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Meteorological Parameters & Air Pollution

Hello friends, today we will discuss about Meteorological Parameters and Air Pollution. As
you know, we have discussed like emissions sources, and this atmospheric transformations or
formations of air pollutants then their dispersion or diffusion their ultimate fate. But as you
know even if the emissions are same, emission sources are same the concentrations of air

pollutants in ambient air may be different at different places.

So, what is the difference? Basically the meteorological parameters govern all these emission
sources, how much they will turn into air quality. So, today, we will discuss about the impact
of meteorology on air pollution means meteorological parameters and air pollution. How do
they interact with each other? And how these meteorological parameter influence the air

quality around different places.

So, in this content list you can see like introduction then the brief history about different kind
of meteorological parameters evolution and then the science of this particular subject. Then
we will also discuss a little bit what is the atmosphere. Though we have already discussed
about the atmosphere, then different boundaries of the atmosphere and horizontal moment of
the atmosphere. Then equatorial heating and polar cooling, the effect of earth's rotation
because, it's not the simple the wind movement from equator to pole and pole to equator there

are the effect of earth's rotation, which we will see.
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Influence of the ground surface and the sea and though the distribution of the temperature and
like on the pollution dispersion. Then vertical atmospheric motion and air density change
with the temperature, and with the pressure also because pressure also influences the air
density. Then meteorological parameters measurements, and ultimately we will conclude this
study today. So, in nutshell, we will discuss about the metrological parameters roll into the air
pollution the fate of the air pollutants or decision of air pollution dispersion and the air

pollution the total, the net worth of the air pollution in that sense.
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Introduction (1/3)

* Meteorology is the study of the atmosphere and
the motions within it on short time scales
(minutes to weeks).

* Meteorology focuses on the atmospheric
variables related to weather forecasting, at
current or near-future conditions.

* The manner air pollutants are dispersed and
transported through the troposphere is
determined by weather patterns.

Sources: Coleman, 2015 Image: https://www skymetweather.com
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Introduction (2/3)

* Air movements influence the fate of air pollutants.
So, any study of air pollution should include a study
of the local weather patterns (meteorology).

* If the air is calm and pollutants cannot disperse,
then the concentration of the air pollutants will
build up.

¢ On the other hand, when strong, turbulent winds
blow, pollutants disperse quickly, resulting in lower
air pollutant concentrations.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: www.theguardian.com

Well, meteorology basically is the study of atmosphere, and the motions within that, that like
wind velocity, wind direction and then at the short timescales like minutes to weeks. So,
basically it is related to the weather conditions you can say. So, the meteorology focuses on
the atmospheric variables related to weather forecasting. So, like we do weather forecasting
similarly, we can also do the air quality forecasting nowadays, those kind of models are

available.

And within the near like current within day to day as well as near-future conditions like one
week or so, something like that. The manner air pollutants are dispersed and transported
through troposphere is determined basically with the weather patterns. So, meteorology is
very important in that that sense to see the impact on the air pollution or air quality. And this
air moments, you know, it influences the fate of the air pollutants. Last time we discussed as
you remember, like air pollution transformation, maybe there. Like a phase transformation

maybe there from gas to liquid or particles, but the transportation from one place to another.

And within that transportation this phase transformation may also take place. So, the ultimate
fate of the air pollution or air pollutants is determined by this air movements. So, the study of
air pollution is you know linked with the study of local weather patterns or meteorology in
brief.

So, if the air is calm and pollutants do not disperse much, then the concentration built up of
air pollutants will be high in that particular area. On the other hand, when strong turbulent

winds are blowing very high-speed winds are there, so the dispersion of pollutants is quick.



Of course, if turbulence is very high, then maybe near to the source concentration may be
high, because of those turbulence, very high turbulence, but if wind is blowing very rapidly
then it can transport pollutant to longer distances in the downwind direction. And it can result
in lower concentration of air pollutants because the dilution happens, quickly the dilution

happens in the atmosphere.
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Introduction (3/3)
Meteorology
Meteorological data helps: A % w%?
s Y
* |dentify the sources of pollutants. AN
* Predict air pollution events such as inversions " Sl
and high-pollutant concentration days. . '

* Simulate and predict air quality using
computer models.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: www.dreamstime.com, H. Alain et al,, 2004,

Well, so, you know these metrological data basically helps in identifying the sources of the
pollutants. Because inverse modeling also you can do. For example, at a particular point you
monitor and you got certain pollutants concentration very high, and you do not see much
local sources then with the help of this metrological parameters that from which direction the

wind is coming the up-wind direction, so, you can do inverse modeling.

And you can go like these trajectory plotting and all those things are there, which can take
you to the particular source in the upwind direction. That from there, this particular pollutant
is coming to this place. So, the identification of sources can also be done with the help of
meteorological data. It can also help in predicting the air pollution events such as like
inversion, we will discuss in detail afterwards. Inversion means, the vertical movement of the
air pollutants is restricted, because of this the temperature profile is changed, when in general
like temperature decreases, as we go up from the earth surface, but when it increases then it is

known as inversion.

And inversion is very dangerous condition in the sense the vertical dispersion of air pollutant

is completely restricted or blocked. So, high pollutant concentration may happen in that



duration. Then it can also help, these metallurgical parameters can help in simulating and
predicting air quality using computer models. Because the input parameters will need like
wind velocity, then, temperature gradient, all those kinds of things are there and humidity all.

Means, in complex models many meteorological parameters you take into account.
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A Brief History (1/5)

* The ancient Greeks contributed some of the
earliest known observations and hypotheses
on atmospheric phenomena, which led to the
discovery of meteorology.

* In 340 BCE, Aristotle produced Metetorologica,
the first summary on atmospheric science
knowledge and usage of the word
meteorology.

Sources: Coleman, 2015 Image: https://www.loebclassics.com

Well, when we talk about how this knowledge of metallurgy evolved over the years, so, a
brief history would be worth to notice. Like in ancient Greeks period these philosophers or
scientists they contributed some of the earliest known observations and hypotheses regarding
atmospheric phenomena, which led to the discovery of meteorology. Like in 340, before
Christ era (BCE), Irish total produced Metetorologica that the first summary on atmospheric
science and the knowledge body of the atmospheric science and the uses of the word
particularly of meteorology, so, that metrological was the basic the collection of those

particular data in a particular fashion.
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A Brief History (2/5)
Hadley
* Scientists observed and created ideas on """"""" W ey
global atmospheric mation and regional scale h"'hpm"'m / \
metearological phenomena in the 18th and sgua.m.,\ ‘
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* In 1735, the planetary-scale George Hadley e /
proposed a single cell circulation system in
each hemisphere, with a low-pressure area
around the equator and a high-pressure area
around the poles.

Sources: Coleman, 2015 Image: Hastenrath 2003

Then scientist observed after that and created ideas on global atmospheric motion and
regionally scale meteorological phenomena in 18" and 19" centuries. In 1735, the planetary-
scale George, this planetary-scale, single cell circulation system was proposed by scientists
George Hadley. So, this is known as the Hadley single cell kind of model in that sense, but

later on, it was further developed in different kinds of cells, we will see later on.

(Refer Slide Time: 8:10)

A Brief History (3/5)

+ Based on the Coriolis effect (1835), the global
circulation has three major circulation cells in
each hemisphere (Polar, Ferrell, and Hadley).

* In 1904, established modern synoptic
meteorology (large-scale weather analysis taken

r\t\ \ \ \ \'F at simultaneous time periods).
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Sources: Coleman, 2015

Image: https://www.n2qa.govt.nz

Like here you can see like, this is the Hadley sale, otherwise, the single cell was earlier
proposed that at the equator air goes up because it is warm and lighter in density and then it
travels towards pole. At the pole, it descends and then come down, so that kind of cell, single



cell happens, but that was very simplistic model at that time. Later on these kind of three cells

were hypothesized and proved like Hadley cell, then this Ferrell cell and the Polar cell.

So, these really influence the, this circular motion of the atmospheric gases, as well as the
winds and it also determines the pollution dispersion, as well as transportation of heat
element and moisture from one place to another, and this global circulation happens. So, the
based on this Coriolis effect. Again, from the scientist named Coriolis, the global circulation

has three major circulation cycles or cells in each hemisphere like Polar, Ferrell and Hadley.

In 1904. And this, established modern synoptic metrology the large-scale weather analysis
taken at simultaneous time periods. So, those kinds of evolution has happened in the

metrological studies or weather-related studies.
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A Brief History (4/5)

+ At the onset of World War I, the technological
advances came to the forefront.

+ Radar development (1935), as well as
increased upper-air surveillance from weather
balloons and aviation.

* In 1937, introduce the methods for analyzing
the upper-level atmospheric wave structures.

Sources: Coleman, 2015 Image: https://public..vmo.int

Then at the onset of World War 11, the technological advances came to the forefront in this
particular area. Like radar developments happened in 1935, then, as well as increased upper-
air surveillance from weather balloons and aviations. So, a lot of this scientific data got
gathered and the understanding of atmospheric motions increased. In 1937, this introduction

of the methods for analysis of upper-level atmospheric wavy structure were also developed.
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A Brief History (5/5)

* Based on earlier mathematical atmospheric
modeling efforts, in 1950 produced the first
computer which generate the weather forecasts.

+ Weather satellites (1960), Doppler radar (1990),
and other technological innovations have
continued to shape our understanding and
forecasting of atmospheric processes.

Image 1 Image 2

Sources: Coleman, 2015 Image: hitps://www.Spc.n0aa gV, Www Stormgeo.com

And based on earlier mathematical atmospheric modeling efforts in 1950 this first computer
model was produced, which generated the weather forecast. So, weather forecasting is started
in 1950s. Then weather satellites in 1960, Doppler radar in 1990, they further refined this
particular exercise. And other technological innovations, they helped in containers in
continuous mode to shape our understanding to evolve our understanding, and the increasing

the strength or enhancing the strength of forecasting of atmospheric processes.

So, you can see technological advances and the scientific advances helped us to go further in

the in this particular direction.
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What is Atmosphere ?

Thermosphere g9 km

* Earth’s atmosphere forms a very thin layer surrounding
the globe.

* 95% of this air mass is within 20 km of the earth's
surface.

* This 20 km depth contains the air we breathe as well
as the pollutants we emit.

* This layer, called the troposphere, is where we have
our weather and air pollution problems.

Sources: http://site.ugaza.edu.ps/afoul files/2010/02/chapter_7.pdf Image: https://scied.ucar.edu




So, when we try to understand the atmosphere this earth's atmosphere, it forms a very thin

layer surrounding the globe. Otherwise, if we talk about troposphere.

So, this is like 95 percent of this air mass is within the 20 kilometer of earth's surface. So, this
20 kilometer depth contains the air we breathe, as well as the pollutants we emit into and
pollutants where they travel from one place to another. So, this layer called the troposphere is
where we have all weather-related, air pollution related problems. You can see the
troposphere it is very thin layer so, up to like some it is 10-12 kilometers somewhere up to 20
kilometer or so. So, below the stratosphere this is the layer where most of the airmass is

contained otherwise upper layers are very thin atmosphere.
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Boundaries of the Atmosphere (1/2)

The lower boundary of the
atmosphere has a perfectly
well-defined but quite uneven,
the surface of the land and the
oceans.

simply becomes thinner and
thinner with increasing height
until it is as thin as outer

space.

Sources: Nevers, 2000 Image: (De Wekker & Kossmann, 2015)

So, different boundaries of the atmosphere we can then imagine. Like the lower boundary is
well defined, but of course, it is uneven. Like the surface then oceans, mountains, so that is
the lowest boundary of the atmosphere. Upper boundary is not so well defined basically and
atmosphere simply becomes thinner and thinner as we go up in the space, as we go up in the
height. And ultimately it is very thin in the outer space.
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Boundaries of the Atmosphere (2/2)

+ |If the atmosphere were peeled off the earth
and its edges stitched together, it would have
an approximate thickness of 20 miles and a
diameter of 16,000 miles.

* This large width and small depth mean that
most of the motions in the atmosphere must
be horizontal.

Sources: Nevers, 2000 Image: https://svs.gsfc.nasa.gov

Then we talk about like atmosphere. If it is peeled off to visualize at the earth and if it is
stitched and seen like a circular plate so the 20 miles is the thickness of this one and the
16,000 miles diameter kind of plate you can take. So, in that sense you can see the width of

the area is very high and the thickness is very low.

16,000 miles diameter and only 20 miles in that sense very thin. So, you can say that the
horizontal motions, they really play a significant role in the atmospheric motions or
atmospheric dispersion of air pollutants and all other metrological parameters transportation
of temperature, humidity, etc.

(Refer Slide Time: 12:57)
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Horizontal Atmospheric Motion

The horizontal The horizontal

movement of the movement is also " :‘:‘;:“
atmosphere (e.g., affected by the rotation

winds) is driven mostly | of the earth (i.e., the ]
by uneven heating of Coriolis force) as well .
the earth's surface. as the influence of the

/ gfound and the sea"‘

Sources: Nevers, 2000 Image: https://www.shutterstock com



Well, so, horizontal atmospheric motion is very important to understand. And this horizontal
movement of the atmosphere like winds is driven mostly by uneven heating of the earth's
surface. Because, at the equator, the sunlight is very high and a lot of heating is generated and
then warm air goes up. So, it is very light in the density and this gentle movement is also
affected by rotation of the earth that is that this Coriolis force, as well as the influence of the

ground and the sea. So, all those things really influence the horizontal motion you can say.

(Refer Slide Time: 13:37)

Equatorial Heating and Polar Cooling (1/5)

Balance Balance

* The average annual solar heat transfer to
the earth's surface near the equator is 2.4
times that at the poles.

* The atmosphere moves in response to this
difference in heating, and in so doing

‘ transports heat from the tropics to the

. ! Poles.

Sources: Nevers, 2000 Image: NASA

Well, the equatorial heating and polar cooling. This is also again one interesting thing,
because the annual solar average annual solar heat transfer to the earth's surface near the
equator is around 2.4 times that at the poles level. And you can see this excess inclination of
the earth as you know, so, uniform distribution of solar radiation is not there on the entire

earth's surface. It is maximum at the equator and minimum at the pole.

So, this differential in heating pattern that drives the wind movement and the transportation
of other entities of atmosphere or meteorology. So, the atmosphere moves in response to this
difference in heating. And in doing so, it transports heat from tropics to the poles, but it is not

very simple, as initially it was assumed it is little bit complex, which we will see.
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Equatorial Heating and Polar Cooling (2/5)

Transports of heat primarily depends upon three processes:
+ Sensible heat flux: It is the process where heat energy is
transferred from the Earth's surface to the atmosphere

by conduction and convection.

* This energy is then moved from the tropics to the poles
by advection, creating atmospheric circulation.

* Atmospheric circulation moves warm tropical air to the
polar regions and cold air from the poles to the equator.

Sources: www physicalgeography.net, 12 0ct 2021 Image: vigiliosclimatechangeproject weebly.com

For example, you know, this transportation of heat primarily depends upon three processes.
One is, like sensible heat flux, and it is the process where heat energy is transferred from the
earth's surface to the atmosphere by conduction and convection. Conduction means, like,
direct heating of the molecules of air, and convection means by radiation and vertical
movement of this air mass. So, this energy is then moved from the tropics to the poles by
advection that is the horizontal movement. Advection horizontal movement, convection is
vertical movement. And this creates the atmospheric circulation or global atmospheric

circulation, you can see. General circulation models are based on this fundamental concept.

And then atmospheric circulation moves this warm tropical air to the polar regions and cold
air from the polar regions to the equator. So, that kind of complete cycles happen. As you can
see warm air goes up, then it goes towards the pole and then cool air moves towards the
equator. But as we have seen those Hadley cells and then Hadley cells and then other cells,
so, there is you know these three particular cells, which really helps in this moment of
temperature and other wind moments. It is not very simple. One cycle is not there, there are

three cycles and in between that I can show you again.
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A Brief History (3/5)

* Based on the Coriolis effect (1835), the global
circulation has three major circulation cells in
each hemisphere (Polar, Ferrell, and Hadley).

* In 1904, established modern synoptic
meteorology (large-scale weather analysis taken
at simultaneous time periods).

Sources: Coleman, 2015

Image: https://www.nz2qa.govt.nz

The Hadley cell and this Ferrell cell and Polar cell. So, this Ferrell cell really works like a
gear otherwise movement is towards this poll, so this gear system is there for further

movement of this air mass you can see.
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Equatorial Heating and Polar Cooling (3/5)

Latent heat flux: GAS oui
VAPOR: Liavio Ice

* It moves energy globally when solid and
liquid water is converted into vapor.

* This vapor is often moved by atmospheric
circulation vertically and horizontally to
cooler locations where it is condensed as
rain or is deposited as snow releasing the
heat energy stored within it.

Sources: www. physicalgeography.net, 120ct 2021 Image: www.aviationweather ws

Well, so, next is Latent Heat Flux. So, we have seen the sensible heat flux, this atmospheric
circulation and then this latent heat flux, and the third one is surface heat flux. So, what is
latent heat flux? This basically moves energy globally when solid and liquid water is
converted into vapor.



So, in vapor, because water is evaporated so the heat is in latent, in hidden kind of thing in
the water vapor. So, this vapor is often moved by atmospheric circulation vertically and
horizontally to cooler locations, where it condenses and it rains and it deposited at snow
releasing the heat energy stored within it. So, that kind of heat transfer takes place from solid

to gas or gas to solid those kinds of circulation is there.

(Refer Slide Time: 17:12)
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Equatorial Heating and Polar Cooling (4/5)

Surface heat flux:

* The large quantities of radiation energy are
transferred into the Earth's tropical oceans.

* The energy enters these water bodies at the
surface when absorbed radiation is converted
into heat energy.

* Horizontal transfer of this heat energy from
the equator to the poles is accomplished
by ocean currents.

Sources: www. physicalgeography.net, 120ct 2021 Image: www.nationalgeographic.org

Then there is this surface heat flux. And this is the large quantities of radiation of energy,
which is transferred into the earth's tropical oceans. Because the sea is a great sink of heat.
So, there is circulation of these water currents also in the sea. This the warm water goes
towards upper regions and the dense cold water goes in the depths, and then the big currents
like big rivers are moving in the sea so this is bringing this heat, the change of the

temperature and heat flux total surface heat flux is transferred through ocean currents.

So, the energy enters in these water bodies at the surface when it is absorbed through
radiation of absorption, and convert it into heat energy. And the horizontal transport of this
heat energy from the equator to the pole is accomplished by ocean currents. As | said, at the
equator level, water is warm, so it comes up on the upper region and moves towards this
polar region. At polar regions it goes down because the water is dense, and then this whole

circulation happens.

So, after latent heat flux, now, third one is surface heat flux. So, basically in this surface heat
flux, the large quantities of radiation energy are transferred into the earth's tropical oceans.

The energy enters these water bodies at the surface when absorbed radiation is converted into



heat energy, and the horizontal transfer of this heat energy from the equator to the poles is
accomplished by ocean currents. Because this, the transfer of the temperature happens
because this large scale rotation of water in the ocean, and these are known as the ocean

currents.

Well, the significance to air pollution of these particular cooling of the polar and equatorial

heating these kinds of differential heating patterns is very important to understand.

(Refer Slide Time: 19:22)
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Equatorial Heating and Polar Cooling (5/5)

Significance to air pollution

¢ Air pollutants in the air circulate in the
same way as air in the troposphere does.

*Air movement is caused by solar radiation
and the irregular shape of the earth and its
surface which causes unequal absorption
of heat by the earth's surface and
atmosphere.

Sources: http://site. uiaza.enu.ps/alnul/hles/ZOXO/OZ/ci\apter 7.pdf Image: www.aviationweather.ws

So, the air pollutants in the air it circulates in the same way as these circulation of wind occur
into the atmosphere between tropical areas to the poles. And this air movement is caused
because of solar radiation and the irregular shape of the earth and its surface which causes
unequal absorption of the heat by the earth's surface and atmosphere.

So that is why the wind patterns are there and circulation motion occur. So, dispersion

diffusion, all things happen into the atmosphere.
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The Effect of the Earth's Rotation (1/4)

* |f the Earth did not rotate and remained
stationary, the atmosphere would circulate
between the poles (high pressure areas)
and the equator (a low-pressure area) in a
simple back-and-forth ( backward and
forward) pattern.

* But because the Earth rotates, circulating air
is deflected.

Sources: https://oceanservice.noaa gov, 29 Sep 2021

And the effect of the earth's rotation is there because it is not the simple one-directional
movement or a simple circular movement. As we can see if the earth did not rotate and it
remained stationary atmosphere would have circulated between the poles like higher pressure

regions, high pressure areas and the equator, equator is low pressure areas.

So, it could have been like a simple back and forth backward and forward pattern, very
simple moment, but it is not so. Because earth rotates that is why the circulating air is

deflected, which we have seen this Coriolis forces.

(Refer Slide Time: 20:34)

The Effect of the Earth's Rotation (2/4) pole

* Earth rotates on its axis, circulating air is
deflected toward the right in the Northern
Hemisphere and toward the left in the
Southern Hemisphere. This deflection is ‘

EQUATOR

called the Coriolis effect.

* The Coriolis effect is responsible for many
large-scale weather patterns on the earth.

Sources: https://oceanservice.noaa gov, 29 Sep 2021




We will see again it. So, the earth rotates on its axis and it circulates the air and deflect and
deflection occurs towards the right in the Northern Hemisphere and towards left in the

Southern Hemisphere because earth is rotating like this, it is going eastward.

And when this wind movement is there so because of this vector, it goes towards this. This
kind of circulation happens. In southern hemisphere like this. So, you can say that in the right
direction in the northern hemisphere, and if you see on the equator in the left direction in the
southern hemisphere, and right direction in the northern hemisphere, so, this is Coriolis
Effect. And this Coriolis Effect is responsible for many large scale weather patterns on the

earth. That is very important to understand.

(Refer Slide Time: 21:26)

The Effect of the Earth's Rotation (3/4)

Causes of low pressure

; s i +  Air movement around low-pressure
douds form T fronts in the Northern Hemisphere is

Significance to air pollution (1/2)

counterclockwise and vertical winds

surface winds

Earth’s surface spiral inwards.

; — are upward, where condensation and
//(’ ‘__/—\ precipitation take place.
{ < Low )‘% .
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Sources: http://site.lugaza.edu.ps/afoul/files/2010/02/chapter_7.pdf Image: https://revisionworld.com

So, you can see the significance of in the air pollution of this earth rotation or air movement,
so, air movement around low-pressure fronts in the northern hemisphere is counter clockwise
and vertical winds are upward, where this condensation happens and precipitation also takes
place. So, this kind of thing happens like you can see. On this side it goes or this side this
goes and that takes the moist air towards the poles.
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The Effect of the Earth's Rotation (4/4)

Causes of high pressure

Significance to air pollution (2/2)

ool air sinks «
* High-pressure systems bring sunny and calm
weather. |
S S

s — — S
* Anticyclones (high-pressure) are weather patterns “ ’/Q- L /?
HICH )
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of high stability, in which dispersion of pollutants is 8 ,
poor, and are often precursors to air pollution S e
episodes.

* The high-pressure area indicates a region of stable
air, where pollutants build up and do not disperse.

Sources: hitp://site.ugaza.edu.ps/afoul/files/2010/02/chapter_7.pdf Image: www.blendspace.com

Well, the high-pressure systems bring sunny and calm weather. And the anticyclones or high-
pressure or weather patterns of high stability in which dispersion of pollutants is poor.
Because of this difference in the temperature profile. And these are often precursors of air

pollution episodes. And sometimes this inversion also occurs.

High-pressure areas indicates this region of a stable layer, and we are pollutants built-up and
do not disperse because inversion may happen in those particular areas.

(Refer Slide Time: 22:32)
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Influence of the Ground and the Sea (1/4)

* Major mountain range like Himalayas is
the major barrier to horizontal winds.

+ Different climates on one side than on the
other side of the mountains.

* Even smaller mountains and valleys can
strongly influence wind direction.

Sources: Nevers, 2000 Image: https://andedge.com



Well, the major mountain range like Himalayas they are there like barriers in the horizontal
winds. And different climates on one side of this Himalayas and other side of the mountains
can happen. Even smaller mountains and valleys can strongly influence the wind direction
and circulation. So, accordingly the dispersion of air pollution can be affected by these
patterns.

(Refer Slide Time: 22:57)
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Influence of the Ground and the Sea (2/4)

* The surface of the ground heats and cools rapidly
from day to night and from summer to winter.

+ Solid ground is not mixed by the wind or
convection currents, so heat cannot mix up and
down.

* 5o, solid surface temperature changes more
rapidly than that of water bodies.

Sources: Nevers, 2000 Image: https://geography.name

And the surface of the ground heats and cools rapidly from day to night and from summer to
winter, this kind of cycle happens, but solid ground is not mixed with by the wind. And it is

the convection currents. So, heat cannot mix up to this downwind or upwind direction.

So, solid surface temperature changes more rapidly than that of water bodies. So, that is why
sea breeze and land breeze kind of things happen. We will discuss detail in detail later on.
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Influence of the Ground and the Sea (3/4)

* The surface of oceans and lakes heats and
cools slowly, mostly because their surface
layers are mixed by the winds and by natural
convection currents, thus mixing heat up and
down.

Sources: Nevers, 2000 Image: https://exampariksha.com

Well you can see here influence of the ground and the sea the surface of oceans and lakes
heats up very slowly and cools also slowly. So, the temperature buildup and cooling is slow
in water bodies. The earth's surface, it heats quickly and cools quickly. The mostly because
the surface layers are mixed by the winds and by the natural convection currents and mixing

heats up and down this kind of things happen.

(Refer Slide Time: 24:00)

Influence of the Ground and the Sea (4/4)

Example: O H
The summer sun warms the air above India more than i L e

the air over the surrounding oceans, which causes
strong upward motion of the air over India.

Moist air from over the surrounding warm oceans
flows inward to fill the low-pressure region caused by
this rising air.

This moist air rises, cools, and forms the monsoon
rains.

Sources: Nevers, 2000 Image: https://news.bbc.co.uk




Vertical Atmospheric Motion (2/2)

* Ifany parcel denser than the surrounding ﬁ e, sk
air will sink by negative buoyancy. Arworms, becoes

less dense, rises

* Most vertical motions in the atmosphere
are caused by changes in air density.

Sources: Nevers, 2000 Image: www.rechescience.com

So, you can see this summer, sun warms the air above the India more than the air over the
surrounding oceans, and which causes the strong upward motion of the air over Indian
subcontinent. And the moisture which moves from this oceans towards the land masses of
Indian subcontinent in the low pressure regions, so this air rises and that moist air comes

towards these surfaces and it forms the monsoon rains.

So, this is a big pattern through thousands of years this kind of system has got developed in

this particular area.

(Refer Slide Time: 24:42)
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Vertical Atmospheric Motion (1/2)

Vertical and horizontal motions in the atmosphere
interact, the horizontal flows are driven by rising
air at the equator and sinking air at the Poles.

In the atmosphere any parcel of air that is less
dense than the air that surrounds, it will rise by
buoyancy.

Sources: Nevers, 2000 Image:

Well vertical atmospheric motion is also important. And both, of course, horizontal and

vertical motions are important, but vertical motion has its own like mixing air into vertical



direction. And, in atmosphere any parcel of here that is less dense then the air of the
surrounding it will rise because of buoyancy because of buoyancy and less density. So, it is
lighter it goes up, and in the cooler regions it comes down. If any parcel, which is denser than
the surrounding air it will sink, negative buoyancy you can call it, and the most vertical

motions in atmosphere are caused by change in air density.

(Refer Slide Time: 25:27)
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Air Density Change With Temperature (1/3)

+ The density of any part of the atmosphere is given almost

exactly by the perfect gas law.

PV =RT p= 7
v RT l Mp
= s
P Pkt
Where,
p = Density
M = Mass
P = Pressure

T = Temperature, and
R = Gas constant

Sources: Nevers, 2000

Now, you can see here the temperature and the density are inversely proportional as you
know, so, the, when temperature is more, so density is less, and the lighter air goes up and

denser air comes down.

(Refer Slide Time: 25:38)
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Air Density Change With Temperature (2/3)
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Sources: Nevers, 2000 Image: https://www.researchgate.net




So, here you can see the temperature and the air density, this affects. Like density is inversely
proportional to the temperature, temperature increases density goes down. But in pressure it

is different thing.

(Refer Slide Time: 25:53)
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Air Density Change With Temperature (3/3)

*» Example : Temperature inversion in atmosphere TEEEATLAE EOM,

| Cold oir

* Alayer of cool air at the earth surface is overlain
by a layer of warmer air. (Under normal conditions
air temperature usually decreases with height.)

v U]

Cold oir

*+ Asaresult, convection caused by air heating from
below is limited to levels below the inversion layer.

+ Diffusion of dust, smoke, and other air
pollutants is likewise limited.

Sources: https://www britannica.com, 15 Oct 2021 Image: https://stellariasacademy.online

So, with temperature air density changes, and you can see this layer of cool layer at the earth
surface this encompasses the layer of warmer air under the normal conditions, and air
temperature usually decreases with the height, that is the normal way. Like your warm air
cold air upper, so the temperature decreases as we go up. But in certain cases, this may be
like this warm air is upper, in the upper regions, because of this suppression of molecules and
collision and those kinds of things and cold air maybe at the lower regions. So, as a result this
convection caused by air heating from the below is limited levels below the inversion layer.

So, inversion occurs means temperature rather than decreasing temperature increases with the
height. And that is very dangerous phenomena when we talk about vertical movement or
vertical dispersion of air pollutants. We will see in detail later on, but this is the concept of

inversion basically.



(Refer Slide Time: 26:58)
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Air Density Change With Pressure

\

. Density is directly proportional to
¢ & pressure.

P

=
=S

As pressure increases, with constant
temperature, density increases. /

Density (kg/m”3)
~ =
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‘\

=

0 s w0 15w
Thus, Air density will decrease by about Pressure (MPa)

1% for a decrease of 10 hPa in pressure
or 3 °Cincrease in temperature.

hPa : Hectopascal

Sources: Nevers, 2000 Image: https://www.researchgate.net

So, you can see here it is given that the air density will decrease by about 1% for a decrease
of around 10 hectopascal pressure or 3 °C increase in the temperature. So, those kinds of

things happen in atmosphere.

(Refer Slide Time: 27:12)

Meteorological Parameters

Wind Speed

and Direction
\

| Solar
Radiation
\

Temperature

\

Rainfall Humidity
\ \

Sources: https://www.qld.gov.au, 29 Sep 2021

So, in nutshell we can say that meteorological parameters which are very important from air

pollution point of view, like wind speed and direction, because it will take the pollution
further in the downward direction, then the temperature or the humidity and the rainfall and
solar radiation. All these important parameters are there, which will influence the air

pollution dispersion and buildup of the pollution at certain locations.



(Refer Slide Time: 27:37)
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Solar Radiation (1/2)

The intensity of sunlight has an important influence
on the rate of the chemical reactions that produce
the smog, ozone and other air pollutants in the
atmosphere.

The cloudiness of the sky, time of day and
geographic location all affect sunlight intensity.

Sources: https:/fwww.qld gov.au, 29 Sep 2021 Image: https:/www shutterstock com

So, when we talk about these parameters individually, like solar radiation, so, the intensity of
the sunlight has an important influence on the rate of chemical reactions, as we have seen
earlier also, like photochemical reactions occur in the presence of sunlight. And smoke

formation, maybe their ozone formation maybe there.

And the cloudiness of the sky and time of the day and geographical location, all these affects
the sunlight intensity. So, accordingly the pollution buildup or the nature of pollutants may

also differ from place to place.

(Refer Slide Time: 28:09)

Solar Radiation (2/2)

% Examples:

Smog formation
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)
)
O+ 00 - 0 Ozone formation
sunlight :

Overall reaction: 30; e 203

Image: https://ozone.unep.org, https://www.chegg.com




And you can see the smoke formation which we have earlier also seen how does this happen

like ozone formation and other pollutants built-up can be there.

(Refer Slide Time: 28:20)

Wind Speed and Direction (1/2)

* When high pollutant concentrations occur at
a monitoring station, wind data records can
determine the general direction and area of
the emissions.

-

Wind Speed Wind Diecton

* |dentifying the sources means planning to
reduce the impacts on air quality can take
place.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://www.fondriest.com

When we talk about wind speed and direction, then the high pollutant concentrations occur at
the at those places where wind is calm and those kinds of things. So, sources and other things
can be and the dispersion of the pollutants can be related to the, these wind the speed and the
direction.

(Refer Slide Time: 28:39)

Wind Speed and Direction (2/2)
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Sources: Coccia, Mario,, 2021

Image: https://www.fondriest.com

% Example:

* High concentrations of air pollutants,
along with low wind speeds, may
encourage virus particles to stay longer in
heavily polluted air.

And you might have known about that when we talk about wind rose diagram, which gives

the direction of the wind and the fluctuations or frequency of the velocity of the wind, all



those things are there which influences the dispersion of pollutants in a particular direction.
So, in recent studies also say that like dispersion of particles, which can carry some like
bacteria or virus, so, that also depends upon the wind velocity, wind direction, all those
things.

(Refer Slide Time: 29:12)

I @4 4099
Temperature (1/3)

* Measuring temperature supports air quality
assessment, air quality modelling and
+ forecasting activities.

* Air temperature affects the movement of
air, and thus the movement of air pollution.

Sources: https://scied.ucar.edu, www.qld.gov.au, 29 Sep 2021 Image: https://www.bhphotovideo.com

Well, temperature is also very important, as we have seen, because the temperature influences
the dispersion because of differential heating patterns. And then the air quality assessment,
air quality modeling, forecasting all these are done with the help of moisture as well as

temperature. Those kinds of things are there as a part of modeling input parameters.

(Refer Slide Time: 29:34)

Temperature (2/3)

* Cold Weather

* When the weather is cold, exhaust from
vehicles, chimneys, and smokestacks is
more visible.

* Typically, warm air, rising near the ground
normally pushes pollution away, but during
the winter, a layer of warm air acts as a
cover, trapping cold air near the surface, a
phenomenon known as thermal inversion.

Sources: https://scied.ucar.edu, 29 Sep 2021



Well in the cold weather, when the weather is having the cold atmosphere and the exhaust of
vehicles are more than dispersion may be very less. And warm air rising near the ground, it
takes pollutants away, so dispersion happens with the temperature. These kind of
temperature, things we will see like this is the inversion where a lot of buildup of pollutants
will be there. And in this case dispersion of pollutants may be very simple and it can go

upward direction.

(Refer Slide Time: 30:09)
I

Temperature (3/3) m

% Hot Weather

+ Some pollution, such as ground-level ozone, is
made more efficiently in sunny, hot weather.

* Reactions that create harmful ozone in our The 2018 Kiwah fire (USA): Because
atmosphere require sunlight. of the dry weather, fires pollute the
air, resulting in poor local air quality.
* Inthe summers and especially during extreme
heat waves, ozone often reaches dangerous
levels in cities or nearby rural areas.

Sources: https://scied.ucar.edu, 29 Sep 2021

In hot weather, well, some pollution such as ground level ozone, it is made up more
efficiently as sunny and hot weather and reactions that create harmful ozone in our
atmosphere requires sunlight as you know. So, in the summers and especially during extreme
heat waves ozone often reaches dangerous levels in cities and nearby rural areas. So, that is

again the effect of the temperature and heat flux.



(Refer Slide Time: 30:36)
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Relative Humidity (1/3)

*+ Water vapour content of air is reported as a
percentage of the saturation vapour pressure
of water at a given temperature, called the
relative humidity.

+ If the water molecules attach to corrosive
gases, such as sulfur dioxide, form an acid
solution that can damage health and
property.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://forestrypedia.com

Relative humidity is also very important because it will decide how much moisture is
available in the atmosphere and that can react with the SOx or NOx and then the acid rain

related phenomena may occur.

(Refer Slide Time: 30:50)
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Relative Humidity (2/3)
\

Water vapour plays an important role in many
| thermal and photochemical reactions in the

atmosphere.
L
As water molecules are small and highly polar,
they can bind strongly to many substances.
|
If water molecules attached to particles suspended
" in the air, they can reduce the visibility.
Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://scied.ucar.edu

So, the water vapor plays important role in many thermal and photochemical reactions in the
atmosphere. And as water molecules are small and highly polar they can really bind strongly
to many substances. So, that is why this pollution level is affected by these. And the water
molecules are attached with the particles, suspended in the air, and they can also reduce the
visibility because of the scattering of the light.



(Refer Slide Time: 31:19)
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Relative Humidity (3/3)
The amount of water vapour in the atmosphere Do
is highly variable. e v
It depends on geographic location, how close Y i
water bodies are, wind direction and air i )
temperature. V & v

Relative humidity is generally higher during
summer when temperature and rainfall are also
at their highest.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://nsms6thgradesocialstudies weebly.com

Well, the amount of water vapor in the atmosphere is highly variable depending upon the
location and the solar radiation. So, it depends upon what is the geographical location and
how close it is near to the water bodies. What is the wind direction? Intensity of the wind
speed and the temperature of the air. So, the relative humidity generally higher during
summer when temperature is more so, warmer air can hold more water basically, and rainfall

or all at their highest in that particular season.

(Refer Slide Time: 31:52)

Rainfall
Aerosols
+ Scavenging is the uptake of aerosols from the x
atmosphere by water droplets or ice crystals. » )

In-cloud

o L
. & scvenging
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+ |f the rain dissolves gaseous pollutants, such
as S0,, it can form acid rain.

Below-cloud ’ ‘
scavenging ‘

6
b

* Removing particles improves air quality. If
there is frequent high rainfall, air quality is
generally better.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://theshillongtimes.com

Well, it also helps like rainfall is really helping in where deposition or with the precipitation.

The aerosols comes down even gaseous pollutants also comes down in the form of acid rain



and so. So, the removing of particles improve air quality, it cleans the atmosphere, so that

way there it is the positive role of the rainfall.

(Refer Slide Time: 32:10)
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Meteorological Parameters Measuring Instruments

Meteorological Parameters = Measuring Instruments

Wind speed and direction  Sonic anemometer

Temperature Platinum resistance thermometer
Relative humidity Relative humidity meter
Rainfall Tipping bucket rain gauge

Solar radiation Pyranometer

Sources: https://www.qld.gov.au, 29 Sep 2021

Well, when we talk about studying the meteorological parameter, so need to measure them.
When we want to use them in the models etc, so we need to have their values. So, their values
comes from the measurements, and the measurements are done by some particular

instrument.

So, this particular table gives a list of these measuring instruments which are used for
measurements of different metallurgical parameters like wind speed and direction the sonic
anemometer is used temperature this platinum resistance thermometer. Relative humidity
relative humidity meter is there, so that way rainfall, solar radiation are measured by different

instruments.



(Refer Slide Time: 32:55)

Meteorological Parameters Measuring Instruments

sound to travel from one point to another. \

0

So, you can see these different instruments details here and very simple details are given.

* By measuring sound wave speeds in 2 different
directions at the same time, sonic anemometers
can measure both wind speed and direction.

/
Sonic anemometer l \D
* A sonic anemometer operates on the principle that
the speed of wind affects the time it takes for
..
i A

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://www.gillinstruments.com

You can go through later on about these instruments a lot of information are available. So, the
sonic anemometer basically operates on the principle that the speed of wind affects the time it

takes for the sound to travel from one point to another so that is why it names also like that.

And by measuring the sound wave which speeds in two different directions at the same time,
so the sonic anemometer can measure both wind speed and the direction. So, that we there are

the usage of this particular instrument for wind direction and wind speed measurements.

(Refer Slide Time: 33:30)

Meteorological Parameters Measuring Instruments

Platinum resistance thermometer

* The most common way of measuring
temperature is to use a material with a

resistance that changes with temperature, such ; %
-

as platinum wire.

* [n-built sensor measures this change and
converts it into a temperature reading.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://www.eiscolabs.com




This is this platinum resistant thermometer, which is used for measurement of the
temperature. So, you can see like this metal with the resistance that changes with the
temperature and that is the basic principle behind this, and inbuilt sensor measures these
chains and converts it into temperature readings. So, those kinds of things are there.

(Refer Slide Time: 33:55)
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Meteorological Parameters Measuring Inst

Relative humidity meter

* Measuring humidity uses the absorption properties of
a polymer film.

¢ The film either absorbs or loses water vapour as the
relative humidity of the ambient air changes.

o Sensor measures these changes and converts them
into a humidity reading.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://www.pce-instruments.com

Meteorological Parameters Measuring Instruments

Tipping Bucket Raingauge

Tipping bucket rain gauge

* The instrument calculates the quantity and
intensity of rainfall using with the area of the
funnel and the number and rate of bucket
movements.

Sources: https://www.qld.gov.au, 29 Sep 2021

Similarly, you can see these instruments which are measuring like relative humidity and then
this for the rainfall intensity you can see, very simple instrument is there. So, in funnel this is
stored and then the rate of bucket movements all those play role in measurements of this

particular entity of rainfall.
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Meteorological Parameters Measuring Instruments

LPyranometer

* Aninstrument called a pyranometer measures
solar radiation from the output of a type of
silicon cell sensor.

Sources: https://www.qld.gov.au, 29 Sep 2021 Image: https://www.indiamart.com

So, this is for measuring of the solar radiation. So, you can see all these instruments are

important in that sense.

(Refer Slide Time: 34:26)
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Conclusion
* Meteorology depends greatly on the Earth's axis turn, which is

responsible for air flow both in the northern and southern
hemisphere.

* Warm air rises at the solar-heated equator while cool air sinks to
the poles due to Equatorial Heating and Polar Cooling.

* Both horizontal and vertical motion in the atmosphere aid in
understanding air pollution dispersion.

* Measurements of meteorological parameters assist in the
evaluation, modelling, and forecasting of air quality.

Well, so in conclusion we can say, that the meteorology plays very important role and it
influences this because of earth surface and the axis turn which is responsible for both the
northern and southern hemisphere, the patterns of the wind and temperature differences.
Warm air rises at the solar heated equator with cool air sinks at the poles due to this

equatorial heating and polar cooling, but there are different cells as we have seen where it is.



And one important thing is there, like at 30 degree latitude where this Headley cells are going
down warm air is basically without much moisture, and that is why you will find that the
around the earth globe at 30 degree latitude the deserts are there, because there is no rain. So

that is also very important we should remember.

Then this both horizontal and vertical motion in the atmosphere it aids in understanding air
pollution dispersion. And the measurements of meteorological parameters they really play a
role for evaluation and modeling and forecasting of air quality. So, these are very
introductory thing in that sense. Later on, we will see these things how they are utilized in

modeling efforts and understanding various phenomena of air pollution.

(Refer Slide Time: 35:45)
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So, this is all for today. Thank you very much for your kind attention. This is the reference

list for additional. So see you again, in the next lecture. Thanks again.



