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Hello everyone! My name is Lucia Deaconu, and | am a postdoctoral research
assistant at the Atmospheric, Oceanic and Planetary Physics at University of Oxford
and | hope you will enjoy the atmospheric science and climate change impact course
that | will be teaching for the TIDE residential School of 2021.
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This course will be sectioned in 2 parts. The first one is focused on Atmospheric
science in the climate change framework, and the second will present some notions
of climate mitigation and adaptation, with a focus in Myanmar.

First part will cover theoretical concepts on greenhouse gases, clouds and aerosols as
well as models and future climate projections. We will also have a short look over the
most utilized atmospheric measurement techniques

Under normal circumstances, the second part should have been more interactive, but
| will try and keep you engaged while we talk about mitigation and adaptation, trends
in temp and rainfall, the carbon footprint and we will finish with a questionnaire and
some interactive quizzes




Disclaimer

“ Many of the figures presented in this talk are taken from the
Intergovernmental Panel on Climate Change (IPCC) Assessment Reports
[https://www.ipcc.ch/reports/] and the IPCC Special Report Global
Warming of 1.5 C [https://www.ipcc.ch/sr15/] “




PART |

» Theoretical concepts:
— greenhouse gases, clouds and aerosols
— models and future projections for climate

Let’s start with the first part, on theoretical concepts of atmospheric science



Solar radiation

Planck's law describes the spectral density of electromagnetic radiation emitted
by a black body in thermal equilibrium at a given temperature 7, when there is
no net flow of matter or energy between the body and its environment.

Top of Atmosphere

Sea level Most of the solar radiation that
reaches Earth is made up of visible
and infrared light. Only a small
amount of ultraviolet radiation
reaches the surface.

Absorbed
in the atmosphere
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Not all radiation emitted from
the sun reaches Earth’s surface.
Much of it is absorbed, reflected
----- or scattered in the atmosphere.
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A black-body is an idealised object which absorbs and emits all radiation frequencies.
Near thermodynamic equilibrium, the emitted radiation is closely described by
Planck's law and because of its dependence on temperature, Planck radiation is said
to be thermal radiation, such that the higher the temperature of a body the more
radiation it emits at every wavelength.

Planck radiation has a maximum intensity at a wavelength that depends on the
temperature of the body. For example, at room temperature (~300 K), a body emits
thermal radiation that is mostly infrared and invisible. At higher temperatures the
amount of infrared radiation increases and can be felt as heat, and more visible
radiation is emitted so the body glows visibly red. At higher temperatures, the body is
bright yellow or blue-white and emits significant amounts of short wavelength
radiation, including ultraviolet and even x-rays. The surface of the sun (~6000 K) emits
large amounts of both infrared and ultraviolet radiation; its emission is peaked in the
visible spectrum.

Most of the solar radiation that reaches Earth is made up of visible and infrared light.
Only a small amount of ultraviolet radiation reaches the surface. Not all radiation
emitted from the sun reaches Earth’s surface. Much of it is absorbed, reflected or
scattered in the atmosphere.



https://en.wikipedia.org/wiki/Thermodynamic_equilibrium
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/X-ray
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Sunlight coming to Earth is on the left. Infrared radiation going away
from Earth is on the right. (Image: K. Trenberth, J. Fasullo, and J. Kiehl)

The image below shows the sunlight coming to Earth on the left. As we see, a part is
absorbed by the surface, a small part is reflected by the surface (for example from
bright surfaces such as ice, snow, deserts) and a larger part is reflected back by clouds
and atmosphere. The infrared radiation emitted by the earth is shown on the right.
We can see that a part escaped the earth’s atmosphere back to space and a part is
reflected back at the surface by greenhouse gases, aerosols and clouds.

In summary, 47% of the incoming solar radiation is absorbed by the Earth’s surface,
30 % is radiated and transferred back to space and 23% is absorbed by atmospheric
gases, clouds and aerosols.

As you see, Clouds, aerosols and GHG are three atmospheric components that have
an important role in global climate, as they interact with light by either scattering or
absorbing radiation, leading to cooling or warming the Earth’s system, with a high
impact on different parts of the globe.



Net radiation in the atmosphere

Poles receive less sunlight due to the inclination of the poles
compared to the incoming solar radiation.

Cooler at
the poles

Warmer at
the Equator

f , The amount and intensity of
7 7 solar radiation that a place

A receives depends on a variety of
factors, such as latitude, season,
time of day, cloud cover and
altitude.
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Atmospheric and ocean circulation transport heat from the Equator to the poles.

(CERES Net Radiation, Septembe. 2012)
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Of course the amount and intensity of solar radiation that a place receives depends
on a variety of factors, such as latitude, season, cloud cover, altitude. Such, the poles
will always receive less sunlight due to the inclination of the poles compared to the
incoming solar radiation, compared to the Ecuator, which will always be warmer.
However, in recent decades the poles have been heating up much faster than the rest
of the earth, and that is mostly due to the atmospheric and oceanic circulations
which transport heat from the Ecuator to the poles.



Greenhouse gases (GHG)
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Main gases responsible for greenhouse effect:

6%

- Carbon dioxide CO,,

- Methane CH,,

- Nitrous oxide N,0,

- Water vapor (which all occur naturally), 14%

- and fluorinated gases (which are synthetic and
can stay in the atmosphere for centuries).
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Experiment

This is a simple experiment that can demonstrate the greenhouse effect. We take two
lid jars of same size and volume, and we put a thermometer in both. In one of them
we release additional gas, for example from a CO2 gas can. In the meantime we turn
on 2 heat lamps of equal intensity, to heat the jars.



Experiment
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As the experiment progresses, we will notice that the temperature of the jars will
increase, but the one containing the additional gas will have a more rapid and
stronger increase (so larger temperatures than the other one)
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Experiment

The Sun
Solar radiation

Earth’s atmosphere Earth’s atmosphere with anthropogenic CO2

Earth’s radiation (infrared)

In the experiment the lamps are associated to the Solar radiation, that heats the
earth’” atmosphere. In normal circumstances the naturally occurring greenhouse
gases—carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,0)—which trap
some of the sun’s heat, keeping the planet from freezing. But when we have rampant
CO2 (or other greenhouse gases) released from human activities (such as burning of
fossil fuels), the increasing greenhouse gas levels lead to an enhanced greenhouse
effect. The result is global warming and unprecedented rates of climate change.
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Global Temperature Change with increase of CO,

Global Temperature and Carbon Dioxide
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Evolution of the global annual temperature measured over land and ocean (colored
bars) and of the CO, concentration (black line) from 1880. The temperature anomaly is
expressed in function of the reference temperature averaged between 1950 and 1980.
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This figure shows the evolution of the global annual temperature measured over land
and ocean (in colored bars) and the CO2 concentration (black line) from 1880 to
present. The temperature anomaly is expressed in function of a reference
temperature averaged between 1950 and 1980. We can clearly notice an increase in
CO2 concentration correlated with an increase in temperature (e.g. temperatures
before 1940s were lower than the mean, while temperature after 1980s are
increasingly larger than the mean.
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Temperature Change 1850-2018

Global temperature anomaly relative to 1850-1900 (8 yr running mean)
Time: 1850-01-16 12:00:00 — 1858-11-16 0C:00:00

e |
30 -25 20 15 10 05 00 05 10 15 20 25 3.0
Dantin= 25 Mex=05

" ©Karst.. javstein
g s - o =S ‘Enwle Institute
L] — ) -+ University of Oxford

This map is taken from a model output that shows the temperature anomaly relative
to 1850-1900, as 8 years running mean. While there isn’t much happening until the
middle of the 20" century, we can afterwards notice a rapid increase of
temperatures, especially in the northern hemisphere, with the pole beings most
affected by the temperature anomaly. In the year 2018, the North Pole was 3 degrees
warmer than 60 years ago.
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Forcing, Feedbacks and Sensitivity

» Forcing: change in energy (Fero, Fonc)

» Feedbacks (A,): response
— Internal adjustments to forcing
— Water Vapor, Ice/Snow, Clouds

» Equilibrium Climate Sensitivity
— ECS* = ATyco2 =Foxco2 / A1 = Foxcoz ¥

— Climate sensitivity refers to the amount of global surface
warming that will occur in response to a doubling of
atmospheric CO, concentrations compared to pre-
industrial levels: between 1.5°C and 4.5°C of warmirg.
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Here we will discuss a few key concepts, useful in understanding the following part of the
course. There are 3 notions widely used in climate science: forcing, feedbacks and sensitivity.
Climate forcing is the physical process of affecting the climate on the Earth through a number
of forcing factors. These factors are specifically known as forcings because they drive the
climate to change, and it is important to note that these forcings exist outside of the existing
climate system. Examples of some of the most important types of forcings include: variations
in solar radiation levels, volcanic eruptions, and changing levels of greenhouse gases and
aerosols in the atmosphere.2] Each of these are considered external forcings because these
events change independently of the climate, perhaps as a result of human-caused fossil fuel
combustion.

The feedback is the response of the system to different forcings. Positive (or reinforcing)
feedback amplifies the change in the first quantity while negative (or balancing) feedback
reduces it.

feedback processes may amplify or diminish the effect of each climate forcing, and so play an
important part in determining the climate sensitivity. For example if the atmosphere is
warmed by an increase in CO2, the the amount of water vapor in the atmosphere will tend to
increase due to increase in evaporation. Since water vapor is a greenhouse gas, the increase
in the eater vapor content makes the atmosphere warm further. This is a positive feedback. A
negative feedback could be considered the increase in cloud cover which will backscatter
more sunlight and reduce the warming of the atmosphere
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Drivers of Climate Change

Human influence: evolution of effective radiative forcing from 1750 to 2011
Time Evolution of Forcings
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Time evolution in effective radiative forcing (ERF) across the
industrial era for anthropogenic and natural forcing mechanisms.

ERF: the total radiative forcing, including system adjustments

When we discuss climate change we also have to mention the drivers. This figure
disentangles the effect on the radiative forcing of different natural and anthropogenic
forcings. We notice than on the positive side, the CO2 and other GHG make up for the
largest increase since the industrial revolution, whilst on the negative side (forcings
that tend to compensate the warming induces by GHGs) are the aerosols and their
interaction with radiation and clouds. We can also see the strong negative values
given by short but strong volcanic eruptions, which transport large amounts of
particles in the upper troposphere and stratosphere, where they scatter much of the
incoming solar radiation back to space.
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Present climate forcing - it's not just CO,
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Radiative Forcing relative to 1750 (Wm?)

Intergovernmental Panel on Climate Change global annual mean of present day
anthropogenic radiative forcing (IPCC, ARS, 2013)

This figure shows a different representation of what I've shown before, but here it is
easier to distinguish the forcings that have a warming effect, versus the forcing that
have a cooling effect of the climate system, and their associated uncertainties..
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Natural sources:

90 % of the total mass (3 Gt/an)
[IPCC, 2007]

* mineral dust particles

* seasalt

* biomass burning
aerosols emitted
from wildfires

* volcanic ash

* biogenic aerosols

(pollen, bacteria)

Aerosols

Aerosols are all the solid and liquid particles, suspended in the atmosphere with the
exception of the hydrometeors (water droplets or crystals which form clouds).

Anthropogenic sources:

50 % of Aerosol Optical Depth
[Satheesh et Moorthy, 2005]

- generated by human activities -

* industry
* agricultural activities
* domestic heating
* cooking

transportation

17



Aerosol Optical Thickness (AOT or 7))

Optical thickness (or optical depth) describes how much light passes through a material.
As applied to the atmosphere, AOT describes the extent to which aerosols impede the
direct transmission of sunlight of a certain wavelength through the atmosphere.

In a very clear sky, AOT can have values of 0.05 (about 95% transmission) or less. Very hazy
or smoky skies can have AOT values in excess of 1.0 (about 39% transmission).

Sh
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Angstrom Exponent (AE or a)
The AE is a parameter that describes how the optical thickness of an aerosol typically
depends on the wavelength of the light. The AE is inversely related to the average size of

the aerosol particles: the smaller the particles, the larger the exponent. We can estimate
the AE by measuring the aerosol optical depth at different wavelengths.
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A A = wavelength

AE: for measurements of optical thickness T, ; and T, , taken at two different
wavelengths A 1 and A 2 respectively



Clouds

Cumulonimbus

Cooling, Rising, Condensing
A Parcel
@ (Blue dots represent malsture)
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Basic cloud formation

Without aerosols and water vapor
there would be no clouds!

What are the initial conditions that are required for the formation of clouds?

Firstly we need solar radiation, or heat, that will warm the earth’s surface and the air
above it. Through latent heat the warm parcel of air is lifting to higher altitudes
where it can encounter water vapor. As the air lifts even higher it will cool and
condense on microscopic particles suspended in the atmosphere - aerosols, resulting
in cloud condensation nuclei (CCN). These nuclei can then coagulate and aggregate
with others and form cloud droplets, which vary in size and can also be liquid or ice
crystals. Some of the most familiar clouds are Stratus, very low clouds that live below
2 km. This is due to a temperature inversion just above the cloud. Cirrus clouds are
ice clouds that are located very high in the atmosphere, and cumulonimbus, or deep
convective clouds, which are also precipitable clouds that can extend across multiple
km in the atmosphere.
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Cloud Optical Thickness (COT)

COT describes the vertical optical thickness of a cloud, from the bottom to the top of
the cloud, as for an aerosol layer. This quantity varies from about 1 (for very think
clouds - cirrus) to 40 (for deep convective clouds).

Cloud Drop Effective Radius (r.)

The cloud drop effective is a weighted mean of the size distribution of cloud droplets.
The global effective particle radius has different values for water and ice clouds: the
former is around 14 um, whereas for ice it is around 25 pm.

Cloud albedo

The cloud albedo is a ratio that describes the amount of solar radiation reflected back
to space by the cloud. It depends on the cloud optical thickness and cloud particles
microphysics. The cloud albedo and the cloud optical thickness are the optical
quantities used to characterize the radiative effects of clouds.
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3 of the most used properties of clouds in atmospheric science are:

CoD
Reff
cloud albedo
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Cloud Radiative Effects

Cloud impacts on climate are large!

* Low-level clouds strongly reflect shortwave radiation back to space, which
contribute to cooling the Earth’s surface.

* High-level clouds, in the opposite, tend to reduce the longwave radiation
emitted by the Earth-surface system back to space, trapping the thermal
radiation at the surface and in the low levels of atmosphere (warming).

ALSO

The change in Cloud Radiative Effects due to aerosol interaction, can
lead to positive or negative cloud feedback!

Lo . &
s = - # 2 4 —
N —-a‘ __» IPCC 2013 (Boucher et al 2013) Fig 7.7 il

A simplifies way of understanding the clouds radiative effect is the following:
Low-level clouds reflect shortwave radiation => cooling
High-level clouds trap longwave radiation => warming
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Aerosol Effects on Clouds

Aerosols Scatter & Absorb light => direct effect of aerosols
Absorbing aerosols in the vicinity of clouds have a radiative impact
(semi-direct effect) => affect cloud development, air entrainment,
cloud lifetime and precipitation
Aerosols Interact with clouds (ACI)

1. acting as CCN => cloud formation

2. indirect effect: more Aerosols 2 more CCN - more N, = ACRE

CCN - cloud condensation nuclei
N. - cloud droplet number
CRE - cloud radiative effect
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Brighter clouds (albedo effect) with smaller drops (S. Twomey 1977)
Also: delay in precipitation (B. Albrecht, 1989). Longer lived Clouds?
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Without clouds, aerosols interact only with the light, by scattering or absorbing the
incoming direct and diffuse solar radiation.

The absorbing aerosols, such as black carbon, can also impact the atmosphere’s
thermodynamic and impact the clouds through a semi-direct effect, without contact.
As mentioned before aerosols have an important role in cloud formation, as CCN.
However, they can also affect existing clouds through the indirect effect. For example
we have a precipitable cloud with a given amount of liquid droplets, and liquid water
content. If more aerosols are injected in the atmosphere (for example from a ship’s
chimney), the aerosol concentration increases, that leads to an increase in CCN and a
increase in cloud droplet number, and a decrease in cloud droplet size. The resulting
clouds will be brighter, so they will reflect more sunlight back to space. This example
is shown in the figure on the right, where the brighter clouds have formed where a
ship has passed.
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Comparison between model and
observations

GATOR-GCMOM simulation versus MODIS Aqua satellite retrievals, for 30-day average

- High resolution model-

Minimum cloud Daytime
2) AOD 550nm <) Water vapor ) precipitation rate

(Hoeve, John E. Ten et al..2012)
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In this plot | show a comparison between a high resolution model and observations
from satellite retrievals, for a 30 day average. At a first glance, it is hard to distinguish
the model from the observation. But if we take a closer look we notice discrepancies
between the model - the upper row, and the observations - in the row below. We
notice that for the AOD, the model can simulate well the location of the source of
aerosols, but the mean value across the domain is much lower, The water vapor is
fairly well represented. The COD in the model is missing some very high values,
corresponding to optically thick clouds, maybe deep convective precipitable clouds.
We can see that the precipitation rate is also underestimated in the model. If you
look closer in the observations, we can link the COD with the precipitation in the
southern part of the domain, meaning those deep convective clouds also rained
during the 30 day average.
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Model representation of clouds

Clouds are hard to represent in climate models, because:

* Often thin, short-lived,

Often produced by small-scale turbulence (e. g. cumuli),
Complex interactions of water and ice particles

High, thin clouds warm (greenhouse effect dominates),
Low clouds cool (shading effect dominates).

Here is an instantaneous satellite image. We can see that clouds have very

heterogeneous patterns, and that is one of the reasons why they are hard to
represent in climate models.
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Model representation of clouds and aerosols

Atmosphere and ocean circulation models are based on fundamental physics:

Numerical solution of fundamental

Back Incoming

(COpsmaripy e s physical equations:

« conservation of momentum
 conservation of mass

« conservation of energy

* equation of state

Additional sub-models for:
« radiative transfer
« clouds + precipitation
« aerosols....

Challenge:

All relevant processes on scales
smaller than the resolutio.. >f

© Philip Stier .
Unketatty o Gitoid current climate models

The main reason why models are struggling at representing cloud and aerosol
radiative forcing and climate feedbacks is because of the model is build on
parametrization on a sub-grid scale.

The largest uncertainty comes from the fact that we cannot represent the climate
processes on a sub-grid level, therefore, on a grid scale we parametrize fundamental
physical equations, such as conservation of momentum, of mass, of energy, equation
of state. Additionally we have sub-models within a large coupled model, such as
radiative transfer models, clouds and precipitation, aerosol and chemistry. Therefore
it is hard to go at very small spatial resolution, and we usually run the modelsata 1
by 1 degree latitude and longitude grids. We can of course do smaller resolutions, but
that is very expensive in terms of computing processing units and very time
consuming. We can also choose to use regional models, which have the advantage of
going at higher grid resolutions, but these are limited due to their boundary
conditions (such as the atmospheric and oceanic circulation at the boundary of their

domain).
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PART |

« Atmospheric measurement techniques
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We continue with some notions on atmospheric measurement techniques



Atmospheric measurements

What are we measuring in the atmosphere?

The properties of:
* Gases
* Aerosols
* Clouds
+

Physical atmosphere (temperature, relative humidity, wind etc)

How do we measure these properties?

* In-situ measurements
* Ground-based remote sensing
+ Satellite remote sensing

= > - o @ —
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In the atmosphere we measure the properties of gases, aerosols and clouds
additionally to the physical atmosphere (temperature, humidity, winds etc.). We
measure these properties using in-situ measurements, ground based measurement
and satellite remote sensing.




Ground-based instruments for measuring
aerosol properties

AERONET sun-photometer network

We start by looking at some ground based instruments and techniques.

AERONET network is using sun-photometers to measure aerosol properties in cloud-
free atmosphere, when sunlight is available. Therefore, we call these instruments
passive instruments, because they use an external source of radiation for their
measurements. As you can see, there are hundreds of stations scattered across the
globe, which gives us a very good idea of the aerosol distribution across the globe.
Below is an example of AOD measurements in Yangon at different wavelengths for
one year. We notice there are some peak values above 1, close to 1.5, which tells us
the atmosphere in those days was very hazy, and large concentrations of aerosols was
present in the air. The angstrom values were calculated between two wavelengths
and shows values mainly above 1, up to 1.8, which are characteristic to fine particles,
mainly from burning of fossil fuel and biomass burning.



Ground-based instruments for measuring
aerosol properties

| beam saturation

Lidar profile — aerosols / clouds
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Another instrument that measures aerosol (and also cloud properties) is the Lidar.
This is an active instrument, as it emits a beam of radiation at specific wavelengths
and measures the backscattered light that encounters particles in its path. Compared
to the sun-photometers that give us an integrated column value of aerosol
properties, the lidar profiles tell us the exact location of the aerosols present in the
atmosphere and their variable concentration.




In-situ instruments for measuring aerosol
properties

Mobile system (lidar and sun-
photometer) on-road measurements

* Aerodynamic Particle Sizer

* Aerosol Mass Spectrometer (AMS)

* Impactors and Filters

* Optical Particle Counters (OPC)

* Multi Angle Absorption Photometer
(MAAP) and Particulate Soot Absorption
Photometer (PSAP).

* Transmission Electron Microscopy (TEM)

(Popovici et al., 2018)
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There are many in-situ instruments that are used in atmospheric science. They can be
installed on fixed locations, such as buildings, or they can be installed on mobile
systems. In this case | show a car that has been transformed in a mobile laboratory
equipped with many instruments.




In-situ aircraft measurements

Instruments mounted on aircrafts to measure in-situ
aerosol and cloud properties, during field campaigns.

Interaational Giohal Atmerpheris Chemintry Project
I~ — — ™ -

The in-situ instruments can be loaded on aircrafts and there are many field
campaigns that also consider flight measurements. Some of the campaigns also

installed a lidar on the aircraft looking down, so that they have also the vertical
profile measurements of the atmopshere.



Satellite measurements

A-Train satellite constellation

Synergy of active and passive retrievals

- aerosol and cloud properties; shortwave/
longwave radiation; precipitation etc.

We can also measure GHG from space:

CO, measurements:
- high-precision (better than 0.3% o. . ppm)
satellites (GOSAT and OCO-2).

Lastly we have the satellite measurements, that come from polar satellites (that
move across the globe) and geostationary satellites, that have a fix position and
always measure over the same spot. Satellite can also have either passive or active
instruments

ePassive imagers — sensors that measure the amount of radiation reflected and
emitted by the Earth. The solar radiation backscattered by the Earth's atmosphere
and surface is measured by spectrometers aboard the satellites (e.g. OMI (Aura),
MODIS (Aqua/Terra));

eactive sensors: such as the radar or the lidar which send pulses of light from the
satellite toward the surface and a fraction of this light is reflected, or scattered back
to the spacecraft from thin vertical segments of the atmosphere (e.g. CALIOP
(CALIPSO), CATS (ISS)).

Some of the satellites are flying in constellations, so they can measure the same
parcel at a distance of a few minutes. This is an advantage when different types of
instruments with different sensitivities and that are focused on different properties of
either aerosols, clouds or gases can measure the same location, as it allows for a
better understanding of the atmospheric processes.



Aerosol effects on health and environment

+ Transported dust can serve as nutrients for phytoplankton
Aerosols also have negative impacts on:
- atmospheric pollution, 8 2o
- health (fine - PM2.5, coarse - PM10) S50
- environment (e.g. acid rain)
- visibility.

10 um and more
(>PM10)

ACID RAIN

‘| 25t0 10 um
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/11| Less than 2.5 um
fi ] (<PM2.5)

Abvbcien |

When we talk about aerosol effect on health and environment we first have to
consider the type of aerosols and their size. The man-made aerosols have the
strongest impact on the environment, for example sulfate and nitrates can produce
acid rains that can destroy vegetation and also corrode buildings. The very small
particles can be inhaled and produce health problems, ranging from a cough to
asthma and pulmonary diseases. The smaller the particles the deeper they reach into
the respiratory system. So particles of 2.5 micrometers or less can reach the
pulmonary alveoli and even enter the blood stream.



Modelling of aerosol trajectories

Backward trajectonies ending at 1500 UTC 24 Nov 19
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Here are two pictures | took while flying across Myanmar in 2019. You see that the
visibility was reduces, meaning there was a strong aerosol layer at those altitudes.
When | arrived in the hotel | wanted to know where this aerosol layer was coming
from, so | used a back-trajectory model, that requires as input meteorological
conditions. This model showed that most of the aerosols were transported across
from India, whilst a part was from local sources. Looking at the fire maps, it was
confirmed that many of the biomass-burning fires in India were responsible for the
aerosol layer that was transported over Myanmar.



Air quality in Myanmar (Burma)

Real-time Air Quality Index (AQl) in Yangon
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http://aqgicn.org/map/asia/

Figure 4. Average PM2 § levels in Mysnmar in 2015 (ug/m?)*

Myanmar provides no data on PM2.5 levels to the World Health Organization. Six cities
(the most polluted one -Pyin Oo Lwin) have higher PM10 level than Beijing. This high
level of pollution has severe consequences for public health — the Global Burden of
Disease project estimates that exposure to ambient air pollution was responsible ‘or
approximately 45 premature deaths every day in Myanmar in 2015, due to . he
increased risk of diseases such as lung cancer, stroke and heart disease.

There are not many air quality stations in Myanmar, but you can check the real-time
air quality index in Yangon. For example you can see that in the early morning hours
when traffic is at its maximum, the level in PM2.5 is quite high, which leads to a risk
in human health. The link where you can check the real-time AQl is

http://aqicn.org/map/asia/



Quick-look tools
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Unfortunately | cannot show you pop-up browser tabs, but you can check the
Worldview and Giovanni earth data websites, where you can select different types of
instruments (mainly satellite) and different parameters to have look across the globe.
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PART Il

Climate mitigation and adaptation in
Myanmar (Burma)
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Framework of interactions between climate change, climate processes, impacts, and so~ o-
economic development, with feedbacks between systems can occur along any arrows.
Pachauri and Reisinger (2007)

Take a look over the connections that exist between the earth system and the human
system. We see that everything is linked.

For example, if we start at the Climate Processes drivers, or the increase in
concentration of different of GHG and aerosols, we will see an impact on the
environment and climate change. So there will be more temperature extremes,
changes in precipitation, sea-level rise etc. These changes will then lead to climate
impact and vulnerability. Water resources and food security can be affected by
draughts, or extreme events, shifts in monsoon patterns etc. Ecosystems and human
health can be affected, as society is put under different levels of stress, that will affect
the social-economic development of the society. Also, if we consider the mitigation
or adaptation capabilities of different societies, they depend a lot of the available
technology, the governance, the economic power of that society, the consumption
and production etc. For example a rich country will also consume more resources and
maybe produce more emissions than poorer countries, but they also have strong
economies to work on adaptation or mitigation plans, and to implement cleaner
technologies. So it is not fair to request the same involvement from all countries, and
richer countries should take more responsibility and allow poorer countries to
develop.



Global Climate Risk ranking
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Figure 1: World Map of the Global Climate Risk Index 1998-2017
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This is the global map of climate risk for the period 1998-2017. We can see that
Myanmar is in top 3 most vulnerable and affected countries to climate change. And
this is not only due to the geographical position of the country, but also to it’s
economic power to mitigate and adapt to a changing climate, with extreme
temperatures, extreme rain events and sea level rise.



Tuesday’s Daily Brief: Hope for Myanmar, UN News sits down with new
Assembly President, youth speak out on climate crisis
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Hundreds of Yangon activists join Global Climate Strike

These are just a few headlines related to the devastating impact that climate change
already has in Myanmar.



How much climate change?

That will be determined by how our emissions continue and also exactly how our
climate system responds to those emissions. Despite increasing awareness of climate
change, our emissions of greenhouse gases continue on a relentless rise.

Responding to climate change involves a two-pronged approach:

1. Mitigation — reducing climate change - involves reducing the flow of heat-
trapping greenhouse gases into the atmosphere, either by reducing sources of
these gases (for example, the burning of fossil fuels for electricity, heat or
transport) or enhancing the “sinks” that accumulate and store these gases (such as
the oceans, forests and soil).

2. Adaptation — adapting to life in a changing climate - involves adjusting to actual
or expected future climate. The goal is to reduce our vulnerability to the harmful
effects of climate change (like sea-level encroachment, more intense extreme
weather events or food insecurity). It also encompasses making the most of any
potential beneficial opportunities associated with climate change (for example,
longer growing seasons or increased yields in some regions).
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Projections of Temperature Change

Projected Global Temperatures

10 RCP8.5 Projected changes in globally averaged
8 - RCP4.5 temperature for a range of future
pathways that vary
RCP2.6 assuming strong continued
6 | — Observed dependence on fossil fuels in energy and

transportation systems over the 21st
— century

to assuming major emissions
reduction (with mitigation).

Models are robust in
representing
the observations!

N
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Representative Concentration Pathway (RCP)
- high scenario is 8.5
- lower scenario, RCP2.6
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This figure shows the observed temperature change since 1900 in black line, and
several projected pathways that the temperature could take, depending on our
choices for the future.

The RCP2.6 pathway is the most optimistic, and it assumes major emissions reduction
and behavioral changes. This is the lower emission scenario, and leads to a
stabilization of the increase in temperature by 2100 at about 2 deg Celsius (with the
associated uncertainties).

The RCP8.5 assumes we continue to depend strongly on fossil fuels in energy and
transportation over the 215t century. This shows a rapid increase in temperature, with
values that are larger than 8 deg Celsius. This is the worst case scenario!



Different scenarios — different outcomes

With mitigation Without mitigation
RCP2.6 RCP8.5
(a) Change in average surface temperature (1986-2005 to 2081-2100)

-2 <15 -1 -05 ¢ 05 1 15 2 3 4 5 7 9 "

(b) Change in average precipitation (1986-2005 to 2081-2100)
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This is how the average temperature and precipitation would be distributed for the
two scenarios. | would like to focus only on the RCP8.5, which shows massive
increases in temperature, amplified in the polar regions. These will lead to melting of
the ice caps and increase in sea-level. Many coastal settlements could be under water
in less than 50 years. Moreover, the precipitation pattern is changing towards
extreme values. So for example, in some places we have an increase in precipitation
with more than 50%, while others will see less that 30-40 percent rain. It is said that
wet regions will become wetter, and dry region will be drier. All these changes will
impact human society at unprecedented levels, as many people will look to relocate
to escape either the boiling temperatures and the constant droughts, or the never-
ending rain.



Temperature trend — with and without
mitigation

Temperature (annual trend) - Yangon (Myanmar)

Ready to use data
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We have the same figure | shown before, but adapted for Myanmar. We see that the
average temperature in the 1950 was around 28 deg Celsius. With climate change
this temperature will increase, but it depends if we allow it to reach 30 degrees or 32
degrees Celsius. It doesn’t look like much, but | remind you this is an average
temperature that has increased by either 2 degrees or 4 degrees. That means there
are more extreme events with high temperature driving the increase in temperature.



Future Heat Extremes
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Figure 6.1. Shifting dixtribution of future heat extremes in Myanmar.

)  Extreme bheat day

Table 6.1. Projected 2011-2040 and 2041-2070 frequency of of the historieal (198 ) daily o5
percentile temperatures in a month (i.e., extreme keat days),

historical

Month Region® Extremeheat  Historical Projected numby p h
frequency ‘extreme heat days from 1981-2010

temperature
19812010 1981-2010 2011-2040 2041-2070
Lowestimate  High estimate Low estimate High estimate
_ Coastal 38.3°C 1 day 4days 6 days 8 days 17days
April
Inland  39.3°C 1 day 3days 6 days 7days 14 days

e
WWF Myanmar Report 2017: Assessing Climate Risk.in. Myarifiams...
Wqﬂ e Riska

And this is how.

If we take the hottest historical day in in the hottest month of the year — April -
between 1981 and 2010, the temperature value was 39.3 deg. In the optimistic
scenario, we will have maximum of 4 days with a temperature of 39 degrees in April
by the end of the century. However, if we look at the worse case scenario, out of 30
days, 17 days will have temperatures higher than 39 degrees in April. And that is how

the mean is shifted. This will be felt by population, animals, ecosystems. The risk of
heat stroke and other related diseases will increase.




Rainfall trend — with and without mitigation

Rainfall (annual trend) - Yangon (Myanmar)

Ready to use data
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In central Myanmar, short excessive precipitation events are expected to alternate with
longer periods of drought. This will make it even more challenging for the country’s largely rural
population to grow crops and earn a living.

Warmer ocean temperatures could increase the intensity of cyclones and storm surs s that
have been devastating parts of the country year after year. The worst was in 2005, when
Cyclone Nargis killed almost 140,000 people.

The rainfall trend is a bit more noisy and it is not as clear as the temperature trend,
but we can see that the spread in rainfall is larger, meaning there can be more
extreme events, such as the one | will show next.

In central Myanmar, short excessive precipitation events are expected to alternate
with longer periods of drought. This will make it even more challenging for the
country’s largely rural population to grow crops and earn a living.

Warmer ocean temperatures could increase the intensity of cyclones and storm

surges that have been devastating parts of the country year after year. The worst was
in 2008, when Cyclone Nargis killed almost 140,000 people.
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Heavy Monsoon Rains Flood South Asia

¢ Heavy monsoon rains in August

4 2019 swamped Burma (Myanmar)

o and southern and western India,

o gl unleashing destructive floods and
' landslides.

Above-average monsoon rainfall

caused rivers and streams to

Avgust 1, 00:00 overflow their banks, while

bl R— destabilizing hillsides in several
® =8 s regions.

Satellite-based measurements of rainfall from August 1-12, 2019.

In Burma (Myanmar), a landslide took the lives of at least
60 people on August 9 2019 The UN Office for the

NASA Earth Dbservak?ryimage and video % é ﬁﬁ ed . Multj-Satellite Retri ég; I‘ﬁ =
S GHEITAERE il ARODAUIEN e FApLSGf i 35"
NASA/GSFC, and MODIS data from NASA shavell 8{3 Mcspe tahﬁ’\l%auh&&ﬂtamGVﬂdwd& pRENMew, DALY
EOSDIS/LANCE and GIBS/Worldview. shtintates batwiebnG0l degrees Nofkb@udiSguth latitude.

| am showing precipitation estimates from several satellite instruments between
august 1-12 2019. Heavy monsoon rains in August swamped Myanmar and southern
and western India, unleashing destructive floods and landslides. In Burma, a landslide
took the lives of at least 60 people on august 9 and 80000 people have been moved
to emergency shelters because of the flooding.



Mitigation versus Adaptation

Considering the socio-economic development
and the climate vulnerability in Burma, think
about examples of mitigation and adaptation that
could be applied successfully.

Mitigations attends to the causes of climate change, while adaptation addresses its imp3 cts/

The goal of mitigation is to avoid significant_human interference with the climate
system, and “stabilize greenhouse gas levels in a timeframe sufficient to allow
ecosystems to adapt naturally to climate change, ensure that food production is not
threatened and to enable economic development to proceed in a sustainable manner”
(from the IPCC 2014 report on Mitigation of Climate Change).

Considering the socio-economic development and the climate vulnerability in Burma,
think examples of Mitigation and adaptation that could be applied successfully.
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Mitigation versus Adaptation

MITIGATION

ADAPTATION
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Carbon tax and
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L. }g measures (evacuation plans,
~ health Issues, etc)

M

itigations attends to the causes of climate change, while adaptation addresses its imp cts/

Here are some examples of mitigation and adaptation.




Individual carbon footprint

What is the carbon footprint?

. A carbon footprint is historically defined as the total emissions
caused by an individual, event, organization, or product.

Greenhouse gases can be emitted through land clearance and the
production and consumption of food, fuels, manufactured goods,
materials, wood, roads, buildings, transportation and other services.

Fuct

https://www.carbonfootprint.com/measure.html

Calculate your carbon footprint

How does your everyday lives impact on climate change
Food — agriculture is a major source of carbon emissions
Transportation — uses fossil fuels
Waste - all products and services have environmental impacts, from the extraction
of raw materials for production to manufacture, distribution, use and disposal

What kind of actions would you take to reduce the carbon footprint?
. o ) Waste less food Insolate houses
Drive less, biking, use public transport

. Reduce, Reuse, Recycle, Refuse
Change diet to more plant based
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Nationwide power projects

A Fydro power
A Coal power
A Gas-fired power
A Solar Power

A Wind Power

Source: Mysnmar Times

Power sector in Myanmar

Myanmar needs more electricity. But there is a risk to
take the wrong path — coal.

Building coal power might satisfy short-term energy
needs but will cause irreparable damage in the long run.

The effect would be an increase in particulate matter
and ozone pollution levels in Myanmar and
neighbouring countries, elevating the risk of diseases
such as stroke and lung cancer.

The coal power plant emissions could be responsible for
a total of 7,100 premature deaths each year.

While around 75% of Myanmar’s electricity is already
supplied by hydro-energy, especially its southern part
also has a strong potential for solar energy.

Myanmar’s first solar power plant opened in October
2018 in Magwe Region. If run successfully, o'~ rs are
planned to follow in Sagaing, Mandalay and Naypyitaw.
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Questionnaire

Climate change awareness survey is a questionnaire to understand public
perception about climate change and to identify key factors, challenges and
barriers to environmental and climate conscious behaviour.
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| have put here some examples of questions that can be used in a questionnaire.
Feel free to answer them individually



14 Whyisiei

15, What do you think cames climate change®

"

i " wgiecis Y 1)
adfestiog or s gomg 0 affect you. persceally” T No (3o 10 quesion 19)
- Dot know (g0 0 question 19)

1% Myen i affect
1 . i fmp ) 20)
changs? I Ne(go % quevicn 22)
. Dea know (g0 to question 22)
20, Wyes haage
2 : maln hetN)
revpoenilelity fo tachling st chomge” The outiond prvcamscct
Piease tick one box only: Yool pridiasiast
Buinew s indintry
& Ewi el
(s Worldnale Fusd for Natare)

. Indevidsals
Oier (ploasewriteie )

22 Mave you ever taken. o do you regularly ke, T Yes (o 1o quevion 23)
. il

] Deait know (g0 10 quesson 24)

NERC
SCIFRCE OFTHE
ENVIRONMENT B

tickiag oo bex e each raw

We can all & o bt 4o sedce the elfocts of clinwe
hacge

Clime change fs ivevitidle becaise of the way
aodera ety werks

oople dhonid be suade 1o rechce thess sy

coumaagtin i # edaces ciaste charge
Clise change wil prove 56 meather i Mywmnar
Clisue chasge i jovt 8 ol fuchuation s exth's
nagerstures
1okt oaly do w4t 15 ke chavate choge o
everyone else G s well

The govermmmen Backd provide mesnves or
eole 15 ook afbe the et

10w alrwady 150 Lise 33 45 smythung sboust clasare D O C
harge

[
o
0o
[
0

e actrites Bive 0 supicant sopact sa
ot beapernses

Climuse Aazge is vomediang tht frightemn me o o = o B

Deseloping cxeimes hold take most of e bisse o
for clane chasge

1 2m et sbeus whether climste clacge D
really Magpesscg

Raducal chasges o socsety ere seeded b skl
chante chasge

People are 803 selfish to do aaything abost clizute ==
change

The evadece foe clinse change is vamshatie

The Utsied Sstes dhoeld take tmont of he bame Sor [ [ (] O DO
Clanwe chasge

Cluss t bazsam actrvins ave chagag the
chante e cxngperiind

18



A1 come nesons indimntion sbout chanwe casge [
wll s o0 ook o€ 1

There 15 100 mssch conlletag exence wout canate.
‘chacge o kuow whether 4 1 actually hippesssy

Lowrmg e lights 0n 1 ary Bawae adds to chemate
chacge

Clume charge is 3 comsapaence of mdern life

The effces of chmate change are likely 2 be.
catntrephc

Notmg 1 do smkes ssry dffeence 10 chaante chasge
L

Poluscn So bty B¢ oot conse of clise
chacge

3w t0 commader afommivana aboxt hamate chaage
5 be el to e

Receat Goods 0 has country are doe 1o clusante
chacge

435 800 earty 1o say whether chamate chaage is rably
 posblenn

The st 15 o o alarsst sbet ssvnes like
chmwe change

Floding is st smcreavin. there s st mero
et of i the ke thewe duys

There 5 00 pesct 1 e douag cnythang aboat clasate

becane mo-coe else i

Toxperts are agrred fha clicste change 8 real
eublen

Notug 10 08 a dedy bases coumbenss o the

of chimate ctonge

Tuustry and bustness shoudd be dosag e 10 tackle
chanwe hasge

o the maont past, dhe pavermanat basevdy vash 15
ke clmwe change

105 et bebere clismmte charge s # rea pockiens

The govemmment i ot domg eacagh # tackie
chanwe chasge

10l 8 sl Oty 10 G seevething aboat chisate
chacge

8]
o

B}
[N}

o

8]

8]

oo

n}

NERC

SCIFRCE OFTHE
ENVIRONMENT

Section 3. General views about the eavironment

B

2,

B acm sneiling to make perssnal wenfices foe the
e —

ke

Iy job camsed eavtscameatal prodenss, 1D rther
e voemployed han camy ca camng o

4 Hiving » oar i e of having o good Mestyle
@ Huamans Bave e nght o medey the rsturad

4o st e pos

{ Eluam e severely shessay e planet
®  Plaats smd assaals have the sasoe rights a8 basuass b0
st

B Nature o5 strong encugh w0 cope wih e inpect of
frodemn mAninal avican

Hussman were smeast 6 e oves the rest of satire

The batance of aatare  very deicaie 13d emcly
apt

3 g
e bax 00 ek o

Agve  Agve  Neifher Diagree Diapred

sroagly agrve nce streagh]

& Jebs ey ave cuome inportant thin peotectig e ] g o
esrroenest forthe fitze

rrnn

oo n

oon

oo

100un

Ll

Conmenmace To swve To prstect the For my
ey

o

oon

aooon

]

oon

0ooao

19



Explore more

- Interactives, Galleries and Apps -

Mobile apps

Offset

EARTHNOW B

https://climate.nasa.gov/earth-apps/

Warm Up NASA GL‘O‘EeL CLIM{\1;E CP;I‘lNGE'

onn a0 b brct o

& O

https://climate.nasa.gov/earth-n~ '

https://climate.nasa.gov/earth-apps/
https://climate.nasa.gov/climate_resource_center/interactives/quizzes
https://climate.nasa.gov/interactives/climate-time-machine
https://climate.nasa.gov/earth-now/
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END

Thank you for your attention!
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Useful links

https://myanmarccalliance.org/en/climate-change-basics/impact-of-

climate-change-and-the-case-of-myanmar/

http://agicn.org/city/maynmar/rangoon/us-embassy/

https://www.hbs.edu/environment/climate-change/Pages/effects-of-
climate-change.aspx

https://climate.nasa.gov/climate resource center/interactives/quizzes

https://climate.nasa.gov/interactives/climate-time-machine

https://climate.nasa.gov/earth-
now/?vs name=air_temperature&dataset id=820&group id=46&animating
=f&start=&end=

https://climate.nasa.gov/earth-apps
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