Artificial satellites

An artificial satellite is a manufactured objecattcontinuously orbits earth or some other
body in space. Such a satellite is used to studyuthiverse, help forecast the weather,

transfer telephone calls over the oceans, assteeinavigation of ships and aircraft, monitor

crops and other resources, and support militaiyiaes.

Following are the four main types of satellites Itigh altitude, geosynchronous; (2) medium
altitude, (3) sun-synchronous, polar and (4) lottuade. Most orbits of these four types are

circular.

1. A high altitude, geosynchronous orbit lies above dguator at an altitude of about

22,300 miles (35,900 kilometers). A satellite irstorbit travels around Earth's axis in
exactly the same time, and in the same directisrath rotates about its axis. Thus,
as seen from Earth, the satellite always appedalseaame place in the sky overhead.
To boost a satellite into this orbit requires @é&grpowerful launch vehicle.

. A medium altitude orbit has an altitude of abou4D® miles (20,000 kilometers) and
an orbital period of 12 hours. The orbit is outsitith's atmosphere and is thus very
stable. Radio signals sent from a satellite at omadaltitude can be received over a
large area of Earth's surface. The stability andevadoverage of the orbit make it ideal
for navigation satellites.

. A sun-synchronous, polar orbit has a fairly lowitatte and passes almost directly
over the North and South poles. A slow drift of thbit's position is coordinated with
Earth's movement around the sun in such a waytlieasatellite always crosses the
equator at the same local time on Earth. Becausaadtellite flies over all latitudes,
its instruments can gather information on almost émtire surface of Earth. One
example of this type of orbit is that of the TEREArth Observing System's NOAA-
H satellite. This satellite studies how naturallegand human activities affect Earth's
climate. The altitude of its orbit is 438 miles §7kilometers), and the orbital period
is 99 minutes.

. A low altitude orbit is just above Earth's atmogehevhere there is almost no air to
cause drag on the spacecraft and reduce its spessienergy is required to launch a
satellite into this type of orbit than into any ethorbit. Satellites that point toward
deep space and provide scientific information galheoperate in this type of orbit.
The Hubble Space Telescope, for example, operatms altitude of about 380 miles
(610 kilometers), with an orbital period of
97 minutes.

Remote sensing

Remote sensing refers to the science
identification and classification of Earth surfac
features using electromagnetic radiation as
medium of interaction. It derives informatio
about objects from measurements made fron
distance i.e. without actually coming into conte
with them.

Solar radiation and terrestrial radiation

Radiated cnargy (relative)

10°_|

Incoming
solar
radiafion

| ‘\
1oL e

0 ]
] | 4 OQutgoing tarrestrial radiation

| _1_'_—|_.——|—

o

5
“Visible band

10 15
Wavelength, pm

20

25




ATMOSPHERIC PHYSICS

Most remote sensing instruments are designed tecdetolar radiation and terrestrial
radiation. Electromagnetic radiation (EMR) emitfeaim sun passes through the atmosphere
and is reflected in varying degrees by Earth'saserfand atmosphere is detectable only
during daylight. about half of solar radiation pEsshrough the atmosphere and absorbed in
varying degrees by surface. The graph shows thatia emitted at different wavelengths.

Sun's visible surface (photosphere) has tempera®80K. Energy is radiated from gamma
to radio waves. 99% of sun's radiation fall betwBeh- 5.6um; 80% - 0.4 - 1.5um (visible
and reflected infrared. Atmosphere is quite trarmpiato incoming solar radiation. The
maximum radiation occurs 0.a8 (visible).

Terrestrial radiation corresponds to energy emiftedh the Earth and atmosphere
which is detectable both during day and night. Hagth's ambient temperature is
300K. Earth radiates 160,000 times less than the 8l energy is radiated at
(invisible) thermal infrared wavelengths betwee25fm and maximum emission
occurs at 9.dm.

EMR-Atmosphere Interactions

EMR travels through space without modification. &sion and depletions occurs as solar
and terrestrial radiation interact with earth's @éphere. Interference is wavelength selective
- meaning at certain wavelengths

Different remote sensing instruments are designedoperate within windows where
cloudless atmosphere will transmit sufficient raéidia for detection.

EMR interacts with atmosphere in different of walfss absorbed and reradiated at longer
wavelengths (causes air temperature to rise).

It is reflected or scattered without change toegiits velocity or wavelength. It is transmitted
in straight-line path directly through the atmoggghe

The important atmospheric windows exploited in réaneensing are 0.3 - L (UV,
visible, near infrared), 1.5 - Juf, 2.0 - 2.4m, 3.0 - 5.im (Mid infrared), Mid infrared,
8.0 - 14.Qum (thermal infrared) >0.6cm (Microwave).

Most significant absorbers of EMR by the atmosphame ozone, carbon dioxide, water
vapor, oxygen and nitrogen. Absorption of atmosgghgases has maximum influence in
wavelengths <0 8m and minimum impact on wavelengths greater th@arn.

Atmospheric windows become less transparent wheis anoist (high humidity). Clouds
absorb most of long wave radiation emitted fromtiEarsurface.

Spectral Signatures

Every natural and synthetic object reflects andt® BMR over a range of wavelengths in its
own characteristic way according to its chemicahposition and physical state.

Spectral signatureare the distinctive reflectance and emittance propertieshpects/features
and their conditions. Remote sensing depends uperation in wavelength regions where
detectable differences in reflected and emittechtexh occur.
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Spectral Response of Some Natural Earth Surface Feaes
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Vegetation: The spectral reflectance of vegetation (Figuris 2)uite distinct. Plant pigments,
leaf structure and total water content are theethineportant factors which influence the

spectrum in the visible, near IR and middle IR wewngth regions, respectively.

Low reflectance in the blue and red regions cowedp to two chlorophyll absorption bands
centered at 0.45 and 0.@#n, respectively. A relative lack of absorption e tgreen region
allows normal vegetation to look green to ones eyeshe near infrared, there is high
transmittance of similar magnitude and absorptasicenly about five per cent. This is
essentially controlled by the internal cellulausture of the leaves. As the leaves grow inter-
cellular air spaces increase and so the reflectizicceases.

As vegetation becomes stressed chlorophyll absormtecreases, red reflectance increases
and also there is a decrease in intercellulargacas, decreasing the reflectance in the near
IR.

Soil Typical soil reflectance curve shows a generaltyeasing trend with wavelength in the
visible and near IR regions. Some of the parametéish influence soil reflectance are the
moisture content, the amount of organic matten oaide, relative percentage of clay, silt
and sand, and the roughness of the soil surfacetheAmoisture content of the soil increases,
the reflectance decreases and more significantlyeatvater absorption bands.

In a thermal IR image moist soils look darker comepao the dry soils. In view of the large
differences in dielectric constant of water and abimicrowave frequencies, quantification
of soil moisture becomes possible.
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Water: Water absorbs most of the radiation in the neamafid middle IR regions. This

property enables easy delineation of even smalewhbdies. In the visible region, the
reflectance depends upon the reflectance that sdoumn the water surface, bottom material
and other suspended materials present in the waliemn.

Turbidity in water generally leads to increasetsnreflectance and the reflectance peak shifts
towards longer wavelength. Increase in the chloythpboncentration leads to greater
absorption in the blue and red regions. Dissolvageg and many inorganic salts do not
manifest any changes in the spectral response tef wa

Remote Sensing (RS) Applications

1. RS data have been in agriculture, forestry, watspuirces, landuse, urban sprawl,
geology, environment, coastal zone, marine ressurseow and glaciers, etc.
Multispectral RS data facilitate identification afops, estimating their area, inferring
the possible yield and hence production forecasferb harvest. Extent of forest
cover, their types and density are also detectable.

2. lIdentification of surface water bodies and theiresg, mapping ground water
prospect zones, estimating snow cover and possible retreat of glaciers over time
period, sedimentation in reservoirs are some agibics related to water resources
that are routinely being done.

3. ldentification of wastelands their status to faatk their development is another use.
Monitoring urban sprawl, preparing development plaand studying impact of
urbanisation are some other examples.

4. RS data help in identifying and monitoring floodiilated areas, consequent damage
assessment and in relief measures.

5. Monitoring drought and its severity assessmentutinoindicators derived from RS
data is another example.

6. Preparation of landslide hazard maps, forest firen@ areas, has been greatly
benefited from RS data.

7. Use of thermal data helps monitoring impending aoic eruption.

8. Ability of microwave radar data to see through dstunas been particularly useful in
flood and cyclone related studies since they amegdly accompanied by cloud
cover.

9. Detection and monitoring of oil spills in oceanamsother application.

Evolution of Remote Sensing in India

Launching of two experimental Earth observatioreliiggs, Bhaskara | and Il in 1979 and
1981 carrying both optical and microwave payloadsvided the initial thrust to remote
sensing in India.

Bhaskara II, weighing 436kg, had a resolution ainlloesign, development and successful
launching of Indian remote sensing satellites (IRSand IB) carrying state-of-the-art
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sensors providing data at two different spatiabh@sons but in identical spectral bands
brought Indian remote sensing to international ffore

The IRS-1A (Indian Remote sensing Satellite), wigigho80kg, was launched from soviet
union into polar sunsynchronous orbit of 904kmhdtd a period of 103 minutes making 14
orbits around the earth a day and covering Indidotentinent in 22 days.

IRS-IC/ ID carrying a unique set of three senseis, WIiFS, LISS-11l and PAN camera have
made significant impact on the remote sensing saeeteenationally. Till recently, PAN
camera providing 5.8 m resolution data was the dsgkpatial resolution offered in civilian
domain. While, IRS-IA/ IB/ P2/ IC/1D addressed da¢ds of land observations, IRS-P3 and
IRS-P4 carrying ocean colour sensors and microwatometer (IRS- P4) provided
measurements for the study of ocean biology andshere.

Composition of Earth’s atmosphere

The air we breathe is actually a combination oesalvgases. Within the first 80 km or so in
altitude, the composition is quite constant. Thation is known as the homosphere.
(Higher in elevation, the concentrations of eack gary considerably. The table below
shows the composition of the atmosphere (by volumig)in the first 80 km.

Constituent Percent by yolume (Dry
Air)

Nitrogen (N) 78.084%
Oxygen (Q) 20.946%

Argon (A) 0.934%
Carbon Dioxide

(CO) 0.0332%

Trace Constituents 0.0028%

The most significant constituent, Nitrogen, is hatda constant level through the nitrogen

cycle. Biological processes remove nitrogen frdra atmosphere while decaying matter

releases nitrogen. Volcanic eruptions also relesg®gen into the atmosphere. Since

nitrogen is chemically stable, it doesn't neednteract with other gases. Meaning that the
nitrogen released billions of years ago is stilterd. That is the reason that nitrogen makes
up most of the atmosphere.

The second most abundant gas, Oxygen, is necefssaoyr survival. Its consumption by
animals, decaying matter, and other chemical reastiCombustion, Oxidation, etc.) is
balanced by its production Iphotosynthesis. In the photosynthesis reaction, plants absorb
carbon dioxide and release oxygen. Oxygen is altre$ one celled organisms. Three
billion years ago their byproduct of photosynthegss oxygen today's oxygen is the result of
that build up.

Despite its small contribution to the total voluwfeair, the amount of carbon dioxide in the
atmosphere is critical. Carbon dioxide is a gobsogber of infrared radiation emitted from
the earth's surface. Its rise in concentration been blamed for the global warming
phenomenon. Animals and the burning of fossil festst carbon dioxide.
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The above chart also shows that there are a fesg transtituents in the atmosphere. These
trace gases include Neon, Helium, Krypton, Hydrog€anon, Methane, Nitrous Oxide,
Ozone, and Chlorofluorocarbons (CFCs).

One extremely important gas in the atmosphere iemwaapour. Water vapour is highly
variable in the atmosphere, ranging from nearlytB%s much as 4%. This large range can
easily felt by our bodies. (For instance, compidu® extremely dry air on a cold, crisp
winter's day to the moist, humid, and hazy air oduly afternoon). The amount of water
vapor in the air at any given time has a tremenddiext on the weather (such as aiding the
development of a thunderstorm!)

And of course, the air contains thousands (perccobintimeter) of small suspended patrticles
and pollutants called aerosols. These can be iagytitom sea salt to smoke particles. Some
of these aerosols serve as Cloud Condensation ING&I#N) and encourage the development
of clouds and haze.

Vertical structure of the atmosphere

The changes in the atmosphere with height aretsestilspecific physical conditions which
exist on the earth and in its atmosphere. Theoadrthanges in temperature are important in
constraining weather events to the lowest 10-12dfnthe atmosphere. Thezone layer
located near 25 km above the earth's surface, sahedemperature to rapidly change in the
middle atmosphere. The different regions of thehématmosphere are as follows.

1. Troposphere

The troposphere is characterized FH"[::=:=:=:=p-=:=:= Oute Van Men belt
turbulent mixing and overturning. Thi a0 b

turbulence results from uneven heating ,,, |-~ = == =7 - == - = mervaaemac. | Besne
the surface and the atmospher ium | Heterosphere

Temperature decreases with height in tl s [Tyo o :
layer from 26C to -52C. This | //—I T
temperature decrease is known as 1 [ ————r Mo :
environmental lapse rate and averages ° [ “sratosphere st | ozonosphere
°C/km. This layer extends from th | rererrose
surface up to an average altitude of L Hormasphers

km . This altitude can range as high  ; | | Tropesphere
16 km in the tropics to less than 9 ki

over the poles. This range is due to t T R s R R T R B
temperature differences between ti.c Temperature *C

tropics and poles. The warm surface temperaturédgwabulent mixing over the tropics help
to push the troposphere's boundary upward. Thepayse extends above the troposphere.

2. Stratosphere

The stratosphere lies above the tropopause, exigridi a height of about 50 km. The
stratosphere is characterized by a strong temperatversion. The temperature increases
from - 52C to —3C. This is a stable layer with little mixing. Asresult, pollutants and
other particles may reside in the stratospherenfamy years.
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A large concentration of ozone {0is found in the stratosphere, with a maximum
concentration at about 25 km. This "ozone layé&sSoabs much of the ultraviolet radiation

emitted by the sun. Heat is released as the WWjssrbed, which then heats the atmosphere.
This explains why temperature increases with haigktis layer. It is interesting to note that

the inversion continues beyond the maximum derdfityzone. The reason for this is that

much of the available UV radiation is already absdr by ozone above the level of

maximum density. Therefore, there is less potehiM that can be absorbed, resulting in

lower temperatures near the bottom of the stratrgphThe stratopause lies above the
stratosphere.

3. Mesosphere

The mesosphere lies above the stratosphere antblextean altitude of about 85 km. This is
layer is often referred to as the cold layer, &sltlwest readings in the atmosphere are found
here. Temperature decreases with height, reaeghimmmimum average value of -90 °C at the
top of the layer. The upper part of the mesosploergains part of the ionosphere, an
electrified region. The mesopause lies above thesosphere, separating it from the
thermosphere.

4. Thermosphere

The thermosphere is often considered the "hot 'lapecause it contains the warmest
temperatures in the atmosphere. Temperature sesaaith height until the estimated top of
the thermosphere at 500 km. Temperatures can gesabigh as 2000 K or 1727 °C in this
layer. The air is so thin that a molecule willvieh 1 kilometer before striking another
molecule. At the top of the thermosphere, molecuhéll move 10 km before striking
another molecule. At this height, many lighter emnilles have attained enough velocity to
escape earth's gravity into outer space. The megitere air molecules escape is known as
the exosphere.

Atmospheric waves

An atmospheric wave is a periodic disturbance m fields ofatmosphericvariables (like
surface pressurer geopotential heighttemperature or wind velocity) which may either
propagate (traveling wave) or not (stationary wave)
Atmospheric waves range from large-scale planetayes Rossby wavesto minutesound
waves Atmospheric waves with periods which dr@&monicsof 1 solar day(e.g. 24 hours,
12 hours, 8 hours... etc) are known as atmosphdeés.

Causes and effects

The mechanism for the forcing of the wave, i.e. gjemeration of the initial or prolonged
disturbance in the atmospheric variables, can v@snerally, waves are either excited by
heatingor dynamiceffects. Heating effects can be small-scale (ileegeneration afjravity
waves by convection or large-scale (the formation ¢fossby wavedy the temperature
contrasts between continents and oceans iNdnmgern hemispherwinter).

Atmospheric waves transpartomentum which is fed back into the background flow as the
wave dissipates. This wave forcing of the flow &trularly important in thetratosphere
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where this momentum deposition by gravity wavesegivise tosudden stratospheric
warmingsand theguasi-biennial oscillation

Types of waves
The different wave types aseund wavesgravity waves andRossby wavesAt the equator,
mixed Rossby-gravity anidelvin wavescan also be observed.

Sound waveis a disturbance aghechanical energthat propagates throughatteras awvave
Sound is characterized by tpeoperties of sound wavewhich arefrequency wavelength
period amplitudeand velocity orspeed Sound propagates asvesof alternatingpressure
causing local regions afompressiorandrarefaction Particles in the medium are displaced
by the wave and oscillate.

Gravity wave

These wavesare generated in Huid medium or on arinnterface(e.g. the atmosphere or
ocean) and having a restorif@rce of gravity or buoyancywhnen &fluid parcelis
displaced on an interface or internally to a regiwotin a differentdenSity gravity restores
the parcel towards equilibrium resulting in@scillationabout theequilibrium state
Gravity waves on an air-sea interface are callethse gravity waves assurface waves

while internal gravity waves are callgaternal waves

In the earth'atmospheregravity waves are important for transferrimpmentumfrom the
troposphereo the mesosphereGravity waves are generated in the tropospheré&dnial
systemsor by airflow overmountains At first waves propagate through the atmosphere
without affecting itsmeanvelocity. But as the waves reach more rarefied air at highe
altitudes their amplitude increases, andonlinear effectscause the waves to break,
transferring their momentum to the mean flow.

This procesoplays a key role in controlling trlynamicsof the middle atmosphere.

Rossby(or planetary) waves

These waveare large-scale motions in tbeeanor atmospheravhose restoring force is the
variation inCoriolis effectwith latitude The waves were first identified in the atmosphere
1939by Carl-Gustaf Arvid Rossbwho went on to explain their motion.

The special identifying feature of the Rossby wangeis phase velocitythat of the wave
crests) always has a westward component. Howelwverywave'sgroup velocity(associated
with the energy flux) can be in any direction. lengral: shorter waves have an eastward
group velocity and long waves a westward groupaigio

Barotropic" and "baroclinic" Rossby waves are dafirto distinguish their vertical structure.
Barotropic Rossby waves do not vary in the vertiaatl have the fastest propagation speeds.
The baroclinic wave modes are slower, with spedédmly a few centimetres per second or
less.

Rossby waves in the atmosphere are easy to obssrlarge-scale meanders of tie¢
stream When these loops become very pronounced, theglki¢he masses of cold, or warm,
air that becomecyclones and anticyclonesand are responsible for day-to-day weather
patterns at mid-latitudes.

Oceanic Rossby waves are thought to communicateatit changes due to variability in
forcing, due to both thevind and buoyancy Both barotropic and baroclinic waves cause
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variations of the sea surface height, althoughlehgth of the waves made them difficult to
detect until the advent of satellite altimetry.

Baroclinic waves also generate significant dispiaeets of the oceantbermocline often of
tens of meters. Satellite observations have retehle stately progression of Rossby waves
across all the ocean basins, particularly at lomd anid-latitudes. These waves can take
months or even years to cross a basin like theiPaci

Numerical weather prediction

Numerical modelling is the process of obtainingadective forecast of the future state of
the atmosphere by solving a set of equations tlstcribe the evolution of variables
(temperature, wind speed, humidity, pressure)dbéihe the state of the atmosphere.

The process begins with analyzing the current siathe atmosphere by taking a previous
short range forecast and using observations to aities forecast so that the best guest of the
current true state of the atmosphere is obtainedorputer model is then run to produce a
forecast

To produce an accurate weather forecast, precisavledge of the current state of the
atmosphere (the ‘initial conditions') is neededisTik achieved by using observations and
assimilating those observations into the model. yMtdmousand observations are received
each day from a variety of observing types e.gelidais, aircraft, ships, buoys, radiosondes
and land stations.

Various atmospheric parameters are routinely medsuncluding temperature, wind speed
and direction and humidity. Observations are adated into the model using a process
known as variational analysis.

All numerical models of the atmosphere are basexh tpe same set gioverning equations
which are described here in non-mathematical terms.

Newton's second Law of Motionstates that the acceleration of a particle is letjughe
vector sum of forces acting upon that particleislta statement of the Conservation of
Momentum principle. The main forces in the atmoselae the force that acts on air due to
differences in pressure and the Coriolis Force. Tloeiolis Force (or acceleration) is an
apparent acceleration that air possesses by viftube earth's rotation. If an air parcel is
moving between two points then its path, relatioetie surface of the earth, will not be
straight but will be curved. The curve will be tads the right in the northern hemisphere
and to the left in the southern hemisphere.

The hydrostatic equationis an expression relating the variation in presssith height. In
the vertical the two main forces are gravity are phessure gradient. In fact, the gravitational
force is almost exactly balanced by the pressueglignt force i.e. the air's buoyancy, a
condition known as hydrostatic equilibrium. Thetiea component of the Coriolis Force,
although comparable in magnitude with the horizbm@amponents, is negligible when
compared against the gravitational and pressurdiegraforces. For this reason it is often
ignored but our model does include it although nacpice it is only significant in regions of
strong vertical motion.

The first Law of Thermodynamics may be stated as the amount of heat added tdensys
exactly balanced by the work done in increasingalsme and the change in internal energy.
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It is an expression of the principle of the conaéipn of energy which states that the change
in energy within a system is equal to the net tiemnsf energy across the boundaries of the
system. Temperature at a point in the atmosphereltange either due to cooler or warmer
air being blown to that point, known as advectionfrom local effects such as evaporation

or condensation.

Equation of continuity This is the basic principle of Conservation of Blaghich essentially
states that matter is neither created or destroyed.

The equation of staterelates the three primary thermodynamic varialjpesssure, density
and temperature for @erfect gas. However, a perfect gas does not exist but resggaan be
assumed to still obey the equation. The atmospliesgpite being a mixture of gases, is also
assumed to obey the equation.

Numerical models differ in the approximations asduamptions made in the application of
these equations, how they are solved and alseirefbresentation of physical processes.

Thermodynamics of Dry and Moist Atmosphere:

Consider the air to behave like ideal gases and obey Dalton’s law of partial pressures.
Consider the pressure of dry air P,, its specific volume V,, then ideal gas equation is

FaVa = RT == 1)

Where R; is the gas constant of dry air and T is the absolute temperature.

For water vapour the corresponding equationis RV, = R, T --------- (2

Where P, — pressure of water vapour.

V, - its specific volume and R, its gas constant.

The weighted mean of the molecular weights of the constituents of dry air is the apparent

R_.M 3
m ®)

molecular weight m, and that of water vapour is m,, then E

From Dalton’s law of partial pressures, the pressure of moist air P=P, + P, --------- 4)
The density of moist air is p =p, +p,, ------—---- (5)
Where p, — density of dry air and p,, is the density of water vapour.

1 1
Also py =— =— unit mass
pd Vd pw VW [ ]
1.1 . . N
Op= v +V— using equations (1) and (2) and substituting for V, and V,,
d w
0= P, N P, _P—PW+ P, [ P=P,+P, P,=P-P,]

RT RT RT RT

or p :i|:1—i+ PWRd :| :i{l—&(l-&}}
R,T P PR, R,T P R,

p= L[l— R ( 1- &ﬂ [using equation (3)]
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O p=%|:1— 0.37{%}} Also m, =18 and m, =28.9
T
PR, P =pR/T,
{1— o.37{wﬂ
p

O [P=pRT, whereTV=[ T 5
1—0.37?{‘”)}

or P=

T, is called the virtual temperature. It represents the temperature to which dry air has to be
raised in order that it may have the same density as that of moist air at the same pressure.

The density of moist air is less than that of dry air. Thus virtual temperature is always more
than the actual temperature.

The relation connecting the quantities P,p,T and P, is the equation of state P =pRT, .
The equation of state for moist air can also be written as P =pR,T [1+ 0.611] .

where q is the specific humidity defined as the ratio of the mass of water vapour to the
mass of moist air for the same volume of air.

Hydrostatic Balance: In still air in which the atmospheric motions are absent, the force of
gravity must be exactly balanced by the vertical component of the force due to the pressure
gradient.

The pressure at the surface of the earth (atmospheric pressure).

=F- Mg2 M - average mass of the atmosphere =5x10°kg
A 4R
P=1.013x 16Nm™ R - radius of the earth =6370km

With increase of altitude, P goes on decreasing. Consider a small height of air column dZ
at a height Z from the surface of the earth. If A isits area, then

dF =AMg=(pAdz)g

The decrease in pressure dp = _OF _pAdZg .
A A
O dP=-pgdz
dP _

or

= pg| This represents the condition for hydrostatic balance.

Integrating the above equation between limits Z and o, the pressure at any point at a

height Z is P(Z)=[pgdzZ.
z

Static stability: A system in atmosphere (part of atmosphere) that does not mix with the
surrounding air when it moves is called a parcel.

We assume the surrounding air to be in hydrostatic equilibrium and heat conduction in air
is comparatively low.
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A parcel in motion along the vertical direction tends to return to its original position, then its
equilibrium is said to be stable.

If the parcel accelerates and doesn’t return to its original position, the equilibrium is said to
be unstable.

If the net force on the parcel is zero, then the equilibrium is said to be neutral.

Heat Balance of the Atmosphere:

The diagram below represents the radiation balance for the earth. The mean temperature of
the earth almost remains constant.

Let the incoming solar radiation (insolation) = 100 units (1)

16 units are absorbed by ozone of the atmosphere, water vapour in the troposphere and

aerosols e (5)
4 units are absorbed by the clouds ~ cemeeeees (6)
6 units are scattered by the air back to space = —meeeeemeeeo )
20 units are reflected by the clouds e ©)
4 units are reflected by earth’s surface ~ cemeeeeeemes (4)
The balance of 50 units are absorbed by the surface of earth ~  -------m-mmm—- (7)

38 units 26 units

Incoming solar radiation (10) (13) (14) Outgoing
- Infrared
Insolation 6 units 6 units T T Radiation
=100 units @
)
. Region of
©) 14, arite Atmosphere
16 units /(9)
(6)
4 units 20 units [ 6 units |24 units| g rface of
50 units ®) 11 (12) Earth
Of the 50 units absorbed by the earth, 20 units are emitted as long wave IR radiation into
atmosphere 8)
Of this 20 units, 14 units are absorbed by H,O,CO, in the atmosphere =~ ----------—---- )
Remaining 6 units are transmitted to space =~ o (10)
The remaining 30 units are transferred upwards into atmosphere by convection and
turbulent processes e (11) and (12)
Of this 6 units will be in the form of sensible heat =~ - (11)
And 24 units in the form of latentheat oo (12)

If only atmosphere is considered it absorbs 20 units [(5) + (6)] from sun and 44 units [(9) +
(11) + (12)] of energy from the earth’s surface. Thus the total of 64 units of this energy is
balanced by the IR emitted into space by 38 units [(13)] emitted into space by water vapour
and CO, and 26 units [(14)] emitted by clouds.

Thus the total of 64 units together with 6 units passing through the atmosphere amounts to a
total of 70 units. This is balanced with the absorption of radiation from the sun. Thus the
amount of radiation received by the atmosphere and the surface of the earth is reflected back
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to space. Thus over all there is heat balance and the temperature of the atmosphere remains
constant.

Greenhouse effect: The incoming solar radiation passes through the atmosphere and
absorbed by the earth’s surface. The surface of earth reemits this radiation in the form of
Infra red radiation. The constituents of the atmosphere like CO,, water vapour and ozone

and also clouds reradiate this IR radiation towards earth’s surface. Thus after a hot day the
temperature is prevented by this absorption from falling rapidly. The radiation gets
trapped. This increases the temperature. This effect is called the green house effect.

ATMOSPHERIC DYNAMICS
(1) Equation of Motion:

Consider a closed surface S enclosing a volume V of a non viscous fluid. Let the density of
the fluid be p and its velocity q. (Fluid - parcel - a region of atmosphere (air) in motion).

The mass of the fluid remains unchanged throughout motion i.e.,, mass = constant or

d _ _m _
a(pdV)—O ...... (1) [p—w,m—pdV]

The total momentum of the volume V of the fluid is M = jq pdv

[- momentum = mass x velocity ]

. - . . dm dg d
Diff tiat th ttot —=||—pdV +g—(pdV) | ~———-- 2
ifferentiating with respect to time o J-{ m p q @ (p )} (2)
Putting the condition of (1) in (2) we get,
am dg
—=|—pdV - 3
dt I dt ©)

Let n be the unit outward normal vector on the surface element ds. Let F be the external
force per unit mass and P be the pressure on the area ds.

The total surface force actingon Sis F;.

F = I Fpdv+ I P(- ﬁ)ds [— ve sign is due to the normal inward pressure]
From Gauss’s theorem I Pnds= j OPdV .

0 F =[(Fp-OP)dV --mrmee (4)

From Newton’s second law of motion, rate of change of momentum = total applied force.
Thus comparing (3) and (4)

dg _ B dw _
J‘EpdV—J‘(Fp OP)aV or J‘[Ep Fp+DP}dV—0
Both S and V are arbitrary. Thus

dq

—p-Fp+OP=0

dtp p

VIJAYA COLLEGE Page 13



ATMOSPHERIC PHYSICS

Dividing by p

L ) [p— 5)
dt

Equation (5) is called the Euler’s equation of motion.
To get Cartesian equivalent of above equation, consider
g=(ui+uj +wk), F =(xi+vj+2zk),0=i-L+ ] L4k L
ox 0y 0z

Simplifying and equating coefficients of unit vectors on either side
du_, 10p du_,, 10p dw_,_ 10p

dt pox dt p oy dt p 0Z
The general equation of motion of the parcel is,

W_p 1hp, Fy —2(wxVv)m,

dt p
where F - Force per unit mass frictional force

1 OP - Force due to pressure gradient

F, - Force due to gravity

2(wxVv)m - Coriolis Force

(2) Equation of continuity:

For a given mass pm=pdV .

From law of conservation of mass %(péV) =0
dp d
— [0V +p| —(AV) |=0

o (dtj p(dt( )j

dividing throughout by p oV

The second term on the LHS of above equation is the three dimensional divergence of the
wind velocity vector c.

Thus, 1@+div c=0
p dt

It is called equation of continuity.

1d Lo TR . .
—d—f =—div c i.e, time derivative in the equation expresses the rate of change of the density
Y

with respect to an observer moving with wind velocity.
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(3) Equation of state:
The relationship between the thermodynamic variables pressure P, density p and
temperature T is called the equation of state.

It is represented as IZT =1+ A(T)p+B(T)p* +----.

where A(T), B(T) are functions of temperature only and R is the gas constant. If we

neglect functions A(T),B(T) as a first approximation.

LZlor P=pRT

pPRT
It applies only to an ideal gas. By taking into account the volume occupied by the gas
molecules and the attractive force between the molecules, the equation of state can be

written as (P+a)(V—b)= nRT .

where a is a factor that reflects the decreased pressure on the walls of the container as a
result of attractive forces between molecules and b is the volume occupied by the molecules
themselves when the pressure is infinitely large.

(4) Hydrostatic equation:

The atmosphere of the earth is in the earth’s gravitational field. Thus its density decreases
with altitude. Vertical motion of atmosphere is generally very small. The force of gravity on
a parcel is balanced by the vertical component of force due to pressure gradient. If p is the
density and P the pressure at an altitude Z measured vertically upwards from the surface
of the earth then

dP=-gpdZ --------- (1)
For a perfect gas of molecular weight M at a temperature T, the equation of state is
p=P RT (2) [ P E} R is the gas constant per mole
M p M
Dividing (1) by (2)
dP _ gpdz Mg j
— === —=|dZ
P RT ( RT
M
or e__d 3)
P H

where H = SI—L called the scale height.

Integrating equation (3)

tdP_ fdz P _ %dz
—=-|— or Iog———J'—
nP % R
tdz
P=Bexp—-|—| ——- 4
or ) p{ {H @)
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where P, is the pressure at Z=0. The quantity H called the scale height is the increase in

: 1) . . .
altitude necessary to reduce the pressure to (—j times its original pressure.
e

The value of H =8.5km altitude at T=288K is required to reduce the pressure to

1.1 . 0.38 or 38% of the original pressure.

e 2.718

(5) First law of thermodynamics:

Consider the vertical motion of a parcel, (a small quantity of atmosphere) at a pressure P,
temperature T and specific volume V .

Also the atmosphere is assumed to be in hydrostatic equilibrium.

From the first law of thermodynamics applied to unit mass of the parcel, we can write
dQ=CdT +PdV ---------- 1)

[+ dQ=dU +dW dQ - heat absorbed, dV - increase in internal energy (C,dT) and
dwW =PdV - work done]

C, is the specific heat at constant volume.

From the equation of perfect gas,

PV = E differentiating PdV +VdP + Rd—T
M M
or Pdv =%—VdP =(C, -G, )dT -V dP - )

where R/M =(C, -C, ) Mayer’s equation C, is specific heat at constant pressure.
Substituting for PdV from (2) in (1),
dQ=C,dT +(C, -C, )dT -V dP
or dQ=C,dT +C.dT -C,dT -V dP
dQ=C.dT -V dP
For an adiabatic change dQ =0 [Atmosphere is a bad conductor of heat]
0C.dT-VdP=0
or C.dT =VdP
From the hydrostatic relation dP =-gpdZ.

0 C.dT =V (-gpdZ)=-gV pdz [-,-pz\ﬂ

C.dT =-gdz (unit mass)
dividing the above equation by C,dZ

we get, d—T=—i
iz C,
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Thus, the atmosphere is heated by contact with the earth’s surface and there is a vertical

motion of the atmosphere with a uniform temperature gradient of 9 ._dr_ 10km™.

C, dz

VIJAYA COLLEGE Page 17



