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Wonderful weather...

You don’t
have to work
In weather
and climate
to use...
weather and
climate




Weather versus Climate

WEATHER CLIMATE

Tells you what to wear each day Tells you what types of clothes
to have in your closet

www.ncei.noaa.gov




Earth’s Climate

« ... Is the general weather over a long period, including rainfall,
temperature, snow or any other weather condition (MetOffice, 2023)
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https://www.youtube.com/watch?v=C3Jwnp-Z3yE

Components of the climate system
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What is climate? - Met Offic Ice sheets


https://www.metoffice.gov.uk/weather/climate/climate-explained/what-is-climate

Components of the climate system
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https://www.metoffice.gov.uk/weather/climate/climate-explained/what-is-climate

Solar radiation

lVenus

Solar radiation refers to energy Earth
produced by the Sun, some of which

reaches the Earth. This is the primary

energy source for most processes in the
atmosphere, hydrosphere, and

biosphere.



Interactions of solar radiation

The Earth's climate system
depends entirely on the Sun for
its energy. Solar radiation
warms the atmosphere and is
fundamental to atmospheric
compaosition.

Garrison,
Oceanography

This ray strikes parallel to surface.

Rays strike surface at angle.

This ray strikes perpendicular to surface.

Ray strikes surface at angle.

The sun heats the ground

Radiation

This ray strikes parallel to surface.

: Airb‘omelm\:“i
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The warm air rises

Convection

I Re-radiation
of heat Ry ‘ -
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Absorption/
reflection
of sunlight
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» The distribution of solar heating across the planet produces global wind patterns
and contributes to the formation of clouds, storms, and rainfall




Earth’s spin, tilt and orbit
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« Earth’s spin, tilt, and orbit affect the amount of solar

energy received by any particular region of the globe, 21.5° - 24.5°
depending on latitude, time of day, and time of year. Currently 23.5°

. Sma&changes in the angle of Earth’s tilt
and ¢he shape of its orbit around the Sun
cause changes in climate over a span of
10,000 to 100,000 years, and are not
causing climate change today.



https://ugc.berkeley.edu/background-content/solar-radiation/
https://ugc.berkeley.edu/background-content/solar-radiation/

Milankovich Cycles

Milutin Milankovitch (nasa.qov)

Sun

Orbital Cycles

Three periodic motions in Earth's
orbit, known as Milankovitch cycles,
contribute a predictable amount of
variation to Earth'’s climate over time
frames of tens of thousands to
hundreds of thousands of years.

100,000-year cycles
Changes in

Eccentricity
(Orbit Shape)

j Mercury

Milankovitch cycles provide a strong | V®

framework for understanding long-

term changes in Earth’s climate, e ,_
including the beginning and end of Ice P ———
Ages throughout Earth’s history. T M ggﬁ:ﬁﬁ?i"

(Tilt)

climate.nasa.gov



https://earthobservatory.nasa.gov/features/Milankovitch/milankovitch_2.php
https://climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate/
https://climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate/
https://climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate/
https://climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate/

Structure Qf the atmosphere
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Thermosphere
53-375 Miles

In the thermosphere, molecules of
oxygen and nitrogen are bombarded
by radiation and energetic pariicles
from the Sun, causing the molecules
1o split into their component atoms

/

Mesosphere
31-53 Miles

the atmosphere.

Stratosphere
10-31 Miles
The ozone layer lies within the

stratosphere and absorbs uliraviolet
radiation from the Sun.

Troposphere
0-10 Miles

The troposphere is the layer of the
wmm--ﬁ-
activity takes place.

oy

Thermosphere /
53-375 Miles />&
In the thermosphere, molecules of
oxygen and nitrogen are bombarded

by radiation and energetic particles

from the Sun, causing the molecules

1o split into their component atoms

Mesosphere
31-53 Miles




Weather balloons

Layers of the Earth's Atmosphere
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» Virtual Ballooning: Virtual Ballooning to Explore the Atmosphere | Center for
Science Education (ucar.edu)
P e ———

S


https://scied.ucar.edu/interactive/virtual-ballooning#:~:text=Explore%20the%20atmosphere%20by%20launching,investigate%20higher%20in%20the%20atmosphere.
https://scied.ucar.edu/interactive/virtual-ballooning#:~:text=Explore%20the%20atmosphere%20by%20launching,investigate%20higher%20in%20the%20atmosphere.

Weather balloons

Layers of the Earth's Atmosphere
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» Virtual Ballooning: Virtual Ballooning to Explore the Atmosphere | Center for
Science Education (ucar.edu)
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https://scied.ucar.edu/interactive/virtual-ballooning#:~:text=Explore%20the%20atmosphere%20by%20launching,investigate%20higher%20in%20the%20atmosphere.
https://scied.ucar.edu/interactive/virtual-ballooning#:~:text=Explore%20the%20atmosphere%20by%20launching,investigate%20higher%20in%20the%20atmosphere.

Vertical structure of the atmosphere

Altitude (mi)
Altitude (km)

Above 90%
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Vertical structure of the atmosphere
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Vertical structure of the atmosphere
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Stratosphere

The Stratosphere

This extends upwards from the tropopause to about 50 km. It contains much of
the ozone in the atmosphere. The increase in temperature with height occurs
because of

’

TR

Temperatures in the stratosphere are highest over the summer pole, and lowest
over :cﬂe‘wmter pole. By absorbing dangerous UV radiation, the ozone in the
B saiatosphere protects us from skin cancer and other health damage. i




== Met Office High and Low Pressure

« There are also differences in pressure on the earth’s surface caused by ascending
and descending air parcels.



https://youtu.be/SWHj71qS_NA

Pressure Gradient Force

Atmospheric pressure by itself is not a force. However, the difference between
atmospheric pressures of different air masses does create a force.

Pressure Gradient Force

This pressure gradient force (pgf) is the rate of change of pressure over a given
distance.

pgf

pgf \

Gradient Force pgf
Stronger Pressure L
1030 Gradient Force
1026

1022

1018 1006

¢
»d 1010

1016 1014

The force acts from areas of high pressure to low pressure. If no other forces act upon
an air parcel, it would move toward the lower pressure.



High and Low Pressure

Polar Cell

Ferrel /1:\ Ferrel

Cell g Cell « The combination of rising and
- falling air, in addition to the
. - Earth’s rotation creates a series
of cells.

Hadley | < & 'L, Hadley «  There are three cells in each

Cells : Cells hemisphere.
A /  Either side of the equator is the
\ | Hadley cell, with the Ferrell cell
K\J\W/\/, / next and then the Polar cell at
et ortel the top and bottom of the planet.
\_TL/

Polar Cell




Coriolis Effect

» As air blows from high to low pressure in the atmosphere, it creates the Coriolis
force.

* The rotation of the Earth
on its axis deflects the
atmosphere toward the
right in the Northern
Hemisphere and toward
the left in the Southern
Hemisphere, resulting in
curved paths.

--=----=3 Starting direction
—— Changed direction



- . _ ”f‘
‘“As air blows from hlgh :,rg.ssure,nitpe atmosphere it creates the Coriolis
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NOAA's NationaI'Ocean Service
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https://oceanservice.noaa.gov/education/tutorial_currents/media/supp_cur04b.html
https://oceanservice.noaa.gov/education/tutorial_currents/media/supp_cur04b.html

« These things in combination.create the global air circulation patterns
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High and Low Pressure

TRMM GPCP: 1979-2010

precipitation Areal Mean=2.67 mm/day mm/day
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But this plot of real Earth precipitation distribution
is not east-west symmetrical... due to continents

Notice how the pattern of lows
and highs in this simplified plot
is east-west svymmetrical .....



Glokat Culculation of all alf and ovean mess 5,
Enwrgy comtant in JoulesiDegres Kelvin
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Heat capacity of air: 1005 Jkg/K

. Heat capacity of ocean water: 3993 JXkg/K
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Glokat Calculation of all alr and ocean masy 5,
Enwrgy comtant in JoulesiDegres Kelvin
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. Heat capacity of ocean water: 3993 Jkg/K
7
™ Alr Ocean o
3 4
Sourte Mam Snaconsensie wardaredy ¢ 2201 104G 3L 4
P
”




Oceans
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warm air
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cool sea breeze

cool
land breeze

© 2010 Encyclopadia Britannica, Inc.




PRECIPITATION, DEPOSITION / DESUBLIMATION
ACCUMULATION, SNOWMELT, MELTWATER, SUBLIMATION,

Wate‘r dropl(?ts fall from .clouds = ey DESUBLIMATION/DEPOSITION .
as drizzle, rain, snow, orice. Snow and ice accumulate, later melting back

AOVECHON into liquid water, or turning into vapor.

Winds move clouds through

the atmosphere. B

CONDENSATION, CLOUDS, FOG
Water vapor rises and
condenses as clouds.

SURFACE RUNOFF, CHANNEL RUNOFF,
RESERVOIRS

Water flows above ground as
runoff, forming streams, rivers,
swamps, ponds, and lakes.

EVAPORATION
Heat from the sun causes PLANT UPTAKE, INTERCEPTION,
water to evaporate. TRANSPIRATION

Plants take up water from the
ground, and later transpire it

HYDROSPHERE, OCEANS back into the air.

The oceans contain
979% of Earth's water.

INFILTRATION, PERCOLATION, SUBSURFACE
FLOW, AQUIFER, WATER TABLE, SEEPAGE,
SPRING, WELL

Water is soaked into the ground,

The Water Cycle flovys belgw lt and seeps back out
enriched in minerals.

Water moves around our planet by

the processes shown here. The water

cycle shapes landscapes, transports

minerals, and is essential to most life

and ecosystems on the planet.

VOLCANIC STEAM, GEYSERS, SUBDUCTION
Water penetrates the earth’s crust, and
comes back out as geysers or volcanic steam

The water cycle




Wéa;her related disasters

Calculating the Cost of Weather and
Climate Disasters*|'"News-}J.National Centers
for Environmental Information (NCEI)

(noaa.qov)



https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters

We‘éﬁﬁer related disasters

.

Calculating the Cost of Weather and
Climate Disasters'| News |-National Centers
for Environmental Information (NCEI)
(noaa.gov)
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In pairs, make a list of the top weather and climate disasters.
How much do you think each event costs?



https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters

Weather related disasters

-

Calculating the Cost of Weather and
Climate Disasters'| News |-National Centers
for Environmental Information (NCEI)
(noaa.gov)

Troplcal cyclones have the highest average cost per event of $20.3 billion.
Drought/heat waves have an average cost of $10.0 billion per event.
Wildfires have an average cost of $6.2 billion per event.| 0
Flooding events have an average cost of $4.7 billion per event.
Winter storms have an average cost of $4.1 billion per event.
Freezes have an average cost of $3.7 billion per event.
Severe storms have an average cost of $2.3 billion per event, but are the
most frequent disaster type.



https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters
https://www.ncei.noaa.gov/news/calculating-cost-weather-and-climate-disasters

Wé‘zat_ther vs Climate

:.' Determined: Ove”r_]t‘ir{m_e

3 "1 Looked at by the years

- Reported as an average
Depends on the location on Earth
Weather makes up climate

Measures
conditions

Determined: daily

Looked at by the minutes,
hour, day, week

Reported as a forecast
Depends on the weather
occurring mainly to the
west

Climate helps you

determine the weather




Climatic Zones

« Koppen-Geiger Climate Zones
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Present and future Koppen-Geiger

climate classification maps at 1-km

resolution | Scientific Data

(nature.com)

New and improved Kdppen-Geiger
classifications. Part (a) shows the
present-day map (1980-2016) and
panel (b) the future map (2071-2100).
The color scheme was adopted from
Peel et al.


https://www.nature.com/articles/sdata2018214
https://www.nature.com/articles/sdata2018214
https://www.nature.com/articles/sdata2018214
https://www.nature.com/articles/sdata2018214

Climate variables

« Some meteorological variables that are commonly measured are as
follows:

Cloudiness

Humidity x) Atmospheric
pressure

Precipitation




Natural causes — internal variability




Natural causes — External forcing

e

Plate tectonics

l

Greenhouse gases Solar output

Orbital variations
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Natural causes — Orbital vari

s in the Earth’s orbit can trigger changes in climate su
g an d of ice ages.

« More tilt = warmer summers and colder winters .
* Less tilt = cooler summers and milder winters

- Orbital shifts are so gradual that they canonly . = &
be observed over thousands of years - not d’ecades‘Or centuries

N - 3 A.
- .

March 21

? ~”
1 ) orbital plane

June \ ‘ / December

September 21



Natural causes — solar output

« The Sun is the source of energy for the
Earth’s climate system.

« The Sun’s energy output appears
constant from an everyday point of view,
small changes over an extended period
of time can lead to climate changes.




Natural causes — solar output

.

« A decrease in solar activity was thought to have triggered the Little Ice Age
between approximately 1650 and 1850, when Greenland was largely cut off
by ice from 1410 to the 1720s and glaciers.advanced in the Alps.




Natural causes - volcanism

. lVolcanic eruption throws out
an enormous amount of
particles and other gases
that effectively shield us
from the Sun to lead to a
period of global cooling.

-

Stratosphere

| n;echon

hv

Photochemistry ¢ OH
) DlSp&l’SlOﬂ CIONO2
3 HCI \

O,—*H, SO,

@ Nucleation

x\\

Acid Rain

Ozone Destruction
HNO,

{HNEO CiO—+O,

Condensation,
Coagulation Sedlmentatton.

Circulation

Cirrus Cloud‘_—/
Nucleation

Troposphere



https://earthdata.nasa.gov/learn/sensing-our-planet/volcanoes-and-climate-change

Anthropogenic causes

Coal mining

‘ Air pollution
n ' Industrial processes

Greenhouse gases ‘




Greenhouse gases

« Greenhouse gases are those that absorb and emit infrared radiation in the wavelength range
emitted by Earth.

* Infrared radiation is emitted from the
Earth surface.
. Solar radiation passes throuah the « Some of the infrared radiation passes
clear atmosphe?e g o through the atmosphere and some
. %),K“a% \ _ . .
 Most radiation is absorbed by the AN\ absorbed and re-emitted in all
Earth surface and warms it. X molecules. The effect of this is to
« Some solar radiation is reflected by \;vt?:(')nsthheeléarth surface and the lower
the Earth and the atmosphere. P '

[

The burning of fossil fuels like coal, oil, and gas for electricity, heat, and
transportation is the primary source of human-generated emissions.



Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes

Into space ’

Less heat escapes

H into space




CO2 concentration in the

atmosphere is currently 40%
higher than it was when E%dl *
Industrialisation began. g = ™

Other greenhouse gases are
emitted in smaller quantities,
but they trap heat far more .
effectively than CO2, and Iin r R Y o
Bsome cases are thousands of |00 D0 Cougiie. Yol
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carbon dioxide level (parts per million)
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For millennia, atmospheric carbon dioxide had never been above this line

|<+— 1950 level
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https://climate.nasa.gov/evidence/

Deforestation

-.! o

Deforestation is the R 7r s Rk

permanent removal of trees  go el = 23 & e

to make room for something
besides forest.

This can include clearing the
land for agriculture or
grazing, or using the timber
for fuel, construction or
manufacturing.




OZONE LAYER

Carbon dioxide Carbon dioxide
and ozone and methane 3

CFC’s



Mining

* Coal mining releases methane, a
potent greenhouse gas. Methane
emissions from coalmines has a
global warming potential 21
times greater than that of carbon
dioxide over a 100-year timeline
(Source IPCC).



Industrial processes

» These total emissions for industrial
process are comprised of: (Fischedick,
Roy et al. 2014)

» Direct energy-related CO2 emissions )
for industry I 9

: : c Otl
- Indirect CO2 emissions from Fuel - W | 4.3

production of electricity and heat for Carbon

Dioxide
industry
Air

» Process CO2 emissions =y 1l

e Non-CO2 GHG emissions
 Direct emissions for waste/wastewater \

Processing

Raw hMatonal Processed Material

Source: CO2CRC.com



Consequences of climate change

« Changes in:

« Glaciers and ice sheets
« Sea level change

« Seaice

» Heavy rainfall across the
globe

« Extreme Drought

» Decline in Crop
productivity

« Changes in ecosystems
* Hurricanes

* Rise in temperature
 Acidification of seawater




Activity:

Provide a short summary of how these impact the physical landscape?

Photo credit UCSUSA

« Changes in:

» Glaciers and ice sheets
» Sea level change

« Seaice

» Heavy rainfall across the
globe

» Extreme Drought

» Decline in Crop
productivity

» Changes in ecosystems
* Hurricanes

* Rise in temperature Prepare a short presentation for the
 Acidification of seawater class.



Consequences of climate change

Source: ESA

» 0007419



https://www.esa.int/ESA_Multimedia/Videos/2019/02/ESA_and_climate_change#.YAOXYfmhAzo.link
https://www.esa.int/ESA_Multimedia/Videos/2019/02/ESA_and_climate_change#.YAOXYfmhAzo.link

Why measuring climate change?

Potential Effects of Climate Change

* We measure climate change
to understand climate,
climate variability and !
climatic changes at the local,
national, and regional, and

global levels; Health oll , et
Weather-related mortality Forest composition
» To understand better how Infectious diseases Faupdeaii Geographic range
. Air-quality r tor e :
climate change affects our inesses. T bl
social systems; | Widres

“E————

» To better plan adaptation
measures to tackle the
potential or actual impacts of | 7

imate Change. Species and Natural Areas Coastal Areas

Loss of habitat and species p— Erosion of beaches
Cryosphere @ = Inundation of coastal lands

diminishing glaciers Additional costs to protect
coastal communities

Precipitation ssealevel Rise

5
Water Resources Agnczmure
Water supply Crop yields
Water quality Irrigation demands

Competition for water



low climate change is measured over time

« Earth-orbiting satellites, remote
meteorological stations, and
ocean buoys are used to monitor
present-day weather and climate.

» Paleoclimatology data from
natural sources like ice cores, tree
rings, corals, and ocean and lake
sediments

Source: WMO: https://public.wmo.int/en/programmes/global-observing-system

« Scientists use this data as an

Input into sophisticated climate Global Observing System | o, oo
models that predict future climate g s N
trends with impressive accuracy. ”'{ .

o
o’
o O
. -
"
.
.

AIRCRAFT o
el .
S S
* -~ \‘ ®
o . % @ :
O o *so"  SATELLITE .
A : GROUND »
OCEAN ‘ 3 N 2 R . w&;;“-“
DATACD ¥ . e Mo
BUOY . . otperarm— W 4
» SATELUTE - PR : /
Y : SOUNDINGS £ . v
R Ty S . ;
ST UPPER-AIR 3\ >
WEATHER SIALOBL Pl ) ; d
i \
SURFACE 1 . “
i STATION T e N -

]

ni

a
—— % AUTOMATIC
mm / 4y STATION
\ !



low climate change is measured over time

« Earth-orbiting satellites, remote
meteorological stations, and
ocean buoys are used to monitor
present-day weather and climate.

» Paleoclimatology data from
natural sources like ice cores,
tree rings, corals, and ocean and
lake sediments

Source: WMO: https://public.wmo.int/en/programmes/global-observing-system

« Scientists use this data as an

Input into sophisticated climate Global Observing System | o, oo
models that predict future climate g s N
trends with impressive accuracy. ”'{ .
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Essential Climate Variables

» Essential climate variables (ECVs) are physical, chemical, or biological
variables or a group of linked variables that critically contributes to the
characterisation of the Earth's climate.

» Relevance: The variable is critical for characterising the climate system and
its changes.

» Feasibility: Observing or deriving the variable on a global scale is technically
feasible using proven, scientifically understood methods.

» Cost effectiveness: Generating and archiving data on the variable is
affordable, mainly relying on coordinated observing systems using proven
hnology, taking advantage where possible of historical datasets.




Essential Climate Variables

« ECV data records are intended to provide reliable, traceable, observation-
based evidence for a range of applications, including monitoring,
mitigating, adapting to, andattributing climate changes.




Essential Climate Variables

« ECV data records are intended to provide reliable, traceable, observation-
based evidence for a range of applications, including monitoring,
mitigating, adapting to, andattributing climate changes.

»»»»»»»»»
=

< Atmosphere Ocean
SeS

GCOS | WMORS Click on the following link and choose an ESV. Summarise key
~— Information


https://gcos.wmo.int/en/essential-climate-variables/

More than a list of variables

» Building on existing science, data holdings

Climate

and observational infrastructure. spem.
Guidance is provided on their observation, and Obsenvation
the generation of products from Earth onaie”

observation.

They provide one basis for an
organised assessment of capabilities
and needs.

D

Organisation could be by observing  Foundation Guidance
a network, physical/chemical cycle  ciimate science User requirement
Climate data Observing principal and
ﬁ standards
Observgtional G g 1L Guidelines for dataset
and infrastructure generation

Reference: Bojinski et al., 2014




Essential Climate Variables

SURFACE
Precipitation
Pressure
Surface Radiation Budget
Surface Wind Speed and Direction
Temperature
Water Vapour
UPPER-ATMOSPHERE
Earth Radiation Budget
Lightning
Temperature
Water Vapour
Wind Speed and Direction
COMPOSITION

Aerosols Properties

Carbon Dioxide, Methane and other Greenhouse Gases

Cloud Properties

Ozone

Precursors

OCEAN

PHYSICS
Ocean Surface Heat Flux
Sea Ice
Sea Level
Sea State
Sea Surface Salinity
Sea Surface Temperature
Subsurface Currents
Subsurface Salinity
Subsurface Temperature
Surface Currents
Surface Stress
BIOGEOCHEMISTRY
Inorganic Carbon
Nitrous Oxide
Nutrients
Ocean Colour
Oxygen
Transient Tracers
BIOLOGY/ECOSYSTEMS

Marine Habitat Properties

Plankton

Above-Ground Biomass

Albedo

Anthropogenic Greenhouse Gas Fluxes
Anthropogenic Water Use

Fire

Fraction of Absorbed Photosynthetically Active Radiation
(FAPAR)

Glaciers

Groundwater

Ice Sheets and Ice Shelves

Lakes

Land Cover

Land Surface Temperature

Latent and Sensible Heat Fluxes

Leaf Area Index

Permafrost

River Discharge

Snow

Soil Carbon

Soil Moisture




Summary

Understood the difference between weather and climate

Became familiar with ¢concepts of climate change

Became familiar with the climate change causes

Became familiar with concepts of ECVs




Data clinic

* Let's get this sorted! ©




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: Water has high specific heat capacity 
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63

