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Abstract

The Regional ~limate Model (RegCM) developed by JCTI', Italy is employed fur the stlldy

of some mcteorologieal parameler; in amI around Bangladesh. The validalioll of Rq~CM Illockl ii,

Banglatlesh is performed with the surface observational data of rainfall and temperature (ma~ill1um

and mininlllll1) collected by the Bangladesb Meleorological Departmcnt (BMD) at 26 obser\'illional

sites throughout the country from 1982-1989 arc proce~sed to calibrate model llUtpUt. Froln the'

analysis it is found that regional ;\]1alysis provides overestimation or lkgCM vallics in BanglaJcsh

\\.!lercas data extracted at wme particular locations providc hctter pcrrormance or RcgCM. TIl': aet

of comparison has made bctween motlel antl obsep.ational data at a wiJe spatial domain for" IC"

scales (daily. monthly, seasonal and yearly). It is indispensable to do some conelusion of RegCM

model outputs wilh the ground based data say rain-gauge rai,ifali anJ surface air leml'enllure to

choosc the RegCM for this region. The RegCM moJeI is run ~t O.54"x0.54° hori:rontill grid

resolution with the par~meterization schemes of Grell and Fritsch-Clmppell (GFC) as>;umptions

where GFC system mil is used in Lat<;Tilll3oundary Conditions (LBCs) data for 1982-1989.

TIle Region<ll Climate rVlodel(RegCM) datil with well aJapted Wilh rain-giluge observmionul

data for the Pre-monsoon (March - May). Monsoon (June- September) and Post-monsoon (Oclobcr-

November) seasons which has been conducted for the validation of rainfall over Hangladesh. For thc

case oftemperatllre (maximum and minimum) daily data ha<;been used for the validity chcc~ with

model data in differcnt ~eusons for the entire year.

II is ob,erved thm model ovcreslimmes in estinlation of rainfall ill l're-monsonn and

underestimates in Monsoon periods. For th~ entire miny >;c~son (March - November), model

estimmc<; about 98% or the total surface rainfall for GFC asse>;~menL

As Banglade,;h is sillJated in the tropical belt and it has warm and humid climate ll1 tile

summer and dry cool weather in thc winter. Here three seasons are generally recognized: a hnt.

hU.l1idsummer lrom March 10June; a cool, rainy monsoon season from June to OClober; and ,1cool.

dr:' winter from October to March. We sec moximum summer tcmperalurcs range is 32"C to 38"C.

April is the warllle~t month anJ .lanumy is lbe coldesl month whcn the average temperaturc for most
of the counlry is about 10"C.

- 2 -
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CHAPTI!:R 01

INTRODUCTION

rainfall.

snowfall, wind velocity, dc .. experienced on the surface of the earth, whereas lh" lelm climnte i,

used to deserihe the long-term observed, avel~ged data for any of the wC~lhcr component, for a

prrtieular time period which can also bc several dee"dcs,

Weatber m~y vary from day to day or week to week, wherea, climate varies from sea"", to

SeJ~on or }e~r 10 yeaI'. Climate is dynamic by nature. It is highly innllelKed by a Illultilude "I'I;";lor,

such ~s the change in earth'., orbit. gaseous comp\lsition of the eUith's atmosphere, change, in the

surface of the earth. and human aetivitic~,

Natural and man-made activities are much innueneed by weather and c1im,,!e. The sea~onal

variation in the surface air temperature is important for ulll!crSlanding the impad or climate change

on human activities.

Regional Climate Models (RCMs) share many of the same featmcs as global climate nwJeb

(GeM,) in terms of the parameteri~ations of their dynamics and physics though they an: generally

nUl at much higher spatial and temporal resolution. RCMs differ, howcvcr. in their need to assimilme

late;al houndary and initial conditions from global models amI! or reanalysis.

The precipilation or rainfall in tropic play~ an important role in the global hydrological cyclc.

the tropical rain!~111area and two-third of the global precipitation oe~UISin this tropics. Three.I(lllrlhs

of the energy thut drifts atmo~pheri~ \\,ind circulation come~ ti-('IUthe Intent hcnt released by tropiea I

precipitntion (Seller,;. 1965; HarlIllall, 1994). Sometimcs the pn:S~llce of largc amounl of

preeipilation in spnce ~auses a unforlonale hazmd 10 human beings. 'j he risk e~n not be rCllloved

ckarly because illS one ofthc.'most dil1iellh atinospheric parameters present in sp~ee and time', II is

eS1ceially dilTerelll 10 measure precipitation over the oceans for' the ~~ke of slll'faee hased

observations over most oceanic and underdeveiopeJ land ureas (Xie anJ Arkin, 1996). Th" :Idual

amount of rainfalf lender a panial s"lution from RegCM model output which is one "r the

lillitation~.

The tlJJpi~al numerical "eather pretlicli()ll ~ystelll is required to nddrc.,>~thesc problems

ad~qUiltely. Much progress has been made in recent ycnrs, in the development or mlillcrical

models for the low latitude~, 'Thc World Weathcr Wah:h (www). now supportetl by a vllrkly of

surfae~ hased and space based observing platfonm. has cUIl~itlerablv enhaneeu the

- 4 -



(lh~cl"V()tiOll()I datu h()~e for numerical model ing. rhe avnilubi lity of 111s(crcomputers has cnahlcd

n~ Inrge volume of tc~b on analysis, initializations sensitivity to physical parameterizatioll, ami

SI'lIi~tieal evaluation of numcricnl wemher prediction, resulting in an overall improvelllc'llt ill

th~ ~kill of tropieal dynamicnl, Illodels,

Thc numcrical guidancc products that are routillcly availnble on thc «Iobal

T<:ieeommunicatioll System (GTS) Ir0'11 tile advanced global NWP (Numerical W,'()lhcr

Prcdiction) centers like ECMWI' (F.uropenll Center for Medium Wcnthcr Fnrccusto) nm! NCLI'

(National Center for Environment Prediction), Global m(ldel~ have the obvious ad"antagc of

dispensing with tile nced for tateml bO\lIldary conditions, which are invariably required for runl1lng a

limited area modcl. While global models COInprovidc good f"rcc,,~ts ol'large senic wentiler sy~tem~,

the regional models ha~e Iheir own plaee in the lIe1dofNWI' modeling.

A limited area numerical weather prediction model bnsed on Florida States Unhcl'sity

(Krislmamuni et aL 1990) hus been implemented in the SAARC Meteorological Re,,:al'eh

Cent~r (SMRC). Dhaka for NWP research, Various versions of thi~ model have been u,n! ill

tropical prediction experiments by Kri~hnamurti et al. (1979, 1(87) Krishnamurti nnd

Ramanatban (1982),

Thc above model has becn used in the present work, for ~ev~ral casc studie, of l'c,I"Y

rainfall and movemen( of monsoon depressions duril1g the SUllllllcr monsoon SCll:<UIIThc

ea.,es chosen for experiments are in respect of WIl1C heavy rainlall cpi~odes in !lJl:\7 ilild

199X, the 1"0 most prominent ~xces, minfall and flood years in Hanglmlcsh. as IIlso ~om~

cases of mOIl~oon depressions llTi~inlltin~ ill the Flay of I3cngal in rcgard to tlleir execptiollJl

behavior, We describe in the ba~ic frilme ,,,ork of the FSU model which provides some ~c'Ilcr"l

information on the principill rain bearing systcm~ thc seasonal lllon~oon trough alld Ihc

mlnsoon d~pressions of the suuthwest monsoon in the Indian suocontinenl. A briefdesniption or

tlw data and methodology is given in table. 01, Results of ea~e studies arc pre'cnted in ligure. 5,

Tablc-O I gives concluding rcmarks,

Thc limited arca models u~ed for foreea~ting in limitcu ~p"ee donwins essentially need

spcrilieation of lateral condition" Numerical treatment orJateral boundarv is n dilllcult hilt

ilT'porlant nspect of limiled area modeling as (be flow in (he interior of the domain gets

influenced by changes outside thc domain, rhc influence i5 important cven in short lange

- 5 -



roreeasling for a eOllple of days. In the present model we make u~e of the time dependent

boundary condilions.

1.1 Climate Change

Thc earlh'~ dimate. by nature, is a complex sy~tcl1l consisting of ocean~, atmosphere. land

surface and vegetation, which respond to influcnccs of various lime scales. Oceans arc gcncla!ly

influenccd on lime scalI's of years to eenluries, whereas atmosphere, which is delincJ as a blall~cl of

air surrounding lhc earth. may change on a daily basis and vegetalion changes on a seasonal lime

scale. Earth experiences challge~ in its climate continuously_ Due 10cnormous increase in populalion

and the advancement in the lechnology founded on carbon-based fuels there bas been a sign; lieanl

change in'glohal elimale. Climate change is direclly linked to the increase in the green housc gas

eoneentralion. caused by human acli, ities (!Pce. 200 Ia). CI inlate change docs nol necessarily mean

thaI all regions experience a uniform change with respect to the direction and magnilude. but there

ma~ be regional varialions. Also climate change may not imply thaI all successive years will

nece~8arily have the same lrcnJ 01'increasc or dcerease.

1.2 Effects of Climate Change

Prediction of wealher is imporlant because il gives us a snap shot picture of c1imale which is

helpful in many ways. It helps agrkulll.lre. industries, and long (eml planning of hydraulic ~trucl\ll'es

and also in plannitig large JomeStic construction projects. ~ucb as mads, hriJge~. elc. f\llthermore it

is helpful in quantifying global '~amling and in mitigating it. Until reeem years green house gases in

the atmosphere were atlribuled primarily 10the emission <)1' carbon dioxide generated by ruc!. but in

recent years lhe role of lrace gases has been recognized 10 be equally important. The knowledge

acoul lhe change in temperature offers an insight into the impact of increasing COl concentrations.

btimates of possible regional changes in the climate due to the increase of atmospheric C02 arc

requircJ 10 evaluate the impact on variol.l' s(]cial and economic activilies, Global warming hn,;

become one of the mosl alanning issue., these days, The global changc adversely impaels tcrre,lri;lI

and aquatic ecosystems_ Some of the most important economic resources. such as agricLllt\llc.

forestry, lisheries, and waleI' resouree~ may also be a1Tee(ed. Increased (emperature, severe and

frequem droughls and noods, and sea level rise wOllld have huge impacl.'; on human life and

economic well being. !lased on statistkal evidcncc, thc :ncragc global surface ail' temperutll1'c hOis

• G.



Ij,cr~ased by 0.6"C bc!wccn 1860 and 2000 (II'CC. 2001). The inncascd global carbon Jin~idc

~missions arc mainly due to the energy burnt 10 run aulomobiles. power factories and heal IWllles

and bU~ln~sses.

Measuremenls of seasonal variation~ in the surface air temperature arc importanl for beucr

ullder~tanJing of the impacl of climale change on human aelivities. Allhough natural lactors may

have eonlribuled to the temp~mture incrcase in the 20,10ccntury, studies iI1dicatcs that w,!rIning in the

last 50 ycars may he due to increases in the greenhouse gas conccl1lration (Eiainc and Rick, ~OOO).

The major contributing faelor for thc climale change may be anihropogenie changes. whieil re,1l1l in

lhe decrease in the extenl of SIlOWcover and sea-ice thickncss. Direct information call also he

obtained fronl the instrumental records, such as average temperature. It is also noted lhat duc to the

lhermal expansion ofocealls, OVerthe past century, global average SC<llevel has bcen increasing by

about I to 2 millimeter per year (Elaine ,lIld Rick, 2000). Even wilhoul the innuem:e or

anlhropogenie faelors climate may vary from year \0 year due to nalural reaSOll5, such as V\lk,tni~

eruptions. In the past, the main reason for lhe change in the ecosyslem was considered to be lhe

human intervention, but now the in l1ucllce of eli mate ~hange on thc ~c"8ystelll has bcen estahli shLd

(Beaubien and Freeland. 2000).

1.3 Evaluation of Climate Change

The most reliahle lool for estimating change inlilc almosphere is General Circulation Models

(GeMs). General Circulation Models arc numerical model, thaI analyze the ,Itmosphere Oil nn

h('urly basis which is very ~Illall lime slots In all three spalial dimensions based on lhe Ill\\' of

cC'nservmion of mass, momenlUln and conservalion of energy. These models arc complex computer

simulalions descrihing lhe circulation of air and ocean currents and how the energy is transp"'1cd

w:thin <lclimate ~yslem. 1 he b~,t available GCMs for estilll<lting lhe climatc show lh<ltlhe nllilual

globai surrac~ air temperalur~ may inere<lse at n raIl' 01'2.5K to 4.5K due 10 the doubling ofe,,,bOIl

dH)xide eonccntr<ltion in th~ <ltmospherc (Groleh and MilcCracken, \ ,)9()).



Smile of IIIem afe listet! bel •.•w:

1. There i~ il possibility orha~in~ morc hOIday~ ~nd highcr lemper~l\ll'es ill almo;t uHland ",,'ao.

2. There i, ~ possibility of having ,I lew cold d"y~ and vcr}' low minimum telllp(:raluic's ill "IIll".,1

all land ureils.

3. Thcre is u grea(cr risk to natural cco,ystelll~ and wetlnllds due 10these ehallge~,

4. Due to the increase in s~a level, there will be gremer pOlential loss or lanJ crosion Ju" h' and

!londing resulting in the Jamage or wetlands in coastal are~s. Wilh increasing gin!'>,,]warming.

people are coneerncd about these c!li;,c\s on local areas. Some of the h~sic oh,ervations arc dilily

maximum and minimum temperature.

5. Temperatures and Jaily precipitation sometimes havc loeul,iz~d leatures th~IIll~Y he diflkliit 10

produce \\,ith the c\ll'rent coarse 'spOlial resolution or Ihc GCMs. Many or these ~horteoming~ <:,111he

overcome by considcring local topography and regional geography. By observing Ih" local climate

~nd ~omparing it with the output of GCMs, we <:an improve th~ capabilities of current GCMs nntl

h,ne an understunJmg the 10e~1climate. Considerable attention is given to test the abilily ofGl'Ms

to r"produee the observed dma. The very important issue concerning this verificalion is the ability or

GCMs to reproduce observed regional and local climates. Sotne or Ihe d iffieultie.,>in compmi"t; the

lo~al climate wilh (he climate generated from the GCMs comrol run arc:

U. Since loenl surface based obser.ations arc highly influenced by the local Topograph~ and

g~ography, it is dil1kult to relak them,

b. There is always ,m uncertainly in the inlerpretation ofth~ area represented by a GeM outPlit m

a grid point

e. C1CMs filter the important spatial discontilllliti"s ill the surface boundary due to coal'S<:spatial

resolutions.

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

the above difficultie~, there arc rea'>ons why comparisons hclwe~n tbe Olllputs of a eonlrol nm 11'<)111

GCMs nnd the local ohseneJ dam should be made. These reasons are:

1.lmpmved GCMs will givc us a b~ller understanding of their ability to reproduce local c1imale.

2, The inlpaet of climate change occurs due to cel'lnin l"c1mologi~a] and soei{)~~onolllk i"'ues.

which are speeilic to local arcas.

3. It is important to unJ~rstand how well GCMs repl'Odue~ day-to-day weather Iransitions. "hieh

can be more aeemately ne~omplished considering daily varialions in the local weather.
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t As or now the validation h,l~ been eonlinc(] lO large-scale fcaturcs nn(] larger time ~calcs.

However, there is a growing need lor (hi> kim] of infonnation on smaller regional scales.

Atmospheric events have a nmge of spatial ant.! temporal scales. Meteorological variables. such as

tempcHlture. precipitation. ant.! wind. at a particular location nomlally vary around the mean \'alues

lhllll year to year, iflhcy are not inllueneed by external agents, such as anthropogenic changes in the

composition of (he auno~phere.

Generally, global models have brger spatial resollilions of several IUIIlt.!reJkilometer,. Th"

range of increase of temperature is estimated on a global scale but the range in inere,lse of

temperature varies dwstieally wben applied to a smaller spatial feature. Hence there is a need lor the

regional estimation of various weather parameters.

As there i> a need to simulate global elimatic features, it is advantageous to bave smaller

regional scale changes to assess the potential impact of climate change.

Tbe basic step for any study connected with thc fulure climate shoult.! have a thorougli

analy~j~ of current climate conditions and the possible vuriability. Many times currelll climate is

referred to as the base line climate. which is taken a, a 30-year relcrence climate Jelined by the

World Meteorological Org3niz~tilln (WMO). This base linc climate is important Ii,r many reHS\>ns.

some of which are:

1. The ongoing trends in the climate can bc easily identificd.

2. Knowing the prevailing comJitions helps us to adapt some of the most likely featur", luI'

future design.

3. Thc base line climate is uscl'ul to describe the average eonditioos, spatial ~nd temporal

vHiahility and extreme evellts thm have occurred.

lA Ohjectives orthe Stlld~'

The Regional Climate Model (RegCM) is employed for tbe study of some meteorological

parameters. But modcl prodllct~ have no consistcnee with the real ob,crvutions. To make 1ll<lt.!,,1

productu~eliJ1. the tirst and foremostll1ing is to do th" vulidatioll. Once the model data is validakd

and calibrated it can be uscu to make climate ,cenario. There arc lOIS01" data colleeling meth"d, "I"

observational faeilitie~ of climatc parametcrs. Some of thcsc arc polar orbiting and geoslati<lllllry

satellites, radars, I RMM satellites etc. fill! these collection methods are not the real ones, In some

ease~ they can e.,timatc near to real oncs, The actual scenario can be found by using tbermom~ters.

rain gauges located in a standard hcight lI'om surfnce an<.lstandard condition denneu hy World



Meteorological Organization (WMO), !lut eonventiunal instrtlll1enb arc not so sophisticatcd to

ealcJlate the parameters in a very smull interval oftimc excepting RegCM Mollel. Therefore. to get

the ubservation as mneh us small scale, modcl simulation is the best way ,ubject to the validation 01'

calibration. Bangladesh Meteorological Department (BMD) has the facility for collecting climate

data in dilTerentparts of our eounlry. But the density of stations is not unifonn and high. In some

area, data collection facilitie, arc very rare. Therefore, climate change of those area~ is not so well

defined by !he eonv~ntiollal observation,. In this case RegCM mollel simulation is one of the bcst

ways for making seenatio. To make a gooll climate scenario (time anll spacc domain) of R,mgladesh.

attempts has been made to run RegCM with different resolution anll validate accordingly with the

climate parameters eollceted by BMD.

1.5 The scope of the present work

The RegCM spatial resolution is fine cnough to correctly represent climute processes of

small dimensions such as the fonnalion of douds 01'thunderstorms, precipitations, evapuration and

soil moisture.

The RegCM is a sub-malleI embedded within a worldwille or a GCM. Once the studiell area

is dcteffilined, it must be isolated on !he GCM so that the conditions ut the boundaries of the region

can be determined. These conditions are then introduced in the RegCM, which will simulate the

dirrate of !he selected domain, Therefure, the regional simulation can take place over any region of

the globe. The focus of present study is to adopt RegCM for the region in and arol.lnllBangladesh.

Different meteorological variables such as rainfall, temperature obtained by RegCM are calibrated

with available data from rain gauge and temperature,

The RegCM spatial resolution is adequate to evaluate the regional representations of climate

changes. The outcome of RegCM research will contribute in operational sectors and guvernment

sel'Vieeswhich will benefit from !he progress in climate modeling, e.g. meteorological and maritinw

previsions, as well as environmental status monitoring. 1Jsing the predicted range of precipitation

and temperature it may be possible to formulate future pnnning ror agriculturc, water management

etc.

To evaluate the RegCM mollel output like as rainfall and tempenlture with the ground based

data of rainfall and temperature for the daily, monthly and seasonal (J're.monsoon, Monsocn and

J'o~t-mosoon)for 8 years.

- 10 -



1.6 Temperature

Ban~lade,h i~ situ~led in the lropieal belt ~nd il h~o w~rm amI humid clil1l~le in the Slllllillcr

and dry coni wealher in the \vinter. Regional cljm~le dilTcrmecs in lhi, fbt country arc minor. Threc

season, are generally rceognized: a hot, humkl summer from March 10June; a cool. rainy mU11,00n

se~son from June to October; and a cool. dry winter from Oetobcr to M~rch. In gcncral, ma~itl1Um

summer tcmper<ltures range bctween 32"C ~nd 38°C. April is the w~rme,t month ill mo,t parts "rlhc

counlry. January is the colde~tmonlh. \vhen the average (empcralure for mo~t of lhe country is aboul

10"l'.

The decrease of lemperature during .Iuly and August is obser~ed ~Imost each year duc 10 lhe

hitch preeipitatiun activities from the southwest monsoon. In these month, or cloud eo\wag~

incrcases compared tolhe others month., mo~t of the ycars.

1.7 Rainfall

Billlgiadesh IS si(u;lted in the most aetiv~ lOne of southwe,t monsoon Mos( or Ihe

preeipita(ion 65% occurs in tbe monsoon season (June- Seplember). Pre-monsoon receive, about

20%, 1'0st- monsoon receives 13% and winter receives 2% of the annu~l rainfall. The ",int~r or

Bangladesh is dry and cool.

Winds are mostly frum the nOl1hand northeast in the winter, blowing gently at one to three

kilometers per hour in northern and central areas and three to six kilomelers per hour near the coas!.

From March 10May. yio!cmthunderslorms, called NOlihweslers by local Ellglish speakcrs, prodllce

winds or up to sixty kilometer~ per hour. During the intense storms of the early summer an<.llaIc

monsoon season. southerly winds of more than 160 kilometers per hour cause waves to ereM a, high

as 6 mcters in lhe Bay ofBeng<l1. which brings disastrous flooding to coa~tal areas.

Heavy rainfall is a charaeterislic 01"Bangladcsh. With the exception of the relatively dry

western region of RajshahL where thc annual rainfall is about 1600111111.1110stparts of the cOllntry

rceeive <Itle;lst 2000 mrn of r;liufhll pCI' year. Because of its localion just nOith of (he foolililis "I' thc

Himalayas. where monsoon winds lurn west and norlhwest. tlw rcgioll of Sylhel in nortilea:-lcm

Bangladesh receives the greasIest average precipitalion is about 4800 111111per yean;. Average daily

humidity ranged from March lowsofbctween 45 and 71 percent 10July high ofhetwel'n 84 ,ltld 92

percent, based on readings t~ken at seleeled stations nationwide in 198(, (Source: Imp:!..'

worldfact.us).
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1.11Verification of Climate Change

To \'alidale am] make clilllme ~cenano of Bangladcsh simulalioll ot' Rc);CM IllUdcl i, \Cl)

essential. To do lhisjoh RegCM model is r\ln at Physics Deparlment "I'HUET with lhe 0.54°" 11,54"

horizontal grid resolulion with lhe C).levels of 23 vertically. Aner getting the Olilput dala.

lemper<l(ure data of 2m above ground (12m) and precipilation Jata arc e:draetcd ming GrAD:; Bill

before crnplo}'ed lhis model it is vcry esscnlialto \'alidale il.

Btll the validalion or regional climalc moJcl in lJal1g.ladesll is Ilcrli,nncd "ilh Ilw ,,,"'I~ll'e

observalional dala or rainfall and lemperalure (maximum and minimum) colleetcd b~ the

Bangladesh Meteorologi<:al Dcpartmenl (HMO) al 32 observalional siles throughoul lhe country

from 1982-1989 are processed to calibratc model ,)UlpUI. Ilcrc we fOllnd lhm regional allul)'~is

pru"ides overestin13tion oj"RegCld values in Ihngl<ldcsh whereas d"l" l.~trJ<:ted at some par(i<:ular

localions provide beller performance ofRegCM, The act of comparison has l11aJ~b~l\\'een llIoJcI

and oh~ervatiollal data at a wiJe spatial domain for <I reV.,scales (Jaily. monlhly. scason,,1 ilml

yearly).!t is indispensable 10 Jo some conelu~illn or RegCM model OLilput~wilh lhe gl'Ollnd based

data say rain-gauge and ~urface air lemperalur~ 10<:hoose thc RcgCM 1'01'this region. 1 hc Re~">Iml

Climate Model (RegCM) is run at (1.54~O.54 horizontal grid rcsolulion with f'ritseh-Cbappcll I( ,Fe)

a,sllmplions where GFC system run used in Lateral Boundary Condilions (LIlCs) d"ta lilr 1982.

1>'89, Tropical storms slrike (he coast once in eve!}' lour years on an i\\'~ragc. As a result. l1l;Lnyof

Ih: coastal wetlands arc damaged and so also are the cO<lsl,,1uqtiiltic systems. Ihcr~ is ab" "n

ahrming rate of nearly 60 acres orioss Ih, the wetlands p~r day du~ 10 increase in sea Icvel.lllInmll

interfercnee with coasl<ll proces,es and Imld sinking, Duc 10 change~ in global clim<lle. il]lpact' can

be felt on human heallh and terrestrial aquatic eeosy,t~m" This could result in s~rious sllei;i1-

economic consequences if this trend continue" There is lhercfOl'e an urgenl need 10 study lhc

regional climate impacts, particul"rity for the coaslal regions o.f Bangladesh. Various J11e,,~ulc'Smc

h~ing implemented in Fhngladesh t" protect coaslal welbnds. reduce hr""11 mJrsh problems and

prolect coastal <lqUllticlire fhllll thc present <lnd luture danger, To make thi~ study lllorc clkLli\'~

()n~ Ileeds to have a clear idea about the fulure trcllds in elimal~ .
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1.1)Modern Climate Measurements

Here we compare the results of a modem day regional climate simulation to observatiOIl. nle

m'Jdcl simulation of present day eOlldition~ is similar in dcsign tu our IxC01 and 2xC02 sccnurios.

(CM3 was run for 22 years forccd with a single climatological ycar of SSTs (calculated I'\>m

ohservation for the period 1950 to 197')).

The observational data u~ed arc historical wcather station data collected by the WL',tern

Regional Climate Center. The types of scope of data available vary depending on the climate

characteristics of inten;sl. for the analyses of seasonal temperature and precipitation we lIsetl

climatological data ealclilated with a minimum of22 years of data from the periotl!971 to 2001. for

the more specific analyses (DTR. growing season and extrcmes) the available data ranges from 27 to

100 years in length (on average 49.4 year:.) for the period 1901 to 2001. We began our analysis with

- 26 stations und due to the shear volume of available dat::., narrowed it to stations where the actu,,1

and model derived elevations differed by no more than 100 meters. What rem<lincd were 16 st"lions

re!Jrescnting a witle range of latitude. longitude and elevations across Ban!lbdesh.

Overall the cumpurison bClwecnlllodern day rcgionallllodd reSllh~ and wemher ,tatioll data

is very good. This is especi"lIy the case eonsiderin~ the data reeorti is much IOllger than the I~,,)(kl

simulation and therefore provides a longer sample poplilation, flllthermore the wemhcr ~taliuns

prwide point data while the model results are derived from single grid cells with 40 km hori/ontal

reJolution, Still there are some issue~ Ihe model results. especially for the DTR and the seas('llality

of precipilalion.

The regional model adeljlliltely captures the seasonal changes 111 (emperature as well as th"

<Illnual mean tempemture. On avemge tbe RCM is only OTC cooler lor the annual mean and no

nwre than 2.4"C dilTerent seasonally lhan the observatiL'ns (Table-I). The ReM mo"" ace\ll'ately

captures the summer (JJAS) and fall (ON) temperature than the winter (DJF) and spring (MAM)

temperatures. The DTR is too s'mall by - 5 tu 6"C annually and seasonally (Table-]) the growing

,e<lson starts on <Iverage 16.5 d<lYstoo soon <Indends 13.8 days 100 Ime.

For e"(remes the mod,,1 simulmes - 2H tuo few hOI(32.2"(') days !y"ar lind _ 30° (00 Few cold ItfC)

days (year Crable-I). While th" model simulales (uo few extrcme events i( dues not ovcr"stillHlIC th"

intensity of simulated extremc events. The hisloric 1- day evcnls simulated by the model fall within

the range of historic events in Ihe longer observational record (Table-!)
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The regional modd outputs temperature twice ,I Jay 'II noon and midnight. rhe~e

tel11peratures are used as proxies for the Jaily maxinlllm ami minimum ami "rIOnot the ;lcllml

maximum & minimu1l\ temperalmes. As a result. tile pt'Ox)' maximum temperatures arc to" "",I ami

the proxy minimum tell\rcrature~ are too warm. producing a damped ])TR.

Armually the regional model slightly overestimates lot'll precipitmilln (3.H ern/yean and

poorly captures the seasonality of precipitation. The model overestimate~ winl~r & ,prillg

precipitation and lIl1derestimates slimmer and fall precipitation (Tahk-I). The model abo simulates

- H too many light rainfall days/year « 1.27 ern / day), For moderat~ (1.27 to 2.54 em /d,,~) ,rnd

heavier (> 2,54 em luay) rainfall days the modal is much more accurate ("rable -1). The Illode!

simulates one day too many per year or moderate precipitation and only 0.2 too many J"ysl) ~;rr of

heavier rainfall.
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1abk-O I; Comparison 0 I'ob~ervational (obi;) parameters and simulated Reg("M model output

Components Observeu(Obs~egCM (rem)I Obs-rem

TEMPERATURE
-----An~ual Mean ee) 32,7 32.0 0.7

----- -.---- --IDJF CC) 25.3 23.9
", ----_.MAM CC) 31.4 29.0 2.4

- .- ._----':JAS Cq 34.4 34,X -OA
ON CC) 33.6 34.1 -0,5

, 1 da\' maxCC) 3'1,1 35,1 4.0
I day min ("C) 10 9.9 0.1
DTR
Annual Mean ce) 28.4 22.7 5.7i DJF CC) 22.2 16.0 6.2

, MAM CC) 30.0 24.2 5.8I
I JJAS ("C) 33.3 28.4 4.9
,ON CC) 28.9 23.2 5.7, ,
: I'recipitation,
I Annual Mean (cm) 162,9 166,7 -3.8
OJF(cm) 26,6 22,0 4.6
MAM(cm) 82,1 84.8 -2,7
JJAS(cm) 210.8 209.1 1.7
ON(cm} 112.5 112.0 0.5
Light (days) 299.7 307.9 8.2
Moderate (days) 246 247 -I.()

Hca~y (days) 67.5 67.7 -0.2

Precipitation intensities are defined as: Light days < 1.27 cm. Modcrate days < 2.54 cm and I kal')'

days> 2.54 CIll.
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'1able -02: Changes in Ul1IllWI precipit,llion and n'equeney of I-Jay extreme evcnl~.

Ba~ins I' 2 I 3 I' -p-r'-17 [-,-I' [',i-
Amilia/ raill/all

Rainfrain -0.02 0.00 -0.02 0,02 -0,02 -0.04 -0,0 I 0.02 0.02 0.05
Jw (em)

--Fain '.6 -3,2 0.9 -5. 1 -7,6 -4.7 -2.1 -8.1 -9.1 -7.5
(Jayslyr)

._--Iolal -3.0 -0.4 -1.4 -3.4 -5.4 '.1 -1.'1 1.1 -3.3 1.7
r,lIn

(emlyr)

l:.xtrl'mc wei eycllfs (P~_,)

P')l Index O.6R 0.07 0.2'1 0.49 1.18 1.25 0.44 0.44 o.n I , I0
(':mlday)

- --P"j -3.2 3.2 -2.6 -2.4 -2.1 -1.7 .3.0 2.8 1.1 D
(dayslyr)

AI! vall.1esarc ealculaled as 2)"CO, rcsulls minus lxCOMesult" Values in buld lype Indicate

slatislically significant resull, at the 95% conlidencc level (5% significance levcl). Farkka barrage is

Ba ,in-I, Tisla barragc i~ Ba;in-2, Kartai Lake i~ 13asin-3, Shangu Lake is Basin-4, and ~u on .

• i'l'ccipilation intensities are deflllcJ a,: ligbl day,. 1.27 em, moderate days. 2.54 em, and heavy

days $ 2.54 em. atures (SSTs) were used to drive a second set of CeM3 Simulations, The~c

simulalions, using lhe prescribed SS"Is for lbe corresponding COl eon~enlrations. were run luI' OR

years and re>;ullswere saved at 12-b inlervals.

The lirst 4 ye<lrs of each simulation were removed as equilibralion lime and lhe rell'"inilll;

I':; yr of results were used 10 drive lhc ReM. This Mudy employs a modified ver~ion or Ih", ~,'~olld

g~neralion NCAR Regional Climale Model (RegCM3) (Giorgi and Shields 199'1) (hercafl",r rekrr~d

to 3..\RegCMJ) as dCM:ribcd by Snyder d al. (2002). RegCM3 was run wilh a horizonl<lllesullJliul\

of 40 km and <ldomain centered over Fhnglade,h, We performed two 18-yr simulatiuns lI'ill1 the

first Ihree years rcmoved ror equilibration. Thcse simulalions varied only in lhe spcdtied

a'mospl1erie CO~ eonecntratlOns (280 and 560 ppm).
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'1dhlc -03: Challgcs in annual lcmpcrahirc aml rrcqucncy of I-uay extreme even Is,

.1

. -
II

14

(,.9

~.6

13

-
III

"

7.6

.
Basills I 2 J 4 5 6 7 8 9
Tmax(DC) .08 2.31 2.58 1,99 2.39 2.38 1.95 2.66 2,59 "

~.~ ~.----
-.2'min(OC) 11.99 2.24 2.40 1.93 2.22 2.26 1.97 2.51 2.43 "-

T",,~,(°C)10.09 0.07 0.18 0.06 0.17 0.12 -G.02 0.15 0.1(, II.
/-lot l'nmts

T'!! Index 32.5 40.2 34.7 30.9 30.8 29.7 31.6 25.8 30.0 2,~
("C)

--T~,(days/yr) 10 22.1 30.6 15.0 25.5 I 1.2 12.7 34.5 32.1 "-.T.1,(dnys/yr) I 1.3 20.1 26.9 12.1 20.3 16. 1 II." 0.8 21.2 "
("old <,vellts

-c D.9- - .~---_ ..If)' Index 5.1 7.5 0.8 6.7 -0.1 6.1 -7.il .1 'J .,
(0C)

- -~--- ~-~.--~-TQ,(days/yr) 47.5 -43.6 -42.7 -57.3 39.1 -34.9 -52.8 -29.6 -35.S -,

T'I(days/yr) 15.1 -9.6 -38.3 -7.6 -34.3 -J6.0 -12.2 -39.9 -47.4 -.1

Growing .~<,aIOIl

J-'irntday -35.1 -21.6 -22.3 -34.1 -21.1 -26.6 -37.5 -9. I -20.S
l.::nglh 62.5 30.0 31,2 46.7 29.0 40.1 46.6 22,5 30,8 .'
(days)

All values arc calculated as 2.\CO, results minus !xeo! re~llils. Values i" bold t)'pe lIl.li~m~

51ati~ti~ally sigl1ir;~ant results at the \.15%~o"lidenee level (5% signitkanee Inel). 'I he h3Sills nrc

localed in diffcrenl paris or lhe counlry in l3angl3dcsh Ihal iIlu,lruled as be rore.
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Table - (14: Changes in prolonged (7-dny) cxtreme tcmperaturc evcnt.

I-\asins ] I I 2[I::'I::::':L_'r"C'L 9L-'"
~'rol"ngcd hot event,

Frequeney( II-/yr) 0.' 1.0 1.1 1.0 1.2 1.6 0.4 15 1.5 I.{,
[,ength (days) n,l OJ In.o 0.7 5.1 37 0.5 72 5.4 32

114""j'm,'," (OC) n,6 0.8 0.6 0.8 0.9 05 1.2 (l,g 0,7
rrolonged cold events

.Fr~queney(#/yr) .2,5 -1.3 .1.') .2.8 -1.6 .1.2 2.3 -1.2 .U; .1 •,
Length (days) -2,8 -4.3 .3.8 -2.7 -2.2 -3.2 -2.6 O,l .0.5 0.1
T",,,,"("C) 0.1 02 0.4 0.2 0.6 0.6 0.1 0.1 0.' O-::~-

.._-
All values arc calculated as 2XC02 result, minus IXCOI results. Values in hold type indicate

slatislieally signifieanl results at the 95% conlidcnee level (5% significance level). For basin names

alld locations arc given in Figure 5.1 ,0

1.10 CLIMATIC CONDITION OF'BANGLADESH

Bangladesh is in the sub-lropieal monsoon climate. Based on pressure, rnin!l!1I and

temper;lture: tbe elimate oftbi, countr}' can be described unJer the following four ~casolls:

I. Winter or North-East MOlls,\on: December. January and February,

2. Summer or i're.Monsoon: Marcb. April am] May.

J. South-West Monsoon or Monsoon: June. July, August anJ Septcmocr.

4. Autumn or Post.Monsoon: Oetoher and Novemher.

1.10,1 WINTER SEASON

The 'cason i~ churacleri~.ed by nlninly by un anti-cyclonic prl','SUl"l:sy~te1l1damin"tin.- tlie

eoulltry except in I'ebrllary when a ~hall()w trougil or low nJa~es its appearance over tbe nOlthcrn

di~tncts, Very light northerly wind". [nil<.ltemperatuI'C "nd dry weather with clear to ()CCaSiOliailv

cloudy s~ies over the eoulltry, Exceplionally some powerful western disturbance passes over the
C;)lllltry.
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'lh~ mwn l~nlp~m[ure is inth~ rallges 01' 18-21.C.ln the south - we~tern and (he coastal

distriel~ the mean tClllpcMure rangc bct"'ecn 22-2J"C with its lowcst ranging bClwecn 6.10T. The

temperature <)cca~i<)nallygOC8downlo lc~, than 5T in thc nOl1h- eastcrn rart~ of the ('o\lntry.

The prevailing air mass is dry during 0900 (01500 Ill'Slocal time. TIle dryness of air is not

evident from morning and late afternoon hUmidity trends. This is due to the reason thm continuous

e~aporation take8 place from numerous rivcrs. lakes and n:Uural water-sheds during clear sunn:, tla) s

and thc ~vaporatcd moj~ture show lip in the form 01"high humidily during thl' cool hour, ,,['latc

evcning and mOl'lling. Thi~ uhin1atcly helps formations ofmist~ fl"og' during thc late Ilighl~ and emly

mornings. Th~ effect is more pronounced in thc Gcnetic central di~tricts and the coastal tli,tl"iel.

Af:er passing the western dbturbanee morning log occllrred.

Rainfall over the country during wiHter is very scanty. Bu( ~ometimes in winter 1l~l1gladc,h

r::ecives rain or cloudy sky this particular sy~tem occurs when some po\\crful \"esterns di~I\llhan(e

appro~ch from Mediterian Sea to cast giving rain in Irun. I'ukistan. Northern India and tilc'" tn

Bangladesh .whieh is (he only source of\, •.imer rain in Bangladesh e~ceplionull) the dcrr~~;i('H ,lI'LL"

North Bay 01"Bengul which Illoves t()ward~ Hungbdc~h e()~s1. The <Jrie~t month 01' the se'N'll "

r.lecember when the nOlthem an<Jthe western districlS g~t hurdly 3-10 nUll of rai II1",,11:th~ dislnc I>"I'

greater Harisil1. Noaklmli. Chiltagong and Chillagong Hill Tracts get 15-30 mill of mill.

1.10.2 PRE-MONSOON SEASON

The winter anti cyclonic pressure regime starts changing 01"a MlllltnCr heat 10\.\ fmlll r-,.hlreh

t'nwards. Th~ low hcat <Jevelop~oVCr Hihar and adjoining ecntml India whcn lhe pres'lIfc ~)'~lem

O\'~r Banglade~h lonns a p~rl of the resuhant trough. In the northern nnd central dislricts thc ~\Ifl"aec

wind changes from northerly in lhe winter to south-weslerly and it hecomes southerly to wulh.

e3sterly over rest urthe country.

The mean temperature during th~ summer months remains within 23.30'[, April ~l1d May

arc the hollestlllolllhs. The highest temperature ranging jrom 38-41'C is ntlainetl ill the northel nand

north-weMem distriCis. Over re~t of the elountry it range~ froll1 .,(,-38"('. Pra~tically Ihe high~"t

lemperature ullilins in the month 01"M"y.

The sOlilherly low level eireulalion hrings in eonsidcnrble amOUIll of moisllirc I"romthe Bay

of Bengal oyer the country causing sliliry weuther towartls laic allernool1 and ~vening. Such inl10w

01".moistllre causes local tbunderstorms in the Ime alkrnoon nnd carly night. The~c local pre"
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lllonsoon thundcr storms arc lIwully called Nor'wcsters us bccausl' they move aeross the e"IHlI,y

mainly from the nOrlh-we~lcrly to northerly <.!ircdion, rhe n(lr'\\c'tcr~ is locall} klll)\\ll "s

kalhai,hukhis aner the namc of Bengali month "Bai~hukh" in wllich Illcy oeellr frcqumtly -Ihc>,c

storms ure otlcn assoeiatcd with strong squalls an<.!IlceasiollJlIy with hail ,tofms. The thundcr 'Iorlll

aeli\'ity is le% il\ Mm-eh moderate in April and severe in May. Tornadoes arc frequcnt in this Sc'''''lIl.

Tile tornado of Dhaka (196\l), Manikgonj (1985) and Tangail (1992) arc rcnwrkablc.

The,e local severe storms arc responsible for the prt:-ffionsoon rain ovcr the country. In

March the rainl"ull is 20-40 mill in the distrie\s we,l 01'90"[ longitude and also over south- eastern

'jp, Cox's HUlur and Teknaf. Over rest of the country. thc rainfall is between 4().80 mm. Wilh the

progress of the seasollthe rainfall inercases and in May it is ISO-JOn lllm except in the disui"t "I'

Sylhct whcre the an1\lunt is abou't600 mm. SOllletimc last week of May ~outh -westIllOI!S""" <Hlset

over somh - eastern part 0 f lhe cuuntry. In the pre-munsoon season normal rai nlilil of Ihc COUlliry ~o

nnn which is 70% of the tolal annual rain!all of the country,

The season i, also characterized by cyclogenesis 11\\he Bay of Beng"l. Some oj" Ihe

d~pre",i"ns that form may develop into cydonic storms which truvd generally nO'1h - wcs\ '"uds

i:litially and then turns to north- cast moving towards Bangbdesh and Mymll11ur consts. Sume "j"

t!w,e storn]s may aUa;n hurricanc inlens;ty and give rise to slorm surge,. The e}donc of 19711and

1991 are still in the lllemories not only thc pcople of Bangladesh bu\ also the pcople of!he \'Orld.

1.10.3 MONSOON SEASON

In this sea,un. thc slll"facc wind chilngcs to southerly direction ovcr tlw southern alld Ihe

centml districls and to south-easterly to casterly ovcr the no,1hern dislricts of the eOlllltry. Wind

speed b light to moderate.

Monsoon nUl"lnally reaches the coastal districts of Ihe country by the I"sl wcek "f 1\1,,)'to

Ilrst week of June and progressively englilis the whole country Ihrough .Ilille. Gencrally I!e",y 10

vcry heavy rain with ovcrcast skies clmracteri/cs thc scason. On tbe average therc are ~IJ-~~ "liny

duys per month during Junc to i\ugll.'i. dccrcasing to \2-15 days in Sqllcmbcr. M"'l' thml 75 1,,'ln'lll

of the total annual rainfalls occur in the scu,on. The rainl"u\!is the gre"lcr over the l1o'1h-ca.'tcl 11.thc

southcrn ilnd the south -eastern districts Ih"n ovcr the ccntraL wcstcrn and north -wc,tern di,trlcK

During the tirsllwo monlhs of the season tilc rainfall b between 450-600 mill per momh ("'cr the

northern and the ~outhern dislricts und it is 70U.850 nun per month 'H'Cr tile districts uJ"Sylhd ,Hid
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t:l~ s\Hl1h-~ast~1'Ildistrids or Chitlagong and Cliillagong Ilill Tr.lcts, Ovcr the central distrids tlic

rainfall is 250-JXO nun per month in thcse two months. As (hc season advances. the rainfall ovcr the

country decreases generally, In September thc rainfall is 200-250 mill OVet thc cOlilltl) c.,ceptll' (he

district of Sylhet and the coastal districts of Barisal. Noakhali, Chillagong amI Chiltag'on~ Hill

Tracts. where the rainfall is JOOA50 mm.

With the advance of (he Illonsoon. the sUlllmer e:<trcme temperature~ rail appre<.:iably

throughout the country. Although the mean (empcrature ralb hardly by one degree, the Maximum

tempcrature falls by 2.5"C over mO~1orlhe eounlry cxcept Ihc coastal districts where thc fall is by 5-

6'C

Tropical depre~sions and storms from the Bay of Bengal during the season anJ gcnerally

move 10the norlh-west or north towards India and Bangladesh coasts. Storms however seldom ,Illain

hun ieane intensily in this season,

l.10.4 POST MONSOON SEASON

This i~ the transitional season from slimmer 111<10'''01]to the winler. Soulh-weM mOn",,,,n

i.egins 10 wilhdraw in earlv Oe(oher and ils wilhdrawal from Ihe country IS complete Ihrough

Oelnher. The surlilce wind is very light and variable.

Rainfall decrcases eonsid~rably in October and in November Ihe Dry period starts selling in

(.ver (he counlry. The district of Sylhet gels 200-250 mm of rain in Oclober and Ihe rest elf thc

(ounlry gets about 100-700 mm, In November the amounl of rainfall over the southc<Jslem eoaslal

districts amounts to 25-65 mm wh~rcas the rest of Ihe country gels oilly 1-3 days in the monlh of

1'Io~ember.

nle mean temperature falls from 28-29' C in Seplcmher 10 25-26"C in OelObcr and III 23-

2ST in November. The highesl maximum tempcralure hardly exceeds 29T and thc lowc,t

minimum docs not fall below IOOC throughout the eounlry.

Tropical cyclones f()fITI over the Bay of llengal in thj~ se",on and mo\'cs initially lowards

"esl and then towards norlh-,",esl and at times towards nor(h-east affecting Banglmksh const. Some

Oflhese ,torms in the season may allain hurricane inlensity.

The country i~ alsu ~ubject 10 flooding "Imosl every year slaning from laic April or ~arly

May to the end of September due to eilher high stream 110wsof three major lribularies i.e. P.tdnw

J:omulla and Mcghna. Three recent worst 1100dsoccurred in 1987. 1988 and 199X.
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1.11 HYDROLOGICAL ASPECTS;

"Ihe availability of water in tile G~n~es in !l(lngiadesh is expeekoJ tu lI1ere~se due 10 the

Ganges Waler Sharing I realy. If Ihe Hgreed now in the treaty i, maintained at br"U;o. tlie

availilbility of water the Ganges River will ccrtainly improve eompmed to non agreement pc'riod.

pa"licuIurly during the Ic~n period of M~reh ~Ild April.

Oue to la<:kof eOlllrol slructure most of the dry season Ilow of the Ganges is drail1coJ10 the

';~i\.The Barrage will hdp contain lhat water for agrieultunll and envimnrnent,ll purpose. The l'l\\jed

"'i11 he eritie,,1 pm1ieularlv for the period of March 21 to Mny 10. Bee~lIse. for this period

Bangl~desh will receive ~ srn~ner qu~ntum of W(ltcr and the barrnge \\ould help ma:l.imizing the

lltili/atiun of !langi<tuesh's share of (iangcs water.

1.11.1 FLOO() MODERATION:

The mean nllnllal pe~k discharge of the Gange, river ~t the Ilardingc Bridge ha~ inere~,c'd hy

13% in the post Fanlkk~ period. While the Barrage projcet will not be ahle tu reduce longitudinal

propagatiun of llood waves, the embankmenls 10 be constroeted in the I~teml I'wpagatl<Jn ur 1l0noJ

waler. So, the 1isk of floodillg in the vulnemhle ~rcas is likely 10be reoJ\leeoJ.

The (Jange~ Barmge will help by halting the penelmtion of s~line water I"ront. Besides. Ihe

bdrwge will also help in meeting the increased demand or water lor irri~ntion. More irrigation. Inore

e,apntmn~piralion Illay reslIlt in more minfall~. ThllS e1mnging or inl1l1cneing Ihe climate "I' lhe

south-wesl region.
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Chapter 02

Model Description

2.1 Gellcral CirclllatiOIl Models

2,1.1 !listor)' of GeMs

The idea of mathematically simulating almospheric Illoli\lll. to lIiJ the forecasl of \\l'"lh"r.

\Na~ I1rst slalteJ in thc 19205. l3ul the l1umnical weather lor"casting became I'ery praelical 'n lhe

1950s using e1eclronic digital computcrs, jowanls the ent.l uf Ih" 1'.150, we"lh"r Itm:ea,lc", ill

[llliled Slales and somc parts of Eur\lpc incorporated computer-gcnerated \\CalilCr maps inh\ their

wor~ una roulinc ba~i~, In thc 1960s. "illllhc increa,e in thc compulc'r pO"n, it was po.,>sihk l\l go

beyond rcgional \\ealher simulations to model lhc global general circulalion. '111ishelped 'Ci,'lltl.'I,

to simulalc climatc ovcr very long periods,

By the 19705. Gellcral Circulation Models (GeMs) had hceome a vcry important t,,,,1 \If

climale sciencc. During thaI limc, scienti,!'; becmne concerned ahuut the long Inm pu"ible dl<.:(ts

cr earhon dioxide accumulation in Ihc atmosphcre, which resultcd in the sll,dy of allliJrop"gcnie

(human-induccd) global climutc change, GeM, .,i'llliialions pmvideJ ;1 (I'llcial means "I' <lt1uly/ing

the cffcrts of climate ehangc.

Meanwhile. occan n,odeler~ slarted 10 build similm comPl'ler simulalions of the O,eanic

Gcneral Cirellbtiun Models (OGeMs). Since oecuns arc n mnjor componenl of the o\'era1l climate

sySICm.climale modelers hcgan trying tll "couplc" OGCMs wilh atmospileric GCMs, Allhough thcre

were some dirlicullies in coupling lhese models. by Ihe midJle or lhe 1'.l80s. lhe,c coupled l1l"tiel,

had eSlahlished a new slandard for climalc moJding,

In the 1980s, ,cienlilie conccrns led to imernulional political ncgolialions o,er h"" to re~pond io lhc

possible climalic changcs. A glowl body or climate scienlisls. the 111lcrgovernme11lall'unel 011

<...'1imule Change (IPec). was fomlcd to provide scientific ad vice 10these negoliullOns. In 19'!2. I1IO,t

of the world's nalions "igncd the Unilcd Nmion, Framework COI1\'enlion Oil Climnle Change

(l'CCC). After sevcral meetings, FeeC focused on thc wnys 10 reduce lhe cmi:.siolls and also in

other way' of mitigat ing the elTeets "I' elimale change, Ge Ms have Ihlls playcd a mnjor role not "n Iy

in advancing the almo'phel ie Scicnce bul nbo in (reating global awmeness of ,\ possihly ,,'nOliS

threalto human civilization.
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2.1.2 Definitioll ofGCMs

A general circulation model i, a numerical mcdelthm gi~cs the analysis of atmosphere 011an

hourly basis in all thn:c spatial dimensions !'>used011con~;cr\'n(ioll law" of 1lI0mcn!llln, e'il'rg,' and

,lnlcr vapor.

GCM, are thc mosl reliable and powcrful tool lor estimating thc c1wl1ges In lhc elil11i\te. Ille,e

atl:' also known a, global climale motlel,. generally abbreviatetl 11~GCMs.

These arc also the complex computer simulations lhat de'eribe the eircul"tioll or air anti

<)C~an eurrems anti also how the energy is tmnsportetl within n climate ~}stcm. The", ;Ire

nathematieal represent"l ions of attll"'pherk and oceanic properties anti processes thai help de'ni r.e

the earlh's climale sYSlem.

These are also computer models used to enhance our understanding of lhe factors thaI

influence climate and improve our ability 10 predict fUlure climale patterns. The main objeeli\e ora

typical genn<ll circulation model is to predict climale Imving 11spuli'll coverage with a teillporal

scale ofyeurs. having a very coarse spatial re~oluti(ln_ low relevance of inilial conditions. ha\'ing a

high relevance or clouds, radiation, surface, ocean dymtmics. and Illodel ~I'lbiIiIy.

2.1.3 Features of GCMs

The main features ofGelleral Circulation Models are

• The main gual is 10prediclthe rl'lure climale .

• They havc a glnbul spalial coverage .

• They have a l~mporal range of years lu centurie"

• Th~y h<lvea very coarse resolution <)1'~everal hundred, of kilometers .

• Th~y are based on the conservation laws lor mass, momentllm. energy and water vapn,-.

• They arc controlled by spatial resolulion .

• The method used to run GCMs is finile tlifTerence expre,sion of continuous lime and 'pace

c:juati"ns, or a sJX:ctral represenlation.

Global climate models <Ire the only powerful lools eurrenlly available for simulaling lhe

"'~ponse of the global climate system to the inerea,illg greenhouse gas eoneentralions. '1bcse llJrc~-

dimensional models of lhe aln)Osphere und ocean have been used 10 illvcslig;lte lile ell\;<;I, "I'

ehnng~s in the almospheric composition on the glohal climate, The more recent (;Cr.l~ ar~ :rille 1<)

- 24 -



differenliale bdwcell the warming dred 01' greenhouse gase, amI lhe rq;illnill cooling dku of

slilphale aem,ob.

Solphatc aerosols affect climalc Jircclly through lhc scaltcnng and ab,orplion of ",ia,

r"dialion and also by allering the properties anJ IiIClime 01'cloud,. '" hich ultimately cool thc l'arth' S

s:.lrfncc. Currcntly. the available GeMs only have thc Jin.'ct clrcets of sulphate acro'ob. llnli~e

greenhouse gase>. sulplmte aerusols have a relalively short all1lO~pheric lirelimc.

Sulphate aerosols arc produced mainly in industrial regions anJ JcpcnJing upon almospherie

conditions they may be rained oul in a malter of days. To Illodcllile allllOspherie crtcc1s of sllll'h"lc

aerosob adequalely. GeMs mU~l be able to reproducc thc gcographical vmiation in Ihcir

"lmospllCric conccntralion, Pat!crns of aerosol el1lis~ion can I'ary immensely ti-om sca~Ull to Sl'llS,lIl

and dceaJe to dceade, depcnding on the sourecs unJ volumes 01' sulphmc cnlissions. M,my (jCM

c~periments arc no\\' availabl~ lor lISCin elillmle e1mnljcstudies,

Thcre is a large library of equilibrium GeMs c~periments aV<lil<lblc ror usc

(htlp:!/ipccdde,cru.uca,ae.uk). For lile impacts and thuse who arc unl~ll11iliarwith GeM slut!ie,. the

choicc of experimcnts i,; lurge anJ mO.'1Iikely con I'using. Even t(lr the lill11iliar it "i 11be eOl\llI~lllg to

decide Ihc riljht c>,perimcnllo choose. For this reason SI\1ilh alld 1I1I1illc(1<)9~) pul lon':ord a

number of crilcria 10guide the selection of GeM cxperimcnts:

2.1.3.1 Vintage:

Simulalions takcn li-OIlla more recenl model nr~ likely to be more reliable than ILn'l' Iro111

Ihe em-Iicr oncs, ~ince thcy will be bascJ On thc current Knowledge invulving t1lUreproee,"L'S and

;~'{"dbacksand wiJlu~ualJy havc u higher spalial rewlulion than the e~rlier 11IoJelS.

2.1.3.2 Resolution:

GeM rcsolulions have bccn bccoming fincr wilh timc duc to thc aJ\;llleeS ill eOll1l'ulillg

k'ehnology and also "ilh more reeenl models having spalial resolutIOns of the order uf ~50 kin and

about 20 vcrtieallevels. cOl1lp<lred10 a re~ollilion oraoolll 1000 ~111alltl between ~ and II) \"c'llic,lI

l"vcls in eurlicr GeMs_ Somclimcs. Ibough Ihe reeenl models contain more spalial detnils. better

toundury condiliolls anJ more complex lopography. lhey may not nceessarily haw high

performance compareJ to thc previous ones.
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2.1.3.3 Validity:

Th~ \'ery impOrlmll factor 10 be con~illered in lhe !.eleclion of (jCMs i~ the mmkl

r-:rformunce that is the ~~leelion ofGCMs thJt simliiale the present lin)' cJilllat~ "H)re accur"ld~. It

i, gencrall} assumcll th~t these GCMs arc lhe mosl reliable reprcscmmi(ln of lhc fUlmc climate.

'I hough slalislicnl melhods can he employed 10 compare thc mean values. ,ariabil;ty anll cl;malic

paltems of lhe observcll lIata and model rcsuhs for lhe cmrent haselil1c pcriod. slill thc choiee \>1'

CCM, will mueh t.kpcnd on lhe rcgion of imere~l. Thc relative pcrlnrmnnee of GeMs depelld~

c:ilically on the size oflhe rcglon. 011its loealion and onlhe varinbles 10 he ~l1alyzed. It mu~l also hc

n~ted thaI comparison~ between ohserved dala and model results should take place at the resolution

of the model. ralher than at lhe resolution of lhc observed lIata sel. GCMs operale al a partil'ui<lr

s.Xltial resolulion and lhey cannot be expected 10caplure lhe fealures of climate, which occlir at lhc

~~b.grid scalc. Hence. somc 'upscaling' of the observed duta i~necessary. lhat i~. thc con'lrnclioll "I'

obscrved regional e1imme~ from slalion data, Rnthcr (han trying 10 illenlify lhe modcl. "hicll

simubtes current dimale most accur;'leI}. a bcl1cr upproach may bc to idenlify th"sc 1Tl()<ld~"h'hC

r-~rformance is unacceplably pO(Jr. particubrly in Ihc cslimation oi' climalic (",,,lurcs whkh arc "I'

critical importance to lh" impact npplication. i\ number of imcrna(ional model inlclcomp"risun

projcel8 cmrcntly exi81, in which specilic componcnls of differenl GeMs are comparcd in onlcr to

de1Crmine why model performancc may not bc particularly good in S(Jmccascs.,

2.1.3.4 Representativeness of Resull~:

It is Slrungly recommended lhal more than one GCM is usc<l in any impacl asse'~ll1ent and

lht, selectcd GeM should show a rangc of .changes in a key climate variablc (e.g" lenlpclalurc.

precipitalion) in thc ~ludy region. At thc rcgional Icvel GCMs can display largc dirrercl\ce~ in their

c,timates of climale changc. p"rlicularly for variables. such as prccipitation wherc onc model will

indicale wetter conllilions while anothcr will 8how signil'cant drying in the sludy rcgion. II i,

;mporl"nt 10 try ami caplUIC lhis range of future elimalc c\lIluilions in any a8seSSlllClll of elimale
change ;mpncl"

. 26.
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2.1.3.5 VlIlid:ltioll

[( is important when lliscu,sing the need for Illote regional and local scale otullies of elimate

',:lunge and impacb to be able tn d~'l1lOnstratethe capability for such stlillic~. Ilere wc dCIlHHl,lr,lIc

(I) the ahility oftbc regiOl131mollcl to adequately capture hoth tile gcneml (seasonal 1emperature &

precipitation) and specific (diurnal tcmperature range (DTR). growing season length. frequcney

and imensity of extreme evcnts ) cbaraeteristie~ of regional elimate observed lor the modcrn da).

and (2) that regional models arc eurrcntly better suited for the type of analysis thiln global model"

Mearns ct al. (1999) bave performed a oimilm validation for RegCM2 with a domain eenterc'd 011

[Ihuka while Synder et al. (2002) performeJ a more general valillatioll over Bangladesh.

Model validation i:, performed using National Climate Data Center (NCDC'). SUllllllary-

of:-Ihe Day (SOD) meteorological - station precipitation and maXllllUm & millimulll nil'

t':mperatUl'C Jata. These SOD observation~ are available throughout the year and have a daily

t,:mpoml coverage that inelulles approximate,ly 33 stations llistributed across the eoulltry l:ig-2.

Also ~howll in 1-'ig-2 is the outer - bOlllldary of tlw 50 kill grid fronl Fig-I. The SOD qatioll

data arc grilled to the 50 km ClimRAMS grid using an objective an:l1ysis scheme Cres~man.

1959 aod then compared with the model outputs. Berore this eompari,oll is made . the Illodel

- proJuceJ maximum and minimum temperature nelJs arc adjusted to account for the

dillcrenee between thc model and stalion elevations. rhis is done by gridding the station

e!Cvations to the model grid. <Iod tben applying a spatially and temporally - consta11l lapse

E',te of .6.5"C pcr km to the dilTerenee between Ih" station and model topography. '1he

resulting temperature correction [;ig-3 i5 then added to the moJel temperatures. We have

chosen to aJjust the moJel temperatures 10 the station elevations to avoid any modificatiun

or the observed data. We al50 recognize', that the ohservatiolls arc biilseJ towarlls lower

e'cvations ,and that, in some scnse. the modeled tcmper;ltures may be more representative of

the truc grid - cell averages. TIle ohservational Jala sets arc knowil to include other ern"., .

such us urban heat island effects Oil temperature (Kml cl al.. 1988) anll wind, me50srak and

regional. cloud & land - slll'faee atnlO,pheric phenolllena am.!interll~li"n~ (Pic!~e el nl.. I ')7<1 ),



2.1.4 GeM \'S.nCM

An RCM ol1",~ higher ~paliul resolulion than a (jCM. allowing for gr~aler 10pogl'''llhi~

"'J,llplcxil} ~11l1smaller scale atmospheric dynamic, In he sillllll:lleu and ill\'~~l;gated .'llleol'l'lil'"Il).

higher resolulion should lead 10 nwre I'ealislie s;11\(lialiolls of regional ~calc climale. The biggesl

wcakne~s wilh RCMs is the dependence on lateral boundary inplll eithcl' via GeM, I'canal)_,i, "I'

obServalional dala. Jf an RCM re~eives poor qualily input it is nOl li~dy to outpul ll1u~h higher

qual ity r~.,ult8. So if qual ily GCM inpul is needed then is the use of an RCM necessary'! Th~ ,1I1,,\el'

h, lhal question depend, on lile inquiry lu he addresscd. Ob\'iously all ReM "lHlld he inaticqH"le to

ajdre~s i~sues of glob~1 or even hCll1bph~ric. ehanges in ~lmospherie dl'cul~lion. I.ikewise a (,CM

may not be arpropl'i~tely suiteJ for queslions thaI are sub- .contincnlal in scak. ~speeiall)' ti,l'

c::lll1plex regions. C~lilomia is a elill1~lically and IOpogmphienlly complex region and lhel'cl'lI1: il

s;udy ofth~ regional c1irn~lc lhere wmrant8 lhc use of an RCM.

2.1.5 ASSOCIATED RAINFALL PATTERN

The distrihulion of rainlall ~5sociated with a monsoon dcprc;,ion i, rath~r uniqn,' i'l

each case. dcpenJing on ilS in(cn8ity. dircction anJ specd llfmo""mcnl and Ihe prC\':liling I'Hg~

scale environmental condilions wilh which il inlerads. Ncverthelcss thcl'L' are somc C""Hnon

fcalures. In the case of n nomlal westward moving depl'cssion in lhc mid monsoon nhllllhs

01'.1111)and Augusl. maximulll rainlall is conccntratcJ in a belt ahCl\d ofi!5 cllrrCIll po~ilioll 10 il

dp;tancc of "houl 500 km anJ 10 lhc Icli or the lruck, viz, in the soull"'C5t ",CCIOI'"I'thc

Jcpl'cssion field, in about 40010500 km ,,,Je bcll (Rao. 1976). Ilowcvcr. thi8 l'c1alilln~hip do~s

no' always hold gooJ. panicularly in lhc Ink mnn800n scn,mn. '-c_ September ,md October. 1\

typically of thc latc monsoon Jepl'essions 'is Ihal the rainlail as,oeimeJ I,ilh thcm i, ,,!lcn

concenlratcd in a slllail arcn anJ is much mol'c intensc \11;111their mid monsoon cOllnlcrpal1s.

The late mon~oon dcprc;>;;on5 havc a special significance in vi~w of Iheir high no",1

producing polcm;al duc 10 n conlhination or conccntrateJ hea\'\' rainJall assoeimcJ ",ilh !h~1\1

,md a high antecedent precipitation inJex.
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2.1.(, WATER POTENTIAL OF MONSOON IJEI'RESSION

The mon50on depression produce heavy (0 very heav)' rainl'all \n the areas thl'Ollgh

"hidl they pas,_ The imensi\y of ramfall bdl\g heavy 01' I'ery heavy I~ l'Onventionaliy

measurcd in term~ of the cumulative rainfall ill 24 hours al an observing '(atioll, As pCT the

convention in lndiun meteorology the magnitude range of 7 to 12 I'm in a N hour period is

ch\8silicd as heavy raintall. 13 elll and ubove is known as vcry heavy rainfall. R,linfall amounts of

~O (0 30 em in 24 hour arc not UlleUlllillonwith 1ll0n800n depression.,>, Exceptionally heavy nl;nl;lil

f-f as much as 60 to 80 em per (by may also occur in some intense stations. The highest 24 hour

f-oint rainfall on record at a plains station in India is 99 cm on second July. 1941 at Dharampur in

SOlllh Gtural. This event was associated \vith a 1110n,00ndepression.

:.1.7 SUMMARY

The Regional Atmospheric Modt'iing System (RAMS) has been widely used to simulate

rclallvely shon-lenn almospheric prnce~s. To perform full- year tn multi- year modd intcgrati')\l~, a

dimate version or RAMS (ClimRi\MS) ha~ been devdoped, und is u,ed to ~imulute dilll'\1al,

sea~onal and annual cycles of almospherie and hydrologic variables and intcgrations within the

central United States during 1989. The modd simulalion uses a 200 kill grid eoverinl; the

conterminous United States, and a n~~ted. 50 km grid covering the Great Plains and Rocky MOllntain

States of Kallsas and Colorado. The modd's Imeral boundary conditions arc foreed by three hourly

NCEP re3l1alysi, products Clirn RAIdS indude8 simplified precipitation and radiation 8ub- models

and representation.; that describe the seasonal evolution of vegetation.- related pmameters. Re~ional

climate modding ~tudies have demonstrUled their ahility 10 8imulatc the seasonal cyele~ through

comparison with observed monthly mcan temperature and precipitation data sets. this ,tlldy

':emol1strate~ that a regional climate modd can also cnrtun; observed diurnal and s:lloplie

v3riabilily. Observed values of daily prceipitation and maximum and minimum screen _ heighl air

kmpe1'ature arc llscd to delllon<;trJte this abilily.



Chapter 03

Review

:U StatistiClll Methods

Inlhis seclion we summari/c thc stmistics we uscdlo ,nHlly/.eour onc month simulation. Thc

s'U1istics arc similar to Denis et al. (201l2).

3. \.1 Root Mean Squa •.e E •.•.o •.~: ROil!Mean Square Error is delinetl hy:

RMSE= n i ~1(U[;!J - li1-R)211 .,., ,., ,(1)

Whcre [JRB ~nd liUJ ~re respeelively Big and Lillie Brolher lIe1ds and 11 i~ the t013111l1l11hcr

of grid poinls (in spacc). Sincc we wanted a unitless refercncc. ,,"e havc aelually ealculaltd lhe

following ratio:

Rmi" =n i=1(UBB - ULB)2 J1 i ~l (JBn2 '" .". (2)

3.1.2 Spatial Correlation Coefficient: Spalial Correlalioll Cndflcienl b dclinctl ns follows:

R = CORUCOfF = n i =1 (UBlJ - U_Bll) . (ULl1 - U _LB) n i =1 (UI1S --U_llB)2 '.J1 i =1

...... ,' " .. , ,' """ , , ,.(3)

Where U_ is a spalinl averaging operator over 11grid points:

U = ni=IUn ., , ,' , (4)

3.1.3 Stationary and T •.ansient Variance Ratios: '1'" complete the assessmenl of the I.i\lle

hrolher

Ability to reproduce slalionury and Iral1~ient small-scale behavior we de line t",o variance ralio"

Tempural deeompusilion for each variable U is given as a sum of its time 11leUI1(denoted by an

u,'crhar). and ils time devialion (denolcd by prime):

U(x, I) = U(x) + lJ_(x. I) '''" (5)

('UT tittering I~ch!lique allows Wi 10distinguish belween large- ahtl ~ll1all-,ealc componcnls of "II

ficld~. We del1n~ lhe ratio 01'domain-averaged slatiunary small-scale variances as:

Lllal .I'S= U 2 ,".1_LlJ _112,".I'_I1B"- (6)

IiIhere ",".1'" denoles small-scale.
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Aml thcn wc dcnnc lilc domain-a\cragcd lran,iel1l sl11all-,C(llc~ (tienoteJ hy 5ulN:npt "s'-')
variances

as:

I'lran.,' .1',"= U 2.1,' f.R U 2,,'.\ H/L .,.....,... (7)

Ihe variance ratios rsllll .\,' anJ DI"III1.".II providc liS with thc abilily of lhe Little Brother l(l

n:gcnerale

the spalial variance 0 [.lhe stationary ~nd lransient Big Brother small-.',aics.

~.2 Betts' scheme (thermodynamic equations)

Bells fonnulatetl hi; model ill lerms of lhe thermodynamic '1uantilics' moiM ,mJ dr\' 'lilli,

ennglCS. s=c T+gzr '
anJ moist stalie energy his dell ned as

h=cpT+gz+Lq

In a water - saturalcd cnvironment thcy may be defincJ ns

SI.'" CpT +gz -' Lql

and

H,=cpT+gz+Lq,

Thc hehavior of the '1uanlities sand h may bc consiJClwl to bc analogous to lhe heha"i,,!' ,,1'1\

a"1l101. resrccti\ely.

Tile funllamcnlal premise in Belts" 1110deiis that lhe eddy 1111x~',"I' ilcal and 1110;,'tlll,'c<lllhe'

reprcsenled as lbe product of a ,ingle conveclive mass Ilux (",") and a pcrturb;ltioll Quanlil,' cicl'in'd

from a single cntraining cloud pared (~ubscripl e) rising thwugh a KnllWI111\eilncnvironmcnt '1Iu",

F, '" -w'x' =: w"'( X, - Xc)

Where X rcpresents h. 'I, or SL. The conycctive mass l1u~ rcprcscnls the clouJ ale'a _

a'ieragcu flux due 10cloud, having actlvc updmft, \\'i,h velocity WeanJ having a 1i'1lctiollaln"<:l'ilge

G. Thus
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In a manncl' simibr (0 (I1nlllseJ 10 Ilm,lInctcrizc thc effect of cumulus douds. we wlite the

b ldge! equations for a saturat~d eloud layer in preSSHre coordinates.

QI == JJS/lit + V.S + <luiSlor ~ QR .(Ilor (<:o'S'd

13clts' saturalLon - point allalysi~ scheme:

HUsing (he transformation

d/dp = (dpSI/dp)(d/dpsd =P(d/dpsl)

1he gradient following a parcel of pressure p can be written

dfJ~l/dp=p( de'il/dpsd~"

dOESL=P( dBI ,[/dp'id~"
drsl, Idp = P(drsl/dpsl.h"

Where (he sub~er;p( M relCrs In gr<luien( along a mixing line. If 1\ = O. '10 mixing oeeur~ \I)

(ile cloud <Indthe SI' (saturation point) al C (cloud base); [, = I corrcsponds 10 nli~lI1g at a rUle th"t

corresponds to tOlally evaporming Ihc "'aiel' condensed as thc parcel ri~e~, The dow.! p<lrc'c'iSI'

n:ache~ D" (mi~ing line) ~s the 'parcel p. For O<P <1, partial evaporation orcl\H,d "'<Iter by ,\;i~ing

o.:curs. '1hus. for exmnple. lor P .0.5. Ihe parcel path or Ok'>(1ll0i~(<Idi<lbat) lies h<lllv..<l}bel\\een

Il.e ll1i~ing line and t1w moist adiaba( \ 81.,(0)j. where the pared p~lb for 81. lies h<llf\\ny hetwc~n

llo~ mixing line and lhe dry adiabm,

Hclt~ also estimated lhe rutio flil'" as

rlr'a ""(PSI, -p)/(PI\-p)= I-~

11= (pB- pSL)/( pB - p) and pB is (he cloud b~~e pressure. 1'01'an aseellding parcel (0

remain cloudy. rI :> 0 <IndB <1.

For a pmeello remain buoyam, however, ils OES and 0 paths mtl~llie (0 the right ufthe

en, ironmen! slrati lic<l(ion iIlllSll-aled

The ~Iltlual v"licimion of KHil1l;,11for .observed ~nd Mudel (Gl' C)
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3.3 RClilistic Simulation of Rcgiollal ClilUlltC

Aeeum!c regionJI elimme prcdicllOns me imporWn( bul dirliculL Shown here nrc the ~1,,11"11

observed dnil)' rainlilil (panel a) nnd filinl"all sp,l1ial variahility (panel III li'01n May 10AlIg\l~1.luling

the 1998 Eusl Asian monsoon and the resul!, fmlll u simulntion Wilh lbe newly dewl"ped IPRC-

Regional Climate Model. Abo shown me the oboerved and Illodeled <.luilyminilllum ,Ind m,l~llmlill

tClllp~l'Ulures(panel c). The oimulaled region is the Yunglzc-I-luaiRi\'el Ilaoin together with oOlltllC'l"1\

China (23-34'N. IOS-I22"E). Overall. the model captun:s the unique fealures of Mei}url'Onl". lh~

as;ocialed rainlllll ~vents. including <Isevere flood durioI,' lhe period. nnd lhe land-slIrf"el' pron'sses,

It eUlllhus be u~ed 10 study lhe regiun,lI climale over Ea,t Aoia. and 10make climale predictioll' by

n~sting it into <IGCM.

I3ased originally on a meso,e<lle lropical cyclone model. the model incorporales ad\'aneed,
r.,dilllioll and land sllrfaee seh~mes with l1igh-resolution vegetation lind soil c1a,.,illealion dm" The

modd uses NCEI'-NCAR reallal)'sb data ror initial and laleral boundary conditions. and \\'cekly

R:ynold's SST a, lower houndary conditions over the ocean. Where Rilel i, lhe net incident

mdi<llion at the surface. 1-1is lhe sen,ible heat flux, Lv is th~ Iutenl helll of vaporilalion. and E is the

r<lleof evapotran~piralion. Lvidence bao shuwn thai over the eOUl'seor a year the ]1et surface healing

(01'ground heal !lux) hs i, negligibly small compared (0 the other terms in equlltion (1). When taking

a long-tern] view in a stable clillJale lhe net ~urI:lee bealing should be eosenlially "fero. On the "tber

h"nd. in II changing climale we would expect a long-term drill of the net surluee beating. Hew:e lhe

net sllrtuee he<lling is nn importanl indicator of" long-lenn climate change. lJnrortulllllcly. il i~

dinicult to measure and can be a sOUl'ee of eon,idel'3ble variation between climate m"dcl~

lhemselves.
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Fig. 3.3: Spatial Stal\l.lanJDeviation of Rainfall over South Asia (Illlll].

The wakr buJgcl equatiOIl, "hich expresses the conservation of ll1a~s in a lUll1pcJ or

averaged hydrological system, can be writlcll as

01' El>A Q v., dS~dl: 021>

I-Jere P is the mean rate nfprcdpitatio'n Oil the system. to is the rate of cvapOlnll1sl',r<lli"l\. A
i" the surface area. Q is the nd oull1ow ofwalcr (runoff). S is the Waler v"lume slured in the ~~.,tCIll.

!l'll! I is time. Similarly to the ground Ileal nux, the change in soil 111llislurc in a stahle climate should

h', negligible 0'1"'- the long [crm, Unlike the gwund heat l1u~. though. suil l11oi,turc can ch:mgc
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c'lIlsit.lcrably OIW the short to lllet.liUI1lterm. Even on an intenmnllal hnsis the soiillloisture eilrJ \'ary

:,;{'ally li.om f1oot.lyears to dl'Ollght ycars.

A number of previous regiollul climate model intereompnrisoll studies hun: heen cond"cl~d.

']he Project to Intereomparc Regional Climate Simlilations (PIRCS) ~~pcriment In ilJl"(JIl"ed\.i~ht

ReMs (including MM5/Ili\TS and RegCM2) run on a domain eOl"ering the eOnlincnlal l inileJ

Slates Ivr a period of2 mOIllIi~covering 15 May to IS July 1988. Some results frOIllthis experimelll

ure reported by Takle d al. [1999]. They fOllnd llmtthe Rr'Ms were able 10 reproduce bulk lemporal

u"d spatial characteristic., of meteonJlogical lielJs; in pnrtieular. the SOIl.hPa-height licld w;" well

.,irnu1uted by participating 'llodcls, They found lhal I,lrge-scale precipitalion was simulated "ell in

term; of time and locatiun though amounb onen varicd froll) ohservatioll';, while conl"cdive

rreeipilatioll is represented only in a stochastic sense with less agreement in lemror<ll amI spatial

patterns. Simulated surface energy budgel was al'iO compared to FlFI;: obser\'atiolls, Wbile the

simulated results show broad agreemenl ",jth lhe FIFE observlItions. significant scalter among

results meant thut no slrong conclu,iol1s could be drawn. 1'1ReS expcriment Ib was perrormed over

a similar domain hut covered the rcrioll June-July 1993 Wilh l3 RCMs invllived. This period

iHcluded a nom] ill the central United States, The results arc reported by Ander:<.onel ,I!. [::0031.

They found that the models were ab\C to reproduce recycling ratios within the range e:<.t;mutedrrom

ob"ervations even though many of the RCMs demonstrated a \0'" precipitation bia~. The mojO!it)' or

the ReMs were nbic to reproduce lhe observed nocturnal maxima in precipitation Ihough nOlle "flhe

model, accurately reproduced the characteristics 0 f the mesoscale convcelive system,

The Project for Intercomparison of l.nnd Surface l'arameteri~atioll Schemes (1'1l.P~) has

cO'lducted seven,1 experiments focu,ed on assessing the perfol'lllance of lalld surface schemes. Most

,<. these stullie, have driven the vari"us land surface models VI ith observ,ltionai data 1Hend"'-:"lll-

S':lIers et al., 1996; Liang et al.. 1998; Lohmann et al.. 1998; Wood et al.. 1998]. While studying the

performance oj" land s\ll'faee schemes ill an "ofi1ine" mode may proville useful inronnation I~lrthe

lIevelopment of those models, il has been shown lhat lhese result~ n1<') not be directly relatable 10

thc rerformance of the sume 1l10deb when rully eoup\cd tOlln atnwsphcric l1lodellllu ,Iud Islaoll.

1996; Kim and Entckhabi. 1998J. Margulis and Entekbabi [2001] statc lhat "ominc" bl1d surlaee

lllodel intcreolllparison .,cllsitivity sludi~s can lead to incompletc llnd misleading sel1siti\'ilil.' "I.

h:nd-atlllosphere interaetiolls. Somc IUlerPill'S experimcnls cOllplcoJsc\'crallnnd surl;IL.e lllolicb 10

llie samc ReM [Timhal and 1.lclidcrsull,Sellers, 1')<)81.lhey I<lnllli Ilmt lhe -""HUn :lIll"l)g tlie
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dlClll,;S, while dilTer,;nt lball thaI llb"ervcd in the oilline e,pcrimell!s- I~as of lhe ~al1le order of

',llagnitude, In lhi~ sludy the land ~lldiu;" mudds ar,; cuupled to their nalive allno"l,he,ic

compollents; thus the mudel sensitivities are those applieahlc 10 the~e coupled model ,}stem" As

well as lh~ above furmal projects. lhere have been several olher sludics which Iml'e perlO"'IlI,'d

intercomparisons of vurious elimate modd pmamelerizalions. Chen et al. l199(,J eOl1lparnl the

,imulation of land surface evaporation filr rOllr land surface parall1eleri~..<ltions"vcr FIFlo, I'he

_,>unplcslof lhese models was the simple bucket modd with t",o parmneters [I\ilanabe el al., 19651.

and lhe most eomple, modd is the simplilied Simple Biosphere (SSill) model "fXue et al. [19911

with 22 parameters, They conclude that sOllle comple,ity in lhe canopy re,>i~lance sehellle is

i:nportanl in reducing bOlh the overestimalion of evapowtion during weI period." "nd

l.ndcrcstimation during dry periods with the lwo most complex m"dels perlorming lh..: b..:s1.Th,'\'

dso demonslrated thaI simply innc~~ing comrle,ily of the model due,,, nol necessarily improl'e

performance, with th..:most ..:omplex modd (22 paramelers) per1i)rming simillll'ly 10 lhe s..:contlillosl

complex model (15 paramet..:rs). Lcung, el al. [19991 intcreompmcd three ReM s II'hieh lI'erc lheti to

simulale an extrem..: !load evenl OWl' ca~t..:rnAsia, rhey foulld Ihm each nlOdd ~illlula1l'd th..: gros~

1100<1conditions reasonably weli. lhough significant differ..:nc..:s ""''':1''':jiHllld in the simulated L'''..:r!,y

and hydrological eycl..:s. especially (l\'er c10lldy llI'eas. Th..: r..:asons for lhis include the ,illlllialioll (\1'

Ihe amoullt and v..:rlical dislribution of clouds, (ile lrealmcnt of cloud ladintiw rcedllac~s, ltl,,1 till:

representation of land surface pmec'>8cs, They also not..: lh"t ., On..: spec ial impUrlalll CIit":l'ioll i, the

radialioll halance which ha~ ~erious ilLlplicutiolls 1'01'long [Clm clullnte simulallOn,," rlli, ;lIlll:

dillers from previous inkrcomparisoll Mu(lies due 1o a eomllinntioll or raelor~, Of th~ I{HlrIZCJ\b

u~ed. two ~hare the sam..: land-surfac~ schcme (RegCM2 and MtI'15f1lATS). alhm'lllg ill~ir

r',ffcrenc..:s to be aUributed laq;ely to the almo,phcric wmpollenls. "hil..: lhrcc share thl' '<lllle

a' 1ll<l8phericcomponenls (MM5/BA TS, MM5! SI-IEELS and MM5/0SlJ), nllO\\ ing their di I1i.Tl'IK":

to h..: allribut..:d largd)' to lhc land-8urfaee s..:hem..:s.All ai' lh~ modd; usc lh..:ir nativl' pur,IIII..:!,'r

valu..:s and initiali/..EIti(>Il,~ilh no sile-specifi..: init;alizalion p..:rlorll1cd: lhm i8, lhcy arc upplh:d in

lheir ddault conligum[ion just as th..:y would he li)r dim.l!..: change illlPUl'l ,ILldi..:.', ell'.
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Chapter 04

Review of the work
4.0 Case Studies

!lased on ~n analysis of Ihe di~eharge daw by Mir/-,l el al. (2003) reporlc'u Ih,,, the

discharge levels in the Ganga. Iklilinaputra & Meghna ri\'er syslems "tlaineu lildr highe,1 ,'''''I'

f.eab in these years at .",me locations. An ,,,,,,lysis of lile ,eawn"l 11IiIllilll dc'p;lrlurL' fr"lll IIIe

long period a\'erage over Banglm.k,h {hiring Ihe 1l10n~OOIlperiod revealed that Ihe lh",d~ in

1987 & 1998 occurred due to exees~ rainlitll \vilhin Bangladesh as also in the IIp,I'C''1ll

portion of the river b"sins lilat shows Ihe y~ar to ye;lr time seri"s of th" percenlag"

l'epartures of lh~ country average monsoon rainlidl of Bangladesh during Ib~ Iwo main

1',1Onsoonmonths of July & Augu,t wilh reference 10 the long period a\'cmge (1971-2000),

where the y~ars 1987 & 1998 lIIand OUIclearly.

W~ idcntifiet.l th~ dates of heavy rainslorms by eompllting the daily COllnlfYaverage rainl,1l1

ofllangladesh. The daily country avemge rainfall of Bangladesh during Ihe period l.1unc' I"

30 Scptember for Ihe year~ 1987. 1988 and 1998. The monsoon~ of highly e~ecss r~illfall Oyer

[!~ngladesh, U->m~y be seen in Ibe year 1988 and 1998 rcspeelively. The day to day r"infal1

distribution in both thc years is marked by occurrence of scvcral peaks in lile bar diugralll.

A high pcak in lhe country aver~ge is ,I refleclion of widesprcad heavy rainfall with nlllny

slat ions reporling high value, of 24 hour precipitation, at til1l':~ exceeding 201030 ill a

coniinuolls spell of several d~ys. Tbe most signilicnnt peab in 1'J87 occurred in the last we"k

of .luly, contiauing into Ibe beginning of Augusl, and in tbe la~l week of August. the laUer

I't:cording a country average r~infall exeecdlllg 90 111111.The olle in IIle last vvcek oj July

e,cecdcd 80 mm. Thc highesl pcaks in 1998 wcrc comparatively n1lJderat~ a~ eomparetl 10

1987. The most significant peaks in 1998 occurred in the 2"" we"k of July ~nd Ihe 2"" w"ek

of Augu~t. During 1988 on Ihe, olher h,lIld, the l1lonth of June nppeared 10 bc quilc aclil'c' but

Ihe rainfall in July ~nd August was considerably subdued. The f(lTec~st model \"," run ba~Ld

on thc initial condilion~ of24 July \,ilh lateral conditions calculaled from a,,~lysis at (, 11(1llrl"

inlervab. Thc 24 hour and 48 hOllr prediclcd rainfall v"lid for 25 July ant.l cUl1lUlalivc t;" :5

aad 26 .lilly 1987 are pres~nled in the south and SllutlHvcst fl'"pectivc!y. Th" 1l1llt.ldI'mdlln'd

hea\'y rainfall in Ihe arcas covering J\s~al11and adjaccnt state~ "nd [!allgl<lue,h. ton,;i,;lenl wilh Ihe

s;noptic pattcrns and the areas of heavy 'noi,tllrc convergence. '1be obserl'ed rainfall on 25 .luI, ,1IHJ
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26 Juiy as vcriJicatioll. WiJcspreaJ heavy rail1f,,11 along the coaslai llrcas of B.mgl,lJesh.

inlluel\eed by orography. as well as nurthern and central parts 'IHslhe prominent featurc.

The monsoon trough ~t"yed nOith lor a consiJcrably long pLrlod uf abmll 10 dn}s lh,-"ugh

thc beginning of August. As a curroburation oflhis statement. the mean sen level pressurc al1:1lysis

0[\ 31 July is prcsentcd in south 70<1C.which show~ the mOl\soun trough persisting in lhe samc

1:1cationacro~s nurth Banglndcsh. The ub,erved rainlbll distrihutiun on I Augu,t (the day OfpC'llk in

t'lC euuntry avcrage rai[\fall in 1987) is ,h(,wn in lile cast or Sylhcl. which lies at the foothills of

l.ha<;i-.1aintia hilb ncar Chcrrapunji. recorJcd 30 em of rainfall 0" Ihis day. Many Matlon.' ill

norlhern and eeillral palis of Bangladesh reported heavy rainfall excceJing 10 em. The 24 hour

preJi<:ted rainfall valid for I August 19J:l7.bascdon thc initial conJiliullsurJl.1lliy 1987. The InoJe!

simulated lhe ohscrved predpitatioll reasonably well.

4.1 Calibration IValidationl Sensitivity Analysis

The regional climatc moJcls (ReM) used 10 genclatc' the elimatc projcction, adequalely

rcproduces historical climate conditions. These modcls arc Jrivcn hy outpul~ from gluhal eirclll"tloll

climate moJe]s Ihat due 10 their eomsc geographical resolulion can ll<)lIll' llsed directly rot"rq:io"al

impacts and adoption anal}'scs. The global moJcls. how('~er. adcqualely reproJuce largl' ~c"le

atl,lospheric fcatures. RCMs are used to downscale the outputs of global eireul;ltion Illodcl~. to a

specific region.

4.1.1 ConceptUlllllasis

Global Coupled Atmosphere - Oecan Gcncr;ll Cireulalioll Modcls (GeMs) currciltly uscd ror

projecting future climate havc a griJ bux size of 100-200 knl. Many or these moJcls arc ahle 10

s>ll1ulate pre,ent -day climate well on spatial scales of I000 km upwards. and the nest moJc1, provide

r"usonuhle representatiOIlS or thc climate on some what smallcr seale~. Their grid-box resolulion.

b.m'ever. Can not eaplurc regional orographic details nor resolvc imporlant cyclonic Ji~t\ll'banccs or

s'milar-sized circulation !Calure,. This pl'OJuces an ae~urate repre'cntation ur the c1illl;lte Ull ,eaks

of individual grid boxcs. For many impact Illodels, huwever, information i8 required on sub grid

~':ales of 10 10100 km (refcrred to here as the local 10 rcgionalsc"le). rile mclhod lor producing

I"eal-to rcgiunalscale inrormalion from largcr-seale GeM data is ealled do\\nscaling .
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Two t.lmvn~culing mclll(lds arc commonly used dynamical ilnd slatl'iticnl dm\ns,'aling.

Dynamical dowllscaling mclilO,lh inclllJc: lhc U';C of a limllcJ ,11",1.higiJ-rc,,,llIlion R~,:i"n:ll

Clill1ak MoJd (ReM) nestcd wilhi" and driv~n by lime-dependent laleral and lo"'er bnlll,d,,,:

conditions from a GCl\'I: tile u:;e ora global modcl ",illl variable spalialrcsoluti{ln (a slrctchcJ _gl"iJ

<.lm()~phcric GCM); or lhe lISCor a high-rcsolution atmosphcric GeM in limc-'iiice c,-perinH:nt,

('riwn hy Almosphcri~-Occan GeM forcing raclor, am! surracc b()unJary conditions. Thcrc al~ h,,'

lypes of ReM hased downscaling dcpcnding on whclhcr tlw RCM rc~ull~ keJback to thc d,il'~,

(jCM (two-way nesling) or nol (onc-way ncsting). Slmi,lical downse"ling \n\,(ll\'~s thc deril.,tion.

\'alid<llion <lndappliealion of a >;lati,tieai model {usually has~d on rcgn:'M,i"n analysis} thaI ,elat~s

hcal! regional-scale climatc variables to glohal-s~alc prcdictors. I'll,R is using both mllncrk,i1 and

stalislical dll\\1lScaling l~chniquc, bulonly OllC-WUYnesling of numcrkal rcgional climatc Illudcl"

\'Iill be Plll'sucJ.

4.1.2Theoreti~al Basis

GCMs simulale the law or motion. bu~cd on ~onser •.ation or lila." and encrgy. in a qllc~l I"

estimale potcnti"l changes in climate giv~n extcrnal liJrcing lactors such as lhe inclcw,c',l

a'.lllo~pherie concenlralioll 0 r grcen - housc gu:>cs.r [owncr. lhesc modcls requirc thc u'c or ~e\'cml

simplifying as~umplion; dut, to lack or ~~ientijic knowledgc or lack or computer reS(llll'CCSto soh-c

all physical prmc~s at all thc ,palial and tcmporal ~ea1c,. Numerical RAMs or limilcd area Ill<'Jels

<lIsonumerically solve the cqualions or mOlion (conscrvmion of mass alld cncrgy) and ar~ in SOllle

;'",peet vcry similar to tbe global modds, Sevcral Ilumcrical cxpcri ments havc ~l>nIirmcd that th~ \I~e

of RCM models Jrivcn by the ootput "f global models ean adc'lual~l)' reproduce' lbe main feulLII~s L ,j"

rcgional climate.

4.1.3 Numerical Basis

The global and regional dynntnie m"dcls solve the basi~ cqualiOIl~or molion: COll.'~f\'at">Il<,r

1:m'iSand cncrgy, using numerical inl~gration ,~hemes. Thi, i~ done Ii" ,1lbl"L' dil)~n,i,,",,1 nle-,II"j"

!!-I"id]Jowls at dill"er~1l1hori"ontai and vcrlical rcsolulion" SOIllC!C"lLIIC",{c.g. e1omlli>nIl"li""1 "'L

rm"'nctcrized {simple ~emi ~llipirical math~matical reprc,ullalion or cen"in pro~l".'csllo be "hk lo

{,btain numcritaJ sollilions wilh c~istillg COl1lputtrl'Csourccs.
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Slulisti~al t.Iown~~alillg ~()nsisls of lh~ t.I~v~lorll1~l\t of malhemalinll relatiunship, or

eorn;ei<ltions between large scale femures uf climate (e.g. geu pUlcntial heighl~) e~tilllm~d by

l.ul1\crical GeMs and climate conditions at given grid points in lhe regio" ofsilidy. All e"amp1c of

Llis teehni'luc is the canonieal c()rrclation Illetlwd hcing:enhanced by PIER researchcrs "I Scripps.

t.I.4InpUI and Output

The inputs nceded for lhe glubal circulalion models "re the boundary condilions I"r the

almospherc and the occans, Inili,1I con<.!itions 10 .,(ar[ lhe simulations Jnd J dcscription "I' ho"

impor1antteatures would change with lime (e, g. atmospheric earbon dioxide conccntralions). The

r<,gion~1c1imale models I'equire the same type of inl<Jrmalion but unly for the specific region being

modeled. In addition. the regional model, reqllire the use of oulpllts froll1 the global Illo<.!ebat the

boundaries of the modeling domain.

The outputs from the global and regional models are the estimatc<'! changes of temperalure.

precipilation and other meteorological variables.

Thc model does a good job simulating historic 1- day events considCl'ing lbe ditTcrcnc:c.s in

sample Siles, The average 1- day high is 1.3 elll in tlw Illodelthan ill the observmion~.

4.2 Data anti Methodology

The basic data sets required l'or prcpming lhe synoptie map~ and the initial <lnd Iatcral

boundury eonllitions for running the limited arell model in the presenl study ~re drawn flom

the E\lropeun Celltre lor Medium-Range Weather foreeasls(ECMWF) Reanalysis (cra-40) data

downloaded from their IIp sile. The ERA data sel> in GRIB coded form are aV<lilableon a ~()<Ir;e

r!wlution of2.5' x 2.5. lat! long. gl'id on ,onstaal pres,ure slirfaees.The data downloadc,1 arc

t:lOse of the live basic !low val'iahle~; geopotenlial (gl), lempenllurc (T), u & v components "I'

\/ind and relative humidily (RH) on 15 i~obmie levels. Ihe latcral boundary conditions in this

,tudy are calculated from the G hourly anal)'led field~, the so ealled perfect boundary conditions.

The input !ield, for the model arc thc five basic Ilow variables Z. T. u. v. /\11&. tile lixcd IkH, or

nography (terrain). the sea surface tempemilire (SSn and the albedo. The highest p"iHI in the

orography field earries a value of aboul 5400 melel's in the Himahlyan region. The SST ,Ire lhe

monthly climatology and albedo are available lor June an<.!Deeember. which arc appropliately
~dected in lhe modcl run,
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'lh~ o!>s~rved daily rainfull dala ofubvut 33 rainfall ~lations 01 Bangladesh "ne ohlained

from lhe Banglao.k;h Meteol1)loglCal Deparlment (BMD). The datn w~rc subi~cted to a \'lSlIal

insp~elion and mes,ag~, befor~ being used in (he compulalions, to d~ul with lh~ errOIlC",,, all,1

missing enlri~s. and cach station', file was r~~(lnstnlclc(L For lhe pllrpose of lhi, study \\l' ha"e

~ollstruct~d the COUnlryaverage rainl;lll 011day to day basi,. The daily counlry average rainl"'ll 'Ins

ll~ed as lhe b,lsic clcmell1 lor c'on~lrHcling the long period averages vI' lhe monthly and 'ea,onal

ninf"'l!. The above melhoJ or computing lhe cumulative 1l1Onlhly and seasonal country a\'~ruge

ninfall using lhe duily country average minlall ns thc basic e1~IllCJHwas considered sUI'L'rIor

bS il obviates the need luI' altificial interpolmions 10 fill thc missing rainfull entric~ when

illdil'idml stalion data arc laken as the working clemcnts. Such missing enlrie~ were substalltially

lurge in numher in some cases and lbe interpola(ion procedures usillg graphical method~ ami I

or substitulion by long period 3\wages. which nrc nurmally rc~or1ed to have lhcir o\\'n
Iimi talions,

The intensity and amount 0 r Iainfalls in Bangladesh depends on pcriod undo About 2%. 20'%.

62% & 16% of the annual rdinfall (2200mm) in Bangladesh occurs during winter (DJF). l'rc-

mOII~von (MAM). monsoon (HAS) and Posl-monsoon (ON) periods rc~pectively (Islam and Uyeda,

2005). North-eastern and south-eastern parts of the counlry arc heavy winfall regions compared to

\\iestern parts vI' lhc country (Islam CI al .. 2005), ThiS leehnique eonsis!s vI' using Olllp\l( from GOI'I

,irlliialion~ to provide initial and driving bteml me1Corological houndary condilions ~or high-

resolulion Regional Climate Mvdel (RegCM) simulnti'lns. wilh riO Ii:edback from the RegC'M to the
,Hving GCM.

General circulation models (GeMs) used to simulate \'cather and elimate do not "pcnle al

fine enough grid resolutions to resolve m'any observed regional "c;llller nnd elimnl~ Icatun"s. To

simulate lhe~e meteorological features. regional or limited-arca atmosphcric models have bcen lIsed.

These models are rlln al higher re~"lution lhan lhe GCM, and ,Ire lhus able to hel1c'r rep"c'wnt

mesoscale dynamic, and thermodynmnies. including processes r~sulling 1i"OIll lincr .scale

lopographie und land-surface fi.:allll'cs. Typically lhe regional (LtlllospiJeric model i; 1'1111"hile

re~~iving laleral boundary-condit ion inputs from a rcialivciy-conn,e resolulion U1mo,plicric :lIlah ,is

mod~1 or fl'Om the outpul of a GeM. The modcl simulalions p~rforll1ed as par! of the Projccl III

1,1teL'~ol1lpareRegiollul Climate Simliialions (PIReS) (Takk el ill.. 1999) arc an cxampk ofth~sc
kinds of simliialion,.
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Typically, full-year regional eli111<1lemodel intcgraliol1' ha\'e hcen valitbtcd againsllllnnthl}

I'lCan temperalure and precipitation observ"t;ons (c.g, Giorgi el ,,1.. 1'1')3. Marinucci el al.. 1')<)51.

~ucb studics have bcen able 10 denllln,tmlc the model's nbility I" .'''Hulale lhe sca-'Onal ,';'d,:>

[ssocialcd "ilh lhe palticular dOIll"in of interc~L Becausc of lhc nnl1-1inear intcraclion: hctwc,'" lhe

Imd surilice and atmosphere. a realistic climate model mUMalso bc able 10 simlll;lte thc diurn:li ;lI1d

,ynopli" cycles thai average 10 make tip the oh,erved munlhly elimmol"gies. j\'lcal'1lsCI al. (1')')5).

f)r ex"mplc. has comparcd rcgional climale model oulputs willl daily "bservmion,. A~ a Sl""cij",,,

il1u,tr"tive example of why cornp"riwn wilh daily obscrvations i~ imporlant. eon,ider an ob".,-\'cd

monthlv precipilalion total of 30 I1m1of \\mlcr; lh" behavior of lhe Iand-atmosphcrc syslc"m IS

expectcd 10 be '-Illitc scnsiu\'c to whethcr lhi, precipitalion 1;llIsas a one ,by. 30 Illill I'recillil,lli(1n

event. or ifit falb for 30 days al I 111mper day, Consequenlly. efforls 10 valid"lc lhe pel'i(mnancc of

r"ginn,,1 climale models should include nn assessment of the model's abilily 10 simulate !!,'Ilernl

;Itmospherie '"riablcs at a range of lemporal ,cales. Speei IIcally. a re!!ional eli mal" nwtiel should be

able to reasonably simulate diurnal. synoptic. and ~c,l~onal cycle,. I\n addilional Illcn,ul'c' ,,1' a

regional climalc model" s pcrlol'n1illlce is it~ C(llllp(:lence in ,inllliali Ilg iIller;lllnual v:" '" hilit\ :

so'nelhing lhat is nol addrcssed ill this papcr. Thc analy,is prc~ellted herc in a~,c,~c, a rC'.'~I"Il,L1

climate model"s performance Olldiurnnl. synoplie and ~cusonallime Se<lle~.

To perform fi.i1I-year 10 mulli-year l'egional alll1u~phcric model intcgration<;. ,I climate

vel":'.iunof RAtvlS (ClimRAMS) hilS been developcd. It cnntains addilionul 1i:i111lreSl'e'lu;lC'd (0

'''lisfy both cOinpulational con'1rainl, Ilnd lilll~~evolvillg !:>oundary e"ndiliollS ond IiInti-s'II'lllCC

l'e"lureslike vq~elalion parameters ulld scn>.On,,1snow cover. The model is llsed 10 perl('nn his!l\rieal

s.mulalions where atmospheric "naly,is dal" "re available 10 Jelinc the 1"ler,,1 hOllndary-eontiilion

f"reing. The model could also be configured 10usc GeM \l\llpuls for lhe Internl hOlllHllry contiiti\\ll.'.

t. necessary (ulthough not sufficient) condition lor u~il1g GC~,l outputs as I"lcral hOllndary

conditions. is th"l realistic rC[;ional climalc model simulations shoulJ rCSll1!when th" allalv,i~ l"teral
boundary conditions arc used.

A run-en! delie;cncy 1I\ most regional and gloh,,1 elimal" 'Hodel land.""'I,,n'

paramelerizmiol\s is thaI lhey usc only ~implc cIimm"logical arrru,lches, ba~cd on lime "I' Y'',lr. to

d"line the model vcget"liol1 paramelers. rhc ciimmolog;cul oppro"ch is ineapa!:>le ofre"li.,tically

n'sp,,"ding 10 Jc,ialions !i'om c1imat'llogy, such liS wellcr and drier limn al'<:ruge sea~\\n,. lIr to

changes in c1imnte. In ~ddili()l1. clirnRAMS h", !:>eenu,,,d 10 dCldol' suh-grid scale 'IIOW-



distribution representations for llpplicmiou in rC[liollal lind glohal dinHlle models (Listoll l't "I..

\999) . Both of these resear~h e fforb req lIir~ an atmospheric model capable of perform in[l r~"Iisli~

diul'Ilal. sYllopti~ anti <;ea;unal eyeles.

4.2.1 Convective Precipitation Schemes

Mcan Squarc Error (MSE) is a coml11on mca,ure used to 1I,"ess the lIeeura~y of n fim:east

systcm. In our applicntilln MSE is ddined ns

III n

.. ( 1)I ([l(iJ}-y(i,j)I'MSI:>l/mn I
j=1 i=1

Whcre g{ i. i) IS tbe foreenst value and y(i .j) is the observed value at n grid point

(i .J! within lhe donmin . wilh n & m the lotal number of grid points within the domain in

each diredion g & Y arc forecast and observed cumulative preclpitation rcsp~ctil'eI)'. The

above equation can he d~~omposed as (Murphy \988):

MSE= ( g - yJ' + Sg' +Sy' - 2rgy Sg Sy __(2)

Where th~ b<lr refen. tll the average v~lue over the mea;

Sg Sy denote lhe sp~ti~1 standard deviation of the foreea,t and ()hserv~d variable's

n:sp~elively; and rgy is the spatial eorreblion between foree~st & observation.

We rewrite eljll (2) hy adding & subtr~eting 2 Sg Sy to obtain

MSE=(g-5')'+(S[l-Sy)'+2(I-rgy)SgSy 3)

TllC e()mpilri~on hetwecn tbe mouel outputs anu observatiolls arC' rerlormed ill Ic'l'm,

"r two Slati~tieal meusures. bias alld root-mean square enor (rmse). f)ellOling m l,i &. r i.i. .

modd outplll~ <lnd observation (reality) at the point ~t space mld time c1mmeteriled i;l: [,,,,

indices. i &j ~nd defining the model error as their difference.

d Lj = m ij-r Lj , We can ddine the bia, ~s

..



Bias j = a j = n-'L d Lj. .

and 'oot- meall ~quare error as rsme j =,; (n-' I d ',j .d2j )

If i indexes lime & j indexes ~paee. "'e ohtain a 'patial dislrihulion or erml'>. which call

b" mapped: if the index~, arc inlcrclwnged. i.c., i il1de~cs spaecs & j inde~l"'; time. a lellll'nr,,1

cvolution of errn~ is descrihed.

4.2.2 Analysis Methods

Bangladesh and SAARC' a wide latitudi l1all"ill1gennd ~onlai I1Sa \'aridy 0 rml~roe Iim:lk,.
Due 10 this diversily of mierodimnles. we perform our nnalysis 011the bydrologic hUoin ;cak. a~

<J~filled by lhe Banglade,h Departmenl of Watcr Re,'olJrces (l'l':JS,. The mdhotls j;'r nl'ah',i~ 01

ehangcs in extremc l"vcnts arc simi lar 10 those or Sal ing~1'Hill! <inl"litlls (20() I). Anll"al ~~II,"IlIe'

r.,'ellls are delined based on the 5111nnd 95" pen;cntik's ortl1c I~CO~ rewlt"

4.2.3 Results

The fields discussed are ~lLriael" lemp~mlure. pl'eeirilnlion. and specilie humidil;.. alll!

IHcl'idional and zon<ll winds at SSOhP3, Wc pl'ovide ~tatisties 101'lhe lolal fi~kls. as well a~ 1(,1'lhe

eclrl'Cspontling lal'g"/~mall-scale eomponenl,. t1elined by rcmovlIlg wa\'e numbers targer!~nlall"" Ihan

tl,e cui off WaVe lllllnbel'. rhe <lnl1ualaverage Precipilation ,md 1I11I1u<llaverage miniJ1llllHme;"1 <11,,1

n:axiJ1lum lemperature dingrams over South A,ia a,e shown hellow:
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I:, r,'m/lCrtl!lIrc

\Ve delln~ three types bf exll'eme temperalure evenls and examine changes bCtwC.'ll the

1'('(12 and 2*C01 seell~rios, I) Thc llrst IVpe of exllel11Cevcnt is hn,nl un the 95,,, and 5,10percultik,

of daily max imum ~nd minimuill lcmpct;l\ures, respectively,

These pcrccnti Ics correspond 10 the 18,11hoUest nmXillltlfll and coldesl minimulll kmper,'l mes

ill n year (has~d on lbe l1ulllher ofcvent, per year multiplicd by till' percentile), 1'''1' all 15 : ,,,,r, (\1'

the 1XCOI ~imulation lhe annual 5'10percentile evenls were avcraged togelhe,r 10 crealC " lon[.:-krm

c:,treme cold index value. likewisc for lhe anllual 95,,, perccnlile e\'cnl,:, Thesc long-term in(lic," me

uscd for th~ evaluation of c1mng~s in exlrcme CVCtll~,2) The second typc of e)l.tn:me e\'ent eXHI,Ii"eJ

is ha>;ed on specific lemperalure thrcsholds, We e~mnine lhe freqllcLlq or evenls helm, W(' and

above 32.2°C, 3) Thc lhird lype oi'extreme cvcnl is a prolonged cxtremc evenl, These nre ""'llts

when: the mnxilllulll (or '11;ni111\1m)lcmpcmture exceeds the long-term 95111(or 5LI,)percentile' I,'r

~c\'en or more eonseclilive d"ys. Indices Ol'lcillperature examincd are:

Ch~nges in mcnn daily tcmperature maximum. 'ninimulll. allll range: 1;""., 7;,,,,,,"I""'n<". 1'."pe<:li,c.1y,

The Ii'eqlleney of dnys with mJximum (minimUln) temperaturcs ab"ve (below) lbc ')5,,, (5,h)

p~Tcentil~: T~j (1il!). (Extreme event of type 1 described abol'e). Thc frequcncy of da)~ "ilh

lemperaturcs abovc (belo\\) 32.2"(' (O°Cl: T3: (Tn) (Exlreme event of typc ::' de~nibed

abov~),Changcs in prolonged e~lreme events. incillding frequcney. mean Ienglh nnd Ille"n

l,'mpcrature of prolong cd hot und cold cxtremc evcnls, (Exlreme event of Type 3 descr;hed ,Ib",'c) .

. Changes in lhc beginning and length "fthe annual growing ,e"'oll (b",wd on the Fro'l-tree peri"d),

b. relnperalltrr:

In gcnerallh" 2xC01 scenario i~ hollcr than the h:C01 ~eemri". For ncr)' basin the Illean

d,lil)' maximum ~nd minimullllcmpcralures arc grl'utcr in the 2xCO: ,l'enario than in lhe 1\l'(J,

scenario. with ditTerelll'e~ ~[alislieally ,igllilicant at lhe 95"1., confidence len'l (5% ,ignil'e,llKc

I(,,'el). Whilc lhe increases in hoth Illuximllill and minimUIll arc ~imilm. the mcrease 111dail\'

ma~ill1UIll is greater. for 9 of I() bn,ins, lhan lhc incrcase in daily IlllllimUlll, This k3d; 10 an

incre,,~~d Illenn DTR in lhese rcgions, Althollgh the c1m!lge in DTH i~ relmil'cl: ~mnll, it j, ,till

si~nineanl in 7 of 10 bu~jlls, Ollr re,lllt~ indicate an im:;en;c in e~lremcly hot d"ys (T95). ,b)~

~xeeeding 32.2°C. and in prolongcd hoI spells. Not only ~re there ",nrc prolol1g~d hot el'cnt, ;n llic

2xC02 secn~Tio. blll the~e e\'ents are longer anJ holler on aver"ge lhanlhL' prolonged e'ent~ ill Ihe

- 47 -



I xeD) ~c~nilrio. While the maximum temperalure~ arc rising' in lh~ 2xC01 scenario. ~o U1'~llie

minimum temperatures. resulting ill u dcerense in days below the 5lh perccnlile (1'05) and in Jays

below DoC. Due lolhc deereasc in day~ wilh temperatures less than 00(' lhe frost-t1'cc period hq;in~.

00 averJge. 25 days earlier in lbe 2xC01 scenario and is on averagc 38 days longer. In our 2.\CO,

~L~n~rio we also find lhat prolonged cold events occur less otlen ~l1d arc shorter ~nd wnrmcr ()11

~veragc than in lh~ 1xeo) seen~rio,
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Chapter ~05
Results and Discussions

5.1.0 Geographical Situation of Bangladesh

Bangladesh lies bet\~een 87,5~E 10 92.5°E longilude, aml hetwecn 20.5°N to :y,.')oN

lalitude. II is ~urrullnd~d on lhe wesl. north am] casl by Indinillerrilo~'i~s, TOlhc south lies the Il;,l of

Bengal. The area of Unngludesh is 1.44.000 ~quarc kilomclcrs or 55.600 square mile" It is di\'luc,l

into six divisions and 64 dislricts, It ha~ " population uf "boul 144 million. In l'oil1l 01" the ,i/.C "f

population. il is the tcnlh largest Slale ill the world. '] he physical fellture~ or Ilangla<le,h arc mai"l) "

plain land cri,~-nos,ed hya nelwurk of rivers lind canaL" In the easlern and ~ollth-caslcrn rq,'loll,

the,'C are only a fcw hilly tracts. Place.' like Paharpur. Mahasthangarh und Mainamali and IlUI1l~rous

hl,;torieal monumenls and relics glve evidence lo our glorious pa~t. rich culture mid Ingh civili~"lion,

llanglade8h is often called a land of natural ealmnilies. Flood. cyclone. slorm. and hea\'y

do'\'npour and Jrought oftcn ~isit the country. People here "ork and live fighting again,! recurring

Il<llural calamiti\'8. Bangladesh lies in the lropieul region and'it8 land is low. Almost cver) ycar

cyclone or >;tonn hits lhc lanJ in slimmer or in the latc aUlullln, Torremial rain8 and ru,h of \\aler

f1\lm the upper nonh bring abOlll f100d ulmost every yeur, On no olhcr country of lhe 'World !la'

N~tural bestowed so much beauty as 011llungladesh. Its beauties consist in bounty and variel)'. The

tr,lnieal climate brings for ils ahundance of sunshinc. Oil the one hand. and eopiou~ness or cloud and

r~il1.011the othcr hand.

The country is bounded in the weSI by west lJengal (India): weSl Bengal. A,,~,a[]l ami

Mqrhalaya (hilly urea of Khashi and Jo)'oll\i hills) in tile Norlh: to thc easl by Tril'ura and ,\'Sllill

(billy slales of lndlil) logelher wilh Myanmar. and Soulh h) lhc Uay "I' BengaL The IlilllalaY<I'

Jcmarcatcd lhe nonhcl'Jl horder of lhe Bengal basin while Shilong plaleau and Tnpura hills denne'

lhc oorlheastern and eastern houndaries. rc~pec\ivcly allJ Chhotanagilr platcau delincale \\C',lel'll

boundary,Banglade~h is a revering country ",ilhin mighty drainage ~yslems (Ganges. Brahll]"putm

anu Mcghna) along ",ilil its innumerahle lributarics which originnte~ 111the Himalayas Mounlains is

largely respollsihlc for the hylir,,-lllctcol'Ologicul eycle8 01' the wholc InJiall subeolltinell1 including

I:lnngladesh, It has a small bordcr "ith Myallll1<1rin the southcllstel1l ,ide.

The country is fi'cqucnlly hit hy lhc tl'Oplcnl cyclone,. 'Which all;:el lhe eoaslal zone by ,101'111

>urges and wind actions, Salinily intru,ion is a Imuor pl'Oblem in thc eonstal zonc during thc dr)'
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SC~,UI\.Fluods frcqucncy occurs in B~ngladdl Juc [0 heavy munsoon rainfall ill lbc country and

also in thc upper catclunenls of GBM outsidc thc country. Nc~rly 22% of lhc ,m:a of llanglaJesh

get: llooJeJ in a norm~l monsoun ye~r. The Iloods like lhose of 1988, 1998 and 2004 occlir onec ;n

10'j'ears, which are highly dcslruclive to live ~nJ properties. In B~ngladesh. 33 stalinns arc SCIup by

BMD to observe the wcathcr and climatic condilion~ of our counlry. Among lhcse sl<ltions, 26 arc

used in Ihis research work.
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Fig. 5.1.0: Location of BMD ~ta(ions in 13angJaJcsh.
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5.1.1 Rllillfllll Vlllidlllioll

Analy~e~ or the differellee~ between model results ami observations ~uggest that lloe

lelllp~rature and precipitation fields arc ~cccpt~ble representation, or the region., 'I",tial 1111<1

telllJloral climalology. These reM~archdforts require <HIatmospheric modcl or tile year 1982-,';<1tlwl

e'.,pJbk (he representation, u I'diurnal. ~ynoptie <lnll;easonul C}'elc~.

It is turned out Ii-om the nnalysis or ,Yl1optic sitllatioll~ in rc,pect of Ille ~c1ected hea"v

reinfall events in the two outstnnding e~ce~s monsoon rainrall years 1987 and 1998 Ihm Ihe

typical synoptic seltmg for heavy rainr;llI in Banglade8h is the positioning of the n~is ofse<l,ol1nl

',-,onsoon trough in a n0l1herly btilude passing aeross the counlry's territory. The sllifting or tbe

IT onsooll tmugh northward usually takes place ill the wake of n monsoon depressiun or a 1,,11'

p.-es,ure aren from the Day of Bengal moving neros~ central and northern parts or India. It

a'lOther case. in August 1998, the 8urluce monsoon trough lucated in the Sllme po,ition as 111

1987 over north Bangladc~h, (he upper air now pattern wns typical of a strong monsoon

situalion viz, the mon,uon trough extending uplo the middle troposphere levels sloping ~nulhw"rd

with height. anllthe sublropical ridge in the upper tl'Oposphere located in its normal positioll ill

a northerly latitude, 1998 \Vas a good monSUOflyear in India a~ well as Banglade~h, [( developed

into a land depression nfter reaching Bnngladcsh possibly nidcd hy increased moisture supply lI'om

(he Bay of Bengal. Thc deprcssIon produced henvy winrall in south Bangladesh. particularly 111the

coastal hill "reas, 'I hus il ~ppears that a prolongeJ residence ur the llxis of the nlOIlSUOIltrough in

northerly latitude across north Bangladesh is the primary l<lctor leading to persistcnt heavy rainl~,lI in
the eoullll').

Bangladesh IS situated in the most active zone or southwest mon,,,on. Most of lbe

precipitation (65%) occurs in the monsoon season (June-September). Pre-monsoon receives about

20%. Post-m()l1~oon rcecive~ 13% and wimer receives 2% uf the annual rainrall. The willier or

Ba.1gl,ldesh is almost dry and cool. lleavy rainfall is a eiJaraelelistic of Bangladesh, Wilh thc

e>~~ption of the relalively dry we~lern region "f Rajslmhi, where lhe annual rail1rall is "boui 1(,00

n'l11.1110S!parts of the country reeei"c ilt lens! 2000 I11Illof raint'l\l pel' yenr, Bec;l\'se "I' iIS I''',<)ii,\II

just north "f the foothills of the Himaluyas, where Illonsoon winds turn lVe~1;Hld north,,,,,,, 111~

region of SyIller ill nortbcU';tern UallglwJe~h recei ve, the greate,t avcl age precipitation i, about .ll\O(1

mm pel' year.
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S.1.2 Monthl~' (i\hr-N!lv) rain fall \'nrialion 01'cr IJ:mgladcsh for uh~cn'cd aud Rc~CI\1 mudel

From Fig. S.I.2(a). it is seen that the "palial dislnbution 01'rainfall for the llloL1thof Augusl

iI; 1982, the highe~! rainli,li in Bangladesh and the ,eeond highest r,lIllli,11in J lily I ')1\2and the I"'WSI

rainfall a! November to March in Bangladesh for the observed datu The modd data for the "Ime

monlh sbows lhe higbes! rainfall bar ill August lind sceoml highest rainfall bar in July and poor

n.inl;lll shows from Novemher to M;lrch in 13angl"de~h, Similarly. il can be seen that the 'palial

d,s!ribulion of rainfall for lhe 'l1onth of June in 1982. Th~ high~,t ,ainl'all show~ RcgCM 1l1Odd

g:adually decreasing for the ob~er\'ed dala is shown in Fig. S.I,2(al. The model dall" sho", the

~"e(lnll highest rainfall in JlLly 1982 lind less rainf"l1 shows in Man:h & November for Ihe "hole

Far of Bangladesh. In 1982 lhe obs~r\'cd minfall in lhe month of May. Oetobc'r and NO\'elllhcr i,

'Illeasured le,s amount by BMD ~omrilred to RegCM model. whereas aimosl simibr in the 1ll01llhof

Augusl and ApriL

from Fig. S.1.2(b). it is seen thai the highest alllOUI1lofrainfal1 abollt 600 mill in the month

of Augu~l is recorded by BMD whi~h is ov~restimaled abl'llt 30% ~(ltllp[lfeJ 10 RegCM llloJd. 'Iii"

nd does nol ~~r~blc to deleet rr~eipitiltion in the month of Novetll ber and De~elllber' I983. AIm".,t

same amount of model preeipit"tion is shown in May. JHn~ ilnd Augusl whi~h is alll1l'st c"I",,1

eOlllp~r~d to observed dala. The huge amounl of r"infall is colleeled by BMD in AugliSI \;" the

entire yeor. Bul RcgCM model dnt~ overeslimates in May. June anJ Novelllb~r ~omrar~d 1<)

observed dnto. The sr~tial distribution ofrainlall is almost similar in M~r~h. May, and July in 1()1\:;.

I h~ pr~eipilation gradually iner~Jse from May l(l f\Ugust and de~rease low~rds November. I\S Ih~

preeipilalion can not be ~apable to deled in I)~cemocr to February hy model and e'en obs~rveJ

re ,'I"C sentatH)l1S,
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Fig. 5.1.2 (a): Monthly average rainfall for observed and RegCM model.

RF 1983

600 "

~ 500"

.S '100

~ 300
;f 200

'":-~--
Jun Jut Aug

"Months in " year

Fig.5.U (b): Monthly average rainfall for observed and RegCM model.
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From Fig. 5.1.2 (c), it is clearly measured the amount ofmodei precipitation in the month of

May is about (800-900) mm that is overestimated compared to BMD collection and monthly cOllnled

amount explicitiy unexpected. The model overestimates approximately 50% than that of observed

rainfail. In November to March BMD can not be capable to detect rainfall whereas net data remain

visible something. The observed precipitation gradually decrease from June to November in 19M

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

anmtal 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 tbis case, BMD collection gradually increase from March-July and decrease July to November in

198:;. The highest rainfall is measured in June & July about 400mm that are 3pproximatcly 70%

rain',ilI1of the total arulUa!where model over estimates compared to observed rainfall. The modcl is

alw,ys cap3ble to detect precipitation throughout the entire year whereas the observed remain absent

in S)me months as November. In the month of April, BMD record is 30% lesser compared to

RegCM model and even in November 1985. The natural balance depends on the climatic condition

and air flow pattern of a country. When torrential rains pcrfonn from June to September, the annual

average rainfall stored that can be counted (1200-1500) mm about 70% of the total annual rainfall.
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Fig. 5.1,2 (c): Monthly average rainfall for observed and RcgCM model.
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Fig. 5.1.2 (d): Monthly average rainfall [Ofobserved and RegCM model.

From Fig 5.1.2(e) it is easy to compare the model and observed rainfall variation in bar chat.

In Jaly and September of 1986, the huge amount of rainfall can be capable to measure by BMD

whereas at the same period RcgCM model can not be capablc to detect such amount. So RcgCM

modd remain underestimated position of about 45% of BMD collection. 111e period of June model

overestimate about 30% compared to observed precipitation. As the variation happened between the

two observations. So analysis must be difference between model and observed results. In March

1986, a few amOlUll of rainfall is measured whereas at the same period model shows about 30%

more precipitation from April to July rainfall gradually increase and then abruptly decrease till

November 1986.

In Fig. 5.12(f) monthly observed predpitation 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 August

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 November 1987, the net data and

obse,rved data are very few. So maximum amount of rainfall can be able to reeord (600-700) n1l1lby

BMlJ observation and less amount (0-100) mm is measured during March, October and November.

Month of July experience the highest rainfall and second highest rainfall is observed in August in

Bangladesh for the year 1987 for observed rainfall. For model data, month of July experience the

highest rainfall und the second highest rainfall at June is observed in Bangladesh for the same year.
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Fig. 5.1.2 (e): Monthly average rainfall for observed and RegCM model.
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Fig. 5.1.2 (t): Monthly average rainfall for observed and RegCM modeL

In Fig. 5.12(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 the year of 1988 for ebserved

rainil'.ll.For model data, month of June is the highest rainfall month and the secend highest rainfall

month is May that over estimates compared to HMO for the same year. The maximwn amount of

rainfall (700-800) mm is measured by BMO in the month of June 1988 whieh is about 30% of the

total annual precipitation, Whereas RegCM model overestimates compared to BMO output. In the

mor,th of September, model can detect a few amounts of precipitation which underestimates

compared to observed rainfall. In the year 1988, the total annual average rainfall for the both systems
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remains approximately equaL The average height of precipitation for the both cases is about (300-
350: mm,

In Fig. 5.1.2(h) month of July is the highest rainfall and the second highest rainfall is

obsuved in JWle and September in Bangladesh for the year 1989 for observed rainfall. For the

mOGeldata, June is the highest rainfall month and the second highest rainfall month is July in

Ban ;ladcsh for the same year, Thc maximum amount of rainfall about 450 mm is measured by

BM') in the month of July where RegCM model underestimates compared to observed output

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 sufficient amoWlt of precipitation.

The total average rainfall for the whole year is about 350"400 nun. In the month of July about 70%

of the total annuai rainfall is counted and about I% of the total annual rainfall is measured in the

months ofMlIIeh and Novcmber for the same period.
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Fig.5.1.2 (g): Monthly average rainfall for observed and RcgCM model.
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Fig. 5.1.2 (h): Monthly average rainfall for observed and RegCM modeL

5.1.3 Seasonal rainfall variation over Bangladesh for observed and RcgCM model

The yearly data of monsoon season have been used in this study for eight )'cars, The spatial

distr:bution 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 pcc-monsoon of Bangladesh is
estimated,

In Fig. 5.1.3(a), the amount of monsoon rainfall in bar diagram aboul 1700 mm for observed

data which Wldcr estimates compared to observed data in the year 1982 whereas in the period of

Post-monsoon that is very few about 100mm for observed collection which is overestimated by the

RegCM modeLThe Post-monsoon was observed about dry in that year whereas the model would be

able to deteet something at the same period. But the rainfall in the pre-monsoon season shows the

marginal level ofprceipitation for both cases. Therefore, the lotal annual average estimation showed
pOOlperformance for the year 1982.

The schematic dIagram for the year 1983 is shown in fig. S.I.3(b), the monsoon 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 eounlry. The overall performance in three

seasons for observed data Is better 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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morsoon seasons. In three seasons model underestimates compared to BMD collections. So this year

gaw the betler perfonnance of the model to the peoples' Republic of Bangladesh.

Year 1982
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Fig. 5, I.3 (a): Seasonal Variation of Rainfall (mm) for observcd and RegCM modcl.
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Fig. 5.1.3 (b): Seasonal Variation of Rainfall (mm) for observed and RcgCM model.

In Fig. 5.1.3(c) it can be seen that Post-monsoon of obsct"Vcd collection in Bangladesh is

somewhat better where model dala under estimatcs compared to BMD collection for lhe year 1984.

The monsoon rainfall for obset"Veddata about 2000 mm is higher than RcgCM model data which is

applOximately 75% of the total annual rainfall of thc country for the same year whcreas in the Pre-



mo~s\)on seaSOIl, the model overestimates the observed data by approximately 60%. 111C allnllal

avenge rainfall for the ycar 1984 is about (400-450) mm which is less good than the previous year.

The seasonal variation of rainfall over Bangladesh is determincd by observed data and

RegCM model data for the ycar 1985 is shown in Fig. 5.1.J(d), thc highest amounl of rainfall about

(1800-1830) mm for model data is measured which overestimates compared to the observcd data. In

this year, RegCM model also shows thc better performance compared to BMD collection in Prc"

monsoon and Post-monsoon seasons. In Post-monsoon, BMD collection is very negligible whieh is

about (70-100) mm of rainfall that can be considered almost dry season.
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Fig. 5.1.3 (e): Seasonal Variation of Rainfall (mm) for observed and RcgCM model.
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Fig. 5.1.3 (d): Seasonal Variation of Rainfall (mm) for observed uno.!RcgCM model.
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In Fig: 5.1.3(e), the highest rainfall about 1700 mm rainfall whieh is almost 60% of the total

anm d rainfall of the country is observed by BMD in the year 1986 where RegCM model

underestimates compared to observed data. The same manner is also seen in Post-monsoon by I3MD

which is about 400 mm of precipitation. Only in Pre-monsoon, the model overestimates compared to

observed data. This year, 1986 is better for agricultural activities than previous year. The observed

collection shows 30% bellef performance compared to RcgCM model in case of Monsoon and Post-

momoon.

The schematic diagram is shown in Fig. 5.1.3(1) 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-monsoon that underestimates compared

to coscrvoo data, this season can be considered almost dry. In Pre-monsoon, model performance is

30% better than BMD eollCl:tion. The observed record is about (400420) mm rainfall in Pre-

monsoon where RegCM model overestimates compared to BMD collection.
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Fig. 5.I.3(e): Seasonal Variation of Rainfall (rnm) for observed and RegCM model.

- G 1 -



2000
1800

E 1600
E 1400
c 1200

1000
.L'! 800c
'" 600C': 400200L° -

Pre-mon

Year 1987

Monsoon

mObser.e
• Model

'Ii•••••••• _,--- ----,

Posl-mon

Fig. 5.1.3(f): Seasonal Variation of Rainfall (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 thc total annual rainfall in the ycar 1988 that is approximately 25% better than

RegCM modcl. In case of Pre-monsoon and Post-monsoon, the model shows belter performance

com:>ared to BMD. The overall results for the year 1988 gives beller perfonnance in agricultural

scct('rs compared to previous year. As the economic and socio-economic conditions depend on the

monsoon scason, so this year can be eonsidcrcd better welfare to the people.

In Fig. 5.1.3(h), the highest amount of rainfall about (1400-1500) mm is observed by HMD

where RegCM model underestimates compared to observed data for the year 1989. In this season,

almost 65% of the total annual rainfall is measured by BMO whereas in Pre-monsoon and Post-

monsoon seasons, BMD collection is poor compared 10 RegCM model. The perfonnance of this year

is better compared to the previous year. The socio-economic condition of the Peoples' Rcpublic of

Bangladesh was remaining well in that year. Some natural calamities such as nood occurred during

monsoon season which devastate our crops and other products in the fields and forests. As aus cmp

mainly in this season, the yield loss occurs by heavy rnonSllon rainfall in this season.
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Fig. 5.1.3(g): Seasonal Variation of Rainfall (mml for observed and RegCM model.
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Fig. 5.1.3(h): Seasonal Variation of Rainfall (mm) for observed and RegCM model..

5.1.4 Yearly Station.wise rainfall variation over Bangladesh for observed and RegCM 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 differently. In Rajshahi nct data is approximately

50% lesser than BMD annual collection. The overestimated annual model preclpitation is detected in

Bogra, Ishurdi, Jcssore and Satkhira that are approximately similar to Rajshahi. In 1982, the annual

average rainfall of(400-430) mm in Sylhet about 70% of the tolal alUlUalrainfall of Sylhet Division.
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Fig. 5.1.4(a): Station-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 winfall is

observed in Sylhet is about 430 mm of rainfall whieh is approximately 60% of the total annual

rainrll1lof Sylhet and Chittagong Divisions. The second highest rainfall are observed at Chittagong,

Cox's Bazar, Madaripur, Pataskala and Sitakunda at the same year that arc all overestimated by

RcgCM model separately. The model and observed data are found sufficiently for the whole year

198:_at each station in Bangladesh. The annual average collection by BMD is about (200-220) mm

of rainfall whereas the RcgCM model capable to show nearly the same amount as observed

acclL't1ulation.This year was the favorable period for cultivation crops \0 the cultivators,

Year 1983 IlModel

.Obser.ed

c " 0 • " ,
° E , 0 " 0 0 , • 0 0

" ,0 0 • • 0 0 0 • • • 0 • 0 , 0• , • , " " ,, 0 • 0 " , ,E •• " • • -2 0 •• • • • "
, • 0 ,• • • , 0 • -. • 0 "• • u 0 • • < • , • < • , • • 0 o. • • " • •• u u u c • " 0 " " , , • 00 0 0 • • • •

Fig. 5.1.4(b): Station-wi~erainfall variation for observed and RegCM modeL
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The following features are obtained for observed and model rainfall in 1984 at different

stations Fig. 5.1.1(e). The highest anlount ofRegCM model is seen at Sitakunda which is about 30%

more overestimated than BMD collection, whereas 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

observed rainfall, whereas in Chittangong, Cox's Bazar, Faridpur, and Sylhet are almost same

amount of model and observed rainfall are compared. A few amount of rainfall is detected by BMD

in some stations as lshurdi, Rajshahi and Khepupara during the whole year.

Year 1984 E1Mooel

.Obselled
E: sao

~!~uililllnduuJJ19l~1~lh.
c ~ " • " , e , c 0 • , • .e 0 0 -0 • ~ •, < • • " 0 0 • • • ~" ~ 0 0 •• 0 • " - ~ " , • 0 ~ 0 0 • m ~ - - < 0• < m < :E , • • < • • 0 • 0

,
0 0 • , -• 0 0 ~ 0 0 • • • • < ~ 0 - • • • • • " c - •< - ~ •• 0 0 0 0 " • ~ ~ ~ ~ " • ~ ~ ~ " " ~

Fig. 5.1.4(e): Station-wise rainfall variation for observed and RegCM model.

The schematic diagram is shown in Fig. 5.1.4(d) for the year 1985, the highest rainfall about

480 mm is measured by BMD at Sylhct for observed data whieh is about 20% of the total annual

rainfall of Sylhet Division. In this year the model can be able to detect good perfonnanee in almost

each station that overestimates the observed rainfall. Analyses of the differences between model

results and observed suggestions we get the precipitation fields are more acceptable the RegCM

model compared to observed data. The lowest rainfalls at Cox's Bazar, [shurd!, Khulna and Rajshahi

which are about (100-150) mm for BMD collection where RegCM model data overestimates
compared to BMD collection.

- 65 -



Year 1965
(l Model

>= GOG .Obseled
eo 500

~jijulllll~~ludJluuldull~r
~ ~ 0 N ,

N .0 0 • , N < 0 -• ~ , •• < • • ~ 0 0 0 N • , - - ~ • 0 • 0• 0 N 0 < .- ~ ~ .~, • ~ ~ , •- ~ ~ - 0- , ~w ~ -~ E • 0 ~ • • , 0 0 E -0 0 0 E ~~ •w 0 0 0 • 0 • • ~ ~ u - , 0, 0 0 - •0 ~ ~ ~ ~ ~ ~ ~~w 0 0 0 Q ~ ~ ~ ~ ~ w ~ ~ ~ ~ ~

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 HMO is fewer amounts at the

stations as lshurdi and Rajshahi compared to RegCM model. In fig: 5.I.I(e) Srimongal and Dhaka

the highest amount ofprccipitation is detected by net data which is almost 35% overestimated more

than BOM collection. The total annual precipitation recorded by net is about (300-350) mm that are

approximately 40% of the total annual rainfall of thc country. The station wise response gives an

idea that the minimum rainfall is the north-west region of Bangladesh and maximum rainfall is the

north-cast region of the country. The average annual rainfall is considered fOf the whole year 150

mm, The stability condition does not attain between model and observed precipitation for long

period in 1986. In coastal region net data is 1c~sdetected and it is about 30% less than BOM

collection. Only the hilly areas 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 ofycarly station-wise rainfall over Bangladesh for the year 1987 is shown in

Fig. 5.1.4(f), the highest rainfall about 350 mm is at Cox's bazar and Sylhet by BMD collection

which is about 40% of the total annual rainfall of Sylhct Division whereas the highest rainfall about

380 nun is found at Srimongal by RcgCM model. The lowest rainfall about 100 mm at Rajshahi and

Ishurdi arc found by BMD where net data overestimates compared to observed data. The

perfonnanee 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 whole year.

= 200••
~ 100
•
" 0
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.Obser.e

" • • N ,
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Fig.5.1.4 (f): Station-wise rainfall variation for observed and RegCM modeL
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The station-wise annual average rainfall variation over Bangladesh for the year 1988 1~,

shown in Fig. 5.1.4(g), the highest rainfall about 420 mm is observed at Sylhet which IS

approximately 60% of the total aJllual rainfall of Sylhet Division where the net data underestim;ltes

eorr,pare to BMD collection. The lowc~t rainfall collection by BMD is about (70-100) mm at

Raj~hahi where RegCM model overestimates compared to BMD collection. The annual average

rainfall for the whole year is aOOm(200-230) mm for observed dnta whereas the average

performance ofRegCM model data is sufficiently better for the year 1988. The results show that the

variability patterns are not uniform at station -to-station which is due 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.

llbU ,~~UjUd,d.LUll. .-~ • • " ,
" " c " , " 0 0,

e 0 • " " " ~ 0 0 0 " " • " < " , < 0 0 " •" 0 • - .0 " , ~" " • ~ 0 • " ,e •• • • '2 < c• < • < , " " < • • 0 0 0 -0 0 .~ •• " " < < 0 - "0 0 • -0 u 0 0 < 0 ~ • > " •< " • " "" • 00• u u u 0 • ~ > > • • • • ~
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c.;;; 100
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Year t988

Fig. 5.1.4(g): Station-wise rainfall variation for observed and RegCM model.

[] Model

IIObser.ed

It can be analyred the difference between model result and observation in the year 1989 that

suggests the precipitation is more detected by HMD at Sylhct about (450-500)mm rainfall annually

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, Jessorc and Bogra compared to

RegCM model. '111eexactly same amount of precipitation has been found by BMD at Sandwip,

Madaripur, Hatiya and Chittagong that are more than RegCM model output. Tho annual record

amount by BMD is about 30% more compared to RegCM model precipitation. Generally simple

precipitation has been observed in plain region and heavy precipitation region in hilly area detected

by BMD, whereas model can not detected more precipitation in hilly area. The total precipitations
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gradually decrease towards the coastal region compared to plain area in case of 13MD. The model

appleciably shows the similar precipitation for the whole year and is about 10% more than liMO

collection in case of arumal total rainfall. The model has been able to simulate these spatial

distributions in both cases at landmass and coastal regions.

."""".".
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Fig. 5.1.4(h): Station-wise rainfall variation for observed and RegCM model.

5.1.5 Year-to-ycar rainfall variation iso-line at contour map in Bangladesh for observed and

RcgCM model

There are six seasons mainly follows in Bangladesh depending on the climatic conditions.

Among these six seasons monsoon is the vital season that governs mainly on the country, as the

period which brings forth torrential rains (t 700-1800) rnrn average rainfall of the country in this

seasons. This monsoon season mainly governs the life-style and soeio-economie conditions of the

people of Bangladesh. Variations of season give the evidence of climate variability over the whole

couutry. Seasonal variation of rainfall is the most distinguishing feature of densely populated region

of Bangladesh. Year-to-year variation of season occasionally leads to extreme hydrological events

(i.e. large scale droughts and floods) over major parts of the country; these results arc senous

reduction in agricultural sector that affects greatly to the national economic conditions.

As the monsoon season starts 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 north-south thermal gradient between landmass of south Asia and the';

Indian Ocean. During monsoon seasons, the torrential heavy rainfall conditions for about lhree or
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1ll\1I'~tlnys (QlI~ll"tlird al.. 20(5) that Ollset gmtlually takes place OVCI'tile nreus Ilorlh of lhe II,,!, "I"

Ikng3l i.e. ovcr B;lllglmicsh.

Itl l-ig. 5 1.5(a) the spati31 distri nUli('n "r rain litll for tb~ year I')lC sho\\'~ the hil!h~sl 1',1i111:111

nrras in the north-cast or Bnnglade,h al1d the second highc~l rWlllilll ar~as lie in the ,outil-ea,l 01"

133ngladesh in ca,e of model contour map, lhc ,amc condition, ohscr\'etl ill BMD colledinns. I" Ihi~

ellse the RegCM model uata ovcre,lilllllle lhe ob,crveu data espe~ially in the Il"rth-w~st region 01'

13ang13desh. \"ie Clln see thc lowe'l rllinfull in the soulh.\'c.,t Icgion wh~r~ R~gCM I'wdd

ovcr~stimates compared to BMD dalll. For hoth C3ses. the hilly mcas are oh~~r\'ed in thc hell'Y

rainfall r~gion in l3angladcsh where approximalely 60% minfall (lccurred durillj!. the I,hole year,

Abolll 3()% regions relllain dry for 3MO perfonllance, although RegCM model wn hc ablc to ,111\\\

sOlllething prccipilation, espccially flOrth-wcst region of Bangilldcsh I'll' the collection of"\lh','f\ed

Jata. Tbe minf31l intensity is scen ~uh~IJnlially rcduce more or Ie,s in 11;"101"the regi"" "I'

Banglatlesh. These cstimations are vcry useful for under,tanding thc major pCl'iodicity <lssociakd

with the pre-monsoon, Monsoon 3ntll',,,l-lllon;00n,
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The variation of rainfall is shown Fig. 5.1.5(h) for the year 1983 over llangladc~h map, the

highest rainfall region is in the north-cast and the 2nd highest is in the south for RegCM model data

and for observed dala it is somehow varies. 1lic highest rainfall region is same as model and 2nd

highest region is in the south-east part of the country for observed collection. The poor rainfall

n:gloo is to the western part of Bangladesh in case of BMD observation whereas the modd shows

something for the central and north-west part of Bangladesh. The iso-line decreasing gradually to

",est for observed data and for the model it is shown to the south and coastal urea. For most of the

areas, model overestimates the observed data.
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Fig.S.l.S (b): Rainfall variation at contour map lor observed and RegCM modeL

From Fig. 5.1.5(c) it can be seen 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 model, whereas it is seen for observed data, the highest region is the

n.Jrlh-cast and the 2nd highest rainfall region is the central part of Bangladesh for the same year. For

observed data, the dry and poor rainfall region is seen to the north-west and western part of

Bangladesh, whereas the model can be capable 10 show something everywhere for the same year.

The iso-line gradually increasing to the cast for RegCM model data and it is found ~ame to the

eastern part of Bangladesh for observed data. About the overaH of Bangladesh, the model
overestimates the observed data.
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Fig. 5.1.5(c): Rainfall variation at contour map for observed and RegCM model.

It can be seen from Fig. 5.1.5(d) the spatial distribution of rainfall for the year 1985, the

h:ghcst rainfall area is in the north-west part and less rainfall region is 10 the south and coastal area

for model observation whereas the highest rainfall region is in the north-east 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 ohscrwd data it

is similar to the north-east of Bangladesh. The westem pari of the country remains almost dry and

the annual average rainfall is very poor for observed data, whereas RegCM model can be able to

detect something for the same year.
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Fig. 5.1.5 (d): Rainfall varialion at eonlour map for observed and RegCM model_

In Fig, 5.1.5(e) the heavy rainfall regIOn of Bangladesh is seen for RegCM model

observation is in the central and north-wesl part and less rainfall region is to the south and coastal

a:-eafor the year 1986. At the same time, the observed data shows the highest rainfall region in the

fiJrth.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 data and for RegCM

model data is also similar to the iso-line of observed data line. The annual average rainfall

observation is overestimated by model compared to observed precipitation. The central part of

Bangladesh remains poor rainfall region for observed precipitation in the year 1986.
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Fig.S.l.5 (0): Rainfall variation at contour map for observed and RegCM model.

From Fig. S.l.S( t) it can be seen that the spatial distribution of rainfall for the year 1987, the

h;ghest rainfall shows in the north-cast region and the 2nd highest rainfall shows in the south-cast

i.~. hilly area and less rainfall is from central part to western 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 2nd highest rainfall is in the hilly area of Bangladesh. The similar iso-line gradually decreasing

from central part towards western part and also to eoasta! region. The annual average rainfall is very

poor to the western part for observed data as well as RegCM model precipitation. So total annual

rainfall is overestimated by RegCM model compared to observed precipitation.
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The schematic diagram is to bc seen in Fig. 5.1.5(g) that the spatial distribution of rainfall for

the year 1988, the highest rainfall shows in the north-east region and the 2nd highest rainfall in the

suuth~east i.e. hilly area and poor rainfall area is in the western part of Bangladesh for the observed

data, The model data for the same year also shows the same pattern as observed data. The iso-line

gradually decreasing towards western part of Bangladesh for observed data whereas the model data

shows the well perfoffiJanee to same site. The observed data give the same perfoffilanee as RegCM

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.

TIle spatial distribution of rainfall for the year 1989 is shown in Fig. 5.1.5(h) the highest

rainfall area is in the north-cast and the 2nd highest rainfall region is in the south-east of Bangladesh

for observed data. The model data shows for the same year as similar pattern as observed data. The

poor rainfall area is from central part to south and south-west of Bangladesh for observed data. TIle

same condition of iso-line for model data is from central parl to the north-west of Bangladesh. The

amount nf annual average rainfall for observed data where RegCM model overestimates slightly

compared to observed data. The observed data intensity is seen substantially reduce to west side of

Bangladesh whereas the model reduce towards the north-west of Bangladesh.
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Fig: 5.1.5 (h): Rainfall variation at contour map for observed and RcgCM model.

5.1.6 Annual Variation of Rainfall for Observed and RegCM model

From Fig.5.1.G (ii), it can be seen that the annual highest rainfall shows in 1985 and the

second highest rainfall is observed in 1988 for RegCM model in Bangladesh during the period 1982-

8'1.Relatively lower amount of annual rainfall occurs in 1985 for the observed data. Another way it

ClUJlllso be seen that the highest rainfall is obtaillcd ill 1988 and thc sccond highcst rainfall is

observed by BMD in 1983 for the same period. Very low amount of rainfall occurs ill 19F2 for

model data and in 1989 for observed data. The anllual rainfall indieatc~ thnt both ob~ervcclnnd

model rainfall follows unimodal variation of rainlilll for the period of 1982-89. This result shows the

discrepancy between observed and model rainfall. Hence the change of the model option is

necessary to chcck this discrepancy. The Grell and Fritch-Chappell schemc in RegCM is deserihed

ill details at Table 06 and in appendix.
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5.1.7 Year-Io-ycllr rninfllil vllrinlion over Bnngladesh for observed and RegCM model

Table 05: Seasonal rainfall estimated by RegCM model in Grell Fritsch and Chappell and ob~crveJ

rainfall

Rainfall fl.lr the year of 1982-1989.

': 1390,71' 1411.90

ii,I!1698. 222,06

':1242.99
" ,14931

18' 1.(14

1191.11

207G.5U

61908

53523

3810

191,32

15491

414.66

441,83

~764.

221,11

65.95

38,41

8111

108 19
4]5,91

'""450,66

44612

1]0,5~

12221

10036

73.36
278,U

89149

391.35
37351

407.90

211 89

126,29

1461

4(J2,7,

)4<,91

14M)

&69,!0

385.43
116,11

98.08

19261

3!1 II

401 !I

),6 12

131.19

]DI

183 46

125 ]1

563.77

41488

\55.04

307.35

41.7J

J.1.91

91.85

19612

]91.12

353 8!

49J.5~
65904

191.69

lOI .14

3181

6.31

9J.]1

431,.14

121.31

571.42

460.12

l1Q.61

146,88
l,4l

1).69 131K(.

"pril

M"
J""O
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Oetoo"

'1QV<mber
,m M_
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1"00
July
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,"M M,r<h
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A~IM.,
J,n,
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~"gu"
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1932 Mard!

Observed rainfall

Year Month (in mm) Model Dala( in mm) Observed data (rainfall in mm)
Pre- Post- Pre-

Observed Model monsoon Monsoon monsoon mOnSOOn Mon,oon Post.monse,
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(I<;lob<, 3961 6J43

No"mb" 1,.60 I~363
19!6 M"," M& 8091

Apcil 113,17 23903

M"y 101.41 316 10
JLUl' ]1031 5,1,97
Ny 51~,61 ~19.oo 382.71 1703.62 J611,ll ~[:1;;~6i!';:',~; ')~. W<I+l2-31' ,t;"200,8!'.' l,,01< ",,~".'_, ,
Au~u'l 100 gl 1,6 g9

S<p<cmbcr SIU& 15344

~"~ 211 03 121,56

No"mb" 14?23 7&31
1981 M",h 51.31 13490

April 101.69 29100M., 12817 338.04
iun, 1l1.91 107,83
July 143,65 5tl361 336,11 Ig~1,OO 119.69 - ~r_764,94'_; "'~1663.16 92.61'-' ,j,."..',., '"' ' "Augu!! 04&69 321.08

SopICmb" 357.73 11064
~,~ g800 ,637

NoV<mO<t 41.69 3615

'"" M~" 6211 163.42
Ap,;1 DO 23 Ill.4l

M" 419.00 ~%.12.,. 601.62 939.71
July 481.15 303.71 612,04 184,7) 2,369 iJ,' [1P3S:091, ,~:;~1693M', '299.11

".,', ,,"'- .''').. ~,"' ' - ,,'
A"lltlS' 401.42 301.14
~'pt,mbi:> 298,54 92.21
O,lOb" 1,1.3 I 15~,88
Nov,mo" 96.38 14&,21

1989 Mat,h '" 97,!7
Apdl 99.65 6~37M., 197,54 33~ \4
iLlu, 33,,2) 443 41
July 54l 03 3M.31 )0),58 1412.12 31100 1;'~':"9l.11,', ;r ;;;":1212.96:;;' .366.&1

,J'4 ••"",', ">'~.'- ",,-August 164,S, 1\940
;.;pICmo" 370,96 145 R4
0<101><, ) 17,27 1530)

No"m1ler \.1.1 2UB.18
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[allie- 0(,: Month .(o-month rninfnll \ ariation (Illlll) 01'('1' 1\1111glndcsh I,ll' niJ"et\ <:dalld RcgCi\ I

model

Yearly Average Ob~. D~(~(ll1m) Model 01>'-(-) ivloJcI
Rilinf~lIl Dala(ll1l1l)

Jan 1982-89
5.30 11.3 -5,94

Feb 1982-89 16, 12 46,06 -23.94

M~r 1982-89
42.03 100.78 -58.75

Apr 1982-89
147.98 218.97 -70.')<1

May 1982-89
273.42 426,65 -153.23

Jun 1982 89
432.93 540,08 .107.15

July 1982-89 5n64 456,57 65.07

Aug 1982-89 450.38 370.14 80.24

Scp 1982 89
343.12 181.49 161.63

Oct 1982-89 169.68 108.22 61.46

Nov 1982-89 49.23 97.95 -41U2

Dec 1982.8') 7.34 25,98 -18.64
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Tab!': 07: S~a,oll:ll l':lil)1:\11\',lrialioll or din ~1"~11IY~(lI'Sowr II" ll~lad~,1J Illr (lhS~rI~d lind R~g(' ,\ 1

modd.

.56

.36

62

I.R8

i. I I

6.81

0.')0

!Yearly Ohs~1\~d data Modd data

fS""",,' (",illi:III'IlIllIll) lIainl1lll i1llllnl)
- ~,-----RF(rnrn) I'I'~- M,"",,,,,, I'ost- I'I'~- MOIl"""1 ,

mon, LllOI1'<\OIl mOILsonn Ill'
"on

-- ---- ---- - -- --1982 344.0 1841.64 76,69 ]XCi.02 1674.<)') 104
8

- 14n.(i.'~-19lG 679,0 17lJH.12 14.1.35 629.74 222
S

1984 535 :'. 2076.50 1.•9.31 1242.99 1390.71 14
]

, 1420.50 - -_ ..1985 464.4 115.27 879.52 1816.98 22'

"
1')86 382.7 1703,62 3(,0.31 636.04 1442.1 I 20(

7
- -------1987 386.2 1887,00 129,69 764.94 1663,](, 92.

7
- ----- ----- --_ .._-- ---19R8 b12.0 1845.73 253,69 935,09 1(,93.05 29'

4
-------- -198<) 303.5 1412.12 '2]0°L78 1212 ')(, 36

8
--- -----_ ..



5.?:.1 Tempcrlllul'C Valilllllion

rhe year In2-1<J89 was reasonably c1o~e to the climate avcra~es I," lhe region h~in~

considered. Ihi<; regional climate modeling ~tlldy is uniqu<: in lhat it ha, l,,~ll d.lily Oh'lT\"ali,,", 10

validale the model oulputs. While the diurnal cycle is not explicitly analyzed wilh 'ub- daily

(Jb',ervalional daw, il is implieilly addresseJ through the use of daily l1l;l.ximllmand minimuill air

ler,lperalllre J,lta SC1S.The modcl bas been able h, simulale lhes<:spatial <J"triiJlIlion,. as "cll as thcll

ter;lporal evol ulion throughout the )'eill ,

In this study a regional climale moJ<:1 is employeJ 10 expand Ill) modeling experimenls "I'

future elinwle change 10 addrcss is<;ws 01'(1) the timing and lenglh llfthc gl'Owing scason ami (2)

llw fre'lucllcy am! inlcn~ily of extrcme trmperatur<:s am! pn:ririlalion.'1 hc stuJy I(KIN'S \lll

BJngladesh a c1imalically complex region lhat is vulnerable 10change, in waler supply ,1Ilddcliler:.

Stltislieally ~lgnifieant increases in Jaily minimum and nmximllm l<:mpcralures occur \\"ilh "

doubling of atmospheric carbon dio.\iJe eonecnlmlilln. lnerease~ in daily (empcratules Ira,i to

lIl~r~ascs ill prolonged heul waves ilnJ length of Ihc growing se3<;on. Changes in tlltal and C~lr,lll~

precipitation vary dependin~ upon geographic loeatll'n.

I3anglaJc~h is situaLcJ in the tropical bell and it hu~ 'WarmanJ hHmid eli mate in lhe SUlIlllle'

anc dry and cool w~ilthcr in the winler Regional climatic diflcrenecs in (his nal counlry arc millor.

Three seaSOI1~are generally rceogni~ed: u hot 11llll1idsummcr from March (n June. a cool. lain\

1ll0m,Ollnscason from Junc to O~(ober~ and a ~ool. Jry winter !i'om (klohn to March. In gl'Il~""l.

nm~imum summer tcmperalure5.rangc hclwccn 32"C anJ 38"C April i, the warlllcst nh'lllb iliHIl"i

pan, of the country. January is thc eolJcslmonlh. whenlhc averagc lcmperatHre for llIn,1 "rthe'

coul,lry i~ 10 'c. Th~ dcerea,e in lemperature Jming July and August i, due 10 high prl'eipitatil'n

aeli,itles from lh~ ~oulbweM mllnsoon.

5.1.2 Temperature Validatioll r"r "hscrved Hnd Rc~CM m"del

The annual mean tel11peruture have hccn shown in Fig. 5.2.2 (i) ror .'ome of thc sekL"lc'd

~la(jons. The column har ~hows the yearly mean lemperature from I'JH2-198<J I," the oh,crved dala

an'] model dala. For modcl data, (he altituJ~ of mean telllpcratLll'l" varialion de~reasl"s to\\<lnl,

D('ecmhcr and January from June of Ilanglade~h and yearly mean temperallll'C varialion jn<:ll'a~c,

lo\\md~ June am! July from Dceem ber or .Ianu;lry of !langl adcsli cOl11pal"eJ \, ilh obs<:r\cd J"l,,-

• R4 -
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Fig. 5.2.2(i): Country average temperature for observed and RegCM model.
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From Fig. 5.2.2 (i), it is seen thm maximum mean temperature is obtained in May with a few

sites. The sites arc Dhaka, Faridpur and Tallgail located in the central parl of Bangladesh where the

peak is obtained in ApriL Relatively high temperature is maitllained from March to October and low

temperature is found to occur for the period during December 10 February.

Similarly, for model temperature, it is also seen that the primary maximum mean

temperature is obtained in May and secondary maximum mean temperature in October most of the

year in Bangladesh.

5.2.3 Year-to-year station-wise country average temperature variation for "bserved and

RegCM model over Bangladesh

The yearly station-wise country average temperature of 26 stations of Bangladesh for the

period of 1982-89 have been analyzed and presented in Fig. 5.2.3 (a-h). It can be seen thal country

average temperature is ofWlimodal nature for observed and model temperature except in 1982, 1987

and 1989. The following features arc obtained for observed and model temperature.

The schematic diagram is shown in Fig. 5.2.3 (a) for the year 1982, the highest temperature

abort 29SC is measured by BMD at Dhaka, Faridpur, KllUlna, Patuakhali and Satkhirn for observed

data whieh is about 20% higher compare to RegCM model data. In this year model pcrfonnancc in



alnl<lsteach station underestimates compare to observed tempcmture. Analyses of the differences

bet\'leen model results and observed suggestions, we get the temperature fields arc more acceptable

the ,'l.egCMmodel compared to observed data. The lowest temperature at Mymensingh aboUl20%
lower compare to RegCM model.

l:JM:l,Temp
1II0bs,Temp

TEMP 1982

IUlU1U 11l IlUlUU
0 • • • " " " " " " • 0" 0 " c ., c • " -• 0 , " ~ 0" • " • • • • • , • •., • c 0 0 ~. , 0" < • 'E .'" • " " ,• " • c 00 • • • • o~ " ,~" < • 0 • • • ,•0 c ., < 0 0 , • 0 .0 " " " •" u u • < ,,,• o' • " " "Uu 0 " < 0 "

-" ]-:..> 30
£ 25
~ 20
E 15
1i 10
~ 5,

" 0

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

The variation of yearly station-wise temperature over Bangladesh fur the year 1983 is ~hown

In Fig. 5.2.3 (b), the highest temperature about 28'C is at Cox'sbU7Ar, Jcssore, Madripur,

Mymensingh, Rungarnati, Sandwip and Teknaf by EMD collection which is about 15% higher

compare to RegCM model temperature. The lowest temperature about 24"C at Dhaka, Rangamati

and Srimongal are found by RegCM model that underestimates compare to observed dala. The

performance of BMD collections arc always preceding ahead compared to net data. The annual

average temperature collected by BMD is about 27SC for the whole year.
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Fig.5.2.3 (b): Station-wise country average temperature for observed and RegCM model.

The station-wise annual average temperature variation over Bangladesh for the year 1984 is

shown in Fig. 5.2.3(c), the highcst temperature about 29"C is observed at Sho!;!, Cox'sbazar,

Dhaka, Madanpur, Patuakhali, Satkhira and Teknaf which is approximately 20% higher thall

RegCM model temperature. The lowest temperature collected 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 whereas the average perfonnallce of RegCM model data

is sufficiently better for the year 1984.The results of the pattern arc not unifonn at station-to-station

due 10the cause of heterogeneous characteristics.
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Fig.5.2.3(c):SllItion.wise country avernge tempcrnture for observed and RegCM model.

1he highest temperature is observed by BMD in Barisal, Dhaka lind rntuaklmli which i~

about 29.2"C lind it is approximately 20"10higher than RcgCM model temperature as shown in Fig.

5.2.3 (d). The similarities in seen lit Boola, Jesson:, Slltkhira MIl Teknaf for the whole year 1985

wht:re model dalll underestimates in differently. lltc lowest tempernture is detected by RegCM

model at Dhaka, Rnngamllti, Srimongnland Sylhct which is about 30"10 lesser compared to IInnual

collection of HMO. The avcroge annual temperature is measured by BMD is lIbout 2TC for the
whole year in Bangladesh.

Temp 1985

,

! I,............ , .

il if Hi it H I !l n P Ii niP»
Fig.5.2.J (d): SllItion.wise country nveroge temperature for observed lind RcgCM model.



In Fig. 5.2.3 (e) for the year 1986, the highest tempemture approximately 28,5"C is mc~surcd

by EMD at Dhaka, Patuakhali, Satkhira and Teknaf for observed dala whieh is abuut 20% higher

lompared to RegCM model data, In this year the model perfommnee is good in almost each stati0n

although it underestimates compared 10 observed data. TIle lowest temperature is seen by RegCM

Inodel at Dhaka, Rangamati and Sylhet which is approximately 23'C.

Temp 1966 "~el
•• ClJ,e<ved

Fig.5.2.3 (el: Station-wise country average temperature for observed and RegCM model.

The schematic diagmm is shown in Fig. 5.2.3 (1) for the year 1987, the highest temperalure

approximately 28.5"C is measured by 8MD at Bnrisal, Dhola, Dhaka, Satkhira and Teknaf whieh is

about 20% higher than compared to RegCM model data. The lowest tempe"lture about 24T is

('etected by BMD for the year 1987 at Sylhet. In this year model performance is different fur

cilTerent stations. The highest temperature is detected by model about 26.5"C at Khulna and TekllJr,

<.ndlov>'Csttemperature about 23'C at Dhaka.
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Fig.5.2J (I): Station-wise country average tempernture for observed and RegCM model.

The: sllItioll-wise nnnual average temperature for the yellr 1988 is shown in Fig. 5.2.3 (g). the

highest tempemture about 29'C is mCllSured by BMD which is npproximately 20"10 hi&her compnre

to RegCM model. The: similarities are seen for t~ whole yetlr in nlmost e.lch stntinn by [)M[)

(lbservntion. The highest temperature about 28 is shown by RegCM model at Je.~sore. Khuln;l,

Rnngpur nnd Teknaffor the year 1988 tMI is nlmost equal in ;unount compared to BMD. The lowest

tempel1lture about 24'C is shown by RegCM model ot Dhnk<lnnd Rnngnmnti.

Temp 1988

I"",
, . - ' , _ .

!Iii I It! ttl IiI if IIItil Ii~I
Fig. 5.2.3(g); SllItion'\o,ise country avcrnge lempernlure for observed nnd RcgCM model.
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The schenmtlc Jiagmm is shown in Fig. 5.2.3 (h) for the year 1989, the station-wi.'e

highest temperature about 29.S'C is shown by BMD at Dhaka, Patuakhali, Satkhira and Teknaf

which is approximately 20% higher compared to RegCM model data. The similarities are ",en III

dmost all stations by BMD whereas the variation is observed in RegCM model performance III

ciifferentstations.

Temp 1989
tlIModel

• Obse""""

I

i!in~jnnnnJlninHn
Fig.5.2.3 (h): Station-wise country average temperature for observed and RegCM model.

- 91 -

.19...•



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 surfa(e

air temperature and rain-gauge rainf<lli at 26 sites throughout Bangladesh. Rainfalls compared for

Pre-monsoon, Monsoon and Post"monsoon dl.lrillg the period of 1982-89. It is found that GFC option

is much better to simulate rainfall in Bangladesh, It is also found that GFC option simulated surface

air temperature has a significant cold bias of2"C, i.e., if approximately 2"C is added with the model

data (in GFC option) then it is fitted with the observed data in Bangladesh. Mathematically, it can he

expressed that temperature,

T oilsen« =T I11od,1+ 2"C
For analyses the spatial distribution of rainfall variation between RegCM model data and

observed data (HMD), months, seasons and years have been used in this study for eight years (1982-

~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 detect something wl,creas

in the same moment BMD observation shows 110 rainfall. It means that sometimes falls calcnlation is

obtained by the model. The economic development depends on the weather and climate conditions

cf a country. Therefore, 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

connection, validation of the modal is required and, then generation of future scenarios ror the

climate change impact studies is to be done very soon to meet up the demand of the pre~ent climate

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