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Climate Section - Lecture and Study Notes

The material presented in this booklet is arranged by lecture. It consists of black and white thumbnail
copies of selected slides used in lectures, lecture outlines, key words and recommended reading.
Focussing questions are given to help direct your study and understanding of the various themes.
Please bring this booklet to each lecture in this section of the course.

Coloured versions of thumbnails of visual material used in lectures are also available on Cecil. Keep in
mind it is better to use resources on Cecil, as colour keys can be recognised and you can zoom in on
detail in small scale diagrams and figures. Most figures and diagrams shown in the thumbnails can be
found in the readings, mainly in the Strahler and Strahler text described below.

The information contained here and the thumbnail lecture notes on Cecil are not intended to be
primary source material. It is intended only as a memory aid o help you recall the structure of lectures.
You are expected to find the relevant material in the readings to build on what is presented here and in
the lectures and laboratory exercises.

The basic reading texts are: a) Strahler, A. and Strahler, A, 2005. Physical Geography - Science and
Systems of the Human Environment, 3rd edition, John Wiley and Sons, New York; and b) Smithson,
P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment, 3" edition,
Routledge, London. The books are complementary. Some of the detail in Smithsan et al (2002) is
indicative of how themes will be developed in more advanced courses, in particular, GEQOG 201. Note
that chapter and page numbers given here refer to the 3rd editions. There are three editions of each
book. If you are using the 1¥ edition of Strahler and Strahler (1997), notice that chapter numbers are
two less than in the 2™ edition (2002) or 3" edition (e.g. Chap 3 in 1997 edition is equivalent to
Chapter 5 in the 2005 edition). The earlier editions of the other text (the equivalent of Smithson et al,
2002) are quite different, so readings refer only to the 3rd edition, Carefully look through both of these
books and read those parts that coincide with themes or topics covered in lectures. There are some
additional basic reading sources listed after lecture summaries. Details of the readings, including
where to find them, are given in the general course handout.

Leciure schedule — Climate Section S1 2011

2 March Basics of climate |: Earth's atmosphere and role of the Sun
3 March Basics of climate |I: radiation and temperature
7 March  Air masses and cyclogenesis
8 March  Nature and causes of winds
10 March  Atmosphere and ocean circulation '
14 March  Decadal-scale circulation systems (ENSO)
16 March  Weather forming systems
17 March  Climate variability and change
21 March  Test - Climate section
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Lecture I The basics of climate I: Earth’s atmosphere and role of the Sun

Content

Climate, key climate variables and controlling factors are defined and explained, with
emphasis on the importance of location. Radiation from the sun drives the processes that
determine climate. An understanding of radiation is therefore fundamental to climatology. In
this lecture we follow solar radiation through the atmosphere to the surface of the planet as
well as examine long wave radiation exchanges.

Themes

What is climate and what the main climate controls?
Composition of the atmosphere

Factors affecting climate

Earth’s rotation and orbit

Radiation and electromagnetic spectrum

Insolation and world latitudinal zones

Controls on radiation

Lecture objectives

List the gases that make up the atmosphere.

Climate significance of Earth's rotation on its axis and its revolution around the Sun.

Relate the tilt of the Earth’s axis with seasonal variation.

Distinguish between a solstice and an equinox.

Demonstrate the effect latitude has upon the amount of insolation received by the surface
of the Earth (thus the creation of world latitudinal climate zones).
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/Key words :
/' troposphere /stratmphere ,A’ rtwave radiation ‘/f gwave radiation
-\/&a{t and Joule 7 solar spectrum olar constant nsolation
Z‘Sﬂlsﬂﬁe solar angle © Earth-Sun distance gquinox ! direct radiation

bal radiation 7 diffuse radiation ﬁreenhc-use effect ¢ atmospheric window
1et radiation 7] scattering albedo

Focussing questions
at are gases make up the Earth’s atmosphere?
x%y is solar angle so important and what factors determine solar angle?
at is insolation?
. ‘What is the significance of the seasonal imbalance of net radiation between hemispheres?
. /Give four reasons why the intensity of solar radiation at the Earth’s surface is always less than
Y the solar constant.
~ Why do most objects reflect little or no longwave radiation?
Describe atmospheric transmissivity and optical air mass.
What is the significance of the tilt of the Earth’s axis (in terms of climate)?

Reading

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2™ or 3 ed., John Wiley and Sons, New York. Relevant parts of Chapters 3
and 4.

Smithson, P, Addison, K. and Atkinson. K., 2002 Fundamentals of the Physical Environment,
3* edition, Routledge, London. Pages: 18-24, 26-29, 39-51.



GEOG 101 - Climate Section

Main texts
» Lecturer: Chris de Freltas Strahler, Alan and Strahler, Arthur,
« Room 557 Physical Geagraghy, Juhn Wiley and
« rdefrettas@auckland.zc.nz Sans, New York,
+ Ext. 85283

Smithsaon, P., Addison, K. and Atkinson,
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oY X A Lecture Outline
GEOG 101 - Lecture LY 3 (P '
= W s Composition and structure of the atmosphere
Earth's atmosphere and role of the Sun . ERSGtenand o
« Sun-Earth geometry
Lecturer; Chris de Freitas « Controls on radiation

« Radiation and electromagnetic spectrum
Solar and terrestrial radiation

+ Radiation and energy balance, induding counter radiation,
albedo and greenhouse effect

» Met radistion and poleward heat transfer
» Latent and sensiole heat (also at start of following lecture)

Controls on radiation



T‘ne Earth's /atnpcsphere

—_—] L_ [ L:\.
* Atmosphere = gaseous E:nvelape surmundmg
the Earth, I3 H_Ml Pl

1._,_..1”

{ |.Jl|.
» Conceived of as a series of concentric !ar',rers.
» Atmosphere is held down by grawl:,f : jep?
g

surface.

» Most of the atlmspheres mass is ne:art’rm L Al

KL U o s ot

g i
i l""u'j L |

Composition of the atmosphere
in the troposphere

Constant gases

Nitrogen 78% (converted by bacteria into a
useful form In soils)

Oxygen 21% (preduced by green plants in
photosynthesis and used in respiration)

Argon ~1% (inert)

¥ | & 100%. So what about the ‘other” gases?)
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Earth's distance from the Sun: perihelion (nearest),

Eati's suface in Javesary and 14% less radabon i Juky.)

aph&ﬁnﬂ {Fa I‘thESt}. {Leads to aporoemately 34% more solar radiation at the

The Sun Is not In the middle of
the plane of the ediptic

Aphelion - the Earth
furthest away from Sun Perihebion - thie Earth
(July 9} chosast to Sun (January 3}

Variation in distance of 3%

= Diagram axagperatss dislance varaton

The Earth rotates from west to east once Ever'rf
23huur556mln3| gt Vo L
As the Earth's axis points same wav it remains
paralle! (parallelism)

~—y '} v

Solar Constant = 1370 W/m? /¢*
39 % 10 W b L

~150 millicn km __].

. — D —
= Right angles to solar beam
» Quitside atmosphere
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Once solar radiation enters the earth-
atmosphere system the movement
and distribution of the resulting
radiant energy to a very large extent
determine the climate experienced at
a any given location.

! : Wavelength of radiation
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Energy Units

1 W (Watt) = 1 1 per second

1W/im? = energy flux gensity i.e. flow per unit area)

W m? (W/m2) = terminclogy most likely to encounter

Radiation

Everything above -273°C (= absolute zero, 0 Kelvin)
emits radiation,

Sun emits shortwave
Earth emits longwave l

Basic Radiation Concepts

The hotter the object the shorter the wavelength

Electro-Magnetic Spectrum

Very hot object (only one: Sun) N o i T
e i i 1] 1
&ﬂ‘.ﬂr g e R = B e OV e SO L S s B e
Cooler objects (everything else) S 160 e fow Gewe e SO0 r——
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Sun & Earth Radiation Solar Radiation ks 2 ,
T e Aty L9 II".le r_-‘b"f-""" l,-.-".ﬂj'ﬂ' &g L0
#Uneven global receipt of solar radiation ol oA - J._{_’

Controls on radiation

» Triggers vast transfers of ma‘gyL_:? ru'j(
= Winds
= Ocean currents

# Largely responsible for the variety in climates
over the Earth's surface

¥ Climatology requires understanding of the basic
processes

o*'“'




Solar energy

Insolation (incoming splar radiation)

Measured in units of watts per square meter (W/m?)
Varies mainly because variable 'solar angle’

Controls on intensity of solar
radiation at the surface

1) Angle of incidence {solar angle)
Lo
(Y

2) Daylight hours & 1 A

3) Effective depth of atmosphere
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solar angle (angle of incidence) is a ol
function of; _ e

Y
+ Time of day 24 l'_-')‘ﬁ'_ o
v Solar declination (i.e. season) !
+ Latitude

Effect of latitude on Intensity of solar radiation

r TR

Latitude and Intensity of Solar Beam

World Latitude Zones

Globe divided
into broad
latitude zones
that we use to
describe dimatic
and other
geongraphic zones

Controls on radiation
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Controls on intensity of solar

Implication of tilt for daylight hours
radiation at the surface = :

..-- : : p #

1) Angle of incidence (solar angle)
—p ) Daylight hours

3) Effective depth of atmosphere

Controls on intensity of solar
radiation at the surface

1} Angle of incidence (solar angle)
2) Daylight hours

=—p 1) Effective depth of atmosphere

Equivalent atmaspheric depth (also known as "optical air mass™)

=
("3 ]
@ : Depth (quantity) of abmosphere
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2 ] {which Includes clouds)
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Effect of latitude on salar radiation recelved at the surface } Controls on Solar Radiation at the Surface /
bl 5 o " | 'y
: &l I ~ |Clouds|  [Albedo] ‘

= K*= (Ki - KT)

el e, amm e

K = Shortwave [solar] radiation
K* = Net shortwave [solar] radiation

[NOTE: Ki = direct plus diffuse solar radiation

Albedo

« [Shortwavelradiation reflectivity
+ Determines incident[shortwave] radiation
available at the surface_ {
« Typical values:
¢ Clouds 0.3-0.9 |Fresh snow 0.9
« 5and 0.2-0.5 |Grass 0.3
» Forest 0.03-0.2 |Water 0.03-0.9

Sunshing
(hrsfyr):
Shows
influance of
cloudiness

NOTE: “Reflectivity” is expressed as percentage (%)
“Albedo” Is proportion of 1 (0 <=1)

Planetary Albedo (Reflectivity)

Total = 0.3 {30%:)
¥ Clouds: 0.2 (20%)
¥ Armosphera: 0.06 (%)
« Surface: 0.0 (4%

What happens to absorbed radiation?
# Al abjects emit radiation

¥ Longwave radiation for objects at typical earth surface
temperatures (~300 K)

® But very different interaction with the atmosphere
rompared to shorbwave...

Controls on radiation




Lecture 2 The basics of climate II: radiation and temperature

Content/Themes
Net radiation at the surface is energy available to heat the air and evaporate water
(including transpiration from leaves of plants) and to drive winds. It is the single most
important climatic variable. Net radiation is seldom zero.

Radiation and energy balance including counter radiation, albedo and greenhousc effect
Latent (evaporative) and sensible heat

Net radiation and poleward heat transfer

Temperature measurement

Factors affecting temperature

Temporal and spatial characteristics of air temperature

Thermal characteristics of water and land

Lecture objectives

1)
2)
3)
4)

5)
0)

7)
8)

9)
10)
11)

12)
13)

Describe the factors affecting climate.

Distinguish between sensible heat and latent heat.

Identify five important controls on air temperature.

Describe the global energy system and the various pathways for both absorbing and
scattering the radiation passing through the atmosphere.

Define net radiation and explain its relationship to latitude

Discuss methods for measuring outside air temperature and the instruments used for
this process.

Correlate the daily cycle of air temperature with daily insolation and net radiation.
Contrast the rural environment with the urban environment in relationship to air
temperature.

Explain the concept of the urban heat island.

Visualize the temperature structure of the various levels of the atmosphere.

Explain the reasons for the annual cycle of air temperature, especially in relationship
to net radiation.

Describe the factors controlling air temperature patterns worldwide.

Why are latitude and location (maritime or continental) important factors in
determining the annual temperature cycle of a climate station?

/?,ey words _
:/rfsih]e heat flux / latent heat flux

convection ‘1 radiation balance
| measurement of air temperature ’: daily and annual eycle of air temperature
“l urban vs. rural temperatures " urban heat island
" temperature structure of the atmosphere  \/troposphere
Xgratosphﬂre A\ temperature inversion
‘land and water contrasts continentality

/' environmental lapse rate
L

Reading
Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2™ / 3 ed., John Wiley and Sons, New York. Relevant parts of Chapters 5.

Smithson, P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment,
3™ edition, Routledge, London. Pages: 51-55.



ussing questions
efine net allwave radiation and explain how it links the surface radiation and cnergy
budgets.
at is the atmospheric window?
Tow does solar radiation received at the top of the atmosphere differ from solar radiation
received at the Earth’s surface?
at role do clouds play in the longwave radiation budget of the Earth’s surface?
ow does the atmosphere affect longwave radiation flow from the Earth’s surface to space?

w are net radiation and temperature related?
at is a thermometer shelter? Why is it built in the way it is?

A

t five factors affect temperature?
y is the minimum temperature for the day reached about one-half hour after sunrise?

ribe the concept of the urban heat island.
“Why is it that a heat island effect is less likely to be seen in cities set in a desert environment?

/) w is mean daily air temperature calculated?
ompare land and water as energy systems, describe the thermal differences between them

and the significance of these in terms of climate.



GEOG 101 - Lecture
Radiation and Temperature

Chris de Freitas

Outline

» Radiation and global energy balance
= Temperature measuremeant

» Factors affecting temperature

» Temporal and spatial characteristics
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The longwa\re radiation is absorbed
by gases in the atmu:-.‘phere
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If we look at how much radiation we
receive from the Sun and compare It
to ocur current temperature, the
Earth is warmer than it should be.

This is because it is harder for
longwave radiation to leave, so the
Earth is warmed, >

e 6_,.-{-:{
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"Greenhouse Effect”

Greenhouse gases include water vapour,
carbon dioxide, ozone, methane, CFCs.

They absorb longwave radiation. They also
radiate it to the surface and to space

The Earth is warmer (by ~33 °C) than it

‘Greenhouse Effect’

The atmaosphere absorbs langwave radiation.
It therefore emits radiation to space and also
toward the surface

would be without these gases.  / juru)
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Radiation Transmitted by the Atmosphere
5 -
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N g Somes Nauira Tepeia
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Atrnospheric Radiation & Encr‘gy BLngEtE

Window

* Incoming and outgoing radiation rarely equal at
= Any paint in time
* Any point in space

= What accounts for the surplus or deficit?

» The energy budget is the key...

¢
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Radiation Balance

» Shortwave [solar] (K) ; ;
s Longwave (L) 7 4 Mean Annual

L e g
» Net allwave radiation {Q*) . “ 7 Q* (Wm?)

I
»Day:  Q* =(Ke-KD)+(LL-LD
»Night: O* =Li-LT

sl
# Py
£

Met radiation -

The difference between
Incoming and outgaoing
radiation

At high latitudes there is
an energy deficit

Poleward heat transfes
maves surplus enargy from
lowr to high fatitudes




Latitudinal net radiation budget - December

o

Latitudinal net radiation budget - June
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It is this net allwave radiation (also

known as "available energy”) that:

ction, and )
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b) evaporates water by convection

Ar
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a) heats the air by

of air move water vapour (evaporation
and transpiration) and heat between the
surface and the air.

Convection Is a process by which eddies ’ . B

Main energy transfer processes

# Radiaticn
= Sun (shortwave)
+ Other objects (longwave)

» Convection (mixing)
* Transfer of heat (& vapour) in air
« Transfer of heat in water
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surface budget: 46 - 115 + 100 = +31 = (2447) l
Atmosphere budget: 23 - 100 + 115 - 69 = -31 = (24+7)
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Factors Affecting Climate

= Insolation - daily and seasonal variations
| atitude - angular term related to the above
« Surface bype - surface albedo and maisture state

«Coastal vs. interior location - temperature range is
lower at coasts

» Elevation - thinner atmosphiere means lowar air
pressure and reduced greenhouse effect

Air temperature is a key indicator of
the influence of the above factors

Temperature

The atoms and molecules which
make up & gas are in constant
motion. Temperature is 8 measure
of the speed with which they mowve,
(More exactly it is a measure of their
kinetic energy.) The higher the
temperature, the faster they move.

Sources of temperature data:

«Surface’ data
=Balloon data

«Satellite {MSU) data
sPropoy data

Chwrpgan e

mivetsgEia. paneg on hoss ot t cepgen i

Temperature

s Tharmomelers —a
comman sensor o
mEeasing
ternperatune,

= Temperature declings
with height in the
troposphere,

« Warm air i5 less
dense than cold air.

= \Wammn air rises, oold
air sinks.

Therespeetiet TrarTNST

Dkt i Tompriiling so—0]

Daily temperature grofiles close to the ground

ARifude, km

Temperature zones in the atmosphere
Air wemparature, °F Trongsphers bounded
0 032000 2 900 by the troDapause
[ LA 12km),
% p— .
140 i3 Above this is the
i L= A smamsphers in the
120 B 2 swatosphere
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- Ll absorption of solar
P T R, SRy % T TP raciation by atoms of
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x & | Strotesphere < 20 not much heat as
a0 - abmasphere (s very
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=100 =50 0 /0
Air temperature, "C




Thermal structure of the atmosphere Normally temperature decreases with height
The tmpasphere is the fa?‘Er nearest the ground. = .
T + But somatimes o180 ;:‘;ﬂr*uluuu |

Temperatura [ ugger air ls it | g ;
decreases on it than
averane by rair s
6.4°C per 1000 b
metres in the 1 « Do I thie
troposphers = 1 - geosand caals
environmental F 1 overnight,
|lapse rate (vs. | + Or cold alr may
adiabatic lapse). | m into an

Daily insolation and air temperatura - mid-latitude,
; Morthermn Hemisphere
Factors affecting air temperature + Daily maxima and minima
« Positive net radiation leads 1o an Increéase in air temperatisne, but
there is a time lag.
« Insolation - daily and seasonal cydes. et ——— .
e |
» Latitude — insolation cycles vary systematically 5 um’ rsture | Al 88
with latitude (affects energy deficit or surplus). il qﬁd‘f i) {g%' = - m
[ - - " st
= Surface type - albedn of surface as well as i B ,, e e T
surface moisture {esp, city vs. rural) giod. e Lot -"E% "'*l 0% |
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is Jower at coasts, 3" T B R ery
. -5 - d T _\_‘___-! 20 |
mrg - thinner atmosphere and |ower '-,ll | 0 e e 31 H_'/ B
P i et g o AT D _—
i ;L-"‘Ef;n,_,{"“' (o™ ,-J;—- | By 2 {6 E 0hwn2 4 & & 10 M
o th N A @ ’ b AM o
L~ ,1---1__1-'-"’ L. Aers
; e Jl‘ r_f‘:‘\.c ok NS
? I i X - I.-_l.-".l_ ':-- i LD g
/h.rll-ﬁ'i 1{’1 ﬁ“d:‘.f-l:-r{ M':I o l.-'?'\-l'ki'h( I;I' Lﬂ" 'JL)P- 2 . Al ¢ o ?"’1‘ ‘ r'll\..'._.-‘_:- o 'I-r
bkt Rt . |I+ i (A 4 oy i
N J ST
World Latitude Zones SURFACE TYPE
FR S oy e e Temperatures - rural areas
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[t E;:] bzrg:d'dad + Transpiration from leaves cools the surface
| seberea latitude zones « Evaporation from meist soils plus transpiration
ey that we use to = evapatranspiration
describe climatic Temperatures - urban areas
and other
« Water is channeled sa surfaces dry; thus available
Ii '
| Tropcal geog aphic RO energy heats the air rather used in evaporation
sl « Surfaces are often dark (asphalt)
ey teibows ! D » Building materials store heat, and heat is released
: E?:‘E:e from buildings at night.
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The Urban Heat Island

= Haat sland tends to persist over night
= Parks can reduce the Reating

= Urban areas in deserts usually do not exhibit haat islands,
where irmgated vegetation may make the city cogler,
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Elevation and Temperature

= Generally temperatures drop with altitude (except Cuzco
that has a heat island}

« Daily temperature range also increases due to
decreased pressure
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Citias in Peru: temperature change with altitude

Net Radiation and Temperature

= Low latitudes have geeater amounts and longer
periods of surplus energy

» Where does highest net radiation occur?

World patterns of air temperature

- u-28 T N e
+ Digtribution of air e T L
temperatures shown on e, - f
@ map uses isotherms 5 :u') ar i
{lines of equal o B |
temparatura), el / ,n'llu'
+ Reveal centers of low or ﬂﬁ%;‘@f__. '!ﬂ/{y": . e
hagh temperatures, Feu $0UE |- '} s
and temperature {hs it . ¥ LS
gradients. - - _:: . 2 fi
Ly i 1
: St wir g earl

* Temperatures in
afuatorial regions
change little from
Janwsary to July,

* [sotherms make 3
large north-south
shift from January
to huby over
cantinants
midlatésde and
subarctic 2ones,




Maritime and continental climates

Land heats and
cools quickly whie
water heats and
cools slowhy, thus:

= Dcean surface has
a smaller annual
range of
rernperatiire
{maaritme climates)
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Global Radiation and Energy Balance

Space !n::g:_ng |__Outgoing radiation ]
cdaton
100 B 17 sl 2 40 20
1 A0 4 4 A
o] 7 | [ :
Atmosphere Met emisslon
oy Emissian
Absorbed by / waler vapour, by clouds
water vapour, 19 Reflected by o, 0,
dust, O, ;
Absorption
/ I 105 Y clouds, Latern
&  water vapour, heat fiux
Co,. 0,
Absarbed by Reflected o
clouds surface ) ensible
Absorbed o Lang-wave radiation heat fiux
¥
4 24
Ocean, land ; i e !

— }

From: Sturman and Tapper (1 996)

Surface budget: 46 - 115 + 100 = +31 = (24+7)
Atmosphere budget: 23 - 100 + 115 - 69 = -31 = (24+7)




Lecture 3 Air masses and cyclogenesis

Content

Air masses are large bodics of air with fairly uniform temperature and moisture
characteristics. They are classified on the basis of their latitudinal position and the nature of
the underlying surface of their source regions. The coming together of contrasting air masses
1s important for the formation of certain types of precipitation. This lecture is an overview of
air mass climatology and deals with the precipitation process covering: humidity,
condensation mechanisms, lapse rates and cvclogenesis.

Themes
Alir-masses: types and role
Water holding capacity of air
Cyclogenesis

Lecture objectives

L. Describe the different types air masses and the criteria used for their classification.

2. Identify the sources of various air masses.

3. Understand the changes that take place in a parcel of air as it rises or falls.

4. Explain the processes Ieading to formation of weather fronts, including wave cyclones.

Key words
L:?ld front -/ aid-latitude cyclones A’varm front
‘/Eﬂd front /I::r:lclusion 7 cyclogenesis
air mass mixing A spurce region Aewpoint
v/ stability ewpoint lemperature
Reading

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2™ / 3 ed., John Wi ley and Sons, New York. Relevant parts of Chapter 8.

Smithson, P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment.
3" edition, Routledge, London. Pages: 121-130.

Eecussing questions
ﬁ::cribe the characteristics of an air mass that originates over a hot dry desert area. How
does it differ from an air mass that originates over the Pacific ocean around Rarotonga?
\/ﬂ!ﬁllﬂ air mass? What features are used to classify air masses?

5 the context of air masses, what is a source region?

_+Describe the characteristics of five typical source regions,

2 Compare the characteristics and source regions of mP and ¢T air mass types.
i enti!’}' the air masses that are important in determining New Zealand’s climate,
./ Plescribe the formation of a cold and warm front. What weather accompanies them?
./ Hpw does an occluded front form?

'hy does the precipitation die off soon after occluded front formation?

,» What determines the water holding capacity of air?
* Identify three types of fronts and draw a cross section through each.
_ Draw a cross section through an occluded front and describe the process in cyclogenesis
' leading up to it.



GEOQG 101 — Lecture Lecture Outline:
Airmasses and their relevance

to weather and dimate = Airmasses: types and role

Chris de Freitas
Nl SR Ty .m‘
Air masses [T/ o Airmasses
e e
Experience (in Auckland) tells us... Vien OO
xperience (in ) . = Immense bodies of air
=M winds bring warm moisture-laden air * 100 b L0904 oF R 4goes
<Often unpleasantly sticky In summer, thunderstarms._ * Several km deep
¥ Pleasanthy warm in winter althaough often with rain + Up to millions of km?
¥5 winds bring cool conditions
Nieiaaiintty o 1 e otk sl # Characterised by homogenous characteristics
+Pleasantly cool and dry in summer * Temperature
+ Maoisture content
The characteristics
are from the parent
air-mass or St:pi?r{ne ¥ Characteristics determined by source region

p
I (YN W\ U,bw.pwm« i

. . Source Reql
Source Regions \ M\fﬂ&# -Fr al M»ﬁwﬁﬂ“ﬁﬁ

Recall that the atmosphere is: g 7 * Arctic/Antarctic A Arctic ocean and fringe lands
» Heated from below (j.e. from the surface) AA Antarctica
» Gains its moisture by evaporation from the surface y Pﬂ'*’_ ,_D:,‘-N P Poleward of 50 degrees north
P Rl el and south latitudes (50-65° |at,)
& Criteria for source regions: u‘{’ M\’P = Tropical T Within about 25 lat. of equator
» Extensie J.f*&.l"'”_j,_, A * Equatorial E  OQceans close to equator
+ Physically uniform — —
= Stagnation of atmospheric crculation - b
usually in stationary or slow-moving anticyclones + Continental c Over large landmasses - dry
* Maritime m Oner the aceans - moist

L Vhemad zones

Air masses and weather
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Typical Airmasses Stability

continental Arctic very cold, very dry (also cad) )
Stable air resists uplifting 2nd mixing. Often

fatl continental polar cold, dry, stabie Ay ! v air temperatul‘f‘: increases with altitude.
=i il ";1 Precioitalion is unfikely to occur.
eT cortinental bropical warmn, dry (stable air aloft -
. unstable surface air) In unstable air, convectional mixing and

- uplifting of air readily occur, Alr
| mP  maritime polar cold, moist {unstable) termperature decreases with altitude.
i Liplift will cause cooling and this can result
| mT  marltime tropical warm, molst (usually unstable) in precipitation.

'\ mE  maritime equatorial warmn, very moist (very unstable)

— L= £ A H i ]

V) O h:ﬁl
) .n_.-ﬂ,’;-ﬁft/ UU'M}ML* papto s
! - o =
, -J”"'Lgfr/ﬂ '

Global air masses and source regions

w‘ :-\_ —
COOLING AND PRECIPITATION [

[is finked with air mass interachion]

Precipitation is caused when air is
cooled to its saturation point -
condensation occurs,

For example, when a warm air mass

mixes with a cooler air ma
(1 AL

ek &

Air masses and weather



Water Holding Capacity Eﬁﬁ?ﬂ; ;&ﬂ;ge in the

50
-y
"

1) Air mass mixing
» Vertical
= Horizontal

40

-

2) Increased water content |~
lr"'"-_h' si"’tr’l_uf ‘&

3) Dynamic (adiabatic) cooling M
‘-Mlitbaﬂcpm

+~ = Cooling/warming due to expansion/compression

L — ] ; 'T « Mo heat added or subtracted

<40 -0t - -10 ] 30 40 i A

Water vapour [g/kg)
) i 30

r e
\m—:\“‘,.} ¥ 4 a8

1. Mixing of airmasses 2. Increased water content | ,\HT:J'*‘ -
o "f-ﬁ_;}w t..{,.u'
] ; i ] e R
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g
% g = o E N
2ol 3
J g .
R F N
™ e
E_qu -- > 0 ¢ e n'ﬂ s
.iur tempemmré' (°C)
., 1s
Y ng"‘lf.-’:
s ”
0 N = Adiabatic temperature change
3. Cooling & _5.-1
Vertical Dlsplacement,.f JJ,.U:'-
Lmerir&asurﬁ.f s .
Expansion
L
Cooling
P e R =»Condensation if dew point reached
=40 30 -2 -0 1] 10 0 30 4
Air temperature (°C)

Air masses and weather
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Fronts ~-
Two types: warm and cold fronts H v .
L

1. Warm fronts et

VHSE o

2000 i, 50% RH @ Dy
acknbabic e

V000 m, 37% RH @ 1%&#9“11 Cold air
2. Cold fronts
Warm air

Im a warm front, warm air advances toward cold
air and rises up and over the cold alr. Raln falls

from the dense Wd layer.
L?h}

Air masses and weather




At a cold front, a cold air mass lifts a warm air
mass aloft. The upward motion can set off a line
of thunderstorms,

2 a LQJ.:_' ,--{ -'Ff 4
{ e . ke W Lt
D -:f‘-«.' r.___,\._-#:L.{_ SIS

Comparing Fronts CFCLOGENESTS
Cold air
Frank = Wa Cold Mid latitude cyclones
Front type @ == (depressions)
Speed Slow | Fast » Develop through the
ey process of cyclogenesis, Warm air
Rain duration Long Short 1. A front forms and
convergence takes
- Light Hea piace.
Rain amount g VY Eront
r(‘ 1‘1.4!4{
e i‘]ﬁl"* AV
\o F‘J N~
(Uaal
2. A bend or 0 .
3, Air on either
wave forms on :
e Trort ____// ?Id& of the Cold air _,_,J/
rifnd ront flows
producing iwards r'
lower pressures }
Warm air
Front

Air masses and weather




4. Cold fronts
move faster
than warm
fronts, so the
cold front
catches up to
produce an
occluded front.

In an occluded
front, a warm front
is overtaken by a
cold front,

The warm air is
pushed aloft and it
is not longer in
contact with the
ground.

) Cexioded slage 0 Dirsivng visge

Air masses and weather
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Lecture 4 Nature and causes of winds

Content/Themes
Wind symbols
Presenting wind information
Anemometers
Nature and causes of winds
Coriolis force
Pressure gradient force
Intertropical Convergence;

Lecture ohjectives

1. Describe the relationship between pressure gradients and wind.
2. Describe the role of the Coriolis effect
3. Show relationship between global winds and pressure patterns.
4. Discuss the relationship between local winds and terrain.
5. Show the relationship between winds aloft, pressure gradients and surface friction.
Key words /
vAVind rose ?}l‘essme gradient force emometer
ﬁgﬁalis effect Gradient wind Geostophic wind
aromeler (‘Erprcssure fields VF riction force

<) Cyclonic flow 1 _Anticyclonic flow
h!

Reading

Strahler, A. and Strahler, A, 2002, Physical Geography - Science and Systems of the Human
Environment 2™ | 3 ed., John Wiley and Sons, New York. Relevant parts of Chapter 7.

Smithson, P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment,
3" edition, Routledge, London. Pages: 100-109, 158-159,

ocussing Questions
\é’ﬁat is an anemometer?
vWhat is a wind rose? _
hat determines wind speed and direction?

What causes the global winds?

Describe the basic pattern ot‘—gT:-—hal surface winds.

How are winds, the Coriolis effect, and pressure gradients related?

How is information about wind presented? ~



GEQG 101 — Lecture

Nature and causes of winds

Chris de Freitas

-

GEQG 101 - Lecture
Mature and Causes of Wind

Cutline

How wind is measurad

How wind information is portrayed

How winds are produced

How winds are directed

What controls the strength of winds

Mature of global air circulation (to next lecture)

|I ' )1"”-.-." l W
ﬁ'l., '. *F [-..- |," L\{, U r.' }":"';J -/* N i],{-_
1.-1 F - ; A
AL £ L y
1 : ¥
1 L no¥ (- .
Wind T ’
.-r?‘_,.'u ¥ MWW //NE
¥ Movement of air (mainly horizontal)
- two main properties: speed and direction T /
¥'Winds are named for the direction from which W — e E
diraction
ﬂ m! "
Eg: Westenlies flow towand the east. |
SW | S5E
s

Anemometer -
measures wind
spead

Nature of Winds




Hobwire anemometer

SURFACE
WEATHER MAPS

Darecrian
af air flow
/ {Here wind s
Shaft Trorm e W)

‘Whole feather = 10 knots Flag = 50 knots
/’- Hall feathar = 8 knots t
/ Tomal = 15 knots

UPPER AR CHJ\RTS

Baang

Wind arrows usad on weather maps and upper air charis,

‘Varabons in height are

Used on weather maps and upper air charts (500 mb)

L I Y 1
Wind Rose for Auckland . A )
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Nature of Winds




Upper Level Weat

her Chart (500 mb)

e

r  Wariaicos in height ar analsgous o

varialiors in prissure, Hgh heght
lields comesnand ta high FressunE
Nalcts,

e
J;tmuspherlc Pﬂj
As the atmosphere is held
down by gravity, It exerts a
force upon gvery surface
{pressure = farce per unit
area)

At sed level the force is the
weight of 1 kg of air that
les abave each square
cantimeter of the surface,
on average (or 15 Ibs per
inch).

.

|

Columes ol |

g |
ot inthin |
Tl sesicn

Pressure Units
Weather Related i
Pascals 101,325
Miliibars 101325 500 50

" ._:mf'}
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L

ORE

vy N
i | r
Y/ 7 'S Py
vy J
i X
J A
L
»5 Atmospheric Pressure
y As the atmasphers i
< held dawn by gravity, Mercury barometer
i It exerts 2 farce upen
> every surface
[pressure = force per :
i Average s el pressue
Clidies 22,82 In Hg, o 1012.25 mb.

Nature of Winds




Forces and Mation
Pressure
, Pressure forces are TR -
Atmospheric pressure proportional to only one Influence on '
£ the movement of
temperature and density, atminspharic aii
Air responds similarty : |
o a5 water to this force, 4
manding from higher | R - |
pressure to lower Fat B
T identical Cooled Warmed pressure. e e e
columns, =TT T e
(ﬂ
Joad 410 v
(o e e T Wi
i ‘{ - culiﬁr ' VOV al b
WL e S AT e
W' oeP© A
! =
@# Circulation . Temperature Controls
F .-'1,\,."‘[‘1._..-_.1._ a s - s T
§ H v S = X : B
* Air cannot just »_ranlsh,_ hence... _ » “Solar radiation heats land, water, air
+ We talk about circulations rather than winds - Land warms, heats air e e—
~ Air drculates H
+ Convection cells o :
= Wanms > expands -> rises h ;
= toals -> contracts - sinks ':*"_'EF
= Water circulates
= Currents driven by wind & Earth rotation
= Water temperature increases SLOWLY
= lange energy change nesded for small temp. changs
Pressure Gradient Force
Three factors determine the speed and
direction of wind: Steep pressure gradient Gentle pressure gradient
{Fast winds) {slow winds)
# Pressure gradient force
# Coriolis effect (Coriolis "“forca™ E
= Frkan o :. L__
An

Nature of Winds




Differences in air pressure = a pressure gradient Wind — Pressure Gradient Force

The press ient forces acts at
righteanglﬁutfgr:?;g:ars (30 degrees) + Cauged by diference in abr pressure aver a specific distance.
= Winds move from high to low pressure, aoross isobars.

—_— A

weak pressure gradient strong pressure

The planet Earth also rotates

= In the northern hemisphere air appears to
be deflected to the right

= In the southern hemisphere, deflected to
the left

+ This deflective force = Coriolis "force’

Gaspand Gusizve de
Coroka 1702 — 1543
{French mamemacian

Wind — Coriolis Effect

Deflection of horizontal moving
objects due to the Earth’s rotation,

Imagine a turntable

o
+ When not tuméing, 2 ball traces
etraight line

+ When meving, ball traces a
curved line

Imagine & ball tled to a length of string swinging
fram your hand above your haad:

+The pall ls mowving fast relathve to the speed of
the string near your hand,

Nature of Winds g™




Differences in alr pressure = a pressure gradient

The pressure gradient forces acts at
right angles to the isobars (90 degrees)

strong pressure
gradient

weak pressure gradient

Wind — Pressure Gradient Force

* Caused by difference in air pressure over a specfic distance,
* Winds mave from high ta low pressure, across sobars,

The planet Earth also rotates

¢ [n the northern hemisphere air appears to
be deflected to the right

+ In the southern hemisphere, deflectad to
the left

* This deflective force = Corlolis ‘foree’

Gaspard Gustave de
Corloks 1782 — 1843
{Femnch mantnematizian;

Imagine a turntabie ﬁ

* When not turning, a ball trac :
Straight ine

« When moving, ball traces a
cunded fing

Imagine a ball tied to a length of string swinging
fram your hand above your hiead:

=The ball ls moving fast relative to the speed of
thee string near your hand,

Wind — Coriolis Effect

Deflection of harizontal moving
objects due to the Earth's rotation,

Nature

of Winds




Coriolis Effect

Maoving objects are
deflected

o their right in
northem
hemicphers

to their left in
southern
hemisphers

General Circulation of the Earth’s Atmaosphere

//“’ “\ Deflection is least
/ De 2 \ at the equator

and greatest at

| No Deflection the lI.leE

—

« The deflective force - Coriolis force — offsets the Low pressure _
pressure gradient force Pressure Tﬂh‘f
gradient force W
* Because the wind is deflected it now flows 543
parallel to the isobars = geostrophic wind T
1000
1004
1008 i ::H__-.H
102 =
106
160 —
High pressure
Friction
= Friction acts at the Eriction forces
surface. « As wind flows over the surface friction reduces
* The effect of friction the speed
decreases with altitude.

« Also, winds at the
surface aren't as strong
as thase at higher
altitudes

|
:

= Friction also changes the direction of the
ageostrophic wind

= The pressure gradient force over powers the
Coriolis effect

+ As a result wind fiow across the isobars

Nature of Winds




pressure gradient and Corlolis forces
plus friction = Resultant wind

T T

General Circulation of the Atmosphere

(Assumes uniformity of the Earth's surface)

‘WMWWHWMMW

Nature of Winds
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South Pacific Convergence Zone (SPCZ)
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Summary

* \We have seen
= How wind infarmation Is portrayed
= How wind is measured
—How winds are produced
- How winds are directed
— What controls the strength of winds
— Intertropical Convergence Zone (ITCZ)

Next: Primary, secondary and tertiary wmds_I

Nature of Winds




Lecture 5 Atmosphere and ocean circulation

Content and Themes
Hadley circulation;
Poleward transport of heat
Primary winds (general worldwide)
Jet streams
Rosshy waves
Secondary winds (migratory high and low pressure systems)
Tertiary: local winds (valley and mountain winds, sea and land breezes)
Ocean Heat Transport: Surface currents; Thermohaline circulation

Lecture objectives

1. Detail the mechanisms of poleward transport of heat and moisture.
2. Distinguish the major features of travelling cyclones and anticyclones.
3. Describe the nature, causes and movement of the Intertropical Convergence Zone
4. Describe Rossby waves
3. Demonstrate the relationship between ocean currents and wind patterns.
6 Explain the significance of thermohaline circulation
_ Key Words . - -
£ Ocean heat lranspnrh/u welling  Ogean heat transport  Thermohaline circulation
rade winds \%}::stcrlies '/g:;iey cell AATCZ
-~ Polar easterlies alley wind” Sea breeze cell - subtropical high pressure belt
(/@I pe winds /Jet streams L/l{:-ﬂssby waves Convergenece
\ Katabatic wind : abatic wind
Reading

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Svstems of the Human
Environment 2™ | 3 ed., John Wiley and Sons, New York. Relevant parts of Chapter 7.

Smithson, P, Addison, K. and Atkinson, K.. 2002 Fundamentals of the Physical Environment,
3™ edition, Routledge, London. Pages: 118-119.

/Fﬂcussing Questions
x/)h’ﬁat is the ITCZ?
“ Deseribe the Intertropical Convergence Zone and give the causes of its movement.
w does the movement of the ITCZ linked with the Asian monsoon?

Ayhat are the various temperature layers of the ocean? What does the thermocline represent?
1scuss the climatological significance of oceans.
0

4 -does thermohaline circulation induce deep ocean currents?
; ;T)éribe the patterns of valley and mountain winds and their causes.

j{)ﬁfcrihe the basic pattern of global surface winds.
at are jet streams?

_What is a katabatic wind?
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GEOG 101 - Lecture tmosphere and Ocean Circulation
Atmosphera
Atmosphere and Ocean Circulation * Intertropical convergence

* Rossby waves

= Hadiey circulation

Chris de Freitas * Paleward transport of heat
« Valley and mauntain winds
* Sea znd land breeza

Ocean
= Dcean Heat Transport
* Surface currents
ﬁ' * Thermohaline circulation

LIS B -
T —

We have
already daalt

Atmospheric Circulation
with this

* Three levels (categories) of winds:
« Primary (general worldwide)

* Secondary (migratory high and low
pressure systems)

*Tertiary (local winds and temporal
weather patterns)

Nature of Winds ' k




Lecture 5 Atmosphere and ocean circulation

Content and Themes
Hadley circulation;
Poleward transport of heat
Primary winds (general worldwide)
et streams
Rossby waves
Secondary winds (migratory high and low pressure systems)
Tertiary: local winds (valley and mountain winds, sea and land breezes)
Ocean Heat Transport: Surface currents; Thermohaline circulation

Lecture objectives

Detail the mechanisms of poleward transport of heat and moisture.

Distinguish the major features of travelling cyclones and anticyclones.

Describe the nature, causes and movement of the Intertropical Convergence Zone
Describe Rossby waves

Demonstrate the relationship between ocean currents and wind patterns.

Explain the significance of thermohaline circulation

S

. Key Words - .

& Ogean heat transpnrtV{}pwelling Ocean heat transport  Thermohaline circulation
rade winds %’csterliﬂs Madley cell \TICZ

* Polar easterlies ./ Valley wind” Sea breeze cell J,'_P btropical high pressure belt

Slppe winds /Jet streams | Rossby waves " Convergenece
Vi(fll;batic wind . _/ﬁlabatic wind

Reading

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2™ [ 3™ ed., John Wiley and Sons, New York. Relevant parts of Chapter 7.

Smithson, P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment,
3" edition, Routledge, London. Pages: 118-119.

cussing QQuestions
J/%-Ht is the ITCZ?
“ Deseribe the Intertropical Convergence Zone and give the causes of its movement,
.'\}F_ﬁw does the movement of the ITCZ linked with the Asian monsoon?

Mhat are the various temperature layers of the ocean? What does the thermocline represent?
iscuss the climatological significance of oceans.

How does thermohaline circulation induce deep ocean currents?
_?fmrik the patterns of valley and mountain winds and their causes.
cribe the basic pattern of global surface winds.
ﬁal are jet streams?
M' is a katabatic wind?
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Atmosphere and Ocean Circulation

GECG 101 = Lecture
Atmosphere and Ocean Circulation

Atmosphere

= Intertropical comergence
« Rosshy waves

= Hadley circulation

= Poleward transport of heat
= Valley and mountaln winds
* Sea and land Dreezs

Ocean
= Dcean Heat Transport
* Surface currents

ﬂ + Thermohatine drculation
et T
.‘I;
L% i !
%) LA
4 £
| | i S i
frp § _J " L
o We have
Atmospheric Circulation aready deait
S
= Three levels (categories) of winds; o ’/
¥ Primary (general worldwide) el
¥ Secondary (migratony high and low
pressure systems)
_‘fr.‘zrtlar'g-I wingds
«Tertiary (local winds and temporal A e T
weather patterns) iy ' i
P
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+ Potar Highs: Diverging high pressure above the poles

General Circulation of the Atmosphere
(Key features)

+ Intertropical Comveroence Zone (TTCZ): Equatorial zane of
convergence, ascent of warm humid air, Ascending edge of
Hadiey cell.

+ Trage Wingds (Easterfies): NE Trade Winds, SE Trade ‘Winds

« Subtropical Highs: Descending high pressure systems. In
midlatitudes {30%) (Horse Latitudes)

* Westeriies
» Polar Eacterlias

= Polar Front: Boundary between Polar Easteries and Westerdies

Upper Atmospheric Circulation

= Jel streams
» Rossby waves

Nature of Winds




e : e General Atmospheric Circulation
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upper Air Wingg

Jet Stream
meanders

General Atmospheric Circulation
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Jet Stream meanders
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Nature of Winds



N

g

AR
[ 'a}
Wby = = ‘f‘ e

- / /\- . Trades / j
[ ol

| AR = uiige sk, sl el g wees i
| "'-_‘ e ]

By i s s gl ik
y st kiwas L @ aprbord

S "}F"'-. Al Ll tte

General Circulation of the Atmosphere
(Key features)

{ * Intertropical Convergence Zone (TTCZ): Equatoral zone of
j convergence, ascent of warm humid ais. Ascending edge of
Hadley cell.

» Tiade Winds (Easterlies): NE Trade Winds. SE Trade Winds

* Subtropical Highs: Descending high pressure systems, In
midiatitedes (307) (Horse Latitudes)

* Westarfies

* Polar Easterlias

» Bolar Highs: Diverging high pressure above the poles

* Polar Froat: Boundary between Polar Easteriies and Westeries

!~

Upper Atmospheric Circulation

+ Jet streams
* Rosshy waves

Nature of Winds

Jet Streams




Lecture 6 Decadal-scale circulation systems (ENSO)

Content

Climate is dominated by diumnal and seasonal cycles imposed by the Earth’s rotation and
orbit, particularly at high latitudes where the influences are amplified. However, because
these two cycles are so predictable and reliable, society is normally well attuned and copes.
More problematic are the often smaller but less predictable variations that occur at decadal
and longer scales. This lecture explores the El Nifio — Southern Oscillation (ENSO)
phenomenon as an example of decadal-scale variability and its causes. The physical basis of
ENSQ, its global scope, and its implications for Auckland’s climate will be reviewed. The
importance of atmosphere-ocean interactions is emphasised.

Themes
El Nifio-Southern Oscillation (ENSO): Physical basis; Influence on climate — global,
regional, Auckland

Lecture objectives

I. Detail the workings of the Southern Oscillation.

2. Describe the Walker Circulation

3. Define El Nino

4. Describe La Nina

5. Demonstrate the realtionshiop between line between sea surface temperature and the
Southern Oscillation (ocean-atmosphere coupling).

6. Explain the significance of thermohaline circulation

7. Define El Nino and its effects upon weather.

y Words ) /~
| Nifio ' Ocean-atmopshere coupling LaNifia

/S‘S/T anomaly v 1 NSO

Teleconnections /" Walker circulation ermocline

Reading

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2™ / 3™ ed_, John Wiley and Sons, New York. Relevant parts of Chapter 7.

Smithson, P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment
3™ edition, Routledge, London. Pages: 118-119.

United Nations Environment Programme, 1992, The El Nifio phenomenon.

Hay, I.E., Salinger, J., Fitzharris, B. and Basher, B. 1993, “Climatological seesaws in the
Southwest Pacific”, Weather and Climate, 13, 9-21.

Focussing Questions
ﬁt is El Nifio and how does it compare with the normal pattern?
w would describe a La Nifia situation?
hat are teleconnections?
escribe the Walker circulation.
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Decadal-scale climate variability

Jmt
ﬁsdﬂ‘muﬂs
" nk .
™ ot

——

=

Lecture Qutline

= Decadal scale climate variability

= El Nifio-Southern Oscillation (ENSO)
* Physical basis
* Influence on climate
» Global

= Regional
» Auckland
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Decadal-Scale Climate Variability

# Diurnal and annual cycles dominate

¥ But nature and society are well attuned
*Predictable

*Reliable o

— B Sensitivity is to fram the normal

¥ Often associated with decadal-scale variation

Climate relevance of ocean heat transport

¥ Currents redistribute vast amounts of energy

¥ Influence on regional climate
* E-W Pacific and E-W Atlantic contrast
= Maritime influence on Nz’g_gli
=Variation in ocean heat transpol
* Often decadal-scale oscillations (and longer)
* Resulting in decadal-scale climate variability

= North Atlantic Osdillation {NAD) Understanding,
* Pacific Dm:adal Osclllation [FDDJ reconstructing and
i 3 predicting these is
focus of much of
modern climatology

7. ot
s

Contrary to popular perception, these decadal-
scale osdillations are not well-understood
phenomena, In fact, we do not know what
causes them.

This is an example of "name-dropping"” in climate
scignce, Imvent a new word for an unexplained
phenomenon and then explain other phenomena
as caused by the invented name.

EMSO0, QBO, NAD, PDO are just some examples
of names that are mentioned as the cause of
some other variable. None of them Ig
understood as a consequence of defined causal

Dﬂiﬂ@.ﬂﬂlﬁiﬁ?]

"lﬁ » Devastating impacts on figherles |

El Nifio
» Best known sga surface temperature (SST) pnomaly

= Abnormally warm water occasionally appedring in
Peru’'s coastal waters

= Often develops in late Decemig

hence naee: “The Christ Child® ;:UL-’J
= 'Antl El Nifio' = ‘La Nifia® ™
T Displacement of nutrient rich upwedling cool water

il
e
* Evident since at least beginning of historical records
h:| as 'ENSOY
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Lecture 6 Decadal-scale circulation systems (ENSO)

Content

Chimate is dominated by diurnal and seasonal cycles imposed by the Earth’s rotation and
orbit, particularly at high latitudes where the influences are amplified. However, because
these two cycles are so predictable and reliable, society is normally well attuned and copes.
More problematic are the often smaller but less predictable variations that occur at decadal
and longer scales. This lecture explores the El Nifio — Southern Oscillation (ENSO)
phenomenon as an example of decadal-scale variability and its causes. The physical basis of
ENSQO, its global scope, and its implications for Auckland’s climate will be reviewed. The
importance of atmosphere-ocean interactions is emphasised.

Themes
El Nifio-Southern Oscillation (ENSO): Physical basis; Influence on climate — global,
regional, Auckland

Lecture objectives

Detail the workings of the Southern Oscillation.

Describe the Walker Circulation

Define El Nino

Describe La Nina

Demonstrate the realtionshiop between line between sea surface temperature and the
“Southern Oscillation (ocean-atmosphere coupling).

Explain the significance of thermohaline circulation
7. Define El Nino and its effects upon weather,

y Words e /
i1 Nifio ! Ocean-atmopshere coupling ifia

e A Y

=

T anomaly v | NSO
Teleconnections /' Walker circulation L/I'ﬁennnchne
Reading

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2* / 3" ed., John Wiley and Sons, New York. Relevant parts of Chapter 7.

Smithson, P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment,
3" edition, Routledge, London. Pages: 118-119.

United Nations Environment Programme, 1992, The El Nijio phenomenon. |

Hay, J.E., Salinger, 1., Fitzharris, B. and Basher, B. 1993, “Climatological seesaws in the
Southwest Pacific”, Weather and Climate, 13, 9-21.

Focussing Questions
fﬁt is El Nifio and how does it compare with the normal pattern?

w would describe a La Nifia situation?

[ —

hat are teleconnections?
/Descrihr: the Walker circulation.



El Nifio-Southern Oscillation (ENSO) Remember "name-dropping" in climate science.

(5 =

Invent a new word for an unexplained
phenomenan and then explain other
phenomena as caused by the invented name,
ENSO, QBO, NAQ, PDO are just some examples
of names that are mentioned as the cause of
some other variable. Mone of them are
mwmm

ey
El Mifio is an anomaly (abnormally warm
appearing off Peru's coast)

Southern Oscillation is zonal air circulation
over the tropical Pacifi

El Nifo
*» Initially thought to be of nnh,r local Impnrtance o
b 43 }‘.« Kb w9
# Now recognised to be part of a large-scale WM
M\

atmosphere-ocean phenomenon \N?-

* Major advance in comprehending global climate

¥ Has been referred to as 'Earth's heart beat’ (1)
+ A measure of [ts significance

In an El Nifig yeas, low pressune
moves eart to the central part of
the westem Pacific.

[Walker Circulation ,L

Hormal Conditions

e —— — =

i a f\-’
Oceans and ENSO za M
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La Nifa Conditions
TR,

Normal
Strong M‘!-‘teriv trade winds

Drag qcluDEEII'E

Thicker B warmer surface laver In W (higher
563 Ie«?: 40 cm)

Warm moist alr rises over Indonesian region
(S5T Ea 30°C)

Cloud & min,iluw [TRSSUTE
W E upﬁer air flow
Descending air In the E Pacific, high pressure

Dceanic dry zone off 5. Amesica

El Nifio
Weaker easterly trade winds
4

Reduced drag on oceans
4
Warm water back to E (Sea level similar, upwelling stopped)
4

Warmer 55T moves east
4
Walker cell split
1

Air Pressure changes

Oceans and ENSO
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Southern Oscillation Index (SOI)

Air pressure difference between Tahiti
and Darwin (weather stations)
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Southern Oscillation Index (SOI) 1982/83 El Nifio

La Nina

i i‘@ 1982-83 El Nifio: largest on

W“““w’“ﬁ"

# Trade winds slackenad mid-1982

#Late Sept: 4 °C 55T increase off Peru (24 hrs)

#Record 55T anomaly in E. tropical Pacific (>5 °C)

» 10-20 million m¥/s (36-72 km3/h)

1998 El Nino

¥ Mot as stong as 1962 event
¥ But lasted longer

¥ Lasted over two years (1997- 1999)

¥ Showed up as global warming — i.e. effects
widespread

Loot o

Oceans and ENSO
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1982/83 El Nifo Impacts

Mefboume, B February, 1983
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ENSO Impacts - Water

El Nifia
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ENSO Impacts - Temperature
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S0I relationship with precipitation
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ENSO Impacts - Auckland
La Nifia Hiio Laliins
bl S T o o
El Nifio Iﬂﬂ'ﬁﬂﬂ&ﬂ: SW flow DEEFEESEE SW flow
Cooler & drier Warmer & wetter
Drought?  Floods?
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Lecture 7 Weather forming systems

Content

This topic extends our investigation of precipitation through examination of extreme
precipitation and storms.

Themes
Types of precipitation
Causes of uplift
Spatial patterns
Hurricanes, Tropical Cyclones, Typhoons
Storm tracks
Intense rainfall
Monsoons

Lecture objectives

I. Distinguish the major features of hurricanes and tropical cyclones.

2. Identify the tracks of tropical cyclones and hurricanes.

3. Explain the processes leading to formation of weather fronts (revise).
4. Determine the factors necessary for the formation of tropical cyclones.
3. Describe the conditions that can give rise extreme precipitation.

6. Describe the nature and causes of monsoons

Eey words
- l_?diabati«: cooling ﬁdﬂnsaﬁun ¢/ convergence
i ol

ographic lifting cipitation regime _convectional precipitation
ﬁr:)picai cyclone ﬁn‘cane = Winter monsoon
phoon storm surge 7 Summer monsoon
L t{Dpical cyclone tracks ';-‘ Simson-Saffir scale L
—
Reading

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2™ / 3 ed., John Wiley and Sons, New York. Relevant parts of Chapter 7. Also,
generally Chapters 10 and 11 (unrelated to this topic but useful to round out section).

Smithson, P, Addison, K. and Atkinson, K., 2002 Fundamentals of the Physical Environment,
3" edition, Routledge, London. Pages: 126-140.

‘/P(;sing questions
yé‘ribe the processes that lead to three different types of precipitation.

%ﬁat processes are responsible for the global precipitation regimes?
ﬁp]ain the various circumstances producing rainfall in the Auckland region.
“Why are tropical cyclones so dangerous?
:-_yere and when do tropical cyclones occur?
Pescribe the structure of tropical cyclones.
JWhat is the nature of the energy that fuels a tropical cyclone and how is this relevant to a life
cycle of a tropical cyclone?
t weather conditions have led to extreme rainfall events in Auckland?
plain the temporal and spatial pattern of Auckland’s precipitation.
/MWhat is the Asian Monsoon? Compare its features in summer and winter,
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Weather Forming Systems Types of precipitation
+ Rain (liquid drops)
Chris de Freitas « Drizzie (light rain - small uniform droplets)

» Freezing rain (ice crystals freeze onto a frozen surface)

;;ﬁrﬁmn: = Snow (ice crystals that have not melted)
» spatial s = Sleet (rain freezes - or ice crystals melt - on way down)
S tssnorsl #Hail {;‘E{ﬂ? and refreezing crystals that form in thunder
= Monsoons
s Hurricanes
o
|
A p% /i)uUJ . on
. WS
Measuring precipitation (rajn
Raingauges "9 P '&u&}. Precipitation is caused by uplift and
_ _ subsequent cooling of air:
i Types of precipitation according to
causal process (i.e. uplift):
"« Convective
* Orographic
» Cyclonic d,mf‘hﬂ'\\ (oA " 1;&1 'i"'ll':
» Convergence v

1. Comvaction
(Convectional Precipitation)

* WErm air rises

= cools to dew point and
clouds form

+ latent heat release

= adds energy and increases
updraft

+ can produce thunderstorms

Shaly

Weather systems
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2. Orographic lifting
shir risdng over mauntain
=Change in temperature (oooling) alers the
relative humidity
«Saturation ofcurs
sCloud fonms and possioly precipitation leeward slope - drier
sIntercepting siope = windward slope (wetbar) {rainshadow)
."
)
A 3. Cyclonic (frontal) precipitation
XJ « Where air masses with different temperatures 4. Convergence
b

gy come together

= Warm air lifted by cold dense air, or rises over
cold, along a weather front (frontal wedging)

\‘i « lgads to frontal precipitation o * B
e A m}v'

(as we have already seen)

k!

i S
% v\
3 This was dealt with earlier in \ \ o~
'&-. fecture ‘Alrmasses and Weather’ {:,/ Z-

Weather systems



4) Convergence {of sea breezes)

Temporal and spatial
patterns of precipitation
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Monsoon (winter and EU!'T'II!I']E‘F}
{derived from Arablc meaning "season™ |
*They are regular, permanent features of |
the atmosphere, LAY N9 . i :
*They have beginning and ending A M
times each year. - N
¥ They have geographic limits. "‘k [ =7 W4 '
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Summer Mensoon

In July the position of the TTCZ moves Morth

* Low pressure over the land causes winds to flow off the ocean

» This brings haavy ralnfall

i
In January high pressure over the land produces dry
winds, Alr is fiowing towards the [TCZ
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Weather systems
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Mean monthly precipitation, Auckland Airport ey | Bl
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i = precip. Auckland
0

Average annual
predipitaticn (mm) in the
greater Auckland region

Where is highest and
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Tropical Cyclones j) y/{7e2)
; Sl

v Hurricane (western hemisphere), Typhoon
{western Pacific and Asia); Tropical cyclone
(Pacific and Indian Ocean}

« Develop over warm ocean surfaces (= 28°C)
between B* and 15° latitude, migrate
westward and curve toward the pales.

v Tropical cyclones often create tremendous

damaqge. wlﬁﬂ

Impacts of Tropical Cyclones

= Storm surge - low pressure, high winds
and the shape of bays can produce
sudden rise in water level

« Wind damaqge
+ Heavy rain - flooding inland, landslips
= Wave damage

= Activity varies from year to year
{number and strength)

= Spason usually from May to
November in Atlantic; November to
May in Pacific.

o

- e
Tropical cyclones )+~
= Characteristic central “eye” [clear skies and
calm winds)
» Air descends from high altitudes, warming
« Wind speeds are highest at the "eye wall”
« Winds spiral outward creating high wind
speeds” ————_ U i'
il T
' "‘_-JQLL \J!\N
\J

-:"‘1:;._

Schematic diagram of a hurricane: cumulonimbus (Ch) clowds in
concentric rings though dense stratiform clouds; cirrus (C) douds
put ahead of storm; width of diagram abaut 1000 km.

Suroe; Steshier and Strabber {BO0T)

Weather systems




Caribbean, September 1999

Hurricane Andrew,
Aug 25, 1992

Smpified weather map of huricane in the Caribbean. Daily beationd
beginining Sept 3 ane shown as circled numbers. Fath &5 over Florida,

Souere: Strakler and Sirather i
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¢ | Tracks of some typlcal tropical
o g cyciones in the Caribbean and
L western Pacific, On entering region
of prevalling westeries, the storms
change direction, toward the
northeast in the N. Hemisphere and
southeast in the 5, Hemisphere,

Summary: Tropical cyclone (hurricane or typhoon)

= [ntense storm

» Circular rotating system

+ Forms 107 to 20° N and 5 latitudes {not closer to equator)
+ Forms over the sea, in vicinity of ITCZ

+ To form, sea surface temperatures = 28°C required

+ Storm gains energy from release of latent heat

» Dles when removed from water and latitude belt (tracks)
+ Mowve west in the trade wind beft, 10-20 km/hr

* Mean wind speeds = 120 km/hr (75 mph)

» Structure: eye; wind patterns etc

|
|

Simpson-Saffir Scale of
Tropical Cyclone Intensity

i ——= Categories 1 to 5 (5 Is most devastating)

+ Measured by central pressure, storm
surge and mean wind speed
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Lecture 8 Natural climate variability and change

Content

Human perception of climate tends to be focused on the regular diurnal and annual cycles and
on the unpredictable variability at decadal-scale time scales that have obvious relevance in the
context of a typical human lifetime. However, it is important to appreciate that this variability
1s superimposed on changes in climate (sometimes vast in scale) operating at much longer
time scales. This lecture examines the character of long-term climate change and the
mechanmisms for change. We will also look briefly at methods used to reconstruct past
climates. The reading below by Whyte (1995) is strongly recommended,

Themes
Past climates
Proxy climate data
Causes of climate change

Lecture objectives

1. Describe changes in past climate at various time scales.

2. ldentify various climate periods over geological timescales and the more recent past.

3. Look in detail at climate variability and identify possible trends over the past 100 years.

4. Compare the surface instrumental record of global temperature with recent satellite global
temperature data,

5. Give examples of the various types of climate proxy climate data and describe how they
are derived.

6. Describe the possible causes of natural climate change and variability.

ey words /
lolocene Pleistocene % Ages
L

1 Ipter-glacials (1 climate proxies ittle Ice Age
Sunspots “orbital variations <ydendroclimatology
L
%
Reading

Whyte, LD. 1995, Climatic Change and Human Society, Arnold, London. Chapters 1 and 2.

Strahler, A. and Strahler, A. 2002, Physical Geography - Science and Systems of the Human
Environment 2°* | 3" ed.. John Wiley and Sons, New York. Chapters 10 and 11 (unrelated to
this topic but useful to round out section). Also pages 570-572.

Smithson, P, Addison, K. and Atkinson, K.. 2002 Fundamenials of the Physical Environment,
3" edition, Routledge, London. Pages: 161-174.
Focussing questions
What is a climate proxy?
How are climate proxies used?
What are the potential causes of climate change?
—T5 climate change predictable?
Describe the various methods used to gather evidence on the nature of past climates, that is,
proxy sources of climate data.
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Climate Variability and Change

Chris de Fraitas

* Causes of climate change
= Vanabie sun

= Orbital variation
= Valcanism

Greenhouse gases

Ocean heat bransport, vatation
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Glbal average temparatune reconstruction based upon 18 bemperature proxes for the
penod L A.D. I 1395, combined with the Bermometer-tased dataset from the UK Met
Office and Unharsty of East Anglia, covering the penod 1850 o 1007, Mote that for both
datasels each dats poist represents 3 3-pear Averace.
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«Satelita (MSU) data

/-Frc?w data

The surface instrumental record
»Barometer i
¥ Invented 17th C.
*Mid 18th C. before a useful network (Europe)
¥ Little coverage outside N, Atlantic until mid-19th C. |
» Air Temperature Sl
“Afewrecordsback to 18th €. /7 j;z’_,r,r
+200 years rare by
» Precipitation =
¥ Daily records in Florence (1654) /

5
200 years rare e ’!/.-"LH'?"'_ _//

- _’Eﬂ L
5 1 n A ._‘J--Q ,
ot 'J”':‘.'!f/‘rl e o

\
Al s 1 = i1
W el W M

Globally averaged temperature variations 1850 w 2007,

Glahs' Averpge Tempersiure ‘erisiord
1860 - 2007

Greenhouse affect?
Or naturad “rocovary™ Trom the Litths Ton Age?
Or “wrban” warming effect”
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Grobally averaged surface temperature variations 1850-2009.
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Sources of climate data:

,.-"'-

«'Surface’ data
«Balloon data

~Sateliite (M5U) data ann E—
sProny data \ - . I

Iconographic Evidence Iconographic Evidence

[ i Frost Fair, Tharmes River, :.ndl;rl. -
Litle Tee hge tan Griffier, ¢ 1680

Past climate BT ¢ _;{J



Iconographic
Evidence

Indirect (Proxy) Sources

. 1653

Frarech Alps

‘Wirltten Evidence — assembled from ship' logs amound Europe

e _- Indirect (Proxy) Sources

Archaeological Evidence

RITILE 56 AGT
HFreml foiry ar Teoreas

Wiking settlements, Greenland

Past climate



Wiking ehurch, Grasnlesd Indirect (Proxy) Sources

Archaeodogical Evidence

viking Great Had, Greenland
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PROBLEMS WITH TREE RINGS

= Resaarch shows that the long lived Kaun trees grow faster (thicker
fings] in copler years:
= Research shows that the long lived Kaun trées grow fagter (thicker
nngs) in sunnier years (Le not wettar),
= Lirthe growith happens in the colder manths, 50 the tres ring
analyss & ganerally only & prowy for 172 years - the growing season,
* & heavy snowpack could snoeten the foBowing grinsing season, jush s
an eary wirter could shoren the cument growing season,
* A given tree eould experience sny michane of the Eollowing, in any
@hean year, of any given set of years,
\‘;.\- L. Above pverage warmth and above average precipiatan
et 1. Beiow average warmth &nd below pverage precpitation
/3, Above average warmth and below avarags pracipitation
= 4 Below svesge wiernth and above avarage precptation

[ So which is it?
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Past climate




Ice Core Sampling

o bemperature — ocean wediments, ice and snow,
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Possible Causes of Climate Change
= Change in splar output: Change in sodar radiatian
_ received

T s RS SRS = Orbital characteristics: Change In the spatial receipt of
annual, radiation
Different thickness and = Change in planetary slbedg: Change in radiation
grain size. absarbed
Winter — slow glacial meit \s = Change in ocean currents; Change in energy
fine grain deposition of redistribution
suspendeq material, £ | - change In stmosphere-surface radiation exchanges:
Summer — coarse grain E Greenhouse effect — I.e. changes is greenhouse gas
from rapid melt. concantrations

= Others:

in buildin
Continental drift
i Variation i Ol
Variation in Solar Output _ SprR SoRrCLtpat

E.G. = Total Salar Trradiance (TSI) = sumspots (visble light)

- Schwabe cycle: 0.1% varistion cver 11 years

* 5un spots = Largar change over longer pericds [ =0.3%)
* 11 year cycle — :

» Century-scale variation o
* ~1.5Wfm?! variation - hffects siratosphiers

-H“m{!z@;mxmrmmmdmm
Schwwabe cyde - magnetc pales return th same state after 2 reversals.

= Solar cycle kength (weak magnetc cpdes)
= Snorter oycles = warrning {(Curnent Cyde 23 & longest since 1700s

= Geomadgretic intensty - Solar wind: elecrons & protors from Sun
shisld Solar System froem codmic rays (energetic partices & mdiation
- from outer space). Reduced soiar wind nked to dowd formation via
| But also variability in: UV output, solar wind, solar magnetic field ... | incrssed cosmic ray Fus,
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Effects of Orbital Cycles (1)

¥ Orbital eccentricity
* Presently near circular
* 3.5% radiation diff, between perihelicn & aphelion
= Up to 30% when orbit most elliptical
= Implications for seasona -

Effects of Orbital Cycles (2)
= Axial tilt

Maximum kit

» Implications fo Tercity's 11}
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Effects of Orbital Cycles (3)

#Precession of the equinoxes
* Due to axis “wobbie”
= Changes the timing of perihalion & aphelion
» Affects seasonal contrast

rik Sear

= Mt Finatuba, June 1991 a
= Most significant eruption in 20th ¢

» AerosolsT —» albedo® —» radiationd

= (1.3 - 0.5 °C coaking (1992)

= Transient effects (2-3 yrs)

Past climate

Effects of Orbital Cycles (4)

# Cycles act simultaneously
But they are not synchronous

#Long and complex time series of climate forcing

TEST upcoming
True/Faise questions
Multi-cholce guestions
Short-answer questions

EG:

Trade winds are;

a) surface level winds associated with the Hadley call,

b) Surface level winds associated with the Ferrel cell,

) Upper level winds associated with the Hadley call.

d) Upper level winds descending to the "Horss Latitudes".




