id6.48 126.3%
Movember 242 14 &1
1985 Wasgh 73.69 131 %0
Apri] 9g.08 402,75
May 29263 144.9]
June JB1 35 54563
iuly 401 B3 669,80 divh A2 142050 H53T - L-»#glmlr,sz; {/IRIG98 . 2106
hugust 3612 3854 ’
Seplember 28119 216,14
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Chliaber 89 a2 6343

Hovember X565 158 63
1986 March .08 BO 92
Agri] 173,27 239403
Wiy 211,42 115 ED
June il k27
Iy 514.62 479,00 38277 1703.62 6031 AT f;‘i Eﬁﬂ: ¥ ﬁ 5-;1”231 g "200 @
Anpl 306 Bl 236 B2
September SiTEY 153 44
Otobeer 211 08 123.56
Movember 14323 7832
I9RT  March 3.5 134 90
April 205.6% 292400
My 12877 33804
June 131.92 507,83
Tuly 148,05 563 61 3§6.27 1RA7.0n]) 12949 ) . :h:.'r‘ﬁ:i ',N - * AL‘HIEGIG . .92'62'
Aupgust 645 69 X108
Sepicmber 15173 270 &4
Clorher BR 00 63T
Navember 41,69 36 25
1788 March a2 Bl 163,42
Apnil 130 23 1754%
May 419.00 3027
June LI 98977
July 48715 LT 6124 135 T2 pLEN i:“s?is "'?i: mufu'.:lzl 05" b :,1.99'”
Auprst 45842 30724
September 29554 0
Octohber i57.31 50,58
Miwvember 2638 14%.23
1980 March 438 YIET
April 9064 &0 37
My 197,54 33554
June 33523 443 41
Tuly 541 08 364.3] 303,58 1412.12 32300 *ﬁ ‘*dﬂ ?ﬁs P n ;1212 ?E‘. i © -366.81
Augnst 184,85 25240
Sepicmber 37096 145 R4
Oiober 3727 158 03
Movember 573 20R.78
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[able 06: Month-to-month rainfall variation {imm) over Bangladesh for obsers cd and RepChl

mode]
Yearly Average Uh*cl., Datalmm) Muodcl Obs-3 Mode
Rainfall Data(mm)

Jan 1982-89 56 b3 -3.94

Feb 1982-59 16.12 46.06 237,94
Mar 1982-89 42.03 100.78 -58.75
Apr 1982-89 147.98 218.97 -70.99
May 1952-89 273,42 326.05 -153.23
Jun 1982-89 432.93 540.08 107,15
July 1982-59 571 64 45657 65.07
Aug 1982-89 450,38 370.14 B0.24
Sep 1982-89 343.12 181.49 161.63
Oct 1982-89 ' 169.68 108.22 61.46

Nov 1982-R89 49.23 07.95 43,72
Dec 1982-89 7.34 25.98 -18.64




Table 07: Seasonal cain bl variation of diflerent years over Bungladesh lor abseryed and RepCid

madel.

[ Yearly Obsenved data Model Jata

Seasonal {min[’;uill i fradnfall vy

RE{mm) i're- | Monsoon Pust- I're- Monsaon st
mMaons HINMHIA FILOH LS OE] HIRTEIAREATR 1]
0N

1982 3440 | 1841.64 | 76.69 38902 | lemav | 10dse
8

1983 07940 [ 1708.12 | 343.35 629.74 [ 149295 | 22256
8

1984 5352 {2076.50 | 14931 124299 [ 139078 | 140.90
3

1985 4644 [ 142050 | 115.27 87952 | 181698 | 22306
2

1986 382.7 [ 1703.62 | 36031 636.04 144231 | 200.88
7. .

1987 386.2 | 1887.00 | 129.69 76494 [ 166316 | 9262
7

1988 612.0 [ 184573 [253.69 031509 | 169305 | 29901
4

1989 3035 [ 141212 | 323.00 49378 [ 121296 [ 36681
8
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520 Temperature Validation

Uhe year 1982-1989 was reasonably close to the climate averages for e region being
comsidered. This regional climate modeling study s unique in that it has used daily observations to
validate the model outputs. While the diurnal eyele is not cxplicitly analyzed with sub- daily
obnervational data, 1t is mplicitly addressed through the use of daily maximum and minimunt air
lerperatare dita sets. The moded has been able to simulate these spatiad distributions, as well as then
leraporal evolution throughout the yea.

In this study a regional climate model is employed 1o expand on modceling experiments of
fture elimate change o address issues of (1) the timing and length of the prowing season and (2)
the frequency and intensity of extreme temperatures and — precipitation. The study Tocuses on
Dangladesh a climatically complex region that is vuloerable to changes in water supply and delivery.
Stetistically significant increases in daily minimum and maximum lemperalures occur with o
doubling of atmespheric carbon dioside concentration. Increases in daily iemperatwies lead to
increases in prolonged heat waves and length of the growing scason, Changes in total and extreme
precipitation vary depending upon geographic loeation.

Bangladesh is situated in the tropical belt and it has warm and huntid climate in (he sunmnet
and dry and cool weather in the winter Regional climatic differences in ihis Mat COUNITY are WMinor.
Three scasons are gencrally recognized: a hot, humid sumumer from March Lo June. a cool, Ll
monsown season from June to Oetober; and a cool. dry winter from Oetober to Mareh. [n general.
maxinum sunimer temperatures range between 32 °C and 38 °C. April is the warmest month in 100kt
part: of the country. January is the coldest month, when the average lemperature for most of the
country is 10 °C. The decrease in temperature during July and August is due © high precipitation

aciivities front the southwest monsoon.

5.2.2 Temperature Validation for ohserved and RegCOM munlel

The anoual mean temperature have been shown in Fig. 5.2.2 (i) for some of the sclected
stations. The column bar shows the yeurly mean lemperature (rom 1982-1989 for the observed dat
anl model data. For model data, the altitude of mean temperature variation decreases tosards

December and January from June of Bangladesh and yearly mean temperature variation increases

towards Junc and July frem December or Janwary of Bangladesh compared with obsersed data.
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Fig. 5.2.2(i): Country avcrage temperature for observed and RegCM model,

From Fig. 5.2.2 (1), it is seen that maximum mean temperature is obtained in May with a few
sites. The sites arc Dhaka, Faridpur and Tangail located in the central part of Dangladesh where the
reak is oblained in April. Relatively high temperature is maintained from March to October and low
temperature is found to occur for the period during December to February.

Similarly, for model iemperature, it is also sccn that the primary maximum mean
lemperature is oblained in May and secondary maximum mean temperature in October most of the

year in Bangladesh.

52.3  Year-to-ycar station-wise country avernge temperature variation for observed and

RegCM model over Bangladcesh

The yearly station-wise country average temperature of 26 stations of Dangladesh for the
period of 1982-89 have been analyzed and presented in Fig. 5.2.3 (a-h). It can be scen that country
average temperature is of unimedal nature for observed and model temperature except in 1982, 1987
and 1989. The following features are obtained for observed and model temperature.

The schematic diagram is shown in Fig. 5.2.3 (a) for the year 1982, the highest temperature
abui‘t 29.5°C is ineasured by BMD at Dhaka, Faridpur, Khulna, Patuakhali and Satkhira for abserved
data which is about 20% higher comparc to RegCM model data. In this year model performance in
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almwst cach station underestimates comparc to observed temperature. Analyses of the differences
betvieen model results and observed suggestions, we get the temperature fields are more acceptable

the 2egCM model compared to observed data. The lowest temperalure at Mymensingh about 20%
lower compare to RegCM maodel,

TEMP 1982
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Fig. 5.2.3(a): Station-wise country average temperature for observed and RegCM maodel.

The variation of yearly stalion-wise temperature over Bangladesh lor the year 1983 is shawn
in Fig. 523 (b}, the highcst temperatnre abont 28°C is at Cox'shazar, Jessore, Madripur,
Mynicnsingh, Rangamati, Sandwip and Teknaf by BMD collection which is about 15% higher
compare to RegCM modet temperature. The lowest temperature about 24°C at Dhaka, Rangamati
and Srimongal are found by RegCM model that underestimates compare {c cbscrved data. The
performance of BMD collections are always preceding ahead compared to net data. The annual

avernge temperature collected by BMD is about 27.5°C for the whole year,
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Fig.5.2.3 (b): Station-wisc country average temperature for obscrved and RegCM model.

The station-wise annual average temperature vagalion over Bangladesh for the year 1984 is
shown in Fig. 5.2.3(c), the highest temperature about 29°C is cbscrved al Bhola, Cox'shazar,
Dhaka, Madaripur, Patuakhali, Satkhira and Teknal which is approximately 20% higher thano
RegCM mode} temperature. The lowest temperature collecied by BMD is about 24°C at Rangpur
and Sitakunda which underestimates the RegCM model. The annual average temperature for the
whole year is about 28°C for observed data whercas the average performance of RegCM mode] data
is sulficiently better for the ycar 1984.The resulis of the paticrn are not uniform at station-to-station

due to the cause of heterpgeneous charactlerstics.
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Fig.5.2.3(c): Station-wise country averape iempemture for observed and RegCM model.

b

The highest iemperature is observed by BMD in Barisal, Dhakn and Potuskhali which is
about 29.2°C and it is approximately 20% higher than RegCM model temperature as shown in F ig.
5.2.3 (d). The similarities in seen ot Dhola, Jessore, Sntkhira and Teknaf for the wholc year 1985
where model data underestimates in differently. The lowest temperature is detected by RegCh
mode! at Dhaka, Rangamati, Srimongal and Sylhet which is about 30% lesscr compared to annusl

collection of BMD. The average annual temperature is measured by BMD is about 27°C for the
whole year in Bangladesh.
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Fig.5.2.3 (d): Sintion-wise country nverage lemperature for observed and RegCM modet.
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In Fig. 5.2.3 (c) for the year 1986, the highest lemperaturc approximately 28.5°C is mensured
by BMD at Dhaka, Patuakhali, Satkhira and Teknaf for observed data which is about 20% hi pher
compared to RegCM miodel data. [n this year the model performance is good in almost cach station
although it underestimates compared to observed data. The lowest iempcerature is seen by RepUCM

tnodel at Dhaka, Rangamati and Sylhet which is approximately 23°C.

Temp 1986 o Model
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Fig.5.2.3 (e): Station-wise country average temperature for observed and RegCMW model.

The schematic diagram is shown in Fig. 5.2.3 (I} for the year 1987, the highest temperature
approximatcly 28.5°C is measured by BMD at Barisal, Bhola, Dhaka, Satkhira and Teknaf which is
about 20% higher than comparcd 10 RegCM model data. The lowest temperature about 24°C is
cetected by BMD for the year 1987 at Sylhet. In this year model performance is dilferent for

cillerent stations. The highest temperature is detected by model about 26.5°C a1 Khulna and Tekna f,
and lowest termperature aboul 23°C at Dhaka.
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Fig.5.2.3 (D: Stutiu;i-wis: couniry averoge temperature for observed and RegCM model.
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The station-wise annual average temperatuee for the year 1988 is shown in Fig. 5.2.3 (g}, the
highest tempemture about 29°C is measured by BMD which is approximately 20% higher compore
to RegCM model. The similaritics arc scen for the whole year in almost each station by BMI
observation. The highest icmperature about 28 is shown by RegCM model at Jessore, Khulna,
Rangpur and Teknaf for the year 1988 that is almost equal in amount compared 1o BMD. The lowest
tempernture about 24°C is shown by RegCM model at Dhaka and Rangamati.
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Fig. 5.2.3(g): Station-wisc counry nverage temperature for observed end RegCM model,

Tomp 1988 B2 Mogel
m Do rved

Lnhdinkl

.
R av) e T —— W e
4




The schematic diagram is shown in Fig. 5.2,3 (h) for the year 1989, the station-wise
highest temperalure about 29.5°C is shown by BMD at Dhaka, Patuakhali, Satkhira and Teknafl
which is approximately 20% higher compared to RegCM mode! data. The similaritics are yeen in

¢lmost all stations by BMD whereas the variation is observed in RegCM medel performance in

aifferent stations.
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Fig.5.2.3 (h): Station-wise country average temperaturc for observed and RepCM model.
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Discussion and Conclusions
This research has attempted to evaluate the ability of available RegCM model algorithm to
depicted rainfall and temperature in 60 km resolution by comparing the model results with surface
air temperature and rain-gauge rainfall at 26 sites throughout Bangladesh. Rainfalls compared for
Pre-monsoon, Monsoon and Post-monsoon during the period of 1982-89. It is found that GFC option
is much betler to simulale rainfall in Bangladesh, It is also found that GFC cption simulated surface
air temperature has a significant cold bias of 2°C, i.e., if approximately 2°C is added with the okl
data {in GFC option) then it is fitted with the observed dala in Bangladesh. Mathcmatically, it can he
expressed that temperature,
T omseree =T moger + 2°C
For analyses the spatial distribution of rainfall variation between RegCM modct data and
observed data {BMD), months, seasons and years have been used in ihis study for eight ycars (1682-
9). The pros and cons is observed among the RegCM model data and observed data (BMD), the
overall satisfactory results is obtained. Sometimes, the RegCM model to deteet something wlicress
fu the same moment DM observation shows no rainfall. It means that sometimes {afls caleulation is
obtained by the model. The economic development depends on the weather and climate conditions
cf a country. Thercfore, simulation capability is to be improved. Once the model data is calibrated
and validated with observed data, then only simulation will help the planners of the country. In this
coanection, validation of the modal is required and, then generation of future scenarios lor the
climate change impact studics is 10 be done very svon to meel up the demand of the present climate

change issues. More analysis is needed using high resolution model run and various ensembles.
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