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Abstract

Regmonal Chmate Model (RegCM3) developed by ICTP, Trieste, Italy is used for simulation
of dilferent meteorological parameters including net ahsorbed solar energy flux, net infrared
encrgy Tlux, sensible heat, evaporation to define Surface heat budget (SHB) over South Asian
domain ncluding Bangladesh. The model domain is selected to cover the :‘Snuth Asia region
(65'5-117°E, 5"™N-35"N) on a rotated mercator projection (ROTMER} at a 60 km herizontal
resolution and 16 sigma levels in the vertical. The centre of the domain is 20°N, S0°E. Daily
6-hour interval Lateral Boundary Conditions (LBCs) data from NCEP is used as the input to
mun ReyCM model in different oplions which are i) Grell scheme with Arakawa-Schubert
(GAS) assumptions for the year 1995-2000 (6-vear), ii) Grell scheme with Fritch-Chappell
{GFC) assumptions for 1983, 1996, iii) Bctti-fv-I'i]-l.c.r Scheme with Fritch-Chappell (BFC) for
1983, iv],MIT-Enmm'.lcl- sc-heme with Fritch-Chappell (EFC) for 1983 and v) Kuo Scheme
wn‘:h Fritch-Chappell {KI_"C} assumptri-:ms-.- for 1983, 1t is important to do some validation of
the chCM-modei -cr-{ltputs to adopt the RegCM for this region. Due to the lack of surface
-observa’rional data of SEIB over this region, the European Centre {or Medium-Range Weather
Forecasts {ECMWF) data at ‘(}.ﬁﬂ x 0.5" 1at /long (~55 km) horizontal grid resolution is used to
calibrate RegCM output. Comparison betwecn model and ECMWF data for SHB has been
made in 7 selected windows over South Asian region and at the central points of these
aclected windows for menthly and 6-hourly, respectively. For the ycar 1995 the four
narameters such as net absorbed solar energy flyx, net infrared encrgy flux, sensible heat.

Iajent heat of SHB arc analysed for the selected domains.

The variations of SFIB along latitude and fongitude have been observed using RegCM model

and ECMWT data for the Pre-monsoon {(March-May), Monsoon {June-September) and Post-



monsoon (October-November) periods. The same is also performed for July and Dccember.

Different schemes daia of RegCM modct are used {or sensitivity test in the year 1983,

In general model underestimates SHB from March to May and overestimates from June to
September. Over ocean the value of SHP is high from March to September and low from
November to Deccember, On the other hand, over land the same condition is occurred cxcept
fow in magnitude. SHB at different latitudes along longitudes {70°E-94"E} is high over ocean
and low over land during summer and opposite condition is observed in winter. The
difference of SHB between RegCM and ECMWT data are also more over ocean compared to
over land. For SHB the role of latent heat is important for water surface and sensible heat for
land surface. According to the diumnal variation of SHB for both RegCM and ECMWF data 1t
has been observed that the peak hour is at 12LST (focal standard time) for GAS. Same phase
is observed for both data at 00, 12 and 18LST, Seme discrepancy is seen at 06LST. The BFC
option is found better for the calculation of SHB for monscon season in 1983, However,

more research work is necessary on SHB using different schemcs of RegCM meodel for more

years and the other parameters of SHB.
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CHAPTER 1: INTRODUCTION
1.1 Introduction
The heat budget deseribes what happens to the sun’s rediation (heat, light) received by the

Earth. The balance between the energy received and encrgy lost maintains the Earth's

consiant average tempernture.

Energry from the sun drives the circulation of the atmosphere and ocean: winds, ocean surface
currents, and thermohaline circulaton. Sun's energy and the response of the amosphere and
lnrd drive the Enrth's weather and climate,
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Fig. 1; Transfers of Enerry among the Sun, Ammosphere and Earth's Surface (Iand end Ocean), As the
diagram above thows, & variety of faciors condition the Earth's mdiation budget.

Transfers of enermy: .
Radlation (solar energy = shorter wavelengihs; terrestnal emissions = longer wavelengths})

Nonradistive processes: convection, advection, conduction, Iatent hc:;t.

Encrpy cxchanges at the Earth's surface:

Shortmave: incoming (insolation); outgoing {reflected insolation)

Longwave; outgoing {tmﬁu'ial rediation); incoming (longwave energy reflected and emitted

by atmospheric components)

"
hi



Earth’s energy (radiation) balance: inputs, outputs

Farth's radiation balance (note: %'’s vary according to different cstimates) of incoming solar
radiation, about 30% is rcflected (by gases in Atmosphere 6%, water vapor 20%, and the
surface 4%) back to space as shorrwave radiation and 70% leaves as longer wave radiation
(heat) of incoming solar radiation, 19% 1s absorbed by atmospheric gases, dust and clouds of
incoming solar radiation, 51% is absorbed by the Earth’s surfacc Globally, the Earth's

{femperature stays (he same when inputs = oufpuls; it changes if one {(or more of the

components are changed)

The net radiation budget differs by latitude and season because of the amount of msulation
which is affected by angle of incoming solar rays {(direct vs. eblique rays) and proximity of
the sub solar point (axial tilt, parallelism, sphericity, revolution, rotation), The
transformations of energy in the Earth system occur through atmosphere (o hydrosphere and
hthosphere and back again through the amosphere. The Barth is in equilibrium with its
surroundings, which means that the budget has to balancc: energy going into the system must
equal the amount exiting it. All life on Earth ultimately depends on that energy, even though
the Farth rcceives only a very small percentage of the Sun's total encrgy outpui. Many
interactions drive the exchange of heat between the atmesphere and the Earth's surface
featurcs. One {actor is that d_ifferent surface features will have different abilities to absorb,
reflect, and radiate encrgy. Earh's reflectivity or albedo accounts for around 30% of the
energy that approaches the top of Earth's atmosphere. Another factor, that single-handedly
accounts for almost a quarter of the encrgy that enters (he Earth system is due to the latent

heat of waler's transformation in the troposphere. Wind is a factor that further tunes the

enginc of the Farth's atmosphere and cendztions the flow of energy through it.



The global surface heat budget is made up of the simultaneous interactions of local surface
heat budgets. Usually, the singte most imporiant factor that conditions a local encrgy budget
is latitude, because this single factor {imits the maximum and mimmurn amount of solar
cnergy available to that location. The resuiting variation in temperature from the Equator to
the poles affects the patterns of heating and cooling arcund the Earth. These pattems drive
atmosphene winds, ocean currents, and their interactions with weather and climate. Tt is
mporiant to keep track of the Earh's radiation budget because the production of greenhouse
pases seems to be affecting the natural halance. This creates concerns about rising sea Jevels,
changing precipitation palterns, and an array of other possible eflects. With the use of polar
orbiting satellites, scientists hope to menilor changes in tropospheric and stratospheric
temperatures to look for ways in which we arc altering the Barth's radiation balance.
Therefore, the impact of the radiative properties on the Earth’s surface may play an important

role on the Earth's radiation balance.

The research work on surface heat budget over South Asia which is in subtropical zone will
be helpful 1n understanding the radiative impacis on the development mechanism of tropical
convections. The 7 topographical regions are chosen to do these activiry represent 7 distinctly
different terrins. Each region has a predominant feature: land, coastal arca. sea, Deep Ocean
ot deserl. Each has a unique albedo (reflectance), absorbance ability and heat capacity. These
factors, among others, determine how the Earth’s surface interacts with the input of solar
radiation. Using the predicted range of surface heat budget over land and ocean, the
indication of the development of precipitation systems may be predicted.  The lead-time
information about the dcch::-pmf:nt of precipitation systems may uscful to formulate future
planning for agriculture, water management, health, infrastructure and so on. Due to the lack

of observational data, RepCM3 mode! data and ECMWF data arc used for measuring surface

0



heat budget over South Asia. In support of this analysis RegCM3 medel is installed in the

Atmospheric lahoratory of the Department of Physics, BUET.

1.2 Geographical Description and Climate of South Asia:

The highcst mountains in the world, tush jungles and the tenth-largest desert on Earth, deep
river valleys and high mountain plateaus, all of thesc features and many others decorate the
countries that make up Scuth Asia. It boasts one of the most diverse assortments of
geographic features of any 1rf:ginn on Earth. Contrasting with the low, flat desert are the
glorious Himalayas, the highest mountain range 1n the world. These mountains are so high
that they cause some of the worst storms on Earth: monsoons. Monsoons wreak terrible

havoc, but without them South Asia would be dry and almost uninhabitable.

South Asia comprises the countrics of India, Pakistan, Bangladesh. Nepal, and Bhutan, as

well as {he island nations of Sri Lanka and the Maldives, About 1.73 million square miles

make up South Asia.

Endia 15, by arca. the seventh largest country in the world with the Indian mainland covenng
an area of 3,287,782 sq.km. From north to south, the country measures 3,214 km and fr;)m
east to west 2,933 km. India's land fronticrs are approximately 15,200 km long and 1ts
couslline is about 6,100 km. India's puzzle board of 26 states holds virtually every kind of

landscape imaginable.
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Norih India is the country's largest region. it begins with the
p.u.nh.u.ndlt? uf'Ju.l:nmu and I{n:f-hmir, a d}m.p'lic area with tcmf!in VATYIng ﬁ_'nrn arid 1rnf:lumninsr
in the far norih to the lake country and fuprc.':t.:s near Sringar and Jammu. The mountain region,
which streiches elong 2imost the entire northermmost pan of the country, compriscs three
almost pamalle] ranges extending over a distance of eround 2,400 km, In these mountain
ranges arc faund some of the highesi peaks in the world. Falling south along the l;adus river
villey, (the river valleys of the Indus, Genga and Bremhaputrs merge to form the Indo-

Genpetic Plain, which extends ecross Northern India for ebout 2,400 lon, with o width
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varying from 260 to 350 km. This almost flat plain is amongst {he most densely populated
areas on earth. The desert region of India comprises the 'great desert’ and the 'lidle desert’.}
the North becomes flatler and more hospitable, widening into the fertile plains of Punjab to
the west and the Himalayan foothills of Uttar Pradesh and the Ganges nver valley to the East.
Cramped between these two states is the capital ciry, Delhi. The southwestern extremity of
the Norih is the large state of Rajastan, whose principal features are the Thar Descrt and the

stunning "pink city™ of Jaipur. To the southeast is southern Uttar Pradesh and Agra, home of

the farmous Taj Mahal.

West India contains the states of Gujarat, Maharashtra, Goa, and part of the massive, central
state of Madhya Pradesh. The west coast extends from the Gujarat peninsula down to (oa,
and it is lined with some of India's best beaches. The land along the coast is typically lush,
with rainforests reaching southward from Bombay all the way to into Goa. A long mountain

chain, the Western Ghats, separates the verdant coast [rorn the Vindya mountains and the

dry Deccan plateau further mland.

Home of the Ganges river and the majority of Himalayan foolhills, East India begins with
the states of Madhva Pradesh, Bihar, Orissa, which comprise the westcrnmost part of the
region. Last India also contains an area known as the eastern idangle, which is entirely
distinct. This is the last gulp of land thatl extends beyond Bangladesh, culminating in the
Naga Hills along the Burmese border. A forested region east of Bangladesh boasis the town
of CHERRAPUNUIL the second-wetlest place on Earth. During the monsoon season, the

town can reccive more than 1,143 centimeters (450 inches) of rainfall.

India reaches its peninsular tip with South India, which begins with the Deccan in the north

and ends with Cape Comorin, where Hindus helieve that bathing in the waters of the three

occans will wash away their sins. The states in South India are Karnataka, Andhra Pradesh,



Tamil Nadu, and Kerla, a favorite leisure destination. The southcast coast, mirroring the

west, also rests snugly beneath & mountain range the Castern Ghats,

Climate: Because of India's size, its climate depends not enly on the time of year, but also
the location. India's climate {s strongly influenced by the Himalayas and the Thar Descrt. The
Himalayas, aleng with the Hindu Kush mountains in Pakislan, provide a barrier to the cold
winds from Central Asia. This keeps most of the Indian subcontinent warmer than most
locations in similar latitudes. The Thar Desert is responsible for attracting the moisture laden
southwest monsoon winds that provide most of India's rainfall between June and Septernber.
The climate varics as much as the scenery, with cold winiers and kot summers in the north
and a mild climate in the south, moderated by the nfluence of the ocean. The central parts
have cxtremely hot summers with temperatures rising to 45C (113F), followed by very cold
winters, often falling below f{reezing. There is very little rainfall ranging from less than 250

mm to more than 1,250 mm (9.8-49.2 inch), mostly brought by the unreliable south-westerly

monsgon winds during the late summer,

In general, temperatures tend to be cooler in the north, especially hetween Scptember and
March. The south is coolest between November to January. In June, winds and warm surface
currents begin to move northwards and westwards, heading out of the Indian Ocean and into
the Arabian Gulf, This creates a phcnomenon known as the south-west monsoon, and it
brings heavy rains to the west coast. Between Ociober and December, a gimilar climatic
patiern calied the north-cast monsoon appears in the Bay of Bengal, bringing rains to the east

coast. In addition to the two monsoons, there are two other seasons, spring and autumn,

Though the word "monsoon” often brings to mind 1mages of torrential Noods and landslides,
the monsoon seasons are not bad times to come to India. Though it rains ncarly every day, the

downpour tends to come and go quickly, Jeaving behind a clean, plistening landscape.

11
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Bangladesh is located in the low-lying Ganges-Bralunaputra River Della or Ganges Delta.
This delta is formed by the confluence of the Ganges (local name Padma or Pédda),
Brahmaputra (Jamuna or Jomuna), and Meghna rivers and their respective tributaries. The

alluyial soil deposited by these rivers has crealed some of the most highly fertite plains of the

world.

Most parts of Bangladesh are within 10 metres above the sea level, and it is belicved that
about 10% of the land would be flooded if the sea level were to rise by 1 metre. The highest
point in Bangladesh is in Mowdok range at 1,052 m (3,451 ft} in the Chittagong Hill Tracts to
the southcast of the country. Cox's Bazar, south of the city of Chittagong, has a beach that
stretches unmtcrrupted over 120 kilometres (75 miles); it is onc of the longest unbroken
natural sea beaches of the world. A major parl of the coastline compriscs a marshy jungle, the

Sundarbans, one of the largest mangrove forests in the world and home to diverse flora and

fauna, including the Royal Bengal Tiger.

Climate: Straddiing the Tropic of Cancer, Bangladeshi climate is tropical with a mild winter
from Oectober 1o March, & hot, humid summer from March to June. A warm and humid
monsoon season lasts from June to October and supplies most of the country's rainfall.
Natural calamities, such as floods, tropical cyclones, tornadoes, and tidal bores occur almost
every year, combined with the ctlects of deforestation, soil degradation and erosion. In
Bangladesh, thc mean annual icmperature is about 25C while the highest and lowest through
the year ranges between 43C and 4C, The humidity is over 80% during the monsoon monihs
and about 58% in other months. The wind direction is mainly from NW and SW during pre-
monsoon and monsoon periods and from SE and NE during post-monsoon and winter
periods. Annual rainfall is about 2200 mm. About 20%, 65%, 139% and 2% of the annuul

rain {alls during pre-mensoon, MONSQOn, POS-MONSOC and winler penods respectively.



Pakistan covers 880,254 square kilometres {339,867 sq mi.), with its eastern regions located
on the Indian teetonic plate and the western and northern regions on the Iranian plateau and
Eurasian landplate. Apart Trom the 1,046 kilometre (650 mi) Artabian Sca coastline, Pakistan's
land borders total 6,774 kilometres—2.430 kilometres (1,509 i) with Alghanistan to the
northwest, $23kilometres (325 mi) wilth China to the northeast, 2,912kilometres (1,809 mi)
with India to the east and 959 kilometres {563 milcs) with Iran to the southwest.

Pakistan is a land of many-splcndc-urs. The different types of natural features range from the
sandy beaches, lagoons, and mangrove swamps of the southern coast to preserved moist
tempcrate forests and the icy peaks of the Himalaya, Karakoram and Hindu Kush mountains
in the north. There are an estimated 108 peaks above 7,000 metres (23,000 R) high that arc
covered in snow and glaciers. Five of the mountains in Pakistan {including K2 and Nanga
Parbat) are over 8,000 metres (26,000 R). Linking Indian-controlled Kashmir to the Northern
Areas of Pakistan and running the lengih of the country is the Indus River with ils many
tributaries. To the west of the Indus arc the dry, illy desers of Balochistan; to the east are
the rolling sand dunes of the Thar Desert, Most areas of Punjab and parts of Sindh are fertile
plains where agriculture is of great impormance. Thus, the variety of landscape divides
Pakistan into six major regions: the Nerth High Mountainous Region, the Westem Low

Mountainous Region, the Balochistan Plateau, the Potohar Uplands, the Punjab and the Sindh

Plains.

Climate: Although the country is in the monsoon region, it is arid; except for the southern
stopes of the Himalayas and the sub-Mountainous tracts which have a rainfail from 76 to 127
cm. Balochistan 18 the driest par of the country with an average rainfall of 21 ¢m. On the
southern ranges of the Himalayas, 127 ¢m. of precipitation takes place, while under the lec of
these mountaing (Gilgit and Baltistan) rainfall is hardly 16 em, Rainfall also occurs from

western cyclonic distrubances otiginating in the Mediterrancan,
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It is appreciable in the western mountains and the immediate fore lying arca; here the rainfall
average ranges from 27 to 76 cm. The centribution of these western disturbances to rainfall
over the plains is about 4 cm. A large part of the precipitation in the northern mouniam

system i 1n the form of snow which feeds the rivers. The four well-marked seasons in

Pakistan arc:-

(1) Cold season (December to March).
(i) Hot scasen (April to June).
(iii) Monsoon season (July to Septembor).

{iv) Post-Maonsoon season (October and November).

The cold season scts in by the middle of December. This period is characterized by fine
weather, bracing ait-low bumidity and large diurnal range of temperature. Wintor
disturbances in this season accordingly eausc fairly widespread rain. Average minimum and
maximum temperatures are 4C and 18C, though on cccasions the mercury falls well below
freczing point. The winter sun is glonous. The hot season 15 usually dry. Relative humidity in
May and June varies from 50 per cent in the morning to 25 per cent or less in the afternoon.
The temperature soars to 40C and beyond, The highest recorded temperature at Jaccobabad in
June is 53C. While the interior is blazing hot, thc temperature along the sca Coast Ranges
between 25C to 35C, but the humidity persists around 70 to 80 per cent. The strength of the
south-west monscon current increases from June to July; it then remains steady, and siarts
retreating towards the end of August, though occasionally, 1t continues to be active cven in
Seplember when some of the highest floods of the Indus Basin have been recorded. In
October, the maximum temperature is of the order of 34C to 37C all over Pakistan, while the
nights are fairly cool with the minimum temperature around 16C. In the month of November,
hotl the maximum and the minimum temperatures fall hy ahout 6C and the weather becomnes
pleasant. October and November arc by far the driest months all over the plains of Pakistan.
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Nepal is of roughly rectangular shape, 650 km wide and 200 km broad, with an area of
147,181 km?. Nepal is commenly divided into three physiographic arcas: the Mountain, Hill,
and Teral Regions. These ecological belts run east-west and are bisected by Nepal's major

TIVCT S¥Stems.

The Terai Plains bordering India are part of the northern rim of the Indo-Gangelic plains.
They were formed and are fed by (hree major rivers: the Kosi, the Narayani (India’s Gandak

River), and the Kamali. This region has a hot, humid climate.

The Hill Region (Pzhar in Nepali) abuts the mountains and varies from 1,000 to 4,000 mctres
in altitude. Two low mountain mnges, the Mahabharat Lekh and Shiwalik Range {alse called
the Churia Range) dominate the region. The hilly bell includes the Kathmandu Valley, the
country’s most fertile and urbanised area. Despite ils geographical isolation and hmited
cconomic polential, the region always has been the political and cultural cenlre of Nepal.

Unlike the valleys, elevations ahove 2,500 m arc sparsely populated.

The Mountain Region contains the highest region in the world. The world's highest
mountain, Mount Everest (Sagarmatha in Nepali) at 8,850 m is located on the border with
Tibet. Fight of the world's ten highest mountains arc located in Nepal. Kanchenjunga, the
world's third highest peak, is also located on its eastern border with Sikkim. Deforestation is a

major problem in all regions, with resulting erosion and degradation ol ecosystens.

Climate: Nepal has five climatic zones, broadly corresponding to altiude. The ropical and
subtropical zones lie befow 1,200 m, the temperate zone 1,200 to 2,460 m, the cold zone
2,400 to 3,600 m, the subatctic zone 3,600 to 4,400 m, and the arctic zone above 4,400 m.
Nepal experiences five seasons: summer, monsoon, autuirm, winter and sprmg. The Himalava

blecks cold winds from Central Asia in winter, and forms the northemn [imit of the monsoon

wind paiterns.
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The Kingdom of Rhutan is a landlocked South Asian nation situated between India and
Tihet. People's Republic of China. The entire country is mountainous except for an 8-10 mile
{13-16 km) wide strip of subiropical plaing in the exireme south which 1s intersected by
vallcys known as the Duars. The elevation gamn fiom the subtropical plains to the glacier-

covered Himalayan heights exceeds 23.000 feet (7,600 m).

The porthemn region consisis of an arc of glaciated mountain peaks with an extremely cold
climate at the highest clevations. Most peaks in the north arc over 23,000 feet (7,000 m)
above sea levet. The Black Mountains in central Bhutan form a watershed between twe major
river systems: the Mo Chhu and the Drangme Chhu. The Black Mountains in ceniral Bhutan
form a watershed between two major river systems: the Mo Chhu and the Drangme Chhu.
The Torsa, Ruidak. Sankosh, and Manas arce the main rivers of Bhutan, lowing through this
region. Most of the population lives in the central highlands. In the south, the Shiwalik Hiils
are covered with dense, deciduous forests, alluvial lowland river valleys, and mountains up to
around 4,900 feet (1,500 m) above sea level. The foothills descend into the subtropical Duars
plain. Mast of the Duars is located 1n India, althongh a 6-9 mile (10-15 km) wide strip
extends into Bhutan. The Bhutan Duars i3 divided into two parlg: the northem and the
southern Dmars. The northern Duars, which abuts the limalayan foothills, has rugged,
sloping terrain and dry, porous soil with dense vegcetation and abundant wildlife. The
southen Duars has moderately fertile soil, heavy savannah prass, dense, mixed jungle, and
freshwater springs. Mountain rivers, fed by cither the melling snow or the monscon rains,

emply inte the Brahmapuira niver in India.

Climate: The climate i Bhutan varies with altitude, from subirepical in the south 1o
ternperate in the highlands and polac-typsz clintate, with year-round snow, in the north. Bhutan

experiences [ive distinct seasens: summer, monsoon, aufums, winter and spring. Western
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Bhutan has the heavier monsoon rins; southcrn Bhutan has hot humid summers and cool

winters; central and eastern Bhutan is temperate and drier than the west with warm summers

and cool winlers.

The island of Sri Lanka lies in the Indian Qcean, southwest of the Bay of Bengal. It is
separated from the Indian subcontinent by the Gulf of Mannar and the Palk Strait.

The pear-shaped island consists mostly of [lat-to-rolling coaslal plains, with mountains nising
only in the south-central part. Amongst (hese are Sri Pada and the highest point
Pidurtalagala (also known as Mt Pedro), at 2,524 meters (8,281 Tt). The 334 km (207 mile)
long Mahaweli ganga (Mahaweli river), the longest river in Sri Lanka, along with other major
tivers and numerous reservoirs provide fresh water to the population.At 1ts maximum, Sri

Lanka is 435km (235 miles) long (Nerth to South) and 225km (140 miles} wide (East to

Wesl).

The climate is tropical, characterized by monsoons: the northeast monsoon lasts from
December to March, the southwest monsoon from June to Octoher. The lowest gravitational

field on Earth lies just off the coast of Sri Lanka.

Maldives is situated in the South West of Sri Lanka, on the equator, About 1190 istands {the
actual number varies as islands are continuously being washed away and new ones formed)
are spread over 26 atolls, ring ltke coral formations enclosing a lagoon, which gives the
Maldives its unique paradise-iike appearance. They stretch for about 828 km from North to
South, 130 km at the widest point and do not exceed a length of 4.5 miles or an altinide of 6
feet above sea level. Oul of the incredibly large number of islands only 200 islands arc
inhabited, with 88 islands adapted as exclusive resort islands. The sca forms over 99 percent
of the Maldives. Only 0.331 percent, 298 km2 (115 square nules), of its 298 km2 (34, 730

square miles) is land.
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Climate: Tt has a tropical chimate with warm lemperatures all vear round and a great deal of
sunshine. The weather is gdelmined largely by the monsoons. Maldives has two distinet
seasons; dry season {northeast monsoon) and wet season (southwest monsoon). In these two
scasons the temperatore varies bardly, Northeast monsoon cxtends from Jannary to March.
Singe Maldives consists of small islands and are snronnded by scas, hot days are often
tempered by coolimg sea breezes and balmy evening temperaturcs. Thronghout the year,
temperaiure remaing almost same n the Maldives. However, daily temperature ranges from
around 31 degrees Celsius in daytime to 23 degrees Celsius m nightlime. The hottest raonth
on average 1s April and the coolest, Decernber. The wet season- sonthwest monsoon runs
from mid-Mav to Nevernber. In this season Maldives cxpericnees forrential rain. Cenltral,
Southern and Northern parts of the Maldives receive annnal averapge rainfall of 1924.7mm,
2277.8mm, and 1786.4mm, respectively. May and October records the highest average
menthly rainfall, The severe storms and cyclones are extremnely rare events. However the
country is affected whenever cyclones formn in the Bay of Bengal or the Arabian Sca. 'Faru’ or
ring-shaped reel structures form the atolls and these reefs provide natural defense against

wind and wave action, on these delicate islands.
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1.3 Objectives and scope of the present work

RegCM3 will be adopted to cafculate surface heat budget in South Asian region. The model
calculated surface heat budget will be calibrated with 40-vear re-analysis data of ECMWF
(Europcan Centre for Medium Range Weather Forccasting) called ERA-40 [6, 7]. The
variation of surface heat budget for monthly, inter-seasonal, scasonal and yearly over land
and water, along latitude-longitude differences, diurnal variation at the cenirc point of
different selected zones, will be obtained. The rclationship between the vaniations of surface
heat budget and precipitation will be obtained. The parameters Net absorbed solar cnergy
flux, Net infrared energy flux, Sensible heat and latent heat will be used n calculation of
surface heat budget over Soulh Asian region. Among these parameters which ene is more

effective on surface heat budget will also be pointed out.

The outcome of the research will be helpful in understanding the radiative impacts on the
development mechanism of wopical convections. Using the predicted range of surface heat
budget over land and ocean, the indication of the development of precipilation systems may
be predicted. The lead-time information about the development of precipitation systems may

nseful to formulate future planning for agriculture, water management, health, infrastructure

and so on.
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CHAPTER 2: RegCM MODEL AND ECMWF DATA DESCRIPTION

2.1 Introduction of RegCM Model

The idea that limited area models {LAMs) could be used for regional studies was originally
proposed by Dickinson et at., (1989} and Giorgi, (1990b). This idea was based on the concepl
of one way nesting, in which large scale meteorological fields from general circulation model
(GCM) runs provide inilial and time-dependent meteorological lateral boundary couditzons

(LBC) for high resolution regional climate model (RCM) simulations. with no feedback from

the RCM to the dnving GCM.

The first gencration NCAR RegCM was built upon the Nanonal Center for Atmosphene
Rescarch-Pennsylvania State University (NCAR-PSU) Mesoscale Model version MM4 1 the
latc 1980s (Dickinson et al., 1989; Giorgi, 1989). The dynamical component of the model
originated from that of the MM4, which is a compressible, finite difference model with
hvdrostatic balance and vertical a-coordinates. Later the use of a split-explicit time
integration scheme was added along with an afgerithm for reducing horizontal diffusion in
the presence of steep topographical gradients (Grotgi ct al., 1993a; Giorgi et al, 1993h). Asa
resuit the dynamical core of the RegCM is similar to that of the hydrostatic version of MMS35

{Grell et al., 1994a).

For application of the MM4 to climate studies, a number of physics paranieterizations were
replaced, mostly in the areas of radiative transfer and land surfuce physics, which led to the
first gencration RegCM (Dickinson et al., 1985; Giorgi, 1990b). The first gencration RegCM
included the Biosphere-Atmosphere Transfer Scheme (BATS), (Dickinson el al., 1980) for
surface process representation, the radiative trar}sfer scheme of the NCAR Community

Climate Model {CCM) version CCM1, a medium resolution local planetary boundary layer



scheme, the Kuo-type cumulus convection scheme of Anthes (1977) and the explicit moisture

scheme of Hsic et al. (1984).

A [irst major upgrade of the model physics and numerical schemes was documented by
(Giorzi el al., 1993a; Giorgl et al, 1993b), and resulted in a second generation RegCM,
hereafier reforred to as RegCM2. The physics of RegCM2 was based on that of the NCAR
CCM?2 (Hack ct al., 1993), and the mesoscale model MMS (Grell et al., 1994a). In pardicular,
the CCM?2 radiative transfer package (Briegleb, 1992) was used for radiation calculations, the
non local boundary layer scheme of (Holtslag et al.. 1990} replaced the older tocal scheme,
the mass [lux cumulus ¢loud scheme of (Grell, 1993) was added as an option, and the latest

version of BATS1E (Dickinson et al., 1993) was included in the model.

in the last fow years, some new physics schemes have bocome available for usc in the
RégCM, masily based on physics schemes of the latest version of the CCM, CCM3 (Kiehi et
al., 1996). First, the CCM2 radiative transfer packagr has been replaced by that of the CCM3.
Tn the CCM?2 package, the effects of H20, Oy, Oz, CO: and clouds were accounted for sofar
radiative transfer was treated with a 8-Eddington approach and cloud radiation depended on
three cloud parameters, the cloud fractional cover, the cloud liquid water content, and the
cloud effective droplet radius. The CCM3 scheme retains the same structure as that of the
CCM2, but it includes new features such as the effect of additional greenhouse gases (NOa,

CHg, CFCs), atmospheric acrosols, and cloud ice.

The other primary changes are in the areas of cloud and precipitation processes. The original
cxplicit moisture scheme (Hsie et al., 1984} has been substituted with a simplified version of
it. This is beeause the original scheme was computationally too expensive to be run in climate
mode. In the simplified scheme only a prognostic equation for cloud water is incloded, which

accounts for cloud water formation, advection and mixing by turbulenee, re-evaporation in
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sub-saturated conditions, and conversion into rain via a bulk autoconversion term. The main
novelty of this scheme does not reside of course 1n the simplistic microphysics, but in the fact
that the prognosed cloud water variable is dircctly used in the cloud radiation calculations. In
the pi-'cvious versions of (he model, ¢loud water variables for radiation calculations werc
diagnosed in terms of the local relative humidity. This new {eature adds a very imporiant and

far reaching element of interaction between the simulated hydrologic cycle and energy budget

calculahons.

Finally, an important aspect of model development was the inclusion of a siretched grid
model configuration, by which the model horizontal resolution is relatively coarse in the
lateral buffcr zone and increases towards the interior of the domain. Preliminary experiments
using an adiabatic version of the model in stretched grid mode are presented by (Gian et al.,
1999). However, the stretched grid option is not available with the new RegCM3 version.
Other new features in the RegCM include irﬁ];revcments mn the cnupied lake maodel (Small et

al., 1999} and the incorporation of a tracer model with capability of radiative interactions

- -(Qiﬂn et al.. 1999).

Qther improvements in RegCM3 involve the input data. The USGS Global Land Cover
Characterization and Global 30 Arc-Second Elevation datasets arc now used to create the

terrain filcs. In addition, NCEP and ECMWF global reanalysis datasels arc used for the initial

and boundary conditions.

The whole released RegCM modeling system is composed by four components: Terrain,

JCBC, RegCM, and Posmprocessor.

Terrain and ICBC are the two components of RegCM preprocessor. Terrestrial variables

(include elevation, land usc and sea surface temperature} and three-dimcnsional isobaric
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meteorolozical data are horizontally interpolated from a latitude-longftude mesh to a high-
resolution domain on either a Rotated (and Normaly Mcreator, Lambert Conlormal, or Polar
Stereographic projection. Verrical interpolation {from pressure levels to the o-coordinate
system of RegCM 15 also performed. o Surfaces near the ground closely follow the terrain,

and the higher-level g-surfaces tend to approximate isobaric surfaces.

Sinec the vertical and horizental resolution and domain size can vary. the modeling package
programs employ parameterized dimensions requiring a variable amount of core memary,

and the requisite hard-disk storage amount i3 varied accordingly.

Seasonal variations in observed precipitation over the South Asia region as a consequence of
cummer monsoon activity are poorly simulated by most of ihe models {IPCC 2001). An
interannual mode of monsoon variability has been identified which is closely related to the
observed seasonal mean Bangladesh Rainfall {BR). A counterpart of this mode has also been
idontified at subscasonal time-scales which projects strongly on to the daily BR, confirming

that 1 common mode of monscon variability cxists on sub-seasonal and interannual time-

scales.

Advances are limited by the lack of data in the region and an ipability to identify the
fundamental processes that create the variability. Little is known about the state of the upper
Indian Ocean than its surface temperature and its surface height. In fact, sateliite estimates

indicate that the northern Bay of Bengal receives the largest mean precipitation in south Asia

during the summer monNsoon.

The devclopment mechanism of summer monsoon convections, which is one of the key
points to understand the water cycle as well as the global circulation of the atmosphere, will

he obiained. Climate change is important issues to know and can be possible using the model

simulation.
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Considering the above, the seasonal and annual variability of precipitation and surface air

temperature have been studied for the region in and around Bangladesh.

2.2 The Framne Work of RegCM Model

The modeling system usually uscs its data on surface pressurc. the pressure have to be
interpolated to the model's vertical coordinate before il introduce as model input. The vertical
coordinate is the terrain following @ coordinate system. The lower grid levels follow the
{errain while the upper surface is flatter, Intermediate lovels progressively flaften as the

pressure decreases toward the top of the model. A dimensionless o coordinate 15 used to

deline the modet levels where p is the pressure, p, is a specified constant top pressure, g, is

the surface pressure.

P F
F.—

Numerical experiments driven by analyscs of observations are used to limit systematic biases
duc to driving data used at laleral boundary conditions. To validate the model performance of
the RegCM, in this study, a 7-year simulation, which is driven by NCEP rc-analysis data, 15
performed for the 1983, 1995-2000 periods. The model domain is selected to cover the South

Asia rogion 65°E-1 17"E, 5"™N-35"N on a rotated mercator projection at 2 60 km horizontal

resolution and 16 levels in the verical.
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2.3 Modef Description

2.3.1 Dynamics

The model dynamic equations and numerical discretization are described by {Grell et al.,
1954a).

Horizontal Momentum Equations

L]
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where u and v are the castward and norhward components of velocity, T, Is virtual

temperature, ¢ is geopotential height, f 18 the coriolis parameter, R is the gas consiant for
dry air, m is the map scale factor {or either the Polar Stercographic, Lambert Conformal,or

. * do . .
Mercator map projections, o = and F, and F, represent the effects of honzontal and

vertical diffusion, and p*=p. — p,.
Continuity and Sigmadot (o) Equations

fp* =_mz(ap*u,-’m+6‘p*w’m)_5p*a

7 ox cy da

The vertical integra! of Equation {3} is used to compute the temporal variation of the surface

pressure in the model,
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After calculation of the surface-pressure tcndency% , the vertical velocity 1n sigma
%

coordinates (o) is computed at each level in the model from the verlical integral of Equation

{3).
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Where o' is 2 dummy variable of integration and a{o =0}=0,

Thermadynamic Equation and Equation for Omega (&)

The thermodynamic equation is
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where C,,, is the speeific heal for moist air at constant pressure, 2 is the diabatic heating,

F, T represents the effect of horizontal diffusion, F,7 represcots the ellect of vertical mixing

and dry convective adjustment, and @ 18
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The expression for €, = C,{1+0.87,).0
Where C, is the specilic heat at constant pressure for dry air and ¢, is the mixing ratio of

water vapor.
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Hydrostatic Equation

The hydrostatic equation is used to compute the geopotential heights from the virtual

temperalure 7,
~ -1
___ Y7 _ Ry, 1+M1 .......................................... (%)
glnfa + p, [ p*) 1+g, |

Where 7. =T(1+0.608q,), 4., 4., and g, are the water vapor, cloud water or ice, and rain

water or snow, mixing ratios.

2.3.2 Physics

RegCM3 uses the radiation scheme of the NCAR CCM3, which is described m {Kiehi ct al.,
1996). Brielly, the solar component, which accounts for the effect of O3, H20, CO:, and O»,
follows the 5-Eddington approximation of (Kiehl ct al., 1996). It includes 18 spectral
sntorvals from 0.2 to 5 pm. The cloud scattering and absorption parameterization follow that
of Slingo (1989} whercby the optical properties of the cloud droplets (extinetion optical
depth, single scattering albede, and asymmelry parameter) are expressed in terms of the cloud
liguid walcr content and an effective droplet radins, When cumuius clouds are formed, the
eridpoint fractional cloud cover s such that the total cover for the column extendmg from the
model-computed cloud-base level to the cloud-top level (calculated assuming random overlap)
is 2 function of horizontal grid point spacing. The thickness of the cloud layer is assumed to

be equal to that of the model fayer, and different cloud water content is specified for middlc

and low clouds,

2.3.3 Land Surface Model

The surface physics arc performed using BATS!E (Biosphere-Atmosphere Transfer Scheme)
which is doscribed in detail by (Dickinson el al., 1993}, BATS is a statc of the art surface

package designed to describe the role of vegelation and interactive soil moisture in modifying
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the surface-atmosphere exchanges of momentum, encrgy, and water vapor. The model has a
vegetation layer, a snow layer, a surface soil layer, 10 em thick, or root zone layer, 1-2 m
thick. and a third deep soil layer 3 m thick. Prognostic equations are solved for the soil laver
temperatures using a generalization of the force-resiore method of Deardofi’ (1978). The
temperature of the canopy and canopy feilage 1s calculated diagnostically via an encrgy
balance formulation including sensible, radiative, and latent heat fluxes.

The soil hydrology calculations include predictive equations for the water content of the sail
layers. These cquations account for preeipitation, snowmell, canopy Toliage drip,
evapotranspiration, surface runoff, infiltration below the root zone, and diffusive exchange of
water between soil layers. .The soil water movement formulation is obtained from a fit to
results from a high-resolution soil model {Climate Processes and Climate Sensifivity, 1984}
and the surface runoff rates are cxpressed as functions of the precipitation rates and the
degree of soil water saturation. Snow depth is prognostically caleulated from snowfall,
snowmelt. and sublimation. DPrecipitation is assumed (o fall in the form of snow if the
temperature of the lowest moded level is below 271 K.

Scnsible heat, water vapor, and momenmm fluxes at the surface are caleulated using a
standard sufuce drag coefficient formulation based on surface-layer similarity theory. The
drag coellicicnt depends on the surface roughness length and on the atmospheric stability in

the surface layer. The surface cvapotranspiration rates depend on the availability of soil water.

2.3.4 Planctary Boundary Layer Scireme
The planetary boundary layer scheme, developed by (Holtslag et al.,, 1990}, 15 bascd on a
nonlocal diffusion concept that takes into account counter gradient fluxes resulting {rom

farge-scale eddics in an unstable, well-mixed atmosphere. The vertical eddy flux wiathin the

PBL 1s given by
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Where », is a “countergradient” transport term deseribing nonlocal transport due to dry deep

convection. The eddy diffusivity is given by the nonlocal formulation

)
K = km,z{l-i;—} ...................................................... (10

Where # is the von Kamman consiant; e is a mrbulent convective velocity that depends on

the friction veloeiry, height, and the Monin-Obhukov length; and % is the PBL height. The

countergradient term for temperature and water vapar is given by

Where (7 is a constant equai to 8.5, and ¢ is the surface temperature or water vapor .

Equation (11} is applied botween the top of the PBL and the top of the surface layer, which is
assumed to be equal to 0.1h, Qutside this region and for momentum, ¥, is assumed to be
gqual to 0.

For the calculation of the eddy diffusivity and countergradient lerms, the PBL height is

¢hagnostically computed from

_ Riglutt)? +vihY |
(g/8.06,(8-6.]

Where u{), v(A)}, and &, arc the wind componcents and the virlual potential tcmperature at
the PBL height, g is gravity, R, is the critical bulk Richardson number, and &, is an

appropriate temperature of are near the surface.
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2.3.5 Convective Precipitation Schemes

Conveetive precipitation is computed using one of three schemes: (1) Grell scheme (Grell,
1993): (2} Modified-Kuo scheme (Anthes, 1977); and (3) Betts-Miller Scheme (Accordind to
RegCM Version 3.0) and MIT-Emanue] scheme (Emanuel, 1991; Emanuel and Zivkowvic-
Rothrnan, 1999) (Accordind to RegCM Version 3.1). In addition, the Grell parameterization
is implemented using one of two closure assumptions: (1) the Arakawa and Schubert closure
(Grell et al., 1994a) and (2) the Fritsch and Chappell closurc {Fritsch and Chappell, 1980),

hereafter referred to as AS74 and FCRO, respectively.

2.3.5.1 Grell Scheme

The Grell scheme (Grell, 1993), similar to the AS74 parametcrization, considers clouds as
two steady-state circulations: an updraft and a downdraft. No direct mixing occurs between
the cloudy air and the environmenial air except at the top and bottom of the circulatiens. The
mass fux is constant with height and no entrainment or detrainment occurs along the cloud
cdges. The originating levels of the updraft and down-dralt arc given by the levels of
maximum and mimmum moist static energy, respectively, The Grell scheme i3 activated
when a lifted parcel attains moist convection. Condensation 1n the updralt is calculated by

lifting a saturated parccl. The downdraft mass flux (m,) depends on the updraft mass flux

(i, } according io the following relabion:

Where {, is thc normalized updrall condensation, 7, is thc nomnalized downdraft

evaporation, and A is the fraction of updraft condensation that re-evaporates in the
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downdrafi, £ depends on the wind shear and typically varics betwecn 0.3 and 0.5. Rainfall 13

aiven by
PV = Ty (1= F) et (14)
Heating and moistening in the Grell scheme are determined hoth by the mass fluxcs and the

detrainment at (he cloud top and bottom. In addition, the cooling effect of moist downdrafts is

included.

Due to the simplistic nature of the Grell scheme. scveral closure assumptions can be adopted.
RegCM3's default version dircetly implements the quasi-cquilibrivm assumption of AS74. it
assumes that convective clouds stabilize the environment as fast as nonconyective processes

destabilize it as follows.

N _ ABE" - ABE
" NAAt

Wherc ABE is the buoyant energy available for convection, A5E ' Is {he amount of buoyant
energy available for conveetion in addition to the buoyant energry gencrated by some of the
non-convective processes during the time interval Ar, and N4 is the ratc of change of ABE

per unit m, . The difference ABE™'-ABE can be thought of as the rate of destabilization over

time A . ABE"' is computed from the current fields plus the future tendencies resulting from

the advection of heat and moisture and the dry adiabatic adjustment.

Another stability based closure assumption that is commonly implemented in GCMs and
RCMs is the FCS0 type closure assumption. In this clesure, it is assumed that convection

removes the ABE over a given time scale as follows:

B b e (16)

SRy

Where 1 is the ARE removal time scale.



The fundamental difference between the {wo assumptions is that the AS74 ¢losure
assumption relates the convective fluxes and rainfall to the tendencies in the state of the
atmosphere, while the FC80 closure assumption relatcs the conveclive Muxes to the degree of
instability in the atmosphere, Both schemes achieve a statistical equilibrium between
convection and the large-scale processes. However, this subtle distinction in the

implementation of the closure will prove 1o be an importani difference.

2.3.5.2 Kuo Scheme

Convective activity in the Kuo scheme is initiated when the moisture convergence M in a
column exceeds a given threshold and the vertical sounding is convectively unstable. A

fraction of the moisture convergence § moistens the column and the rest i3 converled into

rainfall P according lo the following relation:

P = M- 5)
73 is a function of the average relative hurmdicy RH of the sounding as follows:

£ = 2(1- RH) RH 20.5

=10 othersnsc
Note that the moisture convergence lerm includes only the advective tendencies for water
vapor. However, evapotranspiration from the previous time step is indirectly included in A
simce it tends to moisten the lower atmosphere. Hence, as the evapolranspiration increases,
more and more of it is converted into rainfall assuming the column is unstable. The latent
heating resnlting from condensation is distributed between the cloud top and bottem by a

function thal allocates the maximum heating to the upper portion of the cloud layer. To

eliminate Tumerical peint storms, a horizontal diffusion term and a time release constant are
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included so that the redistributions of moisturc and the latent heat rclease are net performed
SR L, ——

instaniancously (Giorgi and Bates, 1989; Giorgi and Marinueel, 1991).

2.3.5.3 Betts-Miller Scheme

Tn the Betts-Miller scheme, the sub-grid scale effects of convective clouds are tepresented by
adjusting temperature and moisture profiles to the obscrved quasi-equilibrium structures for
deep conveetion and to a mixing line sfructure {for shallow convection. Quasi-equilibrium
hetwoen (he cloud field and the large-scale forcing forms the basis of representing decp
convection in the BM scheme. Quasi-equilibrivm means that the convective cloud field
constrains the thermal and moisture structure of the atmospherc against the destabilizing
influence of the large scale flow. The concept has been found to be valid on large spatial and

temporal scalcs. The effects of shallow convechon arc viewed as a mixing process between

the surface layer air and the free atmosphere.

Observational basis for deep convection: The thermodynamics of the BM scheme is based
on the saturation point formulation as reported in (Betts, 1982). The saturation point {sp) is

defined as the tempemture and pressure (7, p*) at the lifting condensation fevel (LCL). The

subsaturation parameter £ is the difference between air parcel saturation level pressure and

the actual pressure level ie.P=p*—p. (Betts, 1986) observed that temperature profilcs
helow the freezing level in deep convection is parallel to the @y, isopleth, where &gy, i

defined as a constanl virtual equivalent poiential temperature. This led to the proposal that the

reference lapse rate in the lower-troposphere s moist virtual adiabatic rather than the widely

accepted moist adisbat. Since (he slope of the g, isopleth is 0.9 times that of the moist

adiabat, the air parcel buoyancy reduction due to cloud water content 13 accounted for. Tlns
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reference structure in the presence of deep conivection is universal as reported by (Betts, 1986)

for the cases of hurricancs,

GATE slow and fast moving squall lines and Venezuela convective episodes. Thus, the

reference structure below 600 hPa or the freezing level is the 8, with £, constrained to a

minimum at 600 hPa, Above 600 hPa the obscrved thermal profile increases to cloud top

& value, Considerable variability is associated with the obscrved moisture structure. Despite

- this a reference moistute profile is specified in the scheme.

Observational basis for shallow conveetion: A shallow cumulus cloud field is regarded as a
mixing process between the surface laver air and the free atmosphere. This mixing’ is
characterized by a mixing line. Thus when two air parcels mix in the vertical, the sp of every
possible mixiure lies on the mixing linc joining thesps of the two parcels. This mixing line
structure for shallow curnulus convection was highlighted by (Betts, 1982) by ploting sps
between 900-700 hPa and thesps were found to lie close to the line joining lhesps . This

evidence wag presented for the undisturbed trade wind region and tropical land stations.

2.3.5.4 MIT-Emanuel scheme:

The newest cumulus convection option to the Regional Climate Model version 3 {RegCM3)
is the Massachusetis Institute of Technology (MIT) scheme. More detailed descriptions can
be found in Emanuel {1991) and Emanucl and Zivkovic-Rothman (1999). The schieme
assumes that the mixing in clouds is highly cpisodic and inhomogencous (as oppesed to a
continuous entraining plume) and considers convective fluxes based on an idealized model of
sub-cloud-scale updrafts and downdrafis. Convection is triggered when the level of neutral

buoyancy is greater than the cloud base level. Between these two levels, air is lifted and a
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[raction of the condensed moisture forms precipitation while the remaining fraction forms the
cloud. The ¢loud is assu:nr:dito mix with the air from the cnvironment according to a uniform
spectrum of mixtures that ascend or descend to their respective Ievels of neutral buoyancy.
The mixing entrainment and dctrainment rates are functions of the vertical gradients of
buoyancy in clouds. The fraction of the tatal cloud base mass [ux that mixes with its
environment at each level is proportional to the undiluted buoyancy rate of change wilh
altitude. The cloud base upward mass (lux is relaxed towards the sub-cloud layer quasi
cquilibrium. In addition to a more physical representation of convection, the MIT-Emanuel
scheme offers several advantages compared to the other RegCM3 convection options. For
instance, 1t includes a formulation of the aulo-conversion of cloud watcr into precipitation
incide cumulus clouds, and ice processes arc accounted for by allowing the auto COMVELSION
threshold water content to be temperature dependent. Additionally, the precipitation is added
10 a single, hydrostatic, unsaturated downdraft that ransports heat and water. Lastly, the

MIT-Emanuel scheme considers the transport of passive tracers.
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2.4 The European Centre for Medium-Range Weather Forecasts (ECMWF)

FECMWF is an international organization supported by 26 Europcan States. The
comprehensive earth-system model developed at ECMWF forms the basis for all the data
assimilation and forecasting activities. All the main applications required are available

through one integrated computer software system (a set of computer programs written in

FORTRAN) called the Integrated Forecast System or IT'S.

2.4.1 ECMWF 40 Year Re-analysis (ERA-40) Data Archive

The whole period from September 1957 to August 2002 is now available. The Level 1II-B

archive is subdivided inio four classes of dala scts:

Basic 2.57 almospheric

Full Resolution atmospheric

Wave

Atmosphenc Monthly Means

The data sets are bascd on quantitics amalyzed or computed within the ERA-40 data

assimilation scheme or from forecasts based on these analyses.

Basic 2.5° atmospheric: These Data Sets contain values in 2 compact form at a resolution of
2.5% x 2.5° They are parlicularly suitable for users with limited data processing resources.
Much of this cata is available from the ECMWF Data Server at no charge for rescarch usage.

All the ERA-40 data from the Data Server can be supplied by ECMWF Data Scrvices as

described.

Full Resolution atmospheric: These Data Sets provide access to most of the data from the

ERA-40 atmospheric model archived at ECMWE, They have a higher space resolution. They
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should only be used where high resolution is essential; in this respect they are particularly
snited for use in conjunction with case studies and as initial conditions for high resolution
models. They include analysis, forecast accumulation and forecast data. Analysis data are
available for surface, pressure, model, isentropic and potential vorticity levels. Daily forecast

data are available for surface, pressure and model fevels.
Wave: These Data Scts contain analysis and forecast data from the ERA-40 wave model.

Atmospheric Monthly Means: The Atmosphenic Monthly Means Dxata Sets provide monthly
means and monthly means of daily means of analysis and forecast data. Analysis data arc
available for surface, pressure, model, isentropic and potential vorticity levels. Daily forecast

data are available for surface, pressure and model levels,

The ERA-40 archive is currently maintained using the WMO FM 92-IX Ext GRIB {grid in
binary) form of data representation, with ECMWE local versions of GRIB Table 2. All ields
ol data are globa! within the archive except for Mediterranean wave model data. Data arc
siored in FM 92 GRIB using sufficient hits to ensure that the grid pomnt values can be
retrieved to accuracy consistent with the analysis methods used. A full exrraction service is
provided, enabling users to obtain sub-arcas of data and data at various resolutions on regular
Gaussian or latitude/longitude grids, or as spherical harmenics with selected triangular

rruncation. All extracted data are delivered using the GRIB representation.

2.4.2 The data assimilation sysr'rem

General overview: A very large amount of observed data is available for use by the
assimilation and forccast system. In a typical 12-hour period therc is a total of 75 million
pieces of data available, around 98% from satellites. Most of the available data are considered

for use but the quality control, todundancy checks and thinning of locally dense data will

36



reduce the numbers. The observations can roughly be divided into conventional, in sifu
observations, and non-conventional, remote-sensing observations. The earth-atmosphere
systemn can be measured dircetly by conventional in situ instruments, and indirectly by remote
sensing instruments. The latter can be done in two differcnt ways: passively and actively. The
varions data types have different characteristics in terms of geographical coverage, vertical
struclure and temporal distribution, which determine their ability to affect the analysis. With
inercased availability of non-conventional observations the analysis system has developed
into higher sophistication to be able to cope with off-time data and, in particular, indirect

measurements such as radiances from satellites instead of direct obscrvations of temperafure,

humidity, pressure, ozoue and wind.

2.4.3 Conventional observations

Since the conventional data report the values in the same unils as the mode] variables, and on
pressure or height Jovels, they can be used more or less directly by the analysis system after
vertical interpolation, Reports of pressure and humidity arc used from SYNOP {conventional
surface weather station reports). 10 meter wind observations arc not used, not even from
matine locations sich as coastal stations or minor islands. Pressurc and winds are ugsed from

SHIP {conventional weather reports from moving ships) and DRIBU {drifling buoys).

Temperature. wind and humidity from TEMP {(upper air obscrvations from radio sonde
stations) are used and their position defined according fo the pressure at all reporied levels.
Temperatures in the stratosphere are corrected for estimated mean errors (bias correction).
Humidity obscrvaiions from drop sondes are noi used. Winds from PILOT {wind
measurements in the free atmosphere from stations launching balloons) are used, cxcept
when there is 2 duplicate with mdio sonde data, PROFILERS {measuring winds with remote

sensing) provide wind speed and direction at very high {emporal regolution.



Temperature and wind reports are used from AIRED (manual air craft reports), AMDAR
(Aircraft Metcorological Data Relay) and ACARS (automatic air craft reports). The
traditional AIREP observations now only account for ~4% of all used ajrcralt data, as mosl
commercial aircrafts operate the AMDAR or ACARS systems. During landing and take-off

the latter provide data in quantity, quality and location comparable to radio sondes.

PAOB is a hybrid between conventional and satellite data. They are manually derived

pscudo-observations of MSLP on the Southern Hemisphere, made by the Australian Bureau

of Meleorology from salellitc images.

Humidity observations reperted as relative humidity or dew point, are transformed nto
specific humidity using the reported temperature. SYNOP dew points arc used, together with

the lemperature to ¢alculate the 2 m specific humidity.

Other data types are uscd to analyse snow, ice, S8T, soil wetness and ocean waves. These are
at present analyzed separately, but might in the future be incorporated in the full data

assimilatron system.

2.4.4 Safellite observations

During the last 5-10 years there has been a significant increasc in the quantity, quality and

diversity of satcllite observations. At the time of writing (aulumn 2003) ECMWF routinely
receives data front more than 15 satellites, some of which are equipped with several

instruments that provides in total 28 sateliite data sources.

ECMWF has during the last 10-15 years devcloped new assimilation techmques to make use
of this new information. Although satellite data is slightly less accurate than conventional

obscrvations such as radio sonde observations, their great advantage is their broad

a8



geographical coverage. While the data assimilation system has to spread out the information

in space of radio sende obscrvations, this is less of an undertaking with satellite chservations.

Another advantage is that the use of satcllite data cnsures that the elusive small amplifude-
large scalc errors over the oceans are correeted for, something which isolated measurcments
would have difficulties to do. Although the amplitude of the analysis increments are weak,
their large-scale nature becomes important after some days integration when they have

meascaded” into smaller scales, which might develop and affect synoptic scale weather

s¥Stems.

Consequently there is now a strong benefit from satellite data in the ECMWE and the
influences of other conventional data types are becoming less critical. In particular over the
Southern Hemisphere, where there is a lack of conventional data, satellite data has had a large
impact on the scores which are now almost as good as in {he Northern Hemmsphere. However
there are limitations in the use of satellite data over land surfaces. Over desertic areas and
frozen regions, at the statc of the art, is particularly difficult to use iropospheric channels duc
to the inaccurate knowledge of the underlying surface emissivity. On global scale these are
areas were overall we assimilate less data. To ensure (hat only good quality dala are used for
the analysis ap intricate quality control is applied. There are several ways data can be

prevented from affecting the analysis.
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CHAPTER 3: DATA USED AND METHOLOGY

3.1 Data Used

A regional climate simulation there 35 two pre-processing steps. The first slep involves
defining the domain and grid interval and interpolating the landuse and elevation data to the
model grid. The second step is to generate the files used for the ipitial and boundary
condilions during the simutation. The input data necessary to run the model can be
downloaded from the PWC website at the following URL:
http:/iveww.ctp.trieste.it/_pubregem/RegCM3

The terrain program horizontally interpolates the landuse and elevation data from a latitude-
longitude grid to the Cartesian grid of the chosen domain, RegCM currently uscs the Global
Land Cover Characterization (GLCC) datasets for the vegetation/landusc data. The GLCC
dataset is derived from 1 km Advanced Very High Resolution Radiometer (AVHRR} data
and is bascd on the vegetation/land cover types defined by Biosphere Atmosphere Trausfer
Scheme {BATS). The 18 vegetation / land cover types and associated parameters arc used.

Each grid cell of the model is assigned one of the eighteen categorics.

The elevation data used is from the United States Goological Survey (USGS). Both the

landuse and elevation dala [iles are availabic at 30 and 10 minute resolutions.

ICBC

The ICBC program interpolates sea surface temperature (SST) and global re-analysis data to
the model grid. Thesc files are used for the initial and boundary conditions during the

simulation. {Eventually, interfaces will exist to allow GCM output to be used for initial and

boundary comditions.}
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Sca Surface Temperature

There are two options for Sea Surface Temperaturc {8ST) data. One is the Global Sea Surface
Temperature (GISST) one-degree monthly gridded data available from the Hadley Cenre
Mct Officc. And also available is the Opimum Interpolation Sea Surface Temperature

(OISST) one-degree weekly analysis available from the National Ocean and Administration.

3.2 Initial and Boundary Conditions

There ate some options to choose from for the global analysis datasets to use for the initial

and boundary conditions.

ECMWTF: The European Centre for Medium-Range Weather Forecasts Reanalysis datasets
(T42, L15).

NNRP: The National Centre for Environmental Prediction (NCEP) Reanalysis datasets (2.3
degrees prid, L17).

The numerical treatment of the lateral boundaries is a dilTicult but very importapnt aspect of

the regional climate model. There are five types of boundary conditions that can be used in

the model.

i Fixed: This will not ailow time variation at Jateral boundaries. Not recommended for
real-data applications.

il Time-dependent: Outer two rows and columns have specified values of all predicted
{iclds. Recommended for nests where time-dependent values are supplied by the

parent domain. Not recommended for coarse mesh where only one outer row and

cofurn would be specified.

iii. Linear relaxation: Quter row and column 3 specified by t me-Jependent value, next
four points are relaxed towards the boundary valucs with a relaxation constant that

decreases Jincarly away from the boundary.
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iv Spoenge: (Perkey and Kreitzberg, 1976)

¥ Exponcntial relaxation: (Davies and Turner, 1977} (default)

The (one-way) nested modeling technique has been increasingly applied to climatc change
studies in the fast few years. This technique consists of using outpul from GCM simulations
to provide initial and driving lateral meteorological boundary conditions for high-resolution
Regional Climaic Model (RegCM} simulations, with na feedback from the RegCM to the

driving GCM. Hence, a regional increase in resolution can be attained through the use of

nested RegCMs to account for sub-GCM grid-scale forcing.

Continuous month or season-fong to multi-year cxpeniments for present-day conditions with
RegCMs driven either by analyses of observations or by GCMs was generated for regions in
North America, Asia, Europe, Australia, and Africa. In the experiments mentioned above, the
model horizontal grid point spacing 60 km and the length of runs from 1 month to 10 years.

The choice of an appropriatc domain is not trivial. The influence of the boundary forcing can
reduce as region size increases (Joncs et al,, 1995; Jacob and Podzun, 1997) and may be
dominated by the internal model physics for cerfain variables and seasons {Noguer ct al.,
1998). This can lead to the RegCM solution sipnificantly departing from the driving data,
which can make the interpretation of down-scaled regional climate changes more difficutt
(Jones et al., 1997). The domain size has to be large encugh so that relevant local forcing and
offects of cnhanced resolution are not damped or contaminated by the application of the
boundary conditions (Warner et al,, 1997). The exact location of the lateral boundaries can
infiuzence the sensitivity to internal parameters (Seth and Giorgi, 1998} or may have no
significant impact (Bhaskaran et al,, 1996). Finally, location of boundaries over areas with

sigpilicant topography may lead to inconsistencies and noise generation (e.g., Hong and

Juang, 1998).
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Surface forcing due to land, ocean and sea ice greatly affects regional climate simulation {e.g.,
Guorgl et al., 1996; Scth and Giorgi, 1998; Wei and Fu, 1998 Christenscn, 1999; Pan et al,,
1999; Pielke ct al., 1999; Rinke and Dethloff, [999; Chase ef al., 2000 Maslanik et al., 2000,
Rummukainen ct al., 2000). In particular, RegCM experiments do not start with equilibrivm
conditions and therefore the initialisation of surface variables, such as soil moisture and
temperature, is important, For cxample, to reach equilibrium it can require a Tew seasons for

the tooting zone (about 1 m depth) and vears for the deep soils {Christensen, 1999).

The choiec of RegCM resolution can modulate the cffects of physical forcings and
parametrizations (Giorgi and Marinueci, 1996a; Laprise et al., 1998). The descnption of the
hydrologic cycle generally improves with increasing resolution due to the belter
topographical representation (Christensen et al,, 1998; Leung and Ghan, 1998). Resolving
more of the spectrum of atmospheric motions at high resolution improves the representation
of cyclonic systems and verlical velocities, but can sometimes worsen aspecls of the model
climatologry (Machenhauer ¢t al,, 1998; Kato et al, 1999). Different reselutions may be
required to capture relevant forcings in different sub-regions, which c¢an be achieved via
multiple onc-way nesting (Christensen et al., 1998; McGregor ct al.. 1999), two-way nesting

(Liston et al., 1999) or smoothly varying horizontal grids (Qian and Grorgi, 1999}

RegCM mode] physics configurations are derived either from a pre-existing {and well tested)
limited area model system with modifications svitable for climate application (Pielke et al.,
1992; Giorgi ct al., 1993b.c; Leung and Ghan, 1995, 1598; Copeland ¢t al., 1996; Miller and
K§m, 1997: Liston and Piclke 2000; Rummukainen et al., 2000) or are implemented directly
from a GCM (McGregor and Walsh, 1993; Jones ct al,, 1995; Chrislensen et al, 1996
Laprise et al., 1998). In the first approach, each set of parameterizations is devcloped and

optimized for the respective model resolutions. However, this makes interpreting differences
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between nested model and driving GCM more difficult, as these will not result only from
changes in resolution. Also, the different model physics schemes may result in
inconsistencies near the boundarics (Machenhauer et al., 1998; Rummukainen et al., 2000).
The second approach- maximizes compatibility between the models. However, ph}rsics
schemmes developed for coarse resolution GCMs may not be adequate for th+_: high resolutions
used in nested regional models and may be, at least, require r-»;-ta]ibmtion {Giorgl and
Marinueci, 1996a; Laprise ct al., 1998). Overall, both siratcgies have shown performance of
similar quality (e.g., IPCC, 1996), and erther one may be preferable (Giorgi and Meams,
1999). In the context of climate change simulations, if there is no resolution dependence, the

second approach may be preferable to maximize consistency betwecn RegCM and GCM

responses to the radiative forcing.

3.3 ECMWF reanalysis (ERA-40) grid Data:

The data used for evaluate the model data {model output) arc the ECMWT reanalysis {(ERA-
40} gridded data sets downloaded from their fip site. The ERA datu scts in GRIB coded form
arc available on a coarse resolution of 2.5% ¢ 2.5%1at. Aong. grid on constant pressure surfaces.
The data: surface net solar radiation (SSR}, surfacc net thermal radiation (8TR), surface
sensible heat flux (SSHF) and surface Iatent heat fux (SLHF) at 6 hourly map times 00, 06,
12 and 18 UTC in a day are downloaded for the analysis. These arc first deGRIBed using an
ECMWE GRIB decoding software package, also downloaded from their fip site, and
customized to satisly our requirements. The gridded fields are then interpolated to the lirnited
area model grid and transformed from pressure to (he 16 model sigma levels at 0.5 x 0.5 Iat,

Nong. horizontal grid resolutjon via a pressure to sigmg converier.



3.4 Methodology

Regional Climate Model developed by ICTF Trieste, Italy (Giorgi and Marinucci, 1996a;
Laprise et 4l., 1998) installed at the Department of Physics, BUET and ECMWF reanalysis
(ERA-40) data sets downloaded from their fip site have becn used to simulate different
meteoralogical parameters iincluding Naot absorbed solar encrgy flux. Net infrared energy flux,
Sensible heat and Evapotranspiration. These parameters are used in calculation of surface
heat budget over South Asian region. The following equation has been used for the
galculation of surface heat budget:

Net surface radiation balance (W/m*2) = Net absorbed solar eneray fluxtNet infrared
encrgy flux+ Sensible heat flux-+ Latent heat flux

here, Latent heat flux =Evapotranspiration (2.31 040e°) /160X 60%24) in wim’

In this work, 6-vear {1995-2000) simulation model output has been drven using 6-hourly
NCEP {Numerical Centre for Environmental Prediction) re-analysis data as model input. tfhc
model demain has been selected to cover the South Asia region (65"E-11 7°E, 5*N-35°N) on a
rotated mercator projection {ROTMER) at a 60 km horizontal resolution and 16 sigma levels
in the vertical. The centre point of the domain 1s 20°N, 50°F, The ROTMER projection is
used in Grell convective precipitation schemes with Arakawa-Schubert, Fritsch and Chappell,
Kuo, Betts-Miller and MIT-Emanuel assumptions, Daily 3-hour interval SRT (surfacc) datn
of RegCM3 model output and Daily 6-hour interval SRF (surfacc} data of ECMWF

reanalysis (ERA-40) data arc obtained and analyzed using Linux OS.

The RegCM model outputs are binary files which are analyzed and display on GrADs to

create for data file and data file converted mto ASCI fle with the help of FORTARN

Programme.
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CHAPTER 4: SURFACE HEAT BUDGET FOR SELECTED AREA VARIATION

The variation of Surface heat budget mestly depends en the roflectivity, absotbance ability
and heat capacity of tho Larth’s surface. So, the condilion of terrain has crucial role for
surface heat budget. There are seven different selected zones over Soulh Asia are chosen for
analysis whick are shown in fig. 3. Those arcas are

i} Over Bangladosh (22°N-27°N Jatitude and 88°E -93°E longitude)

11) Over Bay of Bengal adjacent of Bangladesh coastal rcgion (1 7°N-22%N latitude and 88°E -
93°E longitude)

iii) Over Bay of Bengal (decp Ocean) far from Bangladesh coastal region (EI“N—MDN latitude
and 87°E -92°F longitudc)

iv) Over West coast of India (9"N-14°N latitude and 74E -79°E lonpitude)

v} Over Thar Desert (23"N-28"N latitude and 70°E -75°E longitude)

vi} Near east coast of India { 13°N-18"N latitude and 81°F -86"E longitude)

vii} Over Middle Zone of India (19°N-24°N latitude and 77°E -82"F longitude)
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Fig.3: Map of South Asia with indicating 7 belecied windows {areas} with center points and

12°N. 20°N, 26°N Latitude along 70-94°E Longitude
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4.1 Surface heat budget at selected areas for GAS, GFC and ECMWF for 1996

The values of surface heat budget (SHB) for RegCM GAS and GFC Scheme for different

selected arcas have been analyzed and compared to the ECMWTF data for 1696,
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Fig.4: Monthly variation (for 1996) of surface heat budget at selected areas for GAS,

GFC and ECMWEF

1t has heen seen in fig. 4 for RepCM GAS, GFC and ECMWF data that over land the value of

SHB is about within 20w/m? to -15w/m’; over ocean the value of SHB is about within
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125wim* to -350w/m*: over west coast of India the value of SHB is within SGw/m” to -
100w/’ for whole vear, Hence it is scen that the varialion of the value of SHB is high over
ocean and low over land. According to ECMWT data value of STB over Bangladesh, Bay of
Bengal near coasl, Near East coast of India, Thar Descrt and Mid-India zone is highest in
May; over Deep Bay of Bengal and West Coast of India is highest in May. The value of SIIE

is lowest in December for all sclecled areas.

1t has been observed for comparing RegCM-GAS data to ECMWEF dala that the value of SHBE
is underestimated from March to May (Pre-monsoon} and in Deccmber; overestimated from
June to September/QOctober. For ReeCM-GFC data compared 10 ECMWF data the value of
SHE is underestimated for all selected arcas except dry-zone (Mid India and Thar desert) for

all months of 1996. So, for further analysis of SHB RegCM-GAS data and ECMWT re-

analysis data have becn taken for different years.

4.2 Validation (manthiy) of SHB for RegCM-GAS data and ECMWF data (1995-2000)

It ims been observed in fig. 5{a) for the year 1995-2000 (six vears} that ever Bangladesh the
value of SHB is low (range from .OW/m*to ~17W/m"} in January, November and December
and the value of SHB is high (range from IW/im? to 18W/m’) in February-May except in
Febrary 2000 (valuc -1.9W/m®). The highest value observed in the month of Aprl cxcept in
May 1997 (valuc 17W/m?). In the months of Junc to Scptember the value of SHB is about

from -3W/m? to 3W/m’. Comparing the valve of RegCM GAS data to ECMWT reanalysis
data it has been seen usually that the value of SHB during March-May are underestimatc

about 5 W/m® and during June-Scptember are overestimate about 10 W/m’.
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Fig.5(a): RegCM3 Modcl and ECMWF determined SHB (monthly} over Bangladesh for

1995-2000

According to the fig. 5(b), it has been obscrved that for both option {GAS and GFC) of

RegCM over Bangladesh rainfall is overestimate in pre-monsoon season and underestimate in

monsoon season compared to the obscrved data. But RegCM3 Model data in GAS option for

SHB show underestimate and overestimate in pre-monsoon and monsoon scason respectively

compare to the ECMWF data. Hence opposite condition aceurs for SHB compare to Ramnfall

ovor Bangladesh.
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The SHB is high when cloud cover is mimmal and insulation of solar energy is high. In fig,
5(c) it has been scen that whether observed precipitation over Bangladesh 15 low, SHB for
COMWT data is high and when observed precipilation is high SHB is low in 1996.

it can be said that SHP and precipitation is inversely related and there is

Accordingly,

radiative impact for development of convective system.
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Fig. 6: RegCM3 Model and ECMWT delermined SHB (monthly) over Bay of Bengal for

1995-2000
in fig. 6 Over Bay of Bengal, the value of SIIB is low (range from -3 SW/m?to -90W/m’) in
January, Noveniber and Decerber and the value of SHB is very high (range from SOW/m’ to

110W/m?) in March to May for the ycar 1995, 1997-2000 which is obscrved in figs. (5-7). In
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February the value of SHB is also high {about valuc 30W/m”) except in February 2000 (value
_12W/m?} as shown in [g. 7. In thc months of June to September the vaiue of SHB is about
from -43W/m? to 15W/m?. Comparing the value of RegCM GAS data to ECMWF reanalysis
data it has been noticed generally that the values of SHB during February-May uare
underestimate about 30 W/m® and during Junc-September arc overestimate about 100 W/m’.
The value of SHB is high over Bay of Bengal comparc to Bangladesh because water surface

has high heat capacity and the land has low heat capacity.
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In fig. 7 Over Deep Ocean (far from Bay of Bengal) the value of SHE is low in January,

December, June-September semetimes May-November. The value of SHB is very high

{range from 45 to 110W/m?) in March and April. The valuc of SHB is luctuating in different

vear, Comparing the value of ReeCM GAS data 10 BCMWE reanalysis data it has been

perceived generally that the values of SHB during January and May to Deccmber are

overvalue and during February-April arc undervaiue.
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According to the fig.8, Over West Coast of India the value of SHA is low m June and July
sometimes in May. The value of SHR is very high in March, April, Scptember and October
about 40W/m’. Comparing the value of RegCM GAS data to ECMWF reanalysis data it has

been apparent usually that the valucs of SHB is underestimale in January, February and

December except 2000 and overestimate in April-November.
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In fig. ¢ aver near East Coast of India the value of SHB for RegCM GAS data are similar

to ECMWF data in Junc-April and October-December but overestimate in May-September

{or 1999, 2000. The values of SHB for RegCM GAS dala are slightly underesiimate in

data the values of SHB are low

April, May for 1995-

2000,

January-May and December to ECMWTF data in June-September for 1995, 1997. For both

in January, June, July, November, December and are high in
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As fig 10 and 11 shows that Over Desert Area (Thar Desert and Mid-India) the value of

SHB for RegCM GAS data are overeshmate 0 ECMWT data in

December but for

pattern of va

withim 10W/m?® to -1OW/m®.

57

January, February and

other months the values of SHB are close for both data 1995-2000. The

fues of SHB for Thar Descrl and Mid-India areas is samc. The mnge of SHB 18




SHB is dominated by the shorfwave portion. fn July highest values occur along the
subtropical occans of the Nosthem Hemisphere. Lowesl valugs occur over arcas af low solar
mnput such as the South Pole, and arcas of gh surface reflection such us the North Pole. So,

aver the seleeted analysis arcas, it is observed that Inghest value occurs over oceatl.

1o Fanuary highest values ocour along the subtropical occans of the Southern Hemisphere.
Lowest values oceur over arcas of low salar mput such as the North Pole. and areas of high
syrface reflection such as the South Pole. In January solar insulation 1s low aver Northermn

Hemisphere than over Southérn Hemisphere. So, SHB is low over the selected analysis arcas.
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4.3 Hourly Variation of surface heat budget (SHB) for central point of 7 selected areas for
the year of 2000

Hourly variatien of SHB is determined by ECMWF reanalysis data and RegCM (GAS)
model data at the center point of 7 selected arcas for the vear of 2000. 6-hourly (00, 06, 12
and 18 local standard time (LST)) cbservation is taken in a day for analysis. The solid bar in
the ﬂgurc;;:;:nreaents the ECMWF reanalysis data and the check bar represents RegCM
(GAS) modcl data. The results show ihat the variability patterns are not uniform from reoion
to region. This is because of heterogeneous characteristics of the orography and different
capacity of absorbance and crmission of radiation of land and ocean surface. Moreover the
pattern of the value of SHE;‘ for the said LST for ECMWTF reanalysis and RegCM (GAS)

model data are not similar for all menths cxcept in July. Peak value occurs at 12LST for beth

data. As shown in fig. 12 and 13, both data maintain the diumal variation.
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For ECMWF reanalysis data it has been observed in fig. 14, at the centre point (24.5°N,
90.5°} of the sclected area of Bangladesh that the value of SHB is always positive at 06,
12LST and is ncgative at 00, 18 LST. The value of SHB 15 increasing {rom January 10 August
and decreasing from September 10 December, In June, July and Augnst the value of SHB at

06, 12LST is high about 35W/m’ and at 00, 18 LST the value of SHB is about -8 W/m’.

For RegCM model data it is seen that at 12L8T the value of SHB 1 always higher than the
values at 00, 06 and 18LST for all months except July. In July the value of SHB at 6L.5T is
higher (S{JWImz) than 00, 12 and 18LST. In January, February, April, May and July the vatue
of SHB is positive at 06, 12LST and is negative at 00, 18 LST but for the remaining months

only at 12 LST the value of SHR is positive. In March the value of SHB at 12ZL8T is highest

(78.7 W/m*),

In fig. 15, for ECMWT reanalysis data it has been also observed at the cenire point (19.5°N,
90.5°E) of the selected area of Bay of Bengat that the valuc of SHB iz always positive at 06,
12LST and 18 negative at 00, 18 LST. The value of SHB is increasing from Tanuary to May
and again decreasing from June to December. In March, Aprl and May the value of SHB at
06, 12L8T is high about liﬁf!l;;‘v'-w’a“m2 and the value of SHB is about -35 W/m®at 00, I8 LST. In
January, February, November and December the value of SHB is low about 35W/m® at 06,

121LST and is about -65 W/m® at 00, 1% LST than other months of the year 2000.

In April, May and July for RegCM model data the value o SHB is positive at 06, 12LST and

is negative at 00, 18 LST but for the remaining months only at 12 LST the value of SHB is

positive. The highest value (718.7 Wim?) is observed at 12LST in April and the lowest value

(-313.3 W/m%) is in November.
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the selected area of Deep Ocean for the year 2000
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At the centre point {1 1.5°N, 89.5"E) of the selecied arca of deep ocean {far from the coast of
Bay of Bengal) the highest value of SHDB {97.7 W/m?%) is seen in fig 16 in April at 12 LST for
ECMWTF rcanalysis dala. The value of SHB is also positive at 06, 12LST and 13 negative at
00, 18 LST. The value of SHB is increasing from Janvary to April and again decreasing from
May to December. Al 06, 12LST range of the value of SHB is from A1W/m’ to 97.7Whn’
and the range of the value of SHR is from A1W/E to -S6W/m® 35 W/m” at 00, 18 LST. Tn

December the value of SHB is low about 43W/m’ and is about -53 W/m” at 00, 18 LST than

other mornths of the yvear 2000,

In April, May and July for RegCM model data the value of SHB is positive at 06, 12LST and
is negative at 00, 18 LST but for the remaining months only al 12 LST the value of SHB is
pogitive. The highest value (723.46 W/m®) is observed at 12LST in May which is very
overestimate compare to ECMWF data and the Towest valuc (-247 W/m®) is in December

which is very underestimate compare to ECMWF data.

The result in fig. 17 shows at the point {(15.5"N, 83.5°E) over ocean of the sclected area of
Near East Coast of India that the value of SHB is also positive at 06, 12LST and is negative
at 00, 18 LST in all menths for ECMWF dala and in July for RegCM modei data. For
ECMWF data, the highest value (113.4 W/m") is ohserved in April at 12LST and the lowest
value (-73 W/m"} is observed in December at 18LST. The value of SHB is increasing from
January to April and again decreasing from May lo December. According to RegCM model
data dala, the highest value (756.38 W/m?) is observed in April at 12LST which is about 7
times overrate compare to ECCMWF data and the lowest value (-280.47 W/m?) is ohserved in

November at 06LST which is very underrate compare to ECMWF data..
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Fig.18: Hourly Variation of surface heat budget (SHB) for centrc point {1 1.5"N, 76.5°E} over
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ab




In {ig. 18 at the point (11.5°N, 76.5°E) over land of the selected arca of West Coast of India
that the valuc of SHB is also positive at 06, 12LST and is negative at 00, 18 LST in all
months for ECMWT data and in July for RegCM model data. For ECMWT data, the highest
value (60.2 W/m?) is seen in March at 12T and the lowest value (-23.68 W/m®) is observed
in February at 18LST. The value of SHB is high from February to October at 12LST and low
in Deceniber at 00, I8LST. Aceording to RegCM model data data, the highest value (173
Ww/m?) is observed in April at 12LST which is overrate compare to ECMWF data and the

fowest valuc (-60 W/m”) is observed in March at 00 and 0GLST which 18 underrate comparc

to ECMWT data (-23 W/m®).
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For ECMWT reanalysis data in fig. 19 it has been alse observed at centre point (25.5°N,
72.5°E) of the selected Thar Desert arca of India that the valuc of SHB 1s always posilive at
06, 12LST and is negative at 00, 18 LST. The value of SHB 15 high from March to August
and low in November and December. In July the valuc of SHB at 12LST is the highest about

22 37W/m’ and the valuc of SHB is the lowest _16Whn* at 18 LST in December.

For RegCM model data it has been seen the value of SHB is positive at 06, 12LST and 13
negative at 00, 18 LST in July and April. In April the value of SHB at 12LST is the highest

(107 Wim*) and the lowest (-60 W/m?) at [SLST in December.

For ECMWF reanalysis data it has been also observed at cenlre point (21.5°N, 79.5°E) of the
selected area of Mid-India in fig. 20 that the value of SHE is always positive at (6, 12LST
and is ncgative at 00, 18 LST. The value of SHB is increasing from January to August and
again decreasing Trom Septémbcr to December. In July the value of SHBE at 06LST is high

about 48 48W/m~ and the value of SHB is low -16Wim®at 18 LST in October, November and

December.

For RegCM model data it has been secn the value of SHB 1s positive at {16, 12L5T and is
negative at 00, 18 LST in July and April. In Apnil the value of S11IB at 12LST is the highest

{97.62 W/m?) and the lowest (-66.25 Win?) at 18LST in December.
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CHAPTER 5: SURFACE HEAT BUDGET FOR LATITUDE AND
LONGITUDE VARIATION

A validation study on SHR has been conducted at 12N, 20N & 26N Jatitude along 70-94E
lengitude varations using RegCM model data with ECMWE data for the Pre-monsoon
(March-May), Monsoon {June-September), Post-monsoon (October-November) periods and
two months July and December for 1995-2000. In the following diagrams the deep line
represent ECMWF data and light deep line shows RegCM GAS data.

At 12°N Iatitude along 70-94°E longitude
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Fig.21: Seasonal variation of SHB at fixed 12°N latitude along 70-94 °E Longitude
variation for 6 years average (1993-2000]:
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Fig.22: Seasonal variation of SHR at fixed 12N latitude along 70-94 °E Longitude

variation for the years 1995 and 1956:
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Fig.23: Scasonal variation of SHB at fixed 12°N Iatitude along 70-94 °E Longitude

variation for the years 1997 and 1998:
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Fig.24: Scasonal variation of SHB at fixed 12" latitude along 70-94 °C Longitude

variation for the years 1999 and 2000
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According {o the figures 21-24, duning Pre-monsoon season the RegCh GAS dala and
RCMWE data of SHE at 12"N latitude shows similar value -0.6 W/m® at the point (12°N,
78.2°F). The RegCM GAS data are overestimate along 70-75.5°E, 80.4-82.5°E and 89.1-94°E
and along the remaining ]ﬂﬁgimde variation are underestimate compare to the ECMWF data.
In monsoon scason, the RegCM GAS data and ECMWF data of SHB at 12°N latitude shows
similar value -0.38 W/m® at the point {12°N, 78.2°E}. The RegCM GAS dala are overestimate
along 70-76"E and 80.4-94°E. RegCM GAS daia and ECMWF data of SHB

differ very much about 100 W/m’. GAS data are all positive along 70-54"F longitude
variation. The SHB of ECMWEF data are negative along 70-74.4°E and 84.2-94°E and
otherwise positive.

In post-monscon season the RegCM GAS data and ECMWF data of SHE at 12°N latitude are
about same value -0.3 W/m® at the peint (12°N, 78.2°C). The RegCM GAS data are
overestimatc along 70-75.5"E, 82-94%F and are undcrestimate compare to the ECMWF Iduta
along the remaining longitude variation, The SHB of ECMWEF data are negalive along 78.2-
04"E and positive along 70-77.6"E.

The patlern of the line graph in Monsoon and in July 18 same.

In December the RegCM GAS data of SHB (-1.48 W/m®) at the point (12°N, 77.6"E) is close
to the ECMWF data (1.26 W/m®) and also along 83.1 -90.7"E longitude variation {(value about
-20 W/m®). The RegCM GAS data are overestimate along 78.2-79. R'E and are underestimate

compare to the ECMWT data along the remaining longilude variation.
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At 20°N latitude along 70-94°E longitude
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Fig.25: Seasonal variation of SHB at fixed 20°N latitude along 70-94 °E Longiiude
variation for 6 years average (1995-2000):
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Fig.26: Seasonal variation of SHB at fixed 20°N latitude along 70-94 °E Longitude
variation for the years 1995 and 1996:
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Fig.27: Seasonal variation of SHB at fixed 20N latitude along 70-94 "t Longitudc
variation for the years 1997 and 1998:
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Fig.28: Seasonal variation of SHB at fixed 20°N latitude along 70-94 "E Longitude

variation for the years 199% and 2000
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According to the figures 25-28, for the period of Pre-monsoon scason the RegCM GAS data
and ECMWT data of SHB at 20"N latitude shows about sinular value along 75.5-84.2°E
longitude variation, arc overestimate along 86.4-87.5 and along the remaining longitude
variation are undercstimate compare to the ECMWF data. Along TS.S_—E-‘-LZ“E Jongitude
variation the range of SHB for both data is -0.32 W/m® to 3 W/m® and along the ramain;ng
longitude variation the range of SHB is 110 W/m® to 137 W/m’.

In monsoon season, the RegCM GAS data and ECMWF data of SHB at 20™N Iatitude
demonstrates similar  value -1.5 W/m’® along 74.9-84.7°E longitude variation, are
underestimate at the point (20°N, 73.8°E) and along the remaining longitude variation are

overestimate compare to the ECMWF data..

During post-monsoon season the RegCM GAS data and ECMWF data of SHB at 20"
latitude arc about same value -0.5 W/m’ along 75 5-84.7°F longitde variation. The RegCM
GAS data are overestimate along 90,2-94°E and are underestimate compare to the ECMWT
data along the remaining longitude variation.

In July the RegCM GAS data and ECMWF data of SHB are about same along 73.8-84.7°E
longilude variation. The RegCM GAS data arc overesiimate along the remaining longirude
variation.

In December the RegCM GAS data and ECMWF data of SHB are about same along 75.5-

24.7°E longitude variation. The GAS data for SHB are all negative along 70-94° and

ECMWF data are also negative except along 73.3-77.6°E
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At 26°N latitude along 70-94°E longitude
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Fig.29: Scasonal variation of SHE at fixed 26%N latitude along 70-94 "E Longitude
variation for 6 years average (1995-2000):

al




41 41
m Pro-monsoesi- 1995 iLat- 26} | at | Preanmisoon- 1996 (Lar-251 t
- 20 - - m
£ 10 1 1| . _—
T 0 b el R R R e i
210 v Z-10 - - [
:;.ED = = — EChd
. —— GRS 204 — GAZ '.J
=30 1
A0 0
7172 7375 77 7O G0 B 23 05 95 BA 80 87 93 7072 ¥3 75 77 75 40 B 33§SSEEBWm LE]
Longittude E Longindde °E
407 0 OB flat-2
1 - o onn. 1905 {Lat. 25 0 Llolsoon 706 Har-20G1 |
ol \ =2 /i
10 4 lllrl'll i E 10 Fl
0 L = T T T Tt T — e ARRL
- il T TT L B I o i LR I
Eﬂ 0 %_1 04
=2 ——ECHWAF a0 —— W
=30 A — AT =306 —GAL
40 4 -40
7072 72 75 77 TH S0 81 §3 €5 £6 96 90 91 W 70 72 73 75 77 78 80 £ 83 63 25 82 0 2 2
Longiture °E Lengituele 'E
a0 47 -
=0 Post.monsam . 1995 tat. 26 = Postanonsot. 1906 (lat- 261
.20 20 h
E 10 £104 [ '|I
% 0 b | § T
Z.10 4 Z-10 4 —
> ] et 0 01
720 —e - s
= —— 3AS -0
g d - - — -40
7O 72737577 TOE0 D BI 05 AR 28 20 9 93 7072 73 75 77 V9 80 £1 03 95 86 £3 80 & 9
Lot *E Lonigitucle 'E
40 40 -
an Jifly- 1995 {1126} 20 4 July-1996 {Ex-26)
S ~u
=
Eyn E1n 4
% 0 T T il LT TETTFTT T ED-—T\-_ T -|l'||J'||IIJI-'III'|||
=10 é—‘lﬂ I
. ——TCMWF | | 32 ] —ChAE
0 —as |l gy Y Y-
I
40 | aad
O 7T TS TS 7T THED BN 53 85 86 65 50 31 3 O YI 7577 TS 90 91 3 S5 86 £3 90 N - x]
Loagituche °E Lengitude °E
a0 40 - ;
Drecatabe 1405 dar-2641 Cecerled - 1996 {1a8-26)
ao oy =0
FUE £ a1 — AT
i —GAS o Gas
E 10 4 £10 A —
x
E ﬂ'1'TT|"JI|-l|Il||-—'II:II._1_|_|_|_|.r"IIllll‘_I_IL_II!JIJ.\_I_I_I EI]-,....._......._\&.. T T T T TR .-.\_|_r_"|\|-|f|_E
£ 40 - .10 4 —
= o0 a0
=30 4 R
4 7
70 7FTITSIT TIBC B 43 B5 86 50 90 31 50 70 7% T 75 77 TS AO B &3 S5 86 A3 00 9 53
Lonqitude 'E Longituele "E

Fig.30: Seasonal varation of SHD at fixed 26"N latitude along 70-94 °E Longitude

variation for the years 1995 and 1996:
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Fig.31:Seasonal variation of SHB at fixed 26" latitude along 70-94 °E Longitude

yanation for the years 1997 and 1998:
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Fig. 32: Seasonal variation of SHB at fixed 26"N latitude along 70-94 E Longitude
varigtion for the years 1999 and 2000:
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As said by the figures 29-32, for the duration of Pre-monsoon season the RegCM GAS data
and ECMWF data of SHB at 26°N latitude are underrate along 70-94°C longirude variation
compare to the ECMWT data,

The RegCM GAS data are same about -2.2W/m” and ECMWE data of SHB are 6.5 Wim® -

along 70-94"E longitude variation except Gas data is -6.53W/m’ at the point (26°N, 90.7°E).
g u

In monsoon scason the RegCM GAS data and ECMWT data of SHB at 26°N latitude are
about samc along 70-94°E longilude variation except at the point (26™N, 90.7°E} is
overeslimate compare to the ECMWF data. At the point {26°N, 90.7°E) the RegCM GAS
data of SHB is 5.64W/ m”. The best result has been seen for RegCM GAS data and ECMWF
data of SHB (both data are same) in the year 1995,

During post-monsgon season the RegCM GAS data of SHB at 26°N latinude are
undcrestimate along 73.3-75.5°FE longitude variation and are overestimate comparc to the
RCMWF data along the remaining longitude variation. The RegCM GAS data and ECMWT
daia of SHB are a1l negative exccpt at the point (26N, 50.7°E) GAS data is 4.24W/ m’,

Tn July the RegCM GAS data and ECMWF data of SHB arc about sitnilar. The range of the

values for both data is fram -3.2 to 2.2W/ m".
In December the RegCM GAS data of SHB are ovcrestimate along 70-94"E longitude
variation compare to the ECMWF data except at the point (26°N, $0.7°E} both data is same,

value is -8.0W/ m°. The range of the values for ECMWF data is from -7W/ m’ to -10W/ m’

and for GAS dala is from -6.7W/ m® to —1.76W/ m".
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CHAPTER 6: DIFFERENT PARAMETERS OF SURTACE HEAT BUDGET FOR
SEVEN SELECTED AREAS FOR THE YEAR 1995
Surface heat hudget depends on four parameters which are net short wave radiation (Net
downward - nel upward uliraviolet encrgy fux). net Jong wave radiation (Net upward - nct
downward infrared encrgy flux), Sensible heat flux (upward} and Latent hgat flux {upward).
The values of these paramecters arc different for diffcrent areas due lo the dissimilar
characteristics of topography. ECMWF rcanalysis data and RegCM3 {GAS) madel data for 7

selected areas are taken for the year 1995 for analysis.
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Fig. 33: Monthly variation of net short wave radiation {net solar encrgy), net long wave

radiation, Sensible heat {lux and Latent heat flux over Bangladesh

It has been observed in fig. 33 from January to April and in the month November,

December for the selected area of Bangladesh that the values of net short wave of RegCM
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model data are slightly overestimated about {1 SW/m’} compared to ECMWF data but for
the remaining months the values are more overestimate about more than 50W/! m”. For
both data the values of net short wave are high about Z00W/ m’. The dala of RegCM
model and CCMWF differs (107.8W/ m®) very much in September. For both data the

values of net short wave are low in monsoon season (June-September).

The values of net leng wave of RegCM model data are about similar to ECMWTF data
from January to April and in the month November, December but for the remaining
months the values are overestimate about on an average 20W/ m’. The highest value is
seen in January §1W/ m® for RegCM model data and 75W/ m? for ECMWF data and ihe
lowest value is in June 34W/ m? for ResCM model data and 19W/ m” for ECMWF dala.

The values of net long wave of RegCM medel data and ECMWF data m winter is high

than the olher scasons.

The RegCM model data of latent heat are overestimated about (33.7W/m?) compared 1o
ECMWT data in the Pre-mensocon and monsoon scasons. For sensible heat the RegCM
model data are underestimated about (15Wa“mz} in Jannary-Apri] and overestimate about
{19W/m®) in monsoon seasons compare to ECMWE dala. For surface heat Budget over
Bangladesh it has been seen that RegCM model data are underestimated in pre-mensoon

season and overcstimate in mensoon scason due te the effect of the vanation of sensible

heat.,

The valuc of all parameters of SHB for both data arc low 1 monseon seasorn and n

Novembet-December the RegCM model data are similar to ECMWF data.
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Fig. 34: Monthly variation of net short wave radiation (net solar energy), net long wave

radiation, Sensible heat flux and Latent heat {lux over Bay of Bengal
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Fig. 35: Monthly variation of net short wave radiation (net solar cnergy), net long wave

radiation, Sensible heat flux and Latent heal ftux over Deep Ocean of Bay of Bengal
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In fig. 34, Over Bay of Bengal near coastal region of Bangladesh the valucs of net shont
wave, net long wave and sensible heat are high in Pre-monsoon (March-May) and low in
monsoon season due to cloud and preeipitation, But for latent heat the value is high m
monsoen season due to huge evaporation. So, the effect of Iatent heat is more on SHB.
The vahues of net shorl wave, net long wave and sensible heat of RegCM moded data are
overestimated compares to ECMWT data in mensoon season. For latent heat the RegCM

model data are similar, to ECMWT data in mensoon season and overestimate m Pre-

TMONE00N and mMonsSon SEA50MN.

For RegCM model data and ECMWF data ever Deep Ocean (he patterns in fig.35 for net
short wave, net long wave and sensible heat arc same except for latent heat. Similar
cvents occur for Bay of Bengal near coast and Decp Ocean (Bay of Bengal) far from
Bangladesh coastal region. The value of all parameters of SHB of RegCM model data

and ECM'WF data for Deep Ocean is small compare to the values tor Bay of Bengal.
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Fig. 36: Monthly variation of net short wavce radiation (net solar energy), net long wave

radiation, Sensible heat flux and Latent heat flux over West coast of Tndia
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For RegCM model data in fig.36 the values of net short wave radiation {net solar energy),
net long walve. radiation and Latent heat flux over West coast of India are overcstimate for
all months of the year 1995 compare to the ECMWE data. But for sensible heat RegCM
model data shows underrate compare to the ECMWF dala for all months except n
October. The variation of SHB depends on the variant of Sensible heat.

Tn fig.37 for RegCM model data the values of net short wave radiation, net long wave
radiation and Scnsible heat Aux over ocean and near Bast Coast of India are overestimate
for monsoon season except for latent heat. The pattern of the values of net short wave
radiation and net long ;,vave radiation for RegCM modcl data and ECMWF data are

similar and the pattern of the values of sensible heat and latent heat for RegCM model

data and ECMWF data are different.
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Fig. 38: Monthly variation of nct short wave radiation (net solar cnergy}, net long wave

radiation, Scnsible heat flux and Latent heat flux over Thar Desert of India
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As (ig. 38 shows Over Thar Deserl the values of net short wave and long wave for

RegCM mode! data and ECMWE data are about similar. The values of net short wave are

high in April-June about 250w/ m® and Jow in winter. The values of net long wave are

high in April, May and low in July and August. For RegCM madel data the values of

latent heat are high in March, June and July and low in May and October about 10W/ m”.

For ECMWF data the values of latent heat are high in July-September and low in winter.

For scnsible heat the highest value is observed in May (133W/ m?) for RegCM model

data and in June (107W/ m?) for ECMWF data. The value of sensible heat is low for both

data in winter scason.

Aboul similar events are observed over Thar Desert and Mid-India according to Lhe

figures 38 and 39.
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CHAPTER 7: SENSITIVITY TEST

Surface Heat Budget (SHB) for different schemes data of RegCM Model and ECMWF re-
analysis data are taken for 1983 for analysis. The schemes of RegCM model are (1)Grell
ccheme with Arakawa-Schubert (GAS), (2) Grell scheme with Fritch-Chappell (GT'C)
assumptions. (3) Betts-Miller Scheme with Fritch-Chappell (BFC). (4) MIT-Emanuel scherne
with Fritch-Chappell (EFC) and {5) Kuo Scheme with Fritch-Chappell (KFC). These schemes
data of RegCM model are analyzed meonthly to see the variation and which scheme data is

cuitable for the said 7 selecled areas and also for fixed three latitudes 12°N, 20°N and 26"N
along 70-94"13 longitude variations for seasonally, July and Deccmber, The different schemes

data of RegCM Meodel arc also compared to Lhe value of ECMWT re-analysis data.

TFor the selected area over Bangladesh the BFC, GAS, KFC and EFC schemes data show
about similar to CCMWT data for all months except in March-June. Amaong these schemes
data BFC data arc more suitable than others. In March-June the BFC, GAS, KFC and EI'C

schemes data arc underestimate compare to ECMWF data. Among the 5 schemes data GFC

data arc most underestimate comparc to ECMWF data.
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Reparding to the fig. 40, for the selected area over Bay of Bengal beside Bangiadesh coast

RBFC data are near lo ECMWF data in June-October and undercstimate in other months, The

remaining schemes data are not suitable for this Tegion.

For the selected arca over Deep Ocean far from the coast of Dangladesh coast BFC dala are
ncar to ECMWF data in May-October and underestimate in other months. The remaining

schemes data are not suilable for this region.

For the selected area of West coast of India all schemes data are underestimate for all months
except the KFC scheme data arc overestimate in monsoen (Jun-Sep) scason compare o

ECMWF data. Therefore no schemes data are suitable for this region.

For the selected area of Near East coast of India KFC data are near to ECMWF data from
July to September and undercstimate in other months. Other schernes data arc suitable for this

region. The pattem of BFC data is similar bul underestimates for all monlhs compare to

ECMWE data.

For the selected arca of Thar Desert in India the schemes BEC and GAS data are well than

the other schemes evaloate to GCMWEF data far all months. The GAS dala arc [luciuated

slightly.

For the selected arca of Mid-India all schemes data are near to ECMWT data except EFC data

in July. Among these schemes BFC and GAS dala are more accurate and slightly

undercstinmates in Pre-monsoon and overestimate in meonsoon Scason.
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Fig.43; SHB for different schemes data of RegCM Model and ECMWF re-analysis
data along 70-94°E longitude variations at 26"N latitude for the year 1983
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It is observed that a lot of variations oceur for different schemes data of RepCM Modei
comnpare (0 ECMWF data along longitude variations at different latitudes during different
seasons and the months of July and December. The difference between all schemes data and

ECMWE data are high over occan and low over land.

At 12°N latitude (as shown in fig. 41):

(a) During pre-monsoon scason all schemes data and ECMWT data are abont same along 77-
R0°F longitude and underrate along remaining longitude vanation.

(b} In Monsoen seasen and in Joly all schemes data and ECMWT data are close along 76-
79.8°E longitude. The KFC data is similar to ECMWF data along 76-94°F longitude and
slightly overrate along 70-75.9°E. The BFC and GAS data are near to ECMWF data along
85.8-94°C longitude and other schemes data are under cstimale along 70-76°E and 30-90°E
longitude variation.

(¢) For the period of post-monsoon season all schemes data are undercstimate along 76-77°E
and 79.8-90°E compare to ECMWF data. All schemes data are comparable to ECMWT data
along 77. 1-79.8°E longimde variant.

(d) All schemes data are more underestimate m December than post-monsoon,

At 20°N latitude (as shown in fig. 42):

The KFC scheme data remain same about 3W/m” along 70-94"E longitude variation.

(a) In pre-monsoon season afl schemes data and ECMWT data are about same along 74.9-
£5.3"F longitude over land and underrate along remaming longitude variation.

{b} For monsoen scason alf schemes data and ECMWT data are also abont samc along 74.9-

£5.3°E longitude over land and nnderrate along remaining longitude variation except for BEC
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data, The BFC data are similar to ECMWT data aiong 92.4-94°F longinde. The pattern for
all data in monsoon season is about same in July.

(¢) During post-mensoon scason all schemes data and ECMWT data are about cquivalent
along 73.3-85.3"E longitude over land (except for GFC data which arc overestimate) and
underrate  along remaininé longimide variation (except for GFC data which are
underestimate).

(d) In Deccmber all schemes data and ECMWF daia are about close along 74.9-85.3°E

longitude except for GFC data. The GFC data are overestimate along 74.9-85.3"E longitude

and underestimate along remaining longitude variation.

At 26°N latitnde {as shown in fig. 43):

{a) During pre-monscon season all schemes data show slightly underrate along 70-94"E
longituds variation over land compare to ECMWF data.

(b} For the peried of monsoon scason all schemes data are about to same along 73.3-94°E and
anderestimate along 70-72.7°E longitude compare to ECMWF dala.

(¢) In post-monsoon season all schemes dala are overestimate along 73.3-94°E longitude and
same along lelt over longitudc variation,

(d) In July the BFC data arc well along 70-86.9°E lengitude and undercstimate remaining
longitude variation compare to ECMWT data. In December ail schemes data are overestimate

along 70-94"F longitude variation compare to ECMWF daia.
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COMNCLUSIONS

This analysis has been carried out to appraise the ability of RegCM mode! for simulation of
surface heat budget (SHB) by comparing the model results wilh ECMWF reanalysis data in
South Asian region. The SHB maintains the Earth's constani average temperature and GAS
option of RegCM is able to simulate surface air temperature {only 2C cold bias). So, GAS
option is taken for SHE study in 1995-2000.

+ In respect to the thesis work of Mizanur Rahman on simulation of rainfall over
Bangladesh by ReeCM model, it was found that model overestimates in Pre-monsoon and
underestimates in Monsoon for the peried of 1995-2000. Opposite condition has been
observed for SHB. Hence, SHB and precipitation arc inversely refated to cach other and therc
is radiative impact on the development of cenvective system.

o It is found that over ocean the value of SHRB is high during March-September and low
during November-December, Over land the same condition is occurred except low in
magnitude as the heat capacity of land is low than water. Over descrt area and Mid-India the
GAS option calculated values are ¢lose to ECMWE data.

s At different latitudes variations of SHB along longitudes are high over ocean and low
over land during snmmer and opposite condition in winter because the input of solar energy
is more in summer than winter. The best result is found for both data at 26°N along FO'E -
94"E (over land) in monsoon season. The difference of SHB between RegCM and ECMWFE

data are 2lso mare aver acean than ever land.

+ For SHB (due to RegCM GAS option), the impact of the short wave radiatien is more for
water surface and both short wave mdiation and sensible heat for land surface.
 According to houtly variation of SHB (or both data positive phase has been observed at

12LST (local standard time) and negative phase at 00LST and 1SLST. Both data have

maintained the diuma! variation.
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