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Course Objectives
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't providessynhntuhllemnits aovv e hviae wamd emmpoh aogiizcead tdh
of processes, their inherent dynamics, intera
abiotic factors controlling these interaction
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| NTRODUCTI ON
Definition, Bi bliography
1. General Climatol ogy
9 Meteorology, c¢climatology, and the relati on:

T Weat her and types of weather

2. Climatological Dat a
9 Data sources, data processing, and their a
9 Satellite images (Meteosat)

Surface measurement s:

T Rainfall

1 Temperature

T At mospheric pressure
T Relative humidity

T Sunshine duration

f Cl oudi ness
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T Surface hyd
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ol ogy
T Groundwater hydrol ogy

T Water bal ance

T Specific issues in forests

T Specific issues in steppes

T Specific issues in the Sahara
9. Water Balance

T Actual evapotranspiration

T Potential evapotranspiration
Met hods:

1 Measurement methods
T Calcul ation methods (ETP, ETR)

10. Met hods for Characterizing the Mediterran
T Emberger method
9 Derived met hods

11. Use of Bioclimatic Syntheses in Applied E.
T Concept of scales
T Aridity and anthropogenic degradati on

12. Ve gkltiamatoen Rel ati onships
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on an even more cruci al di mensi on. 't n
ed i-hoakifrog wamdl applnige df uatpuprreo ascche n amoi doesl
i ¢ ad ¢c cannodmisco ciinmopact s, and proposing adapt
ore become an indispensable tool to sup
ve biagidley schgnginnga worl d.

M



Chapter | : Gener al Cli matol ogy and Bi ol
| ~-General Climatol ogy
| . Met eorol ogy and Climatol ogy

The wnonetdesor(oowea@y ltdr mataomld mathalvegy f osrpetchieal ngh
common definitions that are more restrictive

everyday definitions that appear first in dic
broader, sifncet mohsep hsetruidcy pohenomena necessaril
ot her environments beyond the atmosphere itse
Ut Meteorology in the common sense

AMet eorol ogy is the study of atmospheric phen
weat her fPBeechas)jiiamfgmmsequi ValnhgutagEngliicgh onary
similar definition: AMet eorol ogy: science of
change. 0 As Dindtiicanreai rien adthlkedtut ebndedusSeant @:
meanin tends to conflate meteorology with w
weat hero that gowmamsi mpmressnmerds .at®Bhihs def i ni
the atmospheric environment, except to note it
floods, etc.).

Ut Meteorology in the scientific sense

AMet eorol ogy i s the science of t he atmosphe
Encycl opedi,a whniicvherasdads:s AMore precisely, it
determine its evolution and explains the phe
Since the atmosphere is an open system, met e
consider many interactive processes with envi
the cryosphere, the biesphpaece, contci nEontatludyw
processes, meteorology must (akali enaeet BOM7acCTr o
0 Climande Cl i matology in the common sense
The worn doowtmes frorkl ti(man Glrierekt i on), i n referenc
axis, which causes climate to vary with | atit
ACI i mate 1is the set of met eor ol ogi cal phenon
at mosphere and its ®eoldt)lamdAussquigvalkeaeantpl| Boeg
states: AClimate: weather conditions of a pl a
I n the most restrictive sense, climate i s thu:t
characteristics (over at | east a month) or | or
are retasnexdpr deiBisdtiii an ntahier e ¢ wlst ufroelll odvess (< chic
[

ntroduces the more complex notion of the fibut
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ce stripped of i1its whims, which no one can

effect. o For a | ong ti me, met eorol ogists view
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d studying statistics on the el ements of «cl
Cli mate and Climatology in the scientific

re generally, c¢climatology is defined as #dth
pl anation of theEndyydliropadi)ao nUmidlaer s aniaié € miog k
i mat ol ogy seeks not only to explain the ge
olution over desmarisalalnyd ciemdairtiteess sl ow war n
ident . To actceomumma | utoiront,hissomeonhgave i ntroduce
i mat ol ogy. o

e study of past climate has involved an el
aciologists, sedi mentol ogi st s, and ot her
decadal to centenni al scal es, at mospheric
rozen or not), -cooretrierde rotralnog yr, f ameals t (hiecent i
a |l esser extent, on radtiradn omi o«cala nfgect orrs vsa
bital geometry. dToprseduidcyt, alnidmatsd aedo | watni on
meri cal model i ng), scientists must therefor
mosphere. These include processes affecting
ean damd olgy (l akes, rivers, glaciers, and de

r a meteorologist forecasting the weather c

ternal environments in detail|, since they e
ey can thus be represent edFovwereyx asnprhel,y iinn
ediction models, the ocean state is assumed
ich directaltynodsrpiheeass @®emeamy exchange). On | a
such model s (evnetg,etsaaiilonc ongdiatciioernrs ,exet c. ), |
rface t emperdamhurceh amd hvumiydictoyndad rde rsarbdw @V ¢
i ckness.

a result, the physical processes of interes:c

interest to the climatologist-tefdfimef @metast
n therefore be seen madst hae soupbpsoesti toef o fh et hiec | ciol
ews climate as a( sbdbsennef2m@7erorol ogy.

I n the | anguage of mathematicians and mode
r model er s, simulations of weather (or mete
i mat e evolution mai nl vy t hrough Aini tial
e state of the atmosphere at a given moment
del t hat calcul at es its evolution over ti
cessarily extend slightly beVvahd the atmbs,]

(0]



surface temperat urwaranadb | hewsmitdhaty coann lcahnadnge r

atmospheric temperatures themsel ves. This bel
met eorol ogy.

I n t hese model s, modducehxtees nakeaemvist ahmentvse
composxirtei dn xed as boundary conditions. I n a |

conditions remain constant.

't i s wel/l known that weather forecasts | ose |
as a chaotic physical system, qguickly Aforge
conditions become domi nantt,atdee toefr ntihné snagc i ohsea hne
This iIis the domain of <c¢climate modeling and cl
bet ween a weather forecast model and a cl i mat
di ffers in pragsiicaé. | Bwe swame egliati ons gover
treatment: in weather models, many system var
in climate model s, the same variabl es become

extnded cl i (aatneo saynsdt eamh.. , 202 2)
| . IC12 . mat ol ogy and Bioclimatol ogy

Cli matology focuses on the study of a relatiyv
about 30 years according to the standards of
t he past 150 year s, ar chi v,esmahkaivneg rietc oprodsesdi bnhe
evolution of different climatic parameters 1in
i mportance i n government al pl anning progr ams
i nsurance compyanoinesclriengautloalrolgyi craell st ati sti cs.

The observed chainmgleys att rcilbutagadkdotoet eesgneeal

anticipating phenomena that have a direct i n
desertification, sea | evel rise, flooding, d
Bi omett ®@ry or Dbioclimatology is a science that
phenomena and |iving beings. Bioclimatol ogy e:
and animals, andbelawvi cspecf fplcant ¥y, andtheani mal :
Bi oclimatol ogy reveals the close relationship
which is evidently strongly linked to and con
as the concepts of biocl ipmataendamdnblyiod o/lpiema tair
pl anning crops. It i s i mportant to bear i n mi
of quantity and quality with the | owest envirc
both gr oweyr sd eamadn ds.o cTiheits cannot be done withou
as a critical science for agricultural pl annir
therefore be incorporated into agmigcal tbumall i m
interpretation of the territory as an essenti
bioclimate has been determined for each ecos



conducted in concordance with the bioclimate

successful reforestation that will act as a C(
assuming that there is anspaanad laelc hrermdaetiimnen
Cano and al ., 2022)

| . We3.t her and climate

ACli mate i s what you expect whereas weather i
Weat her and climate are closely related to ea
The confusion comes from weather and cl i mate
confusion is often highlighted in discussions
not independent. The averageerotl dmalg. wEhahe
|l ead to changes i n weather patterns including
is that climate i s what you expect, |Iike a ho

i n August

Our communities and far ms are affectedmby :

sustainability is affected by climate and cl i
human activities. Figure 1 dep.i cOwerhotwi we,atthlee
forms the climate and influences the environ
economic viability of our human systems.

The sun is the major
source of energy
for the planet.

The atmosphere
moderates the
solar influence

by moderating
temperature.

Extreme weather
events, such as heat
waves, droughts,
tornadoes, torrential
rains, and heavy
snowfall, are a
natural part of the
Earth’s climate.
Nonetheless,
extreme weather
and climate events
have significant
effects on our

lives and on the
environment.

Greenhouse gases,
such as water vapor,
carbon dioxide,
methane, and
nitrous oxide, absorb
energy and trap it

in the atmosphere.
Activities such as
urbanization, energy
consumption, land
use change, and
agriculture influence
the environment.

Carbon dioxide is
constantly being
exchanged among
the atmosphere,
ocean, and land

as it is both
produced and
absorbed by many
microorganisms,
plants, and animals.
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|l .1Weatlther, Types of Weather

A . Definition of Weat her

Weat her i s a specific state characteristic of
month), such as a suhnyothgrowoadsai wgambet hi
observable by humans through measurabl e at mo:
humi dity, atmospheric pressure, winds, precipi

i n var i oduesf iwaey st teo exi sting weather conditions

A season corresponds to a division of the yea
i mply a certain constancy.

Il n each season, a type of weather may dominat
(aR)lai ny craismy weat her, c¢clouds, high humidity)
(bDry sedsypynweat her, few clouds, sunshine, hea
(chher mal (sseuarsnerrs, autumn, winter, spring with

n temperate countri est hdarhmals evaastomey iaares deedalelre

I

t hermal, sttelaatoniss, | ihkedomhbr aempeirmatturegi cal
determraedf by I|: vtalre ya traacendcaall, |l e¢steaats oinss, | i nked
precipitation.

I n general, when speaking of weather and cl i mi
temperature (TA), pressure (sh)at emmunoifditthye awtin
Weat her , hoewmper ar y s¢ @amihiid @&t iconi mastuem roefp r setsaeilt
combinastabhbi shed over a | ong period.

B.t ypoef weat her

is defined by the present and momentary stat

temperature, c¢cloud cover, rainfall, etc.). It
gl obe, the relative posiatli conafi t¢ @mtsi rsaircths aasn
and hydrography, which can alter wind directi
Therefore, the analysis of al |l these el emen
classification of the different types of weat
accurate and vivid way, the avaeslewmtsioommn ofr taheg e

There are different types of weather dependin
T Sunny wiedtehaer sky, | ots of sunlight.
T Cloudy wely heovered with clouds.

T Rainy wevattleer dr opl ets fall from clouds.



T Stormy Wwetatbdeg winds, rain, thunder, or | i ¢
T Snowy wiefartohzeern preci pitation falls as snow.
T Wi ndy wiesattrhoremrg air movements.

T Foggy wdatwheri si bility due to condensed wat

CRel ationship Between Causes and Weather Type:
Each type of weather results from a combinati
T Sunrhy:gh pressure + descending dry air.

9 Rai hyw pressure + rising humid air.

T Storanyl: 1 i si on of warm and cold air masses.
T Snowyo:l d temperature + moisture.

T Wi ndsyt:rong pressure gradient.

9 Foggywyoling air near the surface to the dew
DCauses of Weather

Weat her ref-eesmtetahe ehothe at mosphere at a |
caused by several interacting natural factors

0O Uneven Heating of the Earth's Surface

The Sun heats ©heheEarqtunatwme vreencleyi ves more dir
pol es. This temperatur e aimb adleanmci etsys uvehaitcehs ddriifvfe
movement s.

T Warm air is | ighter and rises.
¢ Col d air i s heavier and sinks.
These vertical and horizont al movements f o

U Air pressure

Air pressure is the weight of the atmosphere pressing down on the Earth's surface.

1 High-pressure systems: air sinks, skies are usually clear and dry.
T Low-pressure systems: air rises, cools, and condenses, leading to clouds and precipitation.

0 Humidity and water vapor



Water evaporates from oceans, lakes, and soils, entering the atmosphere as water vapor.
When this humid air cools, it condenses into tiny droplets, forming cleudseventually
precipitation.

U Wind and Air Movement

Winds result from differencpsebBuUuaEr-ppeEeassu® e
areas.

These movements transport heat and moi stur e,

u Air Masses and Fronts

An air mass s a | arge body of air wi t h uni f o
When two air masé$esnmeet, they form a
9 Cold Yrtominderstorms, rain, drop in temper:
T Warm f¥rdnitght rain, gradual war ming.

9 Station&r y dfagotnitng cl oudy or rainy weather.

U Geographical and Seasonal Factors

Several environmental factors modify weather patterns:

1 Topography (mountains, valleys)ffects air flow and rainfall (orographic effect).

1 Oceansmoderate temperature and increase humidity.

T Latitude determines solar angle and intensity.

i Seasonf caused by Earthds tilt) create cyclic

0 Long-term Influences (Climate Change)

Although weather is shoeterm, longterm climate changes (like global warming) influence the
frequency andintensity of extreme event8 storms, droughts, heat waves, etc.

EExamples of weather types

The frequencies of similar combinatinweratbeer
types. o

The study of weather types aims to define the
combined influences. Thus, it helps to proper
states of the atmospheric ympeiir nume ddergd toamoad o m
scaWbeen studying weather tayipre smasistesi de missredntei
of acthaeh tepemnad ar e closely l i nked t o
For this purposa, rwetalwastelsoexami oralkt hg affect ¢
centersrefl adetdi dm t hese weather types.



i

Tab

Air masses

The formation @éo@mamhird arlawhr cadesashe ef fect

continentality, and topdepmomleyr e combiiemesi r o
therefore, air masses do not form in regiao
|l atitudes wher e t he at mosphere i s

Conseqnent hgrn Alogartiea at t hMe diutnertriaome dbret:
and Atthe can ,codhaesnemdt represent a region f

masses. On itthez sm@ntorfaryassage ,anrde cteri avn snfgo r
i ncur sfioornesi gonf &br mmdssaesother, more or | es:c
masses ar eTeglrlees.eln.t ed i n

lteylp.es of air masses

Air mass: Region of ori Seasons

occurre

Tropi cal C ( Sahar a Al l four
war m

Tropi cal ma | Atl antic Oce All four

Pol ar cont. Centr al Euro Wi nter

Pol ar mari: Atl antic Oce Winter

Cool Medite Out side the Medi't SumnieNi nt

We
we a

1.

by it

can therefobve dypéesndgiaitamrf fmassand are di.
t her typreosr timerlnueAlcgienrg a

Cold air masses

A Cold maritime polar air (Pmk):

Thi

S air mass nooritghi enrant efst.l canétri e @ resserrt rhaénheeann

reacAlegsewriicasolmée h ofor Fe éneet e o,f tShpuas narri ving fr

bet
Wi n
ASs

weWwWnand INNs wind blows strongly and somet i n

ter

it crosses the Medidtear rtahnaena nt, hielb esicereag gseusraflza c

temperanmocer ate to strong ,atarmotsgprhes @ s whinsn @t

The

cl ouds accompanying t his aGirrrmass Cameal u

s



Al tocumul us, $ rN iam bpw upn vol dulsm iwre g 'y pr,ecs @me tait me N
accompamaekindw high altitudes.

This ai nrmobecdmbsemnrd it travels a |l ong distance
reaching Al geri a.

| summert hevalPmls it paslsbeesr iame r@edirlIsehsutha Eandpe
upon crossing the Madmeert hneahheesal eaagp@ade
stabl e.weather

A Cold continent al pol ar air (Pck):

This polar air macsyc lgeemiec, adlilinkeecntdivoes miam i & i me a
charactesobonedebgeghedtiheast er ht BAulegadprieidden o r
NE direcafioeas «carmtsrsalngMadiet erranean basin

| wi nteat its oridiyn, ¢old, alhtn d m& bagd wWatr ncsr o0 s s e s
Medi terranean and,s omadorse, mdmgentoutriaen gwmaytgeard .evdd gva rt h
a ¢r esludstes iittasn ds thbaeociolsntettsya e s 1 0Of ac e awaidnntirnega s e d
humi di ty

Cumulam@umul oncimbuwuds devedwpden eafdowagr ¢ o

I n summer, the continental polar air mass, wh
its stability and fair weather.

2Warm Air Masses

Warm air masses are always of either mariti me
the Azores or the great Sahara.

A warm Maritime Air Masses (Tmw):

These air masses originate near the Azores an
the 30th parallel. They enter the Mediterranee
ranging between south and sout hwest.

Originally, they are humid and stabl e, but t
movement. Their winds blow regularly in both
these masses are characterliaydr b,y tcd kitrdga ttatsa af
stratocuamd uestr at us

They occur infrequently in eastern Algeri a; h
the Moroccan Atlas, they are very frequent.

Il n winter, they come into contact with the pol
di sturbances over the western regions. These
accompanied by shower s.

M n



Il n summer , the Mediterranean Sea i s warmer t ha
moves from the Atl antic toward the Mediterrane
prodoawemgdlussuds t hat are not sufficiently devel

A Warm Continental Tropical Air Masses (Tcw)

These air masses normally form over t he cen
characterized by high temperature and dryness
sout heast and genesriaatopeccwi nds known as the

Il n winter, the continental tropical air 1 s wa
humi dity, even though the temperature gradient
and Mediterranean disturbaneegs.ar & had 1 e c @ dnm it anre
l enticuypari WWhen there is sufficient humidity
vertically and produce rain or stormy showers
suspended umgsto high altitud

Il n summer, the hot Saharan air is extremely d

beyond the Sahara region and can reach the no

Obviously, this air does not produce any prec
Medi terranean, where it absorbs some humidity
France. This air gener dtgeesr itahe most harmful w

3Mediterranean Air Masses

The | imited surface area of the Mediterranea
European continents do not provide ideal condi
However, when a polar air maesnst |rye nhaoinngs poevreiro dt,
|l oses its original polar characteristics and &

the Mediterr amedinf iae d. anars sma ss a

The conditions favorable for the famrtmady olno nif
situaveonthe Mediterranean Sea.

The winds associated with ntoritsh ainrddinaos ¢ thieaasd h

| wi nt ewhen Mediterranean air is |ifted by col c
heating of thleodalndshdawerpsr oduces

l mummerMedi terranean air-r i s fmgr eal fom g gaunednet ; ¢ oiz¢
strengtsteeaandyrteitdemec h can be f el t stpeercs fdfc kainldo nebt
humi édirey ht glmperiassulroewer than that of the groul
ni ght.



I n general, Mediterraartaincydclromawbedishedmeiaans at |
charactkowzaeatnyirtay el y exteAtd!| bseymondnt henTelr
result, their i nf lcuoeansctea li srwdtgpimaenesnth ¢ wt &@rde i mo ¢ th
wi fhir weather

U Front s

The concept of aiirscoanddienduiiamplsiess ftrlomen t he mee
air masses of differentzomiegi 0$  h asracg efishd tboairst.roa |
Most often, sthhbeestgedbuont Begrean persist per man
examplpe, atrrodgeonWestern Europe).

The anaslyynwoips iccf chawvtes af | Alngempieai od has made
foll eswipmeg manent fronts

A TheMddirberrasepaarfbtest Saharan air from Medi i
the Atl as mountain range.

A The Melddrnteirc asepar atest Atl antic air from Me

Most of -pbaemaneemifronts arwi phelietcweéhmarrinale ot
anticybtlaond orms over tBwhAlgetrapi baPpaapl af & a
t hpeol aoragrnat iArcgprfersomnttheycl one

The regions where tiheoblamac alrcmamgemenit g odr m
centers.offhecent@aares of actianmleat et swohl| act ude
alti.tuldreseach of these categories, we distingt

T Cycloni d negrattearve centers)
T Anticyclofpeasicenversenters)

Example of a TPloAzidnese Arptnibeypcelroomppenes s uthe ghone
extends over the central Atlantic in the regi
wester ltyhati nrdesach North Africa.

Example of a ThleMediitveer rcdmaamgSena nt er and spril
surfaces become warmer than the surrounding c

Theenters of acthaos dtuzdnalhtdibrtd uluadtei on of t he

Theeat her typaependAkcgesieay on the processes
Thtemper at e acliwacyusl agtoivoer ns t he weather in Al gge

An examisyanomwtini @®fchartsshows that Be ¢ E oddan fi icg u
systemsrespondseftioneal wdlmospherificweat @ee, tkpe



Thus wetaahbéderarteyppesmpl y combinations of atmosph
Thereyatoeni c wamalnhteirc ytcylpoensi ¢ weat her types

The t ab( ealped e masnt weat her types in Algeri a.

Taba2®Bypes of winter and summer weather accordi

Seme Regi meWeat her Type|Characteri st

1) NoeEatsht Calm and
Wi nt Anti cyl2) South Dry and w
3) West Humi d

1) Tyrrhenia Bad and ver)
Wi nt|Cyclon2) Westerly Rainy and
3) SWeudth cur |Unstable and

SummAnti cyMedi terranea Mil d and f

SummiCycl onSout hern cur Very hot ar

Il . 1 CIBi Bat

ACl i mate i s what you expect, weather i s what Yy
Geographi cal l nstitute, 1902; Lorenz, unpubl
Public discourse and scieonsfio¢ ktheseattwil ¢ ofqu
easy to agree with such statements as <cl i mat
Everybody experiences weather and most have,
This is desppttse dfhadcltihmatceotn ceen d 6weat her 6 d:c

cul tur a( Bao2mOede3xt s

The references mentioned above al/l use varia
di fferent aspects mofstclpiemmatl ee. wNdWM e rutnhdeel resstsa n d
without a more thorough definition. I ndeed, s
define O6climatebé as purely academic or phil os
di scrussam policy benefit from clarity of the t
may arise from a |l ack of clarity in talking ab
correspondents may come t oi oduisfnfeesrsi nogf ccolnicnhautsiic
thing called 6climatedé in a conversation even
the term 6climated in various contexts that re
has coll eguific¢, sphil osophical, and political

M O



use of o6éclimated and cli mate may confuse. One
real isation

ADefinitions of climate
I n this everyday sense, a definition of 6cl i m
but al so for i ndi vi dual Vi ews. | t shoul d al

perspectives and the developpdHrety mamom L2006 9% or
to distinguish between the template definitio

instances of climat e, t hat peopl e deal wi t h.
val i dly buti mdirvingwal fsrbonvi ews of their speci
di scussions mostly deal with specific instanc
instance of current i nterest. Naturally one |
(rpcc) for a definition of o6climated.

Their fifth Assessment Report (I PCC, 2013) t &
usually defined as the average weather, or mo
of the mean and variabilidyobftrmeevangi ggahnt
t housands or millions of years.

The <c¢l assical period for averaging these va
Met eorol ogi cal Organi zati on. The relevant qua
temperatur e, precipitation and, wiimdl udlngnad es
description, of the climate system. o0

Climate in both senses are instances of a comr

(AMS) (2016) describes climate in a similar
varying aspectihydf o#lipabneda esmuomfpandedr es gystt ¢ pi cal |y

in terms of suitable averages of the climate
consideration the variability in time of thes:
observabl eejcoy mane, chloveagues suggest t-o0 repl
por al variability between-maeabhvehbhit mrtdecltr mahe
(Lovejoy et al., 2013). The expectedtst atng eirs
ti mescal es. Combi ning t his-clwiimdt et hlee cAME s d e
macr oweat her;cl amdt eLovej dthe AMSOs Avariabil it

guantitieso.

Many authors presented their views on the <con

ARagreement among climatol ogists on the defini/
notion motivated Brysonods e skbea ydiosnt i mlgiumathelso
Climat e-ca(steppeand c-t asna) e I( h o wheirs definitior

thermodynamic/ hydrodynami c status of t he gl o
concurrent array o#fcawseatcheeapat eiesr sisi 0 alLowbanar

M N



weat her assembl age at vari oucsapd acleismatog didryee

common dictum. The opening of Von Storch and
climatol ogy by stating HfCIlsicimat grinamghpy ,wagand rdeas a
of the climate consisted primarily of esti mat

about t hat state. rTehsee ap & maaevagondse@fda nc | U mthdrest at
dynami cs dodticdt i mapept agys mnal emin this new par
6climated is a description of the climate syst
2013) . The descriptive climatology and the pt
scces may provide different perpectives for a

Il n turn, Wer ndl a((22001155)) aanrdr i Fvrei gagt eptr ef erred d

6climated is the distribution of climate wvar
conditionso. This is similar to Brysonds Vview
stadnclude in Bradley et al. (forthcoming) the
generally accepted or uncontroversial definit
BThe Climate system

Regarding instances of c¢climate on our planet,
or more comprehensively of the earth system.
interest at its -soabdkebBon Teapag sdteastéet iswhtiicrhe e x't
at mospheric processes of purely meteorol ogical
us the statistics of weather, e.g., the distr
uncertain. s O©6dmEarntmenst cli mate system are th
cryospher e, the Dbiosphere, the | ithosphere (I

may have to employ thermodynamics and fluid ¢
and plasma physics besides statistics.

Then, O6climated is a description of part of a
a single property of the system in question. |
of the system or all l[teogettherOtdser!|l pag tas atnlde
seen as extrinsic of the climate but interact
conditions are climate forcings. I n certain i
ori @i fatom internal processes. 60Cli mated depe
varying in time (and potentially in space). T
weat her for a certain | ocati ompaepaeanmedids sormntdh e
factors. Each compartment may depend on diffe

common set for al |l

Dependent on the specific tempor al and spati a
its surroundings differ. The climate depends c
For example, the di stasike®ust icoonn doift iloannedd, ao cdeiafnf,e

MPp



|l ocation of the <city of Hamburg i n Ger many

configuration. Changes in | and cover or | and
The definition of O6climated has to allow for
factors may be considered intrinsic parts of
For example volcanic erupttbaesammgsphangeandte
the expectations. Processes at the surface mas
6forcingsd are changes in the path on which t
variations innanhe poowmpooiftibde radiation from
celestial body.

The human sphere also influences the <c¢climate
change describe the variations of the climate
detectable differences bet weemwhct lchmanee osfttaetni
necessarily may consider external to the clim
within the-frreafmer emhde ht iamee usually thought to
change the fulbtl bmuiomvamThateidjstclimate as t |
certain properties in qguestion is a distribut.i
dependent on extrinsic infl uences t hads ar e

evol ¢gBbbhe, 2018)

The climate is an efsrtameat el tf owarai essp eicni ftiicmet i an
wi t h tfhreamea.melf | change the specific period o
Both distributions may ebeabvlier ttuoal d g/t & adte ntt h ecta l
certain event has clearlypehiaogedmbéaetweenl| dpt |
to allow for gradual <changes. Il f statistics d
over ranrcef eri od, one speaks of change. Rega
climate change, a slight excursion is in plac

Wer nd|l (20159 an2d0 1Fr)i gegx paetess concerns consi deée

views on climate to sudden shocks to the syst
over different O6regimesdé of external rogredittyi ol
of a definition that we can undoubtedly i den:
transientl vy, and defining 6climated and its c
changes. Theppegrn snet oiewly consider climate s
is dubious, how observers can define the inst.
Processes internal to an instance of the <cl in
instance of <c¢cli mate. Processes external to th
climate. However, externtnlfiablaeobasgmay wht |
processes may change the instance of climate
6climatebé, it may be necessary to include the
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te system includes an interconnected
sphere, the cryosphere, the biospher

) .

mpositions, structures, and circul at
ctions between subsystems, are fact
ds to external climate forc. nDlse oever
her characteristics and internal pr c
er of energy, water, and carbon in t|

wer two | agehe OFfopbaspheée medsagrhed rnechset s
l'y involved in Earthos climate systert
and in the carbon and wataerd «cy d¢lmag e
ility. Aerosols and greenhouse gases
atures. Atmospheric ci rsccuallaet iporne criepdit
ns, and is a pri marcyulfaatcitoonr. i nfl uenc

drosphere is dominated by the gl obal
orage of heat, carbon and other nut
al and chemical properties oaoafndsea \
ved gases, affect the oceandés struct
rrents of the surface ocean and deep

ence the acidity and-loaxtggemdatanonegf oh

ularly sensitive areas that affect o

osphere is composed of the wvarious
surface, including ice sheets, mo u
st (frozen ground). Tleveryds whaegrse
glaciers and ice sheets affects gl
s the planetdés energy bal ance; t he v
cycl e; and carbomhetoarilon nc yclremad m (
atures.

= <L
o

osphere is composed of the nonliving
nt, and rock near the Earthos surf acce
mposition of the geospheeaesesast lwat | mc
terials through the rock cycHe mei mpa
s especially by influencing boundary
the energy balance of the planet.



1 The biosphere is composed of all/l ' iving or
Earthdés surface energy budget primarily |
through photosynthesis and respirfat@@n, wh
t he at nisgp.hZx) e.

FiguRep2esentation of the Earthés climate sy
at mosphere, hydrosphere, cryosphere, biosphe
|l ithosphere). The Earthoés climate qiwsttedmsael sc
systems. The cycling of energy, water, and c¢
i mportant in Earthoés climate system. This rep
hemi sphere; the equatgirnwoluldhédedioagtam. rilghu

From Kop@eg ¢d0apndd

C.The scales of cli mate

In climatology, it is necessary to clearly specify the spatial scale and the temporal scale chosen.
The representative values of climatic elements depend on the period and the spatial domain
studied.

In climatology, it is customary to define four main spagmporal scales, associated with four
terms designating climate:

My


https://link.springer.com/chapter/10.1007/978-3-031-82869-0_2#ref-CR3

U The global or planetary scaleassociated with the terfng | o b a | climateo

1 Time scale:one week and longer.
1 Spatial scale:from 10,000 kilometers to the entire globe.

To describe processes and phenomena that extend throughout the whole atmosphere, they are
referred to as hemispherscale or globascale phenomena. Examples include seasonal changes
occurring simultaneously across the globe, the general circulatiore adtthosphere, and the
exchange of energy by radiation between the Earth and the surrounding space.

U The large scale or synoptic scaleassociated with the terinr e gi o n a | climateo

1 Time scale:12 hours to one week.
T Spatial scale:100 to 10,000 kilometers.

Synoptiescale or largescale phenomena include, for example, depressions-pflessure
systems) moving along with their frontal systems.

The extent of each regional climate is variable and depends on factors such as topography and
proximity to oceanic areas.

U The medium scale or mesoscaleassociated with the teriit o p o ¢ loi imMaa ceadl
climateo

1 Time scale:1 to 12 hours.
T Spatial scale:1 to 100 kilometers.

At this scale, climate is influenced by the geographical arrangement of the relief or topography.
Mesoscale processes generate thunderstorms and tornadoes, as well as phenomena such as land
and sea breezes and the formation of lenticular clouds over mountain peaks.

The small scale or microscaleassociated with the terffnmi cr oc | i mat e o

1 Time scale:1 second to 1 hour.
1 Spatial scale:less than one kilometer.

Phenomena observed at a specific location are soallk phenomena, such as heating or cooling

on a building wall, evaporation above a water body that alters the characteristics of the overlying
air mass, cooling beneath a tree during calm daytime consljtior mechanical turbulence
generated by a small grove of trees, among others.

0O The climatic scales in viticulture
A systemic approach to the assessment of clir
will imply a consideration of tademespheterecl

wi nd-é@éd) opography (s-lwape,r slumiftacckcevd@ e ati on (f o

M &



cul t utaengén)r opogeni c actions (roads, buil di ngs,

components are interdependent ( Qu®nol, 2013) .
scaineasc:r ocl i mat e at -btihge rieegwseola |l d fmaa ec caun ttrhye | e\
or a group-mifcrwicneynartes at the | evel WhHhilaevi ne
trying to understand the climatic effects (i
t emper at uewvei)neonp hgyrsaipo!l o g yc,o mpeorsriyt i vV e li peme mtg
the preferred scale is the microclimate (gene
physiological studies r esqtuoirree dt hteh ed aroi agph&t o pseer nbsy
anatiynwserpret the information. Day and night t
overnight (Rogiers et al ., 20009; Dayer et al

expressed only dur2alhdg),FniggBt)s ( Ri ent h

Time Climatic scales

4 i
Year TR
Season Macroclimate @
s J,}_gv'
Month 5 -
Meso-clin'-late ;.
Decade Topoclimate »Ss =
Day - i 2
Hour
s Microclimate
= Nanoclimate
Minute Surface
Cluster Vines Vineyards Region
Berl’y From Bonnardot & Deloire, 2010

FigucCeéi matic scales ( Bonnardot and d

0O Climate analysis at | ocal scale in the con
Since the | ate 1980s, the international scien
change and questioning its future i mpacts at
(I'ntergovernment al Panel omt €d mantait @n £h aagmmu i
increase in temperature as well as i n the fre
[l PCC, 2007]. Al though many wuncertainties r eme
its consequencéede rmpravbementysoifnGeneral Circl
with the positive correlation between greenho
over recent decades, suggest that gl obal war n

sceoarand modiell §Pa dbhya Lr0i50and). Rei si nger, 2007

H N
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pacts on humans and territories, at bot h g
di cate an irneclraetaesde dins acsltiemast,e dr ought s, and
at waves, among others. Thesnaeeshdmgesecoswlsd
cieties, particularly in terms of food secu
these research programs were obtained ma
ternational col |l albborcatpihoyrss camosg agewmphpbi c
ientists. Although climate simulations oper
en made in improving the resolution of mode

noted by Le Treut [2010], Afdespite the con
at appear significant at | arge scal es, t wo
gnitude and to the | ocal idzetfiferct(si.n Itti me ort
swer precise questions such as: what wil/ b
otect ourselves against them? | mproved for ec
maj or clalrl emgeniitn gatr e and adapt to changes

the context of <c¢climate change, many uncer-t
curacy of future simulations and, consequer
though contemporary gl obal waunmced i 8crcehas
mperatures over recent decades, the climate
nger timescal es.

e analysis of | somali ectlyi mantteesr faatc et hcea nn ahteu rpe p
the current climate and to future clkimate
ale analysis of the oplriemaniccVvamiaalei Ihiitgyh!l 0y
riability is |inked to the influence of | oce
aping the environment. A systemic anal ysi s

atialmakad eit possible to observe and model

th the aim of studying the iIimpacts of cl i
asurements or modeling, the scientific appr
riability of climate i n otrhdeerh utnmoa ns taucdiyi vliotciael
il e proscdl egdhbaal hat contribute to i mpro
rticularly through data validation (Quinole
e many physical processes in the Earth's cl
ace (Ptoéomol1dDnd time (from seconds tdO)IA | | i o
ovide a census of atmospheric processes, the
the climate system, we typically deal wi t
al es: turbul ent eddies omgtihmecad alsesofofmi ad
nti meters, convective activity on tempor al
ters to a few kilometers, synoptic weather

ndreds to t houmsgsecdasl eo ft ek ielcoomenteecrtsi,onl gpatt err
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interannual temporal variability and spat:.

at mos-pbeaw system which varies from decadal

scal e,

al

t

and the ice agesmithhennepletseme gtabat

The main

four components of the climate syste
to operate on different time scales that inte
ng effectest. 30l 7f eedbacks (Wi I Il i ams

interest.i

Fig 4, Il 1l ustrat esp d thiea(lrhed raia 2i eorat sahl m ga xbi\es®)lvtedasrod |
axis) of atmospheric processes. I't shows how
occur at different sizes and durations.

T Horizontal axis (Spatial Scal es):
Rangegsnifcrroofscady small, upglobobafftheoalsmatdesr 9
kil ometers).

T Vertical axis (Time Scal es):
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Di fferent parts of the globe have different
during winter and see snow everywh
where one can emjoga haltl weeadrhermr o wmm

the window
countries,

c |

Since ancient ti mes, scientists have divided
the sun above the horizon and the |l ength of t
| anguage, in which it ref emr.s Diof ftehree nacnegsl ei no ft
primarily because the sunds heat is distribut
sea, atmospheric circul ati ecnal lpead-ft@acrimismaptfé @ c tec
al so havela imajdet er mi ning climate, and they,
|l atitude and on the height above sea | evel
Areas with similar climates are | ike broad st
6climate zonesd and they turn col dgr. the furt
159 30 'w "-‘.A._.'”ML ?!
7 gl oI B 1| i |
7 'z;;x;::::;‘:::z':,,wbﬁ%&g
,x, Rl TR T i N
¢ \x X S &, &
.. §5\ \ \\\/‘
/‘-,...a/‘..
# =y
/ oo 4 “©
llo’.“- ------------- z.’ ---3-4 ------
2 Ve 2 = - -’-‘..’Z\n"t"'\
¢ —— — - _—"'i .,_ ™ mm— 3
o e N sk resssonduansd 1111117 o .- TR (! ST N 3o gD, ... .“...:c'-- '
Z/ 3 130
&
5 b s‘ 5 R
756 28 L 39 : [ 0 20 59 47L
Al i sovds seven cll9ipmatli:c Ezqoumaetsor(i Aalli szoovne, 2: |
Tropical zone, 4: Subtropical zone, 5: Pol ar
Figbdbee Eart hBaer ic$ i MaitSsha wi@asb ulkus 4. et al ; 2


https://link.springer.com/article/10.1186/s40645-023-00547-1/figures/1
https://link.springer.com/article/10.1186/s40645-023-00547-1/figures/1
https://link.springer.com/article/10.1186/s40645-023-00547-1#ref-CR3
https://link.springer.com/article/10.1186/s40645-023-00547-1/figures/1

U Climate zones

The moknhowel tl assification of c¢climates was i nt
Wl adi mir K°ppen in 1884. He di vAidTerdo ptBicea |l ¢ | i1 r
Dr €j TempeDiaGoent i =EeRoladr and Al pine.

Another system of <climate classification, com
1950s by the Russiag.S5cilantdesfti nBeosr ifso uAl insaoivn (
hemi sphere and three transitional zones.

The mai n cl i mguat aroinaels, atrreopi cal , temper at e,
Nort Hemn sphere and Antarctic.ihhépweaSeut her ma
zones since each Iis dominated throughout the
Bet ween the main cli mat es uzbgqrueas oa-tieaediph esautbr am sl i &
pol ar-Ar(ctuibc i n t he Nort herAnt Blemt spherne, t haend
Hemi spheAlel) the names of transitional climate

means o6under 0.

The air masses in transitional climate zones
nei ghbouring zones at variousrbpmesalotl!|imatyge:
is hot, l i ke in the tropical] bBur masswisgt @i sip

mass from the temperate zone.

Some climate zones containcoempticndmtcalcl i mat ie
monscbnmate 3 See Tabl e

The seasons in the southern and northern hemi
February, when it is winter in the Northern H
of summer, and when the Nor tShatmeHemiHepnh esmpé eir
hottest.
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Tab3 @l i mates of Earn9Ob4(byhBomabs KAlrios @\
f
Average Circulation
temperature Time and of the
; . amount of atmosphere :
Climate zone | Climate type . SRS e Territory
Winter| Summer | g ecipitation predominant
winds
Warm, moist
equatorial air . 2
Throughout | masses are E?X?r:g: a;;i?;‘ons
Equatorial Equatorial the year, formedina Sarid
< America and
2000 mm region of low Oceania
atmospheric
pressure
5 Southern and
Mainly s
2 5 South-East Asia.
Sub- Tropical during the Monsoon West and Central
equatorial monsoon monsoon, Afri h
2000 mm rica, Northern
Australia
Throughout 5
Tropical Tropical dry the year, Trade winds North anca. Central
Australia
200 mm
In summer,
Mainly at anticyclones Mediterranean,
the cold with high South Africa,
Mediterranean time of the | atmospheric South-West
year, pressure; Australia,
Sub-tropical 500 mm inwinter, Western California
cyclones
Interior of
Sub-tropical Thraughous: LDy . . | continents between
p the year, continental air =
ry 120 mm masses 30 to 45° north and
south of the equator
Throughout Western parts of
Tem'p.erate the year, West winds Eurasia and North
maritime N
1000 mm America
Interior of
Tl h 2
Temperate t::;ougrom West winds continents from
TerrisErate continental 4ooyr: m 40-45° latitude to
P the polar circles
Mainly
during the g
Temperate Eastern fringes of
ORESG summer Monsoon Eurasia
monsoon,
560 mm
Throughout Northern fringes of
Sub-arctic the year, Cyc:’one§ t Eurasia and North
Sub-polar 200 mm B America
(sub-arctic
and sub- Throughout Seas of the Southern
antarctic) " Cyclones Hemisphere from
Sub-antarctic ::eszebar::‘ump predominate 60° southern
latitude
Seas of the Arctic
Polar (Arctic Polar (Arctic ::eroug?ou‘ Anticyclones Ocean and the
or Antarctic) or Antarctic) ‘ooye : predominate mainland of
mm 2
Antarctica
S

al

20



O A brief description of different <c¢climates
Equatorial <climate

An equatorial climate is marked by hot and moi
(+®48AC) and there is much rain throughout the
t han water can evaporateefuamot hal gcloiumat e sios

covered by a dense and high rainforest. An eq
America, the coast of the Gulf of Guinea, in
i n Afri caeatoevrerpatrhte ogir t he I ndonesian archi pel
and Pacific Oceans in Asi a.

Subquatori al climate

A sudquatcolriinmagheer kbeydr aisnegasont he summer, foll owe
dry season in the-eguateri aRaichi amlat ei nsaveulyp u

For example, Conakry (the capital of-M@uicthea)
but 3920 m@ptecomeduné@his type of climate i s
Ocean, the western Pacific Ocean, as well as
South Ameri ca.

Tropi cal climate
A tropical <climate is dominated by anticycl on:¢
the year round. There are two seasons: warm a

+20AC on the coast to +50AC in the interior.
day: on a summer afteidBbdACn bulhe coiol shidladtdsC. @ap 0

Deserts are often found intheo@Badhalr aclDiematrds
Deci duous forests (forests that | ose their | e
regi ons. Me xi c o, North and South Africa, Cent
tropical <c¢climate.

Subropi cal climate

A sturbopi cal climate is found in regions betwe
30A to 45A north and south of the equator. Tt
winters. The average temperatotrter i-hAGuenmetr tIs
arrival of air from polar regionslQ #it5oAiCnt eamtdi 1

occasionally284A€n dbki $owyme of <climate is typ
Africa, Sout hwe\ntrdarhrweAsu sstrrna lCiad idmd ni a.



Temperate cl i mate

A temperate cl-tmhtedi sefmpendtiabAavottuleand fs @u

equator as far as the polar <circles). I n the
zone is occupied by | and rtaetnhpeerr attlea nz otntee i ;e a
hemi sphere consists of ocean. A temperate cli
changes due to cyclones. A temperate climate
cold (winter), odethse wahmr (swomésprang and a
average temperature in the coldest month is U
above +15AC. The ground is covered with snow i
andwsohbadroughout the year, with rainfall and s
to 100 mm deep inland.

Supol arAr(cstuibéant aubtic) climate

A sAirbctic climate i s found between Arctic an
hemi sphere. This climate is marked by air mas:
air masses from the Arctic inl Ityhe waitnht eari.r Ttheen
July rarely above +15ATAGyatdaryi gmtd, dame pfi mgs ty
the summer. |In winter the5hA&EALCer athier d amyd saday ¢
Arctic climate tonesstsupnfirauyndhea saoadl i's mar |
few plants and animals. The north of Russia a

far north of -Aruagtoipe dlaivmatae.sub

A sAimbtarctic climate is found in the southern
zones. The gr eArtear ptaira odnd heomuibst s of ocear
up to 500 mm.

Polar (Arctic, Antarctic) climate

A polar c¢climate is found to the north of 70A
and to the south of 65A latitude in the south
are dominant all year rouma.hdrhiez smunf adroese wnert
period is called the o6polar nightaé&) and duri ni
(6mi dnight suné or Opolar daydé). Snow and ice
col d, anthevbe mpbWws. At mospheroangr éastureychbc

winds are weak and there are almost no cl ouds
icy needles and a water haze of t ene o cnc usrusmmenr
bel ow 0AC, -2a0PAdC -4eAdy eiemt Raisrathédra Mi rj al i 1 i ; 2020)



Chapter |1 | Cl i matol ogi cal Dat a
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1. Met eorol ogi cal Observations

Al geri a, the i mplementation of meteorol ogi
eorol ogi cal Office (ONM), which operates u
ulting from the restructur iOndi o&n &dbE MNAf, 7 B
i 29, 1975, as an administrative public ir
commer ci al enterprise (EPIC) witHh25s8ioefnt i
ust 25, 19%0&. clotnsimdi mfmi ssi o

Acquiring, processing, utilizing, and d
met eorol ogical dat a.

Forecasting weather devel opments across t
notices to the public and various users (s
Conducting <c¢climatol ogi cal studi es, provid
monitoring climate change.

ensure continuous monitoring of t he at mos

ablished and operates a network of meteoro
ferent climatic regions. Thios sébweadkrs| ndl
tions, 3 additional structures dedicated t
r Chell al a, and Tamanrasset, 5 meteorol ogi
t er Ahso coufs ta ndtpgneer e&OtNiMo rad ,s o has a regional me t
Tamanrasset, with 40 monitoring stations |
0ss the national territory.

addition to the consultation services it p
mati c parameters on a national scale with \
s climatological d a tnaebaar sl ey, 1wbiOt hy eraercso radnsd dca
ntry, i's widely -pusbeld cbysepwhliciec uasmd s semiat
earchers, students, consulting firms, and
i nformation disseminated by metewmlrtph®mrgi c
9) :

The regular recording of meteorological ob
records provi de useful informati on for f e

conditions (in the past weeks or moanttihosn),,
and temperature.

HY



T Weat her forecastteirmg,( 1wh ettoh e4t8e shhooufrts )t, 0 mle® i du
l omgrm (from 1 to several mont hs) .

The description of thetdrontads tca b Ilmasthee di smebaassuerd

average temperatures, rainfall, evaporation,

days, et c. I n addition tothbe NAat ooanhl Adlen ey
Resources (ANRH) operates a network of met eo
various hydraulic infrastructures across the

vary depending on the type of crops: fruit tre

r
including certahnapel eguf papmd, wwhh basic mete
r
et c

The main historical data sources ar e:

The publication by Seltzer (1946), which prov
peri oid 9381 3

The wor ks oflobudb)i,efwh(ilcoh5% ffer similar advant a
in the northern Sahar a.

The agroclimatic atlas (Ahdal i, 1978), prepar
dedicated to Algeri a.

Finally, the climatological atl as published b
presents two main advantages:

l't includes, for 48 professional stations, se
humi dity, wind, atmospheric pressure, radiati:

| t uses recent dat a.

To determine the climate of a station, a data
to the standards of the World Meteorological

1. 2. Measuring I nstruments

|l .1 Climatic Measurements in Conventional St
Gr ot nredv el measurements of met eorol ogi cal var i
yield different results depending on the envi
exampl e, a thermometer that insc omatecpr ovtad awwteesd
such measur ement errors, i nstrument s6)ardg hgl a
Stevenson Screen (named after i1ts inventor in
This shelter is a wooden box designed to min
ground. l'ts walls are made of white sl atted p

H &



flow through. The sl ats ensure adequate air
preventing the shelter from heating up and th

Currently, atmospheric parameters are measur e
(from seconds to daily). These physical at mo
temperature, precipitation,ndsunshine duration

Fi g6.AGT I m®t ®or ol ogi que de STEVENSO!

| B.Rut omati c Measuring Station

This type of meteorological station is specif
or in areas that are difficultphotavcoclksaicTéy
(sol art hpaatnedr)ovi des the energy required for th

station. The main climatic paramet erVMOar e me
standasdsh as temperature, relative humidity,
as solar radiation and wultraviolet radiation.

on



The station is also cagradbdil matoifc c¢ppdscaud®@mR d sy
(potential evapom rpeonestpci .r at i on)

The data collected by the meteorological stat
call @SM netewsmk el | i tad | towasn s fther retri eval of a
in a computer (Fig.

FigusSeati on m®t ®0o autonome avec transmi s

| P.Surface Measurements
|l R.3.1. Precipitation

Precipitation is known as al/l forms of water
defined as the process where water vapor cond
fall to the Earth in the Poeam pift ataiioon isd etehe
fresh water supply. There i s a great variatio
Et hi opia, atmospheric moisture (or weather sy
of May up ero a8édpthembbly dry weather during tl

oM



precipitation that mi g ht get i ntercepted whi l
evaporates back is called the initial | oss. TI
and infiltrates into the gtoeats Tbel argeswat
| i ket yspoei,|] vegetation, geol ogy and topography
rainfall excess available as str-famrfhowfftbm
precipittaftalolns tdhm | and reaches | arge water bgc
fourths of water returns back to the atmosphe

ACausesl Forms of Precipitation
aCauses of Precipitation

For the formation of c¢clouds and subsequent pr
cool to form condensation. This is accompl i she
of being |ifted to highdr pabtessdsescoBS8amet of
systems associated with precipitation are giyV

1. Frostthe interface between two distinct air
a warm air mass and cold air mass meet, the w:
formation of a front. The g§swebhdi hgewaomseeqgace
of c¢clouds and precipitation.

2. Cycl orse a-plresgairleowegi on with circular wind
recognized: tropical cyclones and extratropic

V. Tropical Cyclone

A tropical cyclone, also called cyciEamrse A lan
is a wind system with an intensely strong de
someti mes below 915 millibarsis Takea&@wW®r k@D i ar ¢
di ameter. The i sobars are <closely spaced anc
hemi sphere. The center of the stornrb0 ckam |ierd 1
di ameter, will be reltadiidveltyh e ueyd, Heomwe vetrr, on
much as 200 kmph exist. The wind speed gradual
al so increas®s ottewaradxnf@Filgwil Il normally be

the cyclone.



Tropopause

483 km

A

[
_—

Fiug.8Schematic section of a tropical

A schematic of radial and vertical wind fields
above (stage#3). The radial inflow and vertical v
the boundary | ayer. Thebandes mpodeayswalulppWiyth hwar
outflow and vertical velocity at wupper | evels ar
pressure gradient -lass®lci anteidcweltdineg heTlhue@ paegdegndin
are drivewedy clomwergence and | ocal buoyancy. The

field are driven by mass balance and co

V Extratropical Cycl one
These are cyclones formed in | ocations outsid:
they possess -al adkwinge cwiumd eci rcul ation in t

magnitude of precipitationranhtdawi hdogel ofi ai €t
However, the duration of precipitati ¢Figs9dsu



FiguMap9showing the density of extratropical

tracking in t-heuFkepPpramnalhyd®d8897(6hin contours a

tracks per grid point). Thehphi eldd veverl aiyd (ih

contour smsifmtoems4 0l BHAdapted from Baehr Ch, P
Joly A (1999)

V AnticyclTomese are regions of hi gh pressur.
weat her is wusually calm at the centre. Ant
the northern hemisphere. Winds are of mode
prpctation conditions exist.

bTypes of Precipitation

V Convective :Prnectitpiist attypmen of precipitati on,

than the surrounding air due to |l ocalised
from cooler surroundings flows to take up
warmca@anmntri nues to rise, undergoes cooling ar

the moisture, thermal and other conditions
i n convective precipitauddhnraiUssiaildg ysmalle,
to a diametefFiodsabouil)l10 km.



Rising air cools,
condenses and
forms clouds

Energy from
the sun heats
the ground

Warm, moist B X
pockets of air Lt s
(convection 2 LS
currents) rise e AT o
rapidly L A
P Precipitation

occurs

The warm ground
heats the a shallow
layer of the air above.
Moisture on the

ground evaporates ‘ ‘ “‘ ‘ ‘ “
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V Orogr @Ppleicae p:iTthaet inooni st air masses may get |
to the presence of mountain barriers and c

precipitation. Such a precipitation is kno
rangewi,ndwerd sl opes have heavy precipitat
rainfall

Heavy rain

Leeward
(Landward) side

Windward
(Seaward side)

Mountainous
range

Rain-shadow area
Land

Fi gurOeg ogd.aphic PrecipitaRaijadm2(1)asi m Moha
V Cyclonic

Cyclonic precipitation occur s-pwhemrsuwar m,0l mdoifg
warm air rises asprigssuwr edrzaomme iannd itshes udlojwect e
intensity of the precipiteabfopheskbkdeeesmisnedn
presence of a warm and moist air mass-toCycl o
medi-iumt ensity precipitation rate. Because of t
Most precipesattoofisythenic activity.

Cyclonic Precipitation itself i s categorized
T Front al Rai nfall
T No-Rront al Rainfall

Front alf raomrdt anlonpr eci pitation are described bel

V Front al Precipitation



Cloud development
because of frontal lifting
\_ of warm moist air

Advancing

cold air
behind cold

Fi gurFeg oIn3 .al Precipitation

The collision of two different air masses, du
in condensation and precipitation at the cont

This contact surface is named as Front al Zone
call ed Front al Rai nf al l

| f cold air drives out warm air then the fron

of air overlap the superior cold air mass, it

Front is the result of batdaaofr Imaw sgerse ag r enoi

way.

Il ntense Precipitation is the result of the Co

warm nature front which covers a | arger area
V Non Front al Precipitation

This phenomenon occurs when the moving mass o
air mass. As a result of which the Ilighter wa

The saturation point of | ighterFrwanrtnalaiPrr ecca upsi
It is a type of Cyclonic Precipitation. This |
hence categorized as a idiaftfieernent type of Cycl



cHydrol ogical <cycl e

It consists of three major steps viz., Evapor
1. Evaporation: The primary source of water v
from the Ocean (99%), | ands and a small exten
2. Condensation: Warm air raises and water va
3. Precipitation: The condensed water vapour
the barrier of adiabatic cooling. Extensive ¢
increase in size unti/l tadeyf alrle a®or diemvegr ten

of precipitation.

dMechanism of Formation of Precipitation

Precipitation occurs when | ocal air becomes s&
the | evel of water wvapor in gaseous form. Thi
when an air mass rises thr omagshs tchaen aatlnsoos pchoeor e
change in altitude (e.g. through radiative co

three distinct (KFipgeslsdf¥ precipitations.
1. Convectional

2. Cyclonic

3. Orographic

-Mechani sm of <cooling

Evaporative cooling is a cooling of the air d
water evaporates, the evaporation process req
the evaporation to occurai Wjthhéehairemouohs. oTl
that is able to evaporate into a volume of ai
unt il the relative humidity reaches 100% (s af
produce tameugprnreatfegstvaporate cooling when this
process. This is because dry air can evaporat
dry air when both are initially @atathbeesame 0e
of moisture as compared to cold air. When air
to areas of | ess dense air in the atmosphere.
| ower pressure aald awsl tclhh®l aidowino ke decrease
from expansion of rising air is called Adiaba

oy



-Mechani sm of Condensati on

Clouds are formed by the condensation of wate
This produces droplets with sizes of the orde
have to grow to millimetenr oirzéedy, faietelze mgbynd
water evaporaviohgdf dompsepsrt

-Mechanism of Droplet Growth

According to the microstructure of the cloud i

water droplets, they rely mainly on collision
to the rain; ice cloudgsompomepadsod hy nymalcle ica e
when the invisible water vapor in the air con
this to happen, the parcel of air must be sat
vapom, foa it starts to condense into a I|liquid

-Mechanism of Accumul ation of Moi stur e

iwater undergoes huge expansion during evapor :
form and 42 | as vapor (at 250C)

igravity concentrates the atmospheric gases ne
about 8 km el etnAB8DOAMWPW Poof =waetxepr( vapor conten
| ower 6 km

ifabsolute humidity (or water vapor mixi-©ig rat.
at 300C, air has a svp of 42.43 -BPa a4dhP@Q0o€E€E mdp
4. 5-3g m



Upper air has a negative (-) charge

+ Ice crystals have a positive (+) charge %

+ B ,
ﬂ 'l' + + .2500 -

";'

- 3% = = 2 ' ey o e
v - — - % Eraavir rywlascn af latant hast) o
I S Y Freesl SB2 O ! 1L e I

downdraught: = _*=
heat absorbed - | convection currents (30m per sec)
alli Uplift of warm, moist air
Hall, ¥, soncentration level and cloud
heavy :I::l::li:l::l::l::l::l:Thunder & +25°C base (release of latent heat)
rain 'yl ittty lightning Local overheating

Fi gurMecliani sm of Formation of Precip

eForms of Pgecipitation

Any product of atmospheric water must reach t
and frost are not ©part of ©precipitation as tt
precipitation explained bzeleow (arve: g(lia)z er,ai(nv,)
(vii(Fidgwl5)

(i) RMhiem: precipitation reaches the surface of

it rain. The size of drops vary from 0.5 mm
breakup during their fall i hendiet wiof Rainfals
mm/ h, moderate from 2.5 to 7.5 mm/ h and heavy

nn



(ii):SIntow s preci pi tcartyisotnalisn, tnhoer niaolriny ohfe xiacgeo n a
the earth's surface either separately or comb

usually 0.10 gm/ cm3 , whi ch Ineenatn st ot hla.t0O 1cOm coni
(i ii):DOriizzzzilee i s defined as water droplets of
with intensity | ess than 1.00 mm/ h. These wat ¢
in air.

(itv)yGleazes the drizzle, which freezes I mmedi a
surface.

(v) S| &Mter e rain falls through air of subfreez
of i ce, call ed sl eet. Someti mes snow and r ain

this circumstance are half frozen.

(vi )Hailis the precipitating rain in the form
5.0 mm to 50 mm or above. Clouds with strong
of hail. The densities of haiisgaté@éegocmabi ne
form bigger sizes.

(vii:)DBwring nights when surface of the objec
present in atmosphere condenses on the surfaceé

o°C

o°C

www.meteocontact.fr

Snow Drizzl e Sl eet Rai n

FigurForims. of Precipitations



BPrecipitation: Rainfaldl
Rainfallis cl asigiffiingcgnisnttg: i sltir@ltter daion 2. 5mm/ h
Moder atief irmtiennsi ty is 2.5mm/ hrto 7.5mm/hr

He av yi arbaoivne 7. 5mm/ hr

CMeasurement Uni t s

Amount of ©precipitation/rain (mm or 1inch)

I't i s measure astotal depth of rainfall over
I ntensity of precipitation/rain (mm/hr or inc
It is the amount of precipitation at a pl ace
i nch/ hr

DMeasurement of Precipitation

Measur ement of precipitation means deter mina

precipitation, duration of precipitation and
in terms of depth (i.e., imhéd iimetrmet ennchRseci
a basic input for the study of any water r esol
to its great variability in space and time th
i s coll exdwrde canidn mien s tgramungeerst. s Icfalslneodw riasi nt he f
then it is -gabbestemthel hednawd i ts wgauvge eiqmuiivt
simplest form is a horizontal twiowcal aar epeinmn
of a cylindrical vessel. The circular opening
types of instruments generally -ruscear diomrg noeaausqu

recording gabhge amda¢bii) weat

V NoiRecordi #®cquarnous t-y@esr wifngromai n gauges
for instance, A Symons type or a Standard
di ffer in their size proportion and mater
fibergl asat eoil glesaferdimff erent combinati ons
install ation of a standRirgle@)t ype of rain ga



FigurNo-Re&cordi ng iRaide | @D6 @ d

The circular collector opening has an area of
the receiving vessel through a funnel. The ¢
opening is placed at a staddarTdhehaneghtl aofondI®@i
fixed to a concrete block o0fi760bm xabOGcmakchBB®©

in the bottle is taken out and poured into a
100 cm or 20Whcwmhcgihestdadiy)yectly the depth o
accuracy of a graduated jar is 0. 1mm. I f prec
should be taken and summed up to give the r
obervation taken. Such a system can also be wu

mel ted to arrive at the equivalent depth of w

This system needs the service of an attending

usually daily and hourly during continuous an:
not record rain but s-iempldyngolglheges, The ratcal
coll ected in cm3divided by the area of openir
rainfall for -stthaen ddaayd. niefa saunryi nngon ar i s used, t
directl yfthaeaiddmttH i n centimetergaandamiglelai me
give the amount of rainfall only. They cannot
rain commenced, when rain ended,i mtheansiitsy tdafe ri

varies within the duration of t he stor m.



Figaivlei rrereading rain gauge (A). Electron

V Recordi®gulBaiese rain gauges give a continu

over ti me. Such gauges give al/l the requi
cessation of rai n, i . e., duration of the
recoraluignegs gare commonl y trnesctoaldliendg alyogpneg gvail
purpose of checking and calibration. Many
mar ket . One may use a tipping bucket type,
on dadresi deration of their merits and demer
site. When such a gauge is fitted with an
base station then it is known as Tel emeter

a. Ti pping BUAC kSttevTeynpse t i pping bucket type of

collector that directs the rain water through
each bucket is 0.25 mm of r ai nhalGCanncceesr warned wah
tips down to the casing. of the container bri
position beneath the funnel. Tipping of the b
number of tipspauocfi ngaug@eé ncamhbe tvy

installed at an inaccessible area from where
buckets is recorded at the control room far a
a type of gauge are (i) wihrefnaltli pgti ntgh atf ibrustkae!
(ii) very high intensity rainfall gives cl ose
of tips and (iii) calibration of t(iFisg.nla8y) cha

b. Weighing:BUdbhket t yyopree of gauge can be used f ¢
Rain is collected in a receiver bucket support

nn



bal ance is connected with a pen which touches
rains, the weight of the bucket gradually 1inc
bal ance. With time the pen marmbhs @alpieme dhet he
the accumul ation of precipitation over ti me.
depending on the c¢clock and drum size. Such ga
increasingly popul ar.

Di sadvantages of such a gauge are (i) when ve
that the bucket will overflow and (ii) such i
end of the graph paper ilty mecoergdesngi tthel pre.ci:!

c. Syphon (Buohta twgpe gauRai n serstheorwinng nt hFeé gg a

fl oat chamber through a funnel. Wi th increase
mounted on the float through a || ever systen
circumference ofstmeudted. ofha ddeaomani cal cl o

drum is wound either for 24 hours or 7 days a
ti me the pen r eache sf Itchaet talps o fr & ahceh egd atpthe tt o p

symphonic action takes place in the chamber
empties. The pen comes back to its original Z
hoohtally over the graph paper at that | evel

the time taken to collect the depth of rain c:
The beginning and t he enodn,ofditshter ishtuotrinon iafs ria

total storm precipitation can easily be obtai

FigasBlei pping bucket rain gauge Stock Ph

np



V Radar Measureméhe mét Rarafagical radar i s
measuring the areal extent, |l ocation

and movement of rain storms. Further, the amo
through the radar with a good degree of accur
of el ectromagnetic radiatiionnt eirnc eap tn aar rroawd abre abne

showndi=6?a2 ;Where Pr poaeer agehealdact or, r= dis
volume and C = aconstant. Generally, ti fact
Where e&eamdheddri ci ents and | = intensity of rai
radar station have to be determi ngaudpegsca?idbro:
.60 Meteorological radars operate with wave
values being 5 and 10 c¢cm. -grrood wdisreg vri aignd,eta i
used while for Ilight rain and Isnroawmgea o5fcn hrea c
about 200k m. Thus, a rbeed aars eceamorilgee suPrRs i amugaek
aeri al extent of? asRamwah mesaslL0@mM&®M@kms cont i
Predaryt devel opments in the field include (i)

and (iit)yopmpdears for measuring the velocity

EPrecipitation regimes in Mediterranean regi ol
Medi terranean rainfaldl i's irregular in terms
areas receive regul ar rainfall whi |l e ot her s
Medi terranean regions, the seae wWaarngeed ednuerrignyg r
associated with autumn convection, provides s
in autumn and especially in winter. This type¢

initiate wuplift.

The most natur al and most effective mechani sr
conditions (proximity to the Mediterranean Se:
involving both deep and sha(l®W3)c,onaestiong 8
observed between the distributions of a given
same climatic zone and at similar altitudes.
at a given |l ocation.

Autumn and spring precipitation often shows a
to year: a particular month may be dry or rai
Depending on the season, eMe dietderbryanean rainf a

Y In wimnaiemfall i s mai nl vy of t he-s maxleamanwe s tterr
di sturbances. It generally has |l ow instantan



precipitation is noted at highalatlittiuadie®e sgn hwiw
massi fs. I n more arid regions, their relative

YIn spring amd somemnhmes aicdd mabhewiregeonsn m
originates from thunderstorms affecting smal.l

mm/ h. These rains are generally of shorst. dur a:
Certatcd itmmga ¢ situations favor the frequent d
in the day, often accompanied by hail

Northern Algeria |lies within the temperate zo
to its topography, there are strong temperat:.
relatively abundant al oegsthefcomswatt Tebl eaat
rainfall along the coast is about 400 mm in t
the east. Precipitation is highest in the nor
mm per hgedDj.ur™jura massi f, |l ocated in Kabyl i:
east, are the wettest areas in Algeria (Touaz
with a Medyperchanheahe, receives a@aboiung 708 o¢
season, from October to February. In this regi
ranging from 250 to 600 mm, most often distri
The dry season may | astFiugp. 19) five or even si

I— | 0] SPAIN = o Mediterranea Sea 5
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Il 2. 3. 2. Temperatures

temper at urcef, Mmoetarsseusrse or col dness eaxrpbricsrsadrdysi n
and indicating thkbebndwpgklktspani anedushy 1 owi

(one at a higher temperature) to a colder bod:?
equival ent ofhehmoeynwe& gpiyec @y fataenbur ni ng mat ch
temper aturcebpthban thahbken bt egy cont ained in an iceb
the energy contained i nprae sosdiecnds.i it §e nopad rl aetdu raen,
pr operntey t hat i s independent of atshaiguamtgiutiy he
extensive prmngpestvebumeuch as

The preci sef dtedmmerntadatonre i s not atemmprat maet
fundament al tot mewy mad.ysrckuosisd sosnbeopfll e f eal s c ol de
awoodend at room temperature simply because st
t hsek i n. It is therefore necessary to have an o
Il n general, when two objects are brought into
they cemeiil wboé huemach ot her. When the fl ow of

same temperatur e.

Temperhture the most cruci al parameter gover nj
reactions. Air temperature depends on solar r
of atmospheric gases. Variati bgsatmoaiphet emp é&n
and it i s in arid zones that the greatest |
measurements depend on strict environment al f
mu st be taken t oasemrseureenttsh atr et meoste imef | uenced
incident solar radiation reflected by the gr ol
degrees Celsius (AC), or degrees Fahrenheit (
K = 273.15 + AC

AF = (1.8 I AcCc) + 32

Ac = 0.56 I (AF 1 32)

Temperature and its diurnal variation vary a
maritime or continental stations, station el e

mi ni mum temperature measurements

The temp®T7.a8 uh@ (dars S5 70.n7g ACG)ai med to be the wot
i1922 at EI ,Azb uwztiian Vv aLllwibdyaat ed i n 2012 by the
Organi zatidwme (WMOdJoubts about iotfd ircelail dlyi Irietcy
record temperat ur er eaccdradaid &BBl I7e Y,C aIStAh o u qih 1A
recent measuB&méanmikes as sohcannsi dered reliable.

WMOMWor |l d Meteorol ogi cal Organi zati on)

ny


https://www.britannica.com/dictionary/arbitrary
https://www.britannica.com/science/heat
https://www.britannica.com/science/energy
https://www.britannica.com/science/thermodynamics
https://www.britannica.com/science/iceberg
https://www.britannica.com/science/enthalpy
https://www.britannica.com/science/pressure
https://www.britannica.com/science/density
https://www.britannica.com/science/mass-physics
https://www.britannica.com/science/thermodynamics
https://wmo.int/
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https://www.google.com/search?q=Dry-Bulb+Thermometer&oq=Dry+thermometer%3A+a+thermometer+whose+reservoir+is+exposed+to+the+air+and+well-ventilated%2C+used+to+measure+air+temperature.++Wet+thermometer%3A+a+thermometer+whose+reservoir+is+covered+with+a+wet+muslin+wick+or+a+film+of+pure+ice%2C+all+being+ventilated%2C+used+to+measure+the+dew+point+temperature+%28wet-bulb+temperature%29.++Minimum+and+maximum+thermometer%3A+allows+measurement+of+the+maximum+and+minimum+temperatures+reached+during+a+given+time+interval.++Recording+thermometer+or+thermograph%3A+a+thermometer+equipped+with+a+device+that+continuously+records+the+temperature.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTM4ODZqMGoxNagCCLACAfEFqjDilMZ1HOo&sourceid=chrome&ie=UTF-8&ved=2ahUKEwifv_fx7L-RAxU5S_EDHYbmO-YQgK4QegQIAxAB
https://www.google.com/search?q=Wet-Bulb+Thermometer&oq=Dry+thermometer%3A+a+thermometer+whose+reservoir+is+exposed+to+the+air+and+well-ventilated%2C+used+to+measure+air+temperature.++Wet+thermometer%3A+a+thermometer+whose+reservoir+is+covered+with+a+wet+muslin+wick+or+a+film+of+pure+ice%2C+all+being+ventilated%2C+used+to+measure+the+dew+point+temperature+%28wet-bulb+temperature%29.++Minimum+and+maximum+thermometer%3A+allows+measurement+of+the+maximum+and+minimum+temperatures+reached+during+a+given+time+interval.++Recording+thermometer+or+thermograph%3A+a+thermometer+equipped+with+a+device+that+continuously+records+the+temperature.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTM4ODZqMGoxNagCCLACAfEFqjDilMZ1HOo&sourceid=chrome&ie=UTF-8&ved=2ahUKEwifv_fx7L-RAxU5S_EDHYbmO-YQgK4QegQIAxAD
https://www.google.com/search?q=Min%2FMax+Thermometer&oq=Dry+thermometer%3A+a+thermometer+whose+reservoir+is+exposed+to+the+air+and+well-ventilated%2C+used+to+measure+air+temperature.++Wet+thermometer%3A+a+thermometer+whose+reservoir+is+covered+with+a+wet+muslin+wick+or+a+film+of+pure+ice%2C+all+being+ventilated%2C+used+to+measure+the+dew+point+temperature+%28wet-bulb+temperature%29.++Minimum+and+maximum+thermometer%3A+allows+measurement+of+the+maximum+and+minimum+temperatures+reached+during+a+given+time+interval.++Recording+thermometer+or+thermograph%3A+a+thermometer+equipped+with+a+device+that+continuously+records+the+temperature.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTM4ODZqMGoxNagCCLACAfEFqjDilMZ1HOo&sourceid=chrome&ie=UTF-8&ved=2ahUKEwifv_fx7L-RAxU5S_EDHYbmO-YQgK4QegQIAxAF
https://www.google.com/search?q=Thermograph+%28Recording+Thermometer%29&oq=Dry+thermometer%3A+a+thermometer+whose+reservoir+is+exposed+to+the+air+and+well-ventilated%2C+used+to+measure+air+temperature.++Wet+thermometer%3A+a+thermometer+whose+reservoir+is+covered+with+a+wet+muslin+wick+or+a+film+of+pure+ice%2C+all+being+ventilated%2C+used+to+measure+the+dew+point+temperature+%28wet-bulb+temperature%29.++Minimum+and+maximum+thermometer%3A+allows+measurement+of+the+maximum+and+minimum+temperatures+reached+during+a+given+time+interval.++Recording+thermometer+or+thermograph%3A+a+thermometer+equipped+with+a+device+that+continuously+records+the+temperature.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTM4ODZqMGoxNagCCLACAfEFqjDilMZ1HOo&sourceid=chrome&ie=UTF-8&ved=2ahUKEwifv_fx7L-RAxU5S_EDHYbmO-YQgK4QegQIAxAH
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We 8B u | b“Ther mo e tdertyl b t her momet er

FigurdMetR®dor ol ogi cal Temperature Measur.i
Il n a meteorol ogical station, there is a therm
a wet thermometer (covered with a wet gauze) t
woul d occur. Comparing t hieont wof raeiard ihnugnsi daltlyo w:
often differ from soil temperatures, which ha
Il n the troposphere, air temperature decrease:
increasing distance from the ground, except dt
air), where Ot 66 AGCepredtdDi gr adi ent i's an ave
temperature decrease in dry air and in satur a

When the air is not saadrabeadicthéfseeratéé, r
When the air 0i.s5AsCa tpuerrathedd),t hiits iisps e eftd rarbead i tco
|l apse rate

The temperature decrease is compensated duri
therefore, it is normal that in dry air the d

B.Maj or Heat Zones of Earth

Geographers divide the earth in different way
divide it into bands that run parallel to the
of the region on EarthobeThhe fHaaetd zaesnddh eofditff e
our planet, where the sun's rays hit at differ

climates occur in these zones. Our planet Ear

U Frigid Zone


https://www.google.com/search?q=Wet-Bulb+Thermometer&oq=Dry+thermometer%3A+a+thermometer+whose+reservoir+is+exposed+to+the+air+and+well-ventilated%2C+used+to+measure+air+temperature.++Wet+thermometer%3A+a+thermometer+whose+reservoir+is+covered+with+a+wet+muslin+wick+or+a+film+of+pure+ice%2C+all+being+ventilated%2C+used+to+measure+the+dew+point+temperature+%28wet-bulb+temperature%29.++Minimum+and+maximum+thermometer%3A+allows+measurement+of+the+maximum+and+minimum+temperatures+reached+during+a+given+time+interval.++Recording+thermometer+or+thermograph%3A+a+thermometer+equipped+with+a+device+that+continuously+records+the+temperature.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTM4ODZqMGoxNagCCLACAfEFqjDilMZ1HOo&sourceid=chrome&ie=UTF-8&ved=2ahUKEwifv_fx7L-RAxU5S_EDHYbmO-YQgK4QegQIAxAD

The word ' Frigid’ meaning is cold. The frigid
Circle (66i1i AN) and the North Pole in the Nort
(661 AS) and the South Pole ioethes Sauvaeynl ée:
sun rays therefore the temperature in this zo
zone is also known as the Polar Region.

Every month Polar Regions have a temperature
cover more than 20% of the Earth's area. I n t
from @®Autto OAC, and winter-50Aperaharesi mahn
Antarctica is the coldest on Earth. -8/nt28ArCc taitc
Vost ok Station.

U Temperate Zone

The temperate zone | ies between the Tropic o
Hemi spher e, Capricorn, and the Arctic Circle.
area receives the oblique ray® d&fott meor sum.o
experiences a wide range of temperatures and
common which are: spring, summer, autumn, and
climate as It does atoitorex pefr i oome dfhet lwe dreo vea
average temperature in this zone |ies bet we

temperatures recd40AM@danc +t+H0ACzomepacti vel y.

U4 Torrid Zone

This zone | ies between the Tropic of Cancer a
surface of the Earth that receives the greate
and vertical rays of thkheives ahl yaai muoum@adou
the sun. This zone is also known as the tropi
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| B..3At mospheric pressure

ADefinition and Pressure

Pressure acts in all
to regard atmospheric

Column of air
with weight (W)

Surface area (A) — |
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pressur e
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Fiug.2 2 At mospheric

The units of pressure

was in use in for mer
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t herefor e: 1 mb = 1 hPa

0 The Mercury Barometer

The Italian physicist Torricelld.i i nven2z3d t he
At mospheric pressure forces mercury to rise |
The unit of pressure was then mm Hg (Hg i1s t|
repl aceduniyt thheectSo Pascal, hPa. The reading of

corrected for the temperatueacbhfsthe. mercury

/\

Vacuum ——
c
=
=]
©
v]
Atmospheric E Atmospheric
pressure | & | pressure
p=

Fiug e M23 cury barometer

760 mm Hg = 1013 hPa
I n the USA barometric pressure is stildl me as u
29. 92 inches Hg = 1013 hPa.

U Aneroi d Barometer

The aneroid barometer consists of a flexible
compresses under smal | i ncreases in air pres
converted by a | ever systemltto idsr iavemuac hp omonrtee
and portable systemsebha#dig. mercury barometer



Graduated scale

Lever
system

Aneroid capsule

Fiug eeAh4€r oi d barometer

U The Barograph

The barograph is an aneroid barometer used in
needle and graduated scale the | ever mechanis
scaled recording paper wrappedantarroanaadr d hef dtrhue
variations. This is used to provide a meteoro

pressure over time and siexe 2&bn gi.mportant foreca

Amplifying Protective case Record paper
levers on cylinder

—
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BPressure Reduction to Mean Sea Level and Pre

0 Pressure at QFfEé¢ Surf ace



The atmospheric pressure measured on a baron
Aerodrome Pressure.

The QFE varies widely, both from day to day al
the air column above the surface

0 Pressure at WMO&R) Sea Level

Since QFE is measured at station | evel, it is
because of the differences in altitude of the
al | pressures need t o breefnoeraes uQFeE vaatl utehse hsaavnee
Mean Sea Level (MSL) and the adjusted pressur
I n temperate | atitudes QFF varies between 970

as low as 900 hPa or rises as high as 1060 hP

Il n di fferent countries different met hods ar e

dependent on season. Al met hods wuse the obse
assumed temperature profil eldagwn ttha sor sum atld e
Once reduction is done, al | points with the
pressure referred to as isobars.

U Pressure Systems

I n order to forecast weather it is important
| sobars are wusually drawn at intervals 1, 2,
country. Local barometric pressures at obser v,

the difference in height ,toobrmandd yt iMem na ISle at d
enable a chart of pressure distribution to be
pressures are known as the QFF,

see2fdfig

PP
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C Isobars
Fiug eQwWr face isobars
Pressure Patterns Revealed by the I sobars are

V Anticyclones or Highs

These are regions where the pressure at i ts
circulation is clockwise in the northern hemi:

V Ridge or Wedge

A region of isobars extending away from a high
than its surroundings.

V Depressions or Lows (or Cycl ones)

These are regions where the pressure at i ts

circul ation i snarnttherlmchkevnissep hhenr @ haend cl|l oc kwi s
V Trough

A trough is a region of isobars extending awa
Pressure along the Iline of the trough is | owe
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DAt mospheric Density
UG 2.4.1 Density

Density is defined as mass per unit volume, e
and the same mass (or weight) occupies a |l arg
decreases with height the IdenThitsy wifl It hael sad rb
the temperature of the air as warm air is | es
taller than cold air columns.s@a&meuimei glwo awodt u
pressur e. | foloende whoilluemnt hes octoher i s heated, ¢t}

Py



and contain | ess air above the fixed datum of
in density and pushing smer2biagi.r above the fix

The pressure at 10 000 ft in the cold colu
000 ft in the warm air column. This will <c¢crea:

The rate of decrease of pressure with heig
warm air, so at any height above the surface
the warm air.

500 hPa

— 1000 hPa

Fiug eRP8&nsity variations

V Density of Dry and Moist Air
As stated earlier, dry air is made up of 78% nitrogen and about 21% oxygen. When water vapour
is introduced into the air it displaces the O2 and N2 molecules. The atomic mass of N 2 is 28 and
02 is 32, both heavier than H 20 with an atomic mass of 18. theugensity of moist air is less
than the density of dry air.

V Behaviour of Air
Air behaves according to the Ideal Gas Equation
p = T x } x C
or Equation of Statas it is sometimes called.

V Pressure and Height Calculations
It is also useful to know what increase of height corresponds to a pressure change of 1 hPa for any
particular value of temperature and pressure. A rough estimate may be made using the following
formula: (Note, this formula need not be memorised for exarnpgses).
96T/p ft/hPa
Where:

p &



- T is mean temperature on the Kelvin

scale and

- P is the mean pressure in hPa.

Thus at a sea level pressure of 1013 hPa and 15°C (288K) there is approximately ehbhagght

of 27 ft for 1 hPgressure change, and 50 ft at 500 hPa.

Due to variations in surface pressure and density of the air column aloft a more accurate method
of calculating the height between layers in the atmosphere is used for the calculation. Data from
the upper air is obtained by sending up a radiosonde.

The data is then used to calculate the thickness or height of the various layers in the atmosphere
and then used to derive the absolute height of the isobaric surfaces above mean sea level and so to
construct contour charts. The pressure/height formulaad for calculation.

h2-h1 =221.1 x T x (log10plog10p2)

While it is not necessary to remember or use the formula in the examination it is reproduced here
to emphasise that the height of the pressure levels in the atmosphere is directly dependent on the

mean temperature (T), of the atmospheric column aboveitfecs.

l'1.2. Relhative humidity of the air

AWhat is relative humidity?
Humi dity is the amount of water vapornpliesent
derived from vapor pressure measurements. |t

water vapod &Bndthbeamax{esmum capacity of air t
t emper a)t,urwthaa(=e e

BWhaits the unit of relative humidity and how i

The unit of vapor pressure is Pascal [ Pa] , bu
pressures, that wunit cancels out and we obtai
dry air that <contains no%,wawlheirl en alk0 0% roefl artalva
corresponds to air that is fully saturated wi
form clouds and precipitation, a relative humi
small du)stomawhiiacH esater vapor can condense.

There are two historical i nstruments to deter

an el ement that contracts and extends dependi
humi dity is then derivedhéereml bhgelrehgth meanl

humi dity. Another measuring instrument i's the
and ormal wWwett her mometer. Rel ative humidity 1is
bet ween the twhhertdhea mesmat ees, temperature di ff
humi dity. Nowadays, electronic sensors such a:



CWhat does relative humidity depend on?

Rel ative humidity is strongly variable with t
hi gher the air temperature the higher the max
the air expandishewiefhoerteemper at uoe.vapor pressur

omitremperature. On the other hand, the actual
as advection of atmospheric moisture from the
wind, etc. rAs dae preensdusl ton many factors in addit

DSaturation of humi d air

Air is a mixture of several gases, including
T The &iot apeessuee by a volume of air in a g

the sum of the individual (partial) pressu
T Theapor psesé€erendividual or partial press
The warmer the air is, the more moisture it ceé

temperatur e.

A Psychometric chart (pictured bel ow) repr es

temperatures. This chart shows that as the ai
can be held in dry air also increases.
9 Dry bulb fTemperature: with no moisture in t

9 Dew point Tempéedeusgsdtumatxi onmm amount of w
air can hol d. Note that waitre.r Riealpdotdii icga n( ata
given temp) equals the amount of Water Vap
the air can hold equals 100 (at that temp)



Humidity Ralio (Pounds of mostune per pound of doy air)
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ERel ati veihumobdttwast, is the ratio of the amo
amount of moisture the air can hold at a gi ve

Amouvnt of Water Vapor (Ib)

Relative Humidity = X |00

(at a given temperature) MQX AmOU.(\"‘ of Wafel- (at that
Vapor Air can hold tomp)

Example 1
Calculate the relative humidity of air when the air contains 0.002 Ib of moisture per pound of dry
air, while the maximum moisture air can hold at that temperature is 0.005 Ib per Ib of dry air.

RelativeHumidity = Ib of moistureperlb of dry air/Max. b of moisture
perlb of dry air atthattemp.
=(0.002Ib/Ib of dry air/(0.005 Ib/lb of dry air) at that temp)x100=40%



Air | s ssati udwehteemdbehe amount of water vapor in
an existing temperature and pressure.

T Air is said to be eddttwimiaat ietdy awh €rD 0i tp ea cretnd i
amount of moisture possible at that specif

T Air hol di ng hal f t he maxi mum amount of |
ar el antuimvedi ty of 50 percent.

When relative humidity reachescdmde meeeaneinitg otrf

water vapor changes to | iquid vapor.

Thus, the saturation | evel of air is related
becomes war mer) , more water remains in a gas
colder), the water molecuhat shew WwbWwh, canden

sur f@E@BE, 2022)
FDew Point

Is the temperature at which air reaches 100 p

dew point, moisture in the air condenses.

Moi sture will condense on a surface whose tem
air next to it. For air at a given absolute F
humi dity next to that sruorofnacies. tSoe tphl ea cceo |wdheesrte
probably occur first (called the first conden

G.The Mollier diagram

Relative humidity and enthalpy are plotted in a diagram against temperature and specific humidity
to form the Mollier diagram. The curved lines in the diagram are relative humidity while the
diagonal lines are enthalpy.

The left hand diagram is the Mollier diagram used in many countries. The right hand diagram is
normally called a Psychrometric chart and is used in most English speaking collihties.
diagrams are really the saiinghey give the same results but the terapge and specific humidity
scales are revers¢Hig 31)

The Mollier diagram is agraphical chart used to describe the thermodynamic properties of
moist air. It is widely used iimeteorology, climatology, and HVAC (heating, ventilation, and
air conditioning).

V What does the Mollier diagram show?

It represents the relationships between several propertiesrod air, including:



=A =4 -4 -4 -4 4

<

Dry-bulb temperature (air temperature)

Humidity ratio (amount of water vapor in the air)
Relative humidity (%)

Dew point temperature

Specific enthalpy(heat content of air)

Specific volume

Why is it useful?

The Mollier diagram allows you to:

< = =4 =4 =4

=A =4 =4 -4 4

Analyzeair-conditioning and heating processes
Understandhumidification and dehumidification

Determinedew point and condensation conditions

Visualize how air properties change during physical processes

Main features of the diagram

Horizontal axis: Dry-bulb temperature (°C)

Vertical axis: Humidity ratio (g/kg or kg/kg of dry air)

Curved lines. Relative humidity (0100%)

Diagonal lines Enthalpy (kJ/kg of dry air)

Upper boundary curve: Saturation line (100% relative humidity)

Example

If air is cooled at constant humidity:

f
f
f

Its temperature decreases
Relative humidity increases
When it reaches theaturation line, condensation begins (dew point)

Temperature resolution of 0.1 °C and RH resolution of 1%

Screenshots of Mollier diagram Pro in different use cases
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1. 2Su3n.sSlfdme ect 1 ight of the sun)

The sun is the ultimate source of all energy
climate system (Beer et al, 2000). Sunshine d
radi ati on. Presenehy, evinelg@ecedbatwgde |l in the |
reaching the ground have and are occurring

ant hropogenic change in the amount of insol at
studies as weltlerasr eass@ruirccwelst uarned, swa ar ener gy

solar radiation variability and trends is of

energy balance on a range of scales fysincagll ob
and biological systems, and also on the econol
the atmosphere and by absorption and scatter|
carbon dioxide, o0zone, waitoexri dveaapour, oxygen a

The shining of the ssol aorroard issastoipolpycgthetpr goéent i
the energy (photons) from its core (fusion of

cp


https://www.google.com/search?q=solar+radiation&oq=the+shining+of+the+sun%3B+direct+light+of+the+sun.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTM3MjVqMGoxNagCCLACAfEF4cOX3N-T3zPxBeHDl9zfk98z&sourceid=chrome&ie=UTF-8&mstk=AUtExfC3VDLVpAERWJZcOkS1pY21tnS1sHqZf9rrY8INajhP9o1k8lgoZVvgnm5-lYLbTsyujnQGsV7oQ-zZj1Lx1xnmok2YlUrToyDU3zdQrRjop92-vFZF8_38OMZLJ5MotMcQCl_h1Wl-2Dx4mGyG5Iy_Zg4wYW8mI4-PCYE56krAPsI596gpr_KLBegwqqcRtUbMvrwHPY1sao_TYJTtYGZz4OmsR6C_a6sjFbiNG0aF69b2hBB_AXy3JFAPiZsfTE4AxSxgEqpjRznJd0C6-QpU5wrQf-dOlXdJlPWZ-UPerlsLHuiyMeOErVscZK1QxZpB1zQlVkQwZnAJl_UZpEkWrUPwdY9XYPsfB8bsNVemeCrgnCQVPwUEj6b1u-QeTA&csui=3&ved=2ahUKEwjUnK_Ums-RAxVc9bsIHcWFGWEQgK4QegQIAhAE

units |i ke | umens or watts/ mj, providing |I|ig
unobstructed.

T Key Ter®snlight, solar radiation, solar ene

T Sourcé&uclear fusion within the Sun's <core
i mmense energy that travels as photons.

T IntenskEayth receives about 1,368 W mj (sol
1,050 W m] at zenith), but this varies by

T Appearamdhe Sun appears white, Its visible
|l ight that reaches Earth in about 8 minute

9 | mpacfThis energy drives Earth's climate, P
virtually al/l l'ife's energy.

ASunshine durati on

Sunshine duration describes the duration of di

one month) at a certain | ocation. It therefor
at that |l ocation. Direputr adi athieomrairs hdobe smaf
and the water balance are driven by incoming

to cloud distribution andi28681bafsed ®othatiihen red
2020 fordasatellltitiese presented as relative ano
reference period) and as absolute anomaly (di
I n addition to its climatol ogi dalm waldue,0laung«
producti on.

Unt il December 2017, the calcul ation of t he
foll owing parameter s:

A Total s

A Anomalies (absolute, relative) For reasons
from station to satellite data in January 201
The years before (backward until 1983) al so we
has not been changed. I n addition, some mor e
foll owing products are available now:

A Totals
A Anomalies (absolute, relative, standardized

A Percentil es



Since 1950s, t he
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Data: CM SAF, SDU from ICDR SEVIRI Radiation, 2023 ® DWD, 13 June 2023 Data: CM SAF, SDU from ICDR SEVIRI Radiation, 2023

50 100 150 200 250 300 350 400 25 50 75 95 100 105 125 150 175
[h (%]

Fiug3e2Sunshine Fig3®3Bunshine durati ont eprem caewmd rag g«

Sunshine Duration Sunshine Duration May 2023
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BHow to Measure Sunshine Duration?

Observatory-Shakedeesunnsbimg
record the sunshine duration at King's Park. §

mounted in a spherical bowd ande@ormktaddd.c 9

CT



refracted and focused sharply on the record c
the card. As the sun traverses, continuous bt
measure the sunshine duratiaoksbased on the | e

FigB6@ampibelolkes sunshine Feg8B8@®D sunshine meij

Al t hough the design and operation of sunshin
observations of burnt mar ks on record cards ¢

operations, the Observatory sd amdtear utsa nrge ao if d
duration since 2005. The sunshine meter consi
the sensor, it owi | be transformed into elect
generated vol tteheee .f rTomea ,s ewvhsacrh ats used for mes:
not shaded and receives sunlight from al/|l ar a
partly shaded. The purpose for the shawseg i s
solar radiation. By using the values of gl oba
can be computed and the sunshine duration ca
Met eorol ogi cal Or(g-aAnmM, 2a0t2i3gns def ini ti on.

Footnot e
Sunshine duration during a given period (e.g.
which the direct sol &r i rradiance exceeds 120

cy



I 1 . 2Wi3n.d6 .

Wind is defined as the moving air of at mosph
motion). Al l ot her masses of air in motion (vV
invisible weather el ementr oonutt hteh emoevief neecntt odf w
dust particles and by feeling. The pattern an

AOrigin of Wi nd

Wind is caused by differences in atmospheric
di fferencdesf.f eWreenlcea i n axmes$pheric proeesurfa om
|l ower pressure area, resulting in winds of ve

defl ect@dr ibyl jtsheeed¢ épict exactly on the equator.
factor ssscodl el awigred apmbs phasi){ tabree cuhat idohferer
bet ween the equator and t el @olleesae(imug \fteor @y c e
f or)ceasndo tt &ntei on .o fOutthsei dpel atnheet t r opi cs and al of
surface, -sdédlee |wairmgdkes tegaadsttroplippkKebaad la h b e Ea
sur ffadectaiueces the wind to be slower than it w
causes winds to bl-pwesnoufdeaikaaweaesy.ai retto allow 201

Winds defined by an equilibrium of physical f
wind profiles. They are usgtati bomnalfi mpbt imaikmn
gualitative argument s about t he horizont al

Thgeeostropgoimpowiemd is the result of the balan

gradient force.i slothafdlsocanpsp r par anlalt eels a tt dhaes pfhleorw c.
boundariyn Itehyeerm( 81 gthEk pd eails dtithel é mende geostr

wi nd bet ween t wo l evel s i n t he at mosphere.
hori z2Zzempealr at urTehageadt eopampomemtd i s the diff
actual and geostrophic wi nd, whi ch i s resp

ti Mméhgr adi ents wiimd | ar t o t he geostcreonpthriicf uwat
foromentripet dlf MAMc I0€0at i on

c o


https://en.wikipedia.org/wiki/Pressure-gradient_force
https://en.wikipedia.org/wiki/Coriolis_effect
https://en.wikipedia.org/wiki/Atmospheric_circulation
https://en.wikipedia.org/wiki/Solar_energy
https://en.wikipedia.org/wiki/Buoyancy_force
https://en.wikipedia.org/wiki/Buoyancy_force
https://en.wikipedia.org/wiki/Coriolis_effect
https://en.wikipedia.org/wiki/Geostrophic_balance
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Equations_of_motion
https://en.wikipedia.org/wiki/Geostrophic_wind
https://en.wikipedia.org/wiki/Isobar_(meteorology)
https://en.wikipedia.org/wiki/Atmospheric_boundary_layer
https://en.wikipedia.org/wiki/Atmospheric_boundary_layer
https://en.wikipedia.org/wiki/Thermal_wind
https://en.wikipedia.org/wiki/Temperature_gradient
https://en.wikipedia.org/wiki/Ageostrophy
https://en.wikipedia.org/wiki/Gradient_wind
https://en.wikipedia.org/wiki/Centrifugal_force
https://en.wikipedia.org/wiki/Centrifugal_force
https://en.wikipedia.org/wiki/Centripetal_acceleration

FiguttSsur¥FaceofarmGattegasi Bl i zzAreasf wi8®88greater i
indicate higher winds.

BHow we measure wind

The instruments used to measure wind are knov
direction and the strength of gusts.

The nor mal unit ofnawitnidc aslp eneidl el sp-&trh=eh Gkupdo5t = nip h
Wind direction is meastr endgn)etarcd wiesr trbe g arutee ch
the wind is blowing. An easterly wind bl ows f
south or 180 degrees and a westerly from the

Wind speed normally increases with height abo
factors as the roughness of the ground and th
the vicinity.

The optimal exposure for the measurement of wi
no | arge obstacles within 300 m of the tower.
this requirement exactly mbet alrle reaisoamt | wi m
an open site.

0 Cup anemometer

Wind speed is normally measured by a cup anem
or hemispherical i n shape, mounted symmetri cal
the cups causes the spindlkeedesigot afet hencspal
rate of rotation is proportional to the speed

TN


https://en.wikipedia.org/wiki/Surface_weather_analysis
https://en.wikipedia.org/wiki/Great_Blizzard_of_1888

At intervals of no | onger than five years, an
any departures in the relationship between s
manufacturer. Calibration cwirnrde cstpiecends. ar e app

FigurtMeasOur i ng wind direction

Wind direction is measured by a vane consi sti
pl ate at one end with its edge to the wind an
as a pointer. The arm i st ecdaran ehde aorni nag sv ewhtiiccha
freely in the wind. The anemometer and wind v

arm at the top of a 10 m mast.
0 Sonic anemometer

Where wind measurements are made in extreme
mountains, a heatedhawinng Bmoemowiehnhgrpast sssedh
the speed of acoustic signals ttrlmevsemd tefd tbleitt
Measurements from two pairs of transducers ca
and direction.

The distortion of the air flow by the structu
be minimized by applying corrections based on

TM



FigurMeasluri ng gusts and wind intens

Because wind is an el ement that varies rapidl\
frequewearyy 0. 20 ca&pgture the {d ntvermsipteyakaf i gqu stp*
inflict greatest damage in storms. The gust s
second average wind speed occurring in any pe
A better measure of the overall wind intensit
the ten minute period | eading up to the repor
may al so be calcul ated. Anegaan esp&sddlkdfo nedd aveasw
over a period of ten minutes. Terms such as

winds of 41 knots or greater.

CLar-geal e Wind systems of the Earth

U Gener al Circulation Wi nds
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al Circul astciaolne waninndds sayrset elmasr ggee ner at ed b
n heating of its surface by the sun. The
l ati on cell s:

dl ey Cel | : Drives trade winds in tropica
uator and descending air at subtropical

rrel Cel | : -lLeotciatt ledde 9 ,n tt hies ma «l | governs t
nami c exchange of warm and cold air mass

ar Cel | : Found in polar regions, this <c
e maintenance of temperatatetgdadients b

at mospheric cells are also influenced b
ion thmovdegl echdsnbotthhe east in the No
e Southern HemispherepafTheseswamdsi golvede

wind types:

ade Wi nds

winds are consistent winds that bl ow frc¢
grees north and 30 degrees south latitud
rn where warm air rasdsanhebhrghhal eguatdes
opi cal regions.

ance to the Wind I ndustry
fshore wind farms in tropical regions <c
nsistent energy producti on.

AAgerm studies of trade winds aid in opt
edictions.

sterlies

riies are prevailing wi nldast itthuade sb |l (o3 ftroo |
ude in both hemispheres). These winds ar ¢
cyclonic weather systems.

ance to the Wind I ndustry

ny onshore and offshore wind farms i n Eu
rategically positioned to capture the po
asonal variability in westerlies necessi
oduction throughout the year.

TO



3. Pol ar Easterlies

Pol ar easterlies are col d, dr-yawi hds et hagi bhe
poles. They origi-maeesdiremandas pahéarflhowht owar
Rel evance to the Wind I ndustry

T While | ess commodicyal et iwl inded afrons , | podar ec¢

for research stati onsclainndateemerreggiinognsp.r oj ect
4 . Jet Streams:

Jet str eaarlst iaruedehiwihnd currents that fl ow at
tropopause, the boundary between the troposp
convergence of warm and cold air masses.

iPol ar Jet Stream: Situated between 50 and 60
strength during the winter months. They signi
and weat her -lpattitteuchess .in mi d

TSubtropical Jet Stream: Positioned approxi ma
generally | ower magnitude compared to the pol
the formation andalee oweidt lmer ofat taemgres .

Rel evance to the Wind I ndustry

T Jet streams -ievéluewcedspatteerns and gl obal
directly harnessed by turbines.

T Analyzing the jet s$omneamdéis | baemdaweitder nrdesmea
wind energy resources.

Subtropical Jet

Polar Jet b

North Pole 1 30°N Equator

Figur@®r o4s2s section of the subtropical and
(National WeafBfhereameX®Zi)er Jet


https://vortexfdc.com/windsite/long-term-high-resolution-10-minute-time-series/

U Linear FI ow vs. Turbulence in General Ci

General <circulation winds, characterized by t
due to |l ocalized factors such as topography a

Linear FI ow

I n open regions | i ke oceans or plains, gener a
Linear fl ow ensures stable energy generation

Turbul ence

Near coastlines, mountains, or ur ban areas,

Turbul ence Iimpacts turbine efficiency and inc

Rel evance to the Wi nd Industry

9 Turbine Design: Of fshore turbines, of t en
prioritize efficiency and reliability. Turl

turbul ence.

T ModelHinmgge sol utainan sdatud ati ons are <cruci al 1

circulation winds interact with | o.cal l and
I n conclusion, a comprehensive understanding
energy industry to optimize energy production
site selection. Understandahgfiiesema@l aaini agl ai
identify regions with seadliabprojweatds  relstbualceas
forecasting by enabling the devel opment- of ac
term wirnnds .p aAtdtdei t i onal | vy, understanding these
all owing the anticipation of shifts in gl obal

of strateg(B8ssabcadodBngl y.
DMesoscale Motions

These motions arceycdlosna cr dfi Shmgdameeasaused by
heating between | and and sea. They typically
their main wind systems are monsoons and cycl

f Monsoon:

These are seasonal winds characteristic of As
toward the | and, while in winter the flow is
and are often the causetbfAsiaaurpadr di calsarlrg i
Myanmar, Thail and, and the Philippines.

Tp


https://vortexfdc.com/windsite/long-term-high-resolution-10-minute-time-series/

The monsoon phenomenon is comparable, on a | a

seasonal changes in barometric pressure syste
During winter in the Northern Hemisphere, dry
over Si beri a. Strong northeasterly winds bl o

monsoons.

Il n summer, the | and heats up more rapidly tha
a lpormessure system develops, attracting moi st
from the southwest, accompanied by very heavy
The monsoon returns every year, but it somet.i

The consequences are then catastrophic for fa

T Cyclones:

These are strong atmospheric disturbances gen
di fferences. Two <categories are distinguishe
(stor ms) .

E. Swmalall e Motions (Local Winds)
They arleoccadlbleecdadse t hey bl ow owvkerrowan lliontiale dwi
include:

T The Miastaadl: or col d, often violent wind a°

Mediterranean basin.

T The Siaovcwicwllent Saharan wind, very dry and
and the southern Mediterranean Sea.

Changes in wind speed and direction at -altitu
energy conversion applications. Local winds ai
l and, and mountains.

During the day, the | and heats up more rapidl.
seaward. Cooler air from t he -psreeas siusr ei nameeda actree
the | and due toedelmnddamgeni ghts t hetdderéanidon o
breeze

Relief features, especially mountains, great |
Air begins to rise toward t he mouupnstlaoipne s(uammnaibta,
breezARt night, the pldewosm¢ope (&acadwess.andbae:



Anot her phenomenon caused byt monoalt(acerh feuarnnnde hiit
effect), in which wind speed increases signif
exploited in the installation of wind turbine

Appalachian

Mountans

Ccumbert and
Plateau

Appalachian
Mountains

Cumberiand
Plateau

Courtesy of C.David Whiteman

Figurleod4adl wind. [ Diurnal wind system variati i,
Whi t endalns )

FWind rose

A wind rose Iis a chart used to represent the
over a specific period. Although they are oft
have many other potenti al uses.

The diagrambds irregular shape resembles a r o0¢
contain information about the air temperature

Wind rose diagrams help airport engineers i
i mpactport.ofpeanphicas vector analybestofuvuaway
ori enftoart iaomm ai rport.

O Types of Wind Rose Diagr ams

A typical wind rose consists of concentric ci
and polar coordinates.

There are two main -t ygpred ITaffpewi nd roses; Type

Typée


https://www.airportgurus.com/en/our-expertise/airport-operations-consulting/

This wind wosededopl ot se¢thieon and duration. The

wi nd, while the circles indicate the durati on
Ty pie |

't shewsenhgeéeh, duration and direction of wind
of t he wind. Each sectionds value indicates t

that strength Dblow from itdalat|l idnesecitmdincatlTde ta
wi nd.

Some -Mypwind rose diagrams have additional da
Every spokeded tol oondicate a different range
on the spoke denotes the frequency.

The size of the circle in the middle represen
calm (calm period). The | arger it is, the mor e
period, the wind speed 4f rkarh oamey rdeisr epcetri chro uirs

Wind data for a wind rose should be acquired
a credible average.

U Uses of wind rose

-Presented in a circular format, the modern wi
particular directions over a specified period

-The Il ength of each fispokeo around the circle
a particular direction per unit ti me.

-Each concentric circle represents a differen
increasing frequencies at the outer circles.

-A wind rose plot may contain additional i nfo
colowaded bands that show wind speed ranges.

-Wind roses typically wuse 16 cardinal directi
may be subdivided into as many as 32 directio
i n terms of angul ar measurement in degrees, N

180A and West to 27O0A.

-Compiling a wind rose is one of the prelimine
aircraft typically perform their best takeoff



Wind Speed
(m/s)
— 156.50 (1.6%)

| 10.80 (6.1%)

[ 8.23 (27.6%)

5.14 (35.0%)

3.09 (22.6%)
1.54 (0.0%)
caim--M 0.00 (3.6%)

Mace with BREEZE MetView - www Dreeze-s0fware com

Figddwei nd Rose Diagram

[ Source: https://en. wi kipedia.org/ wi ki /]I

G. Lapse Rate (Vertical Temperature Gradient)
As an air par cel rises in the Earthés at mosp
surrounding air. This decrease in pressure ca
drop in its temperature.

Under i ded&dlwheondihtei mang parcel does not excha
contains no &mobi stooks(dryaara)e of approxi mat
i s known as the dry adiabatcel |dpseendd,e.i tCOW

same rat e.

For a given |l ocation and time, the actual air
equi pped with a thermometer. The balloon move
The resulting vertical 't enepnetraalt ulraep sper orfaitlee oirs
rate.

Several types of | apse rates can be distingui

T



T A suapdeirabatic | apse rate (strong | apse rat e
decreases at a rate greater than 1 AC per

T A sadbi abatic | apse rate (weak | apse rate)
rate of |l ess than 1 AC per 100 m.

T A speci al case of a weak | apse rate is a t
|l ies above a colder air | ayer.

Under -agslumdrati ¢ conditions, the atmosphere 1is

example, an air parcel at 500 m altitude with

to 15 AC according to téae, dirfy aldé adbati cuhadipse

AC, the parcel remains warmer than its enviro

|l f the same parcel is displaced downwar d, it

to sink. Thdiaeabatec cwomei ti ons are character.i

hi

gh at mospheric turbulence.

|l n contadaisabatsiuch conditions represent a stabl
lifted from 500 m (20 AC) to 1000 m would coo

the parcel becomes denser and returns to its
Similarly, if the parcel is forced downward,
back to its initial position. Thus, stable co
while unstable conditionsrpudémotce. strong conyv

Elevation m

Elevationm

B. Sub-adiabatic conditions (stable)

FigdbSt ability and vertical air move
(Source: https:// www. sci eemndil®a)ikrsect . com/ br

y n



H. Mechanisms of the general <circulation of w

a Centers of action: Anticyclone and depressi

T Anticycl one

An anticyclone is a closed area of high at mos
by i sobars with pressurepr @isglhree dmhaas 1, ©dl3d 2&
and become drier (Fig. 12%).taComaneaqundretr|l ya,n tamda

//
B
/

Figurkowmrbwar d movement of air in an an
Winds are weaker under an anticyclone, with t
|l ead to peaks in pollutant concentrations, es
more stable. l ndeed, antioyclones are more pe

ADepr es siporne s(sLuorme sy st em)

The centers -pfeascsui®nc ot duwrws, namely pressur
call ed depressions. Preprpssateonargaseballayse
ri ses there and, as it codlug,e rd&pigd! LM3hecdmes .
vapor that can be contained in an air mass i S
and cool s, there comes a point at which the
temperature.tdhas 1660%erfelrattidve humidity. As
in the form of c¢clouds and then as precipitat:i

Yy M



Fi gdi>®pl acement de | 6air ascendant dan

b. Surwiameé directi on

The study of weather maps shows that winds, C
correlated with differences in atmospheric pr
move from areas of high pressureftol anésasand
direction of winds are influenced by the Cori
and it®aweéstr otation.

On a gl obal scal e, areas of rising -presgstohe
zones. Conversely, the sinking of cold air ge

Thus, trade winds are de reqguatdorf,r obm dvwiend rforpo
to the Coriddl.i Sifmdrlcaeg I(yfi g.n the temperate zon
pressure arpasssowardohes near 60A | atitude,
Coriolis force.






FigdxTehe | ayered structure of E&GUCARs. ao0thaypt

The Earth's atmosphere is an extremely thin s
the edge of space. The Earth is a sphere wit.l
at mosphere is about (100 km)

It can be seen that, the atmosphere as the th
Sspace. I f the Earth were the size of a basket|
by a thin sheet of pl asittixx hwaolagppetdhearatumas g he
surface. Within the atmosphere, very compl ex
effects occur. The atmosphere is not wunifor m;

properties are constantly changing with ti me

The various |l ayers of tHd@& |dtunsasrpahteer eh oans tshheo wr
at mosphere change most sharply near the grounc
decrease with i ncreasing hei ght above the E ¢
temperature, &modi di sgpsdensate, al l guantitat:i
their effect on a suspended solids and spore
Therefore, It iI's i mportant to represtewveland
upwards, beginning with the troposphere, the
exosphere. The order 50 these | ayers is shown

y n



Figb0Olehe | ayers ofCdeise , 20@&3phere

[l .1. Structure of the atmosphere

The atmosphere consists of layers divided vertically into five layers based on temperature and
altitude above the Earthoés surface. Each | aye
and properties such as density, pressure, chemical and elentdd@mperature properties .

[11.1.1 The Troposphere

The troposphere is the name given collectively to the lower layers of the atmosphere extending
from the ground to a height of approximately 10 km., and is a region characterized by a decrease
in temperature with increasing height at 'lapse rate' of 0.p&C.I00 meters . Since air is
transparent to the shentave radiation of sunlight, solar radiation falling on the Earth's surface is
temporarily absorbed by the earthés surface.
thus increase its temgagure. This condition allows the earth to emit a radiation of longer-wave
length that is more readily absorbed by.air

The emitted radiation now heats the layer of air near the ground and the heat later becomes diffused
through the lower layers of the atmosphere from below upwards. Therefore, air temperature is thus
highest near the ground and decreases with increasigigthei

At the top of the troposphere is the tropopahseboundary between troposphere and stratosphere

It can be stated that almost all weather occurs in the troposphere. Also in the troposphere as the
density of gases in this layer decreases with height, the air becomes thinner. Therefore, the
temperaturen the troposphere also decreases with hdigladdition, the height of the troposphere
varies from the equator to the poles. At the

equator it is around (280 km) high, and at the poles just under (6.5 km) hihe elemental
composition of the troposphere is a uniform mixture of different sorts of gases, predominantly

yp



molecular nitrogen (N2) (78%), molecular oxygen (02) (21%), and argon (Ar) (0.9%) and other
minor gasses, hydrogen (H) and several other gases (0.1%)). All weather is confined to the
troposphere; it contains 90% ofrvdpetre Eart hdés a

[11.1.2 The Stratosphere

The region above 10 km to about 50 km is called the stratosphieielayer holds 19 percent of

the atmosphere's gases but very little water vapor. Temperature increases with height as an
ultraviolet radiation is increasingly absorbed by oxygen molecules which lead to the formation of
Ozone . Incoming solar radiation &wavelengths below 240 nm is able to break up (dissociate)
molecular oxygen (02) into individual oxygen atoms. Each of these atoms in turn may combine
with an oxygen molecule (O2) to form ozone. A molecule of ozone consists of three oxygen atoms
(0O3).

The ozone gas reaches a peak density of a few parts per million at an altitude of about 25 km [8].
The increasing temperature in the stratosphere from an ave88g€)to a maximum of about (
15°C) makes it a calm layer with movements of the gases slow .

On the other, the dust of the stratosphere, including organic spores is believed to be meteoric and
to have entered the Earth's atmosphere from space except for occasional incursions in air currents
dragged up into the stratosphere by volcanic eruptiodshgdrogen bombs . However, recent
studies of atmospheric circulation have pointed out that an exchange of air between troposphere
and stratosphere has been confirmed .

[11.1.3. The mesosphere

The mesosphere extends from the stratopause to about (85 km) above the earth. The density of
gases in the mesosphere, continue to become thinner with height. As a result, the warming process
in the mesosphere by ultraviolet radiation becomes less, le@mdandecrease in temperature with

height from about-(5°C) to as low as120°C) . Starting at heights of 80 km, the gas becomes so

thin that free electrons can exit for short periods of time before they are captured by a nearby
positive ion . However, nteors or falling stars occur in this layer .The gases in the mesosphere
are thick enough to slow down meteorites hurtling into the atmosphere, where they burn up,

| eaving fiery trails in the night skyheats When
up due to friction from the air . The heat causes gases around the meteoroid bagfhbiy, and

a meteor appears. Meteors are often referred to as shooting stars or falling stars because of the
bright tail of light they create as they pass throtighsky.

[11.1.4. Thermosphere

The thermosphere is directly above the mesosphere and below the exosphere. It is a layer of the
Earth'satmosphere that extends from 100 km to around 1000 km. It is made up of N2 , O2, and
atomic O.



The thermosphere is characterized by high atmospheric temperature and is influenced by variations
in solar extreme ultraviolet radiation,-pdys and geomagnetic activity . The thermosphere is
closely coupled with the ionosphere, which is formed by solamays and ultraviolet radiation.

Solar activity strongly influences temperature in the thermosphere. The ionosphere and
thermosphere together fornrcamplex coupled system that plays a critical role in space weather
applications, communicationeavigationand scientific understanding . Figusé& explains the
interaction mechanism between the

thermosphere and the ionosphere. The thermosphere and the ionosphere have the same space but
different physical elements. Normal elements such as N2, O2, and atomic O are referred as the
thermosphere. lonized elements such-a®e, and O2+ are referred as the ionosphere .
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Figbdxxhows the coupling mechanism af the th

The thermosphere typical temperature is about
i sstrongly very active

Il TTEAr6&6h' s 1l onosphere
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The 1 onosphelrOed Oo ckcnu paibeosv e7 @ he sea surface, 1is
space and atmospheric events such adutrymplyoon

volcanic eruptions and earthquakes, various at
elastic waves) and sound waves were excited a
significant disturbances to the i onospheric d
The i onosphere,- 1Wwh0 chkmoalkbopeesh&@0sea surface,
act iChiatryyed particles (photons, el ectrons, proc
at omsmodrecul es in the thermosphere at high | at

Those ammtdomnmso | ecul es shed this excess energy b
aurora .displays

Al t hough the i onosphere only contains a small
because of i1ts influence on the passage of r
neutrwhenbsol ar radiation -(faphpepaktremetbhkt sae
t he chreomisdadltuents of the atmosphere el ectrons
producenbbepheric pl asma

The presence of the ionospheric plasma makes t
supports electric cur rHonwtedvesarn d nafsfpehetrse 1 acdckiso w
aircraft fly zones, but is | ocated at .altitud
Earth's ionosphere is classified into three di

ionization within a region (referred to as t he
angdhares the same space with.Tthhee techrgmefrercal i ¢
t heoni zation within a region.

The | owesrtegiiont heobering altitudesr bgit weehi a:

bet ween 90 andregdDokmjsantiet h-eapispheas sabhowe |
52

yy



Fige®hows regions of i1 onized particles,

V The D region
The main characteristics of the D region are
fThe dominant ions are NO+ and O2+.

floni zation here tad pthae hydr gemanradraebon at
nanometer (nm) i1ionizing nitric oxide (NO).

fis mainly responsible for absorption of HF r ¢

fSmall er absorption as the frequency gets higl
fThe absorption is small at night and greatest
fA common example of the D |l ayer in action 1is

statiinonshe dayti me

V The E region

The main characteristics of the E region are
fThe dominant ions are NO+ and O2+.

fl oni zati on - ayld@uénm)o asmd tf a&Xr wultraviolet (UV]
mol eoxlygrn (02).

This | ayer can only reflect radio waves havin

fAt night the E | ayer begins to disappear becaé

y @



present

fThe E region peaks at about 105 km.

V The F region

The main characteristics of the F region are

fln general, the F region has the highest conc
at mosphere.

fFregion is divided into two |l ayers, the F1 (t

fThe top of the ionosphere is at about 1000 kr
i n itooneosphere and the outer reaches of the Ear

f The F2 | ayer, where electron concentrations r
from Navigation and Communicati on

fThe 2 presence or absence of these | ayers in
wi ttthe positi.on of the Sun

TAt hi gh noon, radiation in the i1ionosphere ab
mi ni mum.

When the radiation is removed, many of the i o0l
these two conditions, the position and number
fSince the position of the Sun varies daily, n
Earth, the exact number of present | ayers is

|l 11l Theb6EXosphere

The exosphere is at the highest atmospheric |
very rarefied presence of the |lightest gases,
gases such as atomic oxygkactandhatarbohnhi fi oagid
rarified (of extremely | ow density) and ther
exosphere is perfect for placing satellites a
fairly etashéeéiynguidihomuupt ed

The pressure icmnmeabhedebgspgloémae wsnd storms t ha
the exosphere varies greatly and can reach wup

during .Neéer dagga | evel , air density is about 2
above it is only about 2x107 particles/ cm3 .
the average, t60 cmmo vbee faobroeu tc o7l xI 1i0da tn gt twe t 610 G nlorn F
this distance, called the "mean free path," i

dn



t he average, undergoes about 7x109 collisions
each minute

However, the exosphere connects the =earthos
variations of the atmospltcarde hon nAdteitalyed baxo sp h
Hydrogen is the most dominant species, foll owg
is the most distance | ayer of earth's at mosphece
against the sunfisr staylsaydrt tics cadmeo itrhteo cont a
meteor s, a sstmarco ifddyymoanaéd, c@025)

| LATr opospheric circulation

At mospheric air masses are driven by signific

result from the unequal di stribution of sol al
Earthoés rotation on its axace wWitndss owiitghiinna tteh,
homogeni zation of temperature over the gl obe
convective in nature (upward motion) and may I

of high pressure dmneadascyogtl boespr &P svaMde( Copn &
force then deflects air masses to the right
Hemi sphere and to the |l eft in the Southern He

Polar jet stream

Subtropical
jet stream

Tropical air

Equatior

Fi gbX@®ross section of the Northern Hemispher
el evati ons.

g™



I n the Northern Hemisphere, air moves away f
rotating clockwise -pmescwmeresygesemo,wawhenrd e wi t

spiral rotating countercl ockwiHsani siprhearet,i @y al
a descending clockwise spiral-passsurediareegg,es
ascends in a spiral r58)t. a tTihnegs ec ooupnptoesrictleo crkowi astei
t he same hemispherceonebrien eadx pelfaienceads hboyf tthhee Cor
outward forces, and cyclonic inward (suction)
At the planetary scal e, tropospheric circula
symmetrical <circulatiob®) cells in each hemisph

Polar cell

Mid-latitude cell

30°N

Hadley cell

Intertropical
convergence

zone 0° w—p-

.

Hadley cell

s *

Mid-latitude cell

Fi gudTeg oppospheric circulations

| deadepgiedt i on ( ats cead uei ma xmo sopfh elraircgeci MOwhati on
wor k based on File: NASA depiction o03Aexard.h g

dH



Tropospheric circulations are organized into

the Coriolis force, surface winds are defl ec
counterclockwise in the SouthedmtHemi cghdrse;f
continuous spiral within each |l atitudinal bel

AA Aitropicaharaeetkerized by the ascent of warm

chi mney), accompanied by its cooling, its pol
its subsidence in the | ower atmosiphéoe nheamar 8
equator at | ow altitude iIis deflected to the r
Southern Hemi sphere): these are the trade win

bl owi ng fweosnt .east to

AA fitemperawédhceéhl ascent of mild, temperate
the tropical zone (around-a3@Atmnadrt heamnrsiodt ow
toward 60A | atitude is associ atnpd rwitteh rtelgd owes

AA fipol arassetlated with the same ascent of mi
but with the descent of cold air over the pol
prevail

Chapive|l Sol ar Radiation and the Eart hos
IV. 1. Solar Radiati on

The sun is a spherical source of about 1.39 n
million km from earth. Radiation from the sun
The sol ar radiation can He idilviadaed tiemtre stt wo atl

IV. 1IEXlt.r aterrestri al Sol ar Radiation (H)

is the solar radiation which falls on a surfa
of the earth. A typical spectral di sbbibhei on
curve rises sharply with the wavelen@mhatnd r
wavelength of 0.48 Om. It then decreases asym
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Figeb®pectral distribution of extrater
This extraterrestrial sol ar radi atsi ocmbdtedt hen
constantyYsiHhg the value obtained by measur eme:i
to be 1353 W m 2 . Thus, the extraterrestrial
foll owing equation

360.d
H=H,|1+0.034Cos 3—”

65.25

Where dn is the dayodés number fr dhwheiae day ch
number from month). A plot for estimating the
ti me of yemrgbseshown in



Tab3®he value of nth day of year

month [ Jan. | Feb. | Mar. | Apr. | May | June | July Aug. | Sep. | Oct. Nov. | Dec.

dn 1 31+ | 59+1 | 90+ | 120+ | 15141 | 181+ | 212+1 | 243+ | 273+1 | 304+ | 334+

IV. 1IErRer gy and Radiati on

Radiation: The transfer of energy via electro
velocity of Ilight in a vacuum i s approxi matel
reach the Earth is 8 mimubegseladt 2Omasgrenids . rr :

through empty space. Any body-2a@83BodéotiCe ramcpat
to their surrounding environment.

The many differentfti yepels bgf it addiwatvied mnigs h. Th
can vary widely.

Approximate Wavelength in Meters
10 1072 1070 10° 10° 10 107 100 107 Solar Radiation Spectrum

Gamma Ultra Iy trared
RﬁYS Violet

Visible Light

04 07 1.0 1.5 001 1 10 100
039 045 050 055 060 065 070 0.76

Wavelength (micrometers) Wavelength (meters)
Micrometers

Fi guttTey ps5es of radiati on

(http:// www. uwsp. edu/ geo/ faculty/ritter/ geogloO
diation. ht ml http: /)Y www. physical geo:i

IV. 1S8n Radi ation Spectrum

Visible |light has a wavelength of between 0. 4
portion (44 %) of its radiation in this range
0.1 to 4.0 micrometers. Abolutt o7 0% 40 fmitchreo nseure'r
band (UV). About 48 % of the sun's radiation
(near infrared : 0.71 to 1mbcmiommedtmetse meafrai
to 1.5 midrndmeatreerds:;1 .f5art o 4. 0 micrometers).
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Sol ar radiati on i ncident outside the earth's
average the extraterrestrial irradiance 1Is 13
the. sun

Extraterrestrial Solar Spectrum - [Wehrli, SRS)

25

»

Irradiance W/m*“/nm

0 500 1000 1500 2000 2500 3000
Wavelength nm

FigunrS®unmn Radiation Spectrum

IV. 1Stde p-B@alnt zmann Law

The amount of electromagnetic radiation emitt
Il f the body is a perfect emitter (black body)
the 4th power of i ts templevriant.u rTehiass nnaetausruarl e df
descri bed By lttlhzenaStne gd haawm

4
E =0T
Whewoe= x5.-500Wmkdi and T is in K

I n general, good emitters of radiation are al
bands. This is especially true of greenhouse

dc



perfect abilities to absorb and emit radi at i ¢
characteristics of the sun and the Earth are

IV. 1AtSmospheric Effects on I ncoming Solar Radi .
The Earth is a planet with an atmosphere and i
There are constituents in the atmosphere whic
surface, such as ozone whioplhrdgt eoms otf hd hwel tEraa v
clouds which reflect a | ot of the Sun's radia

The process of scattering occurs when small

i ncoming solar radiation in r aaodom hdkei red cetcitaman
energy. Scattering does, howedeati oedueachheg
surface. A significant proportion of scattere:t
The amount of scattering thatwotakkses phaomi ng |
and the stitzer iofigtmar tsical e or gas mol ecul e. 1In
| arge number of particles with a size of abc
preferentially scattered. This fakbtcbobrcalsespat

to those wavelengths that are best di ffused.
daylight sky would be bl ack.

L__________Intensity of solar | Insolation

radiation

Insolation

Insolation

Scattering

Fi gug& et bospheric Effects on I ncoming St

QT



| f i ntercepted, some gases and particles in t

insol ation. Absorption is defined as a proces
and converted into heat . sTuhbes tcarnecaet itoon eonfii th eiatt:
Il n general, the absorption of solar radiatior
temperatures that get no higher than 1800A C.
emit theinrthadil aimigovavie band. Further, this em
a sizable proportion of this energy is |l ost t
The third process in the atmosphere that modi f
is a process where sunlight i's redirect by 1
redirection causes a 100he% rleofslse cotfi otnh ei ni nosuorl ag
in clouds when |l ight is intercepted by particl

of a cloud can range from 40 to 90 %.

At the smallest scale the electromagnetic rad]
by a single atom or molecule. When energy i s
the electrons that surtrma nadr dihte cmhuard pars, od awr
aphotons released. However, particles of | igh
mass, oOccupy nho space, and travel at the spee
variesyiwvehswhvel engt h, the shorter the wave
Normally, Ilight is formed from a | arge number

of t hem.

The gasses that comprise our atmosphere absor
orbit the nucleus of an atom at fixed orbital
each atom is different taomnd Idiiksec rheyder.o grehm,t iitss
orbit at particular distances and are differe

IV. 1Se&l.ecti ve Absorption of the At mosphere

The amount of energy carried by a photon dep

comprise a gas can only absorb, or emit, part.
We can see this selective absgraph oshbdwys ewxeam)
absorption for atmosphere as a whole in the sh

|l ight band (the band of maxi mum emission for
l ong wave end ocf stpheec terluent twhointahg niest it he r egi on
for the Earth.

Gy
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<

0.1 0.2 0.3 04 0.6 0.81.0 1.5 2 3 % 506 87 lO} 20 30
IR Windows
Wavelength (micrometers)
Fi gb6®BXxel ecti ve Absorption of the At mc

Sunlight reaching the Earth's surface unmodi f
direct solar radiation. Sol ar radiation that
process of scattering i$ @dll oed dihfef dsedcdolaa
is available at the Earth's surface. Some of t

back to space by reflection.

Oof all the sunlight that passes through the at
surface; to heat the Earth's surface and | owe]
in plants. Of the othepad® By #he& Eartef estedt
or reflected to space by clouds and at mospher
gases, particles, and clouds.

IV. 1Sw-Bart h Relationships

The solar constant, GSC is the energy from t he
perpendicular to the direction -sodn pdiosptaaggmc @ ,0 nc
of the atmosphere.
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Sun 1.27 x 10" m
7900 mi

Diam. =1.39 x 10° m
-8.64 x 10° mi

Solar constant

= 1367 W/m?
Gscl = 433 Btu/ft° hr
[ = 4.92 MJ/m? hr

= 1495 x 10''m

2 . 17%
=9.3x 10" mi

Distance is {

Fi guxxkarét hdos dhd iepltliicptoirchalt path causes only s
solar radiation reaching the ear:t

The Earth's axis is tilted 23 1/ 2 degrees fro
axis of rotation remains pointing in the same
toward the star Polariscaddes comangeags itnmlthean
of I ight makes with respect tosanpangffTeen mbBat
i ntense incoming solar radiation occurs where
As the swmreamseglse ¢ he beam of | ight is spread

During the summer months the Earth is incline
the winter, the Earth is oriented away from t

Mnan
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2000} M :
1750 ! .
1500~ V 7]
1000 \/— WRC Spectrum
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750 / B

“ ] ~
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0 0.4 0.8 1.2 1.6 2.0
Wavelength, pm )

Solar Spectral Irradiance, W/m? pum

Fi gultSepeect ral Distribution of Extrater:r
Gse. The average energy over smadé] bandwi dt hs
Fow The fraction of the total wawer gy gegr st e amnple ¢

*The radiation that would be receiawdd sium Wihred tdlalnscee
Radi ation Centdr GWRBR®)aai2t00mdar d)

1T Air Ma s s

The path | ength of the solar radiation throug
increases with the angle from the zenith. The
for solar cell efficiency measurements.
The easiest way to estimate the air mass in p
by a vertical structure of height h using
AM = 1+(SJ

h

Air MasiTqhheAMati o of the mass of atmosphere thr
the mass it would pass through i f the sun wer
At sea |l evel, AM =1 when the sdtmno% s6@t zenith

For d0 <« 700 &M= 1/ cos

MM



AM1.0

atmosphere

FiguxTehe rati o of the mass of at mosrtg

IV. @r eenhouse Effect and Gl obal War ming

Gl obal warming is the alleged worl dwide 1incr.
earth8sur haae air and oceans since the mid20t
According to the 2007 Fourth As®fasneinemntn RKdpan

Change (I PCC), global surface temperature inc
century (I PCC, 2007) . This type of climate ¢
temperature which i s odlattercrmatliimg wintdh i perai mag
of an interval warming trend which has occur i

hi stangyn(2A10) .

IV. 2Hilst or i c al Perspective of Global War ming
The term gl obal war ming was probably first us
science paper by Wally Brocker i n btrhien kj ooufr na

pronounced gl obabn warlinl)n.g?Br deAcker 6s <choi ce
represented a significant recognition that th
scientists was, fiinadvertent <climate modi fica
changea malhte ,clno one was igdurwea swmgiadh@d i.(rAdditei diNat
Academy of Sciences first used gl obal war ming

nif carbondioxide (CO2) continues to increase
wi || result and thbeseasbangesbehibwvBOetOhag!l i gi

MH



The report made a distinction between referrir
while referring to the changes cnanwgsne20 by) .i nth

di stinction is still often used in science refg
and climate change meaning ofheodehangGi2é&®gli n
war ming became more widely popular after 1988
scientist, James rE.a Htaenssteinmo ruys etdo tthhee tAemenr iic an
war ming has reached a | evel such that we <can
and effect relationship between the greenhous
was wia@agdryted and afterward gl obal war ming was

di scour se.

IV. 2Gr2Zeenhouse effect

It is the process by which absorption and emi:
warm a planetés | ower at mosphere and surface.
first investigated gquant9iet gtSipwellsnentdgry 2@0PBht ATA
guestion in terms of global warming i s how the
concentration of greenhouse gases in the atm
appropriate ef oorn.peMipglheoutto ilti,vthe earth woul d
would be burning hot. It would be freezing at
get the sunds heat and | ight to makett hee craiughet
the sun would be down. We would not get the s
war m.

During the day, especially during the dimpy seas:

with no atmosphere to filter i1it, so peopl e, p
heat. Al though the greenhouse effect makes t h:
to be too many gases, atmer eantt hmaay pgpkantusyuse
wi || di e. They would die because there would
vegetables and fruits). This would happen bec
This would eauessu$obd haveat, but it would a
With | ess food, |ike grass, for the animals tl
|l ess food. Gradually, people, plant and ani ma

IV. 2T Be Greenhouse Gases

The heat trapping gases are known as GREENHC
because they produce the greenhouse effect (i
prevent infrared heat radiation frosmi regsctapen
greenhouse effect). The principalnnpgrnezhh® uasree :
Carbondioxide (CO2): -2@6% cofntgri dairt lresu g eaft fea c tt:

Mo



-Met hane (CH4) 9% tofcgmtereinbhowuesese 4£ffect
-Ni trous oxide (N2O). It contributes 6% of gr
-The Halocarbons: They are also ozone depl etir
-Ozone (03)7%lof cthsegr 8enhouse effect
-Wa t wea p(oH2 O) : 't c-a0%esf abbetgBeénhouse effect

Clouds also affect the radiation balance, but
di fferent effectsvapmorradi ation from water

According to the I PCC, 2007; ANNON a, 2010, ne
war ming effect of about 33AC (59AF).

IV. 2Ca8uses of Global War ming

Most of the observed temperature increase sin
by increasing concentrations of greenhouse g:¢
greenhouse gases may be natur al or anthropoge

IV. 2 Nda.tlur.al Causes

Natur al causes of global warming are not by p
1. Green plamitts lammrdgd reemesunt of carbondioxi de
volatile organic compounds (VOC)

2 . Dustceasn oormsat e | arge amounts of particul at e
3. Vol canditch eeyr vepntiitomnpsar t i cul ate matter.

4. Wil d-ianitrhaelig natur al habitat are also cons

they emit methane by the digestion of food e.

5. Changes in solar luminous may also |l ead to
6. Variations in earths orbit round the sun,
7. Cosmifcocdustat ur al sources wusually |l arge ar
Nat ur al causes ldi md odbap p awratrend nlyy i sl i mat e <cha

apart from the earth where human activities d

The average temperature on Mars has risen 0.6

has risen. Human industrialization is <c¢clearl.
undergo gl obal war mi ng. MeasarymemtAr itakrea, al.
shown an increase in Neptimes brightness and
sol ar variations. Pluto has also been found

MAan



temperature increase in Pluto has been greate
had no net change in temperature since 1977.
reasons for this are not understood.

IV. 2 Mntzhropogenic Causes

Human activity since the -1I8mbdus thraisali nRcerveoa suetdi o
greenhouse gases in the atmosphere, | eadi ng t
(CO2), methane (CH4), trophosElF&€rsi)c amdome t ([ O3
(N2O). The concentrations of CO2 and CH4 have
1750. These |l evels are much higher than at an
which reliable datacédasobeen. ekésactedettr omeo
that CO2 values higher than this wetela%%®Z;n ab
Anngn 2010) .

Some of the causes of anthropogenic global wa

llncrease in population: The rapid expansion
of gl obal warming. The present world popul ati
popul ation | eads to gl obal ansaersmi nign carneda seemi osfs i |
directly related to |l oss of forest and natur a

2Agricul tural activities: Agricultural oper at
generate emission of gases, particulate matte
born or areas (rather thanoff inea ndurger.azManngu)r ep reor
gases into the air. These gases can be emitte
from the | and after the manure is applied.

Land use change especially deforestation: PI
n nature. Pl ants purify air-i mhgreuwssiimg G2 uf
esponsi ble for deforestationg .millrest hoe If 09 Oess
nnually in part to firewood consumption (NCA

Burning of fossil fuels and fires: They prod
ast 20 years. The conventiowabdsowuoal amhdehe
tc. About 98% of energy we use in our homes
nd coal. These are mainly fossi/l fuels. Acco
SRES) of t he |1,PXC@Q, btyhet hat nyoesaprher2 ¢ concent |
et we-2B0%0above ttiheen ciom ctelmd ryaear 1750. Fossi l
each these | evels and continue emissions pa
xtensively exploited. Al so, the National Oce
agendyheofUni ted States Government, stated that
to human activity, and that the surface of th
50 years.

® - T ™™~ 9 T A D2 T T W
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5.Chl orofl uorocarbons: (CFCs)t.oxTihceyanadr eeaas i fl gn
chemicals used-ciomdrn éfiroingergat iparc,k agiimg, i nsul a
propell ant ; because they arneosnpoiterreg addirliyf td e snt
at mosphere (the stratosphere) (FEPA, 1991), wl
the stratospheric ozone

6Cement manufacture also increases greenhouse
7Gar bage: When we throw our garbage away, the
big hills that you go by on an expressway t ha
someti mes burned. This sendsasaeas einmtranotulse aanioru

gl obal war minma 2wolrOs)e ( A

Chapter V | Aridity
V.1. Concept of Aridity
Aridistya climati c c¢onahrtaminc cdhefriacciteerrdyz eadf bpr ea
to potential evapposturldadasmimm athiacih agge of avail ab

per manent feature of eariindatree,gitoynpsi,c aaln do fd iafrfiedr
i's temporary.

Theegree afs aroitditthyy same in all desertthsr,eewhi c
mai n ddqmBaiundg el |l al, 2009; Wang, 2015):

V Hyp-arid or absolute deserts
They recei5We mme 0§ tphamrci.piTthaets eo nd epseer tyse aar e

cover7abwuof the Earthés | and surface
V Arid deserts proper

Annual precipitabi andr.adbl@reeaynbedb2eEyt nefar t lye
Earthodés |l.and surface
V Senmiri d deserts

They receilb® headwed®ddmsomé&OOmensn wp tpo eci pi
per .yeTarese desertslT.odért hag plraorxd nsaud refl ayc e .

| Al geritde ari d zods%reprebennagt e aSadlly tdde [ra nt gosr

to therhydp edfoMaadianni , 2008) .
Anot her typol ogy ccloansadi fanedsardeorrd els erothnes i nt o
aZonal delsecdtsed al ong the tropics:

MnacC



T Al onglrtolpe ¢ of dCasnecreers of the United States
Ar abi an Desert, the | ranian deserArsi,zama t
means fAarid zone. O

T Al ongTrtolpea ¢ of: Chbhbei Adbmacama Desert, t he K
Australian deserts.
bbNozonal ,dewheircchs have different origins:
T Ratshadow zones on the | eewaAdesi danotlesmeut

Great Basin and deserts of Argentina.

T I nterior contidhendedrntd s defse€Céestr al Asi a, i nf
the western continent al mar gi ns.

V.2. Concept of Desert
V. 2Defliini tion of a Desert

Area with | ess than 25 c¢cm of preci-pitt atsi arefam
by ardity.

Distribone®nof high pressure at ~30eN & S, as
mountains

Deserts have no permanent sArifdacrerawaterpr &¢d b et
and | ow temperatures as well as -mharngrkag@driacckK, f
bl own sand, cobbles, and salt precipitation.

Desert land surfaces often include:

A Exposed bedrock

A Accumul ated cl asts

A Unweat hered sedi ment

A Precipitated sal't

A Wi ndbl own sand

Mirages, which look like distant water, result from light interacting with heated air just above the
ground surface. Each desert has unigoaracteristics of landscape and vegetation. Geologists
group deserts into one of five classes.



Figu3Pesért | and surfaces

V. 2TyRes of Deserts
Five Categories:
0 Subtropical Deserts

(Sahara, Arabian, Kalahari, Australian) form \
which has condensed out after rising at the e«
evaporation rates as siohki%@® °8Belasned &i d aheéatuse
geol ogic ti me.

Rising air cools;

rain clouds form. — -

Air picks \ i
ry air
Jgﬂmim"\> (rain shadow)
\’

Evaporation g é

Fi gusrSubbt ropi cal Deserts

MYy



U Coast al Desert s

formed along cold coastal currents. The col d
Chile. Sucks the heat (and moisture)-l1®0wtl.of t

Currents
~ Cold

~» Warm

Air absorbs
moisture. Andes

Figex@®ool air over cold ocean water holds [ itt
interacts with | and.
0 Continent al I nterior Deserts
Long way from oceans (e.g., central Asi a), air

the coast.
U Deserts of the Polar Regions

air has moved north and cooled by cold ocean
rises further. Above 66U N and S |l atitude th
temperatures. Air circul atiitoni casa icecsl da,i rt e a
moi sture. Plate tectonics plays important r ol

M g



0O Weat hering & Erosion in Deserts
T Weat hering

Physical weatheri-agpacsiuons ahodngomptoi ac¢tsi on du
Lack of soil all owasthASWIS bt boekbotoomuiolfFdsuppé
exposed on sl opes.

Chemical weathering does occur, but sl owly. De
and |l eaches materi al out of the rock, reduci n
it out of the system. -iDfelpmiastiet sh ansa tbeeradma |l d il soswoell
deposited because it cements | oose grains tog

Ly,

Figure 66. Desert Varnish: wind-borne dust settles on rocks. When dew precipithtaseria
metabolize these particles and depositdrel Mnroxides. Takes bong time to form, but Native
Americans made use of it for artwd(etroglyphs).
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Figurleacwk of vegetation means variations i n be
N. Ar-vaonations in the amount of Fe and/ o

T Wat er Erosi on

Deserts get most of their rain all at once. L:
Streams are ephemeral .! Deep chrayn nNedsBireved ¥ d1s St €
in thWaddSs the Middle East. Flash floods are c

Fi gu8&Teh o6rgplr e, water i s the dominant force shagy

dry drainages. Sedi ment erodes quickly when

characterized by rapid flow of thiyck,nfmdddya,t
dry streambeds.

MMM



T Wind Erosi on

Can carry sediments |l ong distances, including
Il ni ti al mo v eimmeenqtu i = edse fdlrayt igornai ns t hatr awad emrot
Def | etitdhre sorting out, l'ifting, and removal (
eddy action of a fluid.
Critical= Weelloocciittyy of fluid flow at which f1l o
comparison, water can move | arger material wi
Settling vWaekocatege at which suspended solids s
1,000
DEFLATION
Erosion Critical
of Velocity

100

t

velocity 10

(cm/sec)
1
0.1 T .
Clay Silt Sand Gravel
(Fine) Grain size —» (Coarse)
Figoebkef | gtitthre sorting out, I|ifting, and remo

turbulent eddy action of a fluid

M Desertification

Desertification is Jaamd,deggdadadyaesrbisnrasiudifisd
factor s, including human activities and cl i m:
arid, a-nhdundirdy asruebas , taorgiredt dae,r ovo rnt ht ihtyyptee dr yl a
Consequently, al t hough |l and degradation occ.l
desertification when it occurs in drylands.

of | and degr adcatiitod,i mited to processes of de

MMH



forms and | evels of |l and degradation occurri
deterioration or persistent dteerdmnreeduwctliamd o
the biological producti vidaryd/odr liatngd, humarecwdl
direct and/ orndwndedeptobe@snaeas or i mpact s, i n
desertification is manifested through the r1ect
services

The geographic classification otherykhanosoifsa

annual precipitation amount (P) t o70)p.otkynpedaral
arid areas, where the aridity index is below
the definition of desertification (UNCCD, 19
ariditytesmacl il magi c ofugdtturn e, awhermgpas adry cl i m
are nottoedtyiandd, but occur both in dryland
drought as fa period of abnormally dry weath

i mbal ancebo

Dry sub-humid

Semi-arid
20°s

Arid
40°S

Hyper-arid

180°W 120°w 60°W 0° 60°E 120°E 180°E

Fi gur@eographical distribution of drylands, ¢
classification of the ari dihuymiidnde%0( AI Al i &
Semirid 0.20 < Al < 0.50;arArdi Al G&.e@ @& AIDhad &0
precipitation and pot e rrRt0ilebl) gvVvAsmgtadYd Dui r at |



V.3. Aridity Indices

Aridity I ndices are quantitative measures UuUsSE
relating precipitation to temperature and/ or
climatol ogy, hydrol ogy, agtrocaoall dasusiefy anldi matve

water stress.
V. 3Dee Martonneds Aridity Index (1926)

De Martaonmedsy index is a simple climatic indi
of a regi opmebyptie@dmpeOmgt ur e

For mul a

0 v
Y pT
wher e:
1 0= mean annual precipitation (in mm)
T ¥ mean annual air temperature (in AC)

T 1 constant to avoid negative or zero valu

T Climatic Classification (De Martonne)

Index value (I)\Climate type\
O v Very arid
5 @10 Arid
10 @20 |Semiarid
20 @30 |Subhumid
30 @B0O  |Humid
‘O @ |Very humid

Applications

T Climate and bioclimatic classification

T Evalwuation of aridity and desertification
T Agrcd i matic and environment al studi es
Advant ages

M Easy to calcul ate

MM I



T Requires only temperature and rainfall dat
Limitations

9 Does not account for evapotranspiration or
V. 3Mont hly De Martonne Aridity I ndex

Thwmont hl y oferDsei oMaarrtiadnneydsi ndex is derived by
f or munhoan tthol y cl i mat erdat al ese aas omaay| twa taesrs easvsai |
dr yntehsrsoughout the year.

Formula (Monthly)

For each mont h:

0 0
Y pT
wher e
T ©= De Martonne armdity index for month
1 0= Mean monthly precipitation ( mm)

1 Y= Mean monthly temperature (AC)

T 10 Constant to prevent division by very s
temperatures

|l nterpretation
T Low valOuesier month
T Higher ®Oaweéseof month
T You can Qvarmperse acrossdmginwles tseasdeastify

There are no for mal uni ver s al cl asses for mo n

"ORan|l ndi cat.i

v Very dry

51710 Dry

1020Moder at e

>20 Moi st to




How to Use |t

1.Col | ecMo rdtaltlay average temperature and month
of the year.

2.Compidxf @er each month using the formul a.

3.Pl ot or tatoalaiteualal zesseasonal changes.

V. 3Angstr°m Ari dilt9y3 7l)ndex (1936

ThRngstr°m ariisdiat ycliimohax ¢ i ndideagtrere wdé datym ee
regi on bpyr ercelpdtbiambgpenatiur ei s mainly appl-i ed in
climatic studies.

For mul a

P8t XY

wher e:

9 &= Angstr°m aridity index

T 0= mean annual precipitation ( mm)
1T "¢ mean annual air temperature (AC)
T 1.67empirical coefficient
Interpretation
1 Lowvaluesof'O\"(_ arid or dry climate
1 HighvaluesofOY humi d cl i mat e

V34Gi acobbe Summer Drought I ndex (GSDI)

Th@i acobbe Summeri Dra ucglhitmad tnidee xi ngddemmearre sd rgoegh |
intenspayti Mediaréyr ameanm i dnd egéemnfsocuses on t
bet weelemmer pr eacngpuinmmetri carempena&i mge i t -csluii maatbil ce
and ecological studi es.

For mul a

GSDI
~



wher e:
1 0= totmmer pr elcmnp)i tati on
1 Y= mesammer air ((A@perature

Summer wusual |l JuideurlAyeg potn d(Suttd)t he peri od may b
climatic conditions.

|l nterpretation
9 Low GSDIYsalvaees summer drought
9 High GSDVY hwani Wleor | ess dry summer conditio

Typi cal i ndicative ranges (may vary by region

GSDI Summer c

< 1 Very dry

17 2 Dry

21 4 Moder at e

> 4 Humi d

V.B3Annual Rainfall I ndex of Mor al (1954)
Theor al annual Clamcif@aé | pli mdiedm®tMoircgaie mp ise ua |

pluviometrugsed ntdo cakdraodelly yegmmaaminu@lt hai nf g
of a gitvoe htoega m mean anonfuatlher asitnaftailoln or r egi

For mul a

0
o =

0
wher e:
T O= Mor al annual rainfall i ndex
¢ 0= annual preciimm)tation of year
¢ 0= |Il-begm mean annual precipitation ( mm), C ¢

year s)

1 Interpretation



‘Ovalue |Rainfall condition
‘O ™™ (Verydry year
0.751 0.9C|Dry year

0.9071 1.1C|Normal year
1.107 1.25Wet year

‘O p& Very wet year

V.B8. Mangenot Humidity Index (1954)

ThEangenot humisdiat ypiioncdexmat i ¢ idedgrceaet oaf uhsuendi
or aridity @fard iMdudlirdadlrgr ainre-amni dnde ¢ e camaluatl e s
preci ptigtradrnmaal comdkt hgnst wuseful for ecol ogic

For mul a

o U
B"Y

wher e:

T O= Mangenot humidity index

1 0= mean annual precipitation ( mm)

1 B supo®oifti ve mean mopAB)y temperatures
Only monY htawé t honsi der ed.

Climatic I nterpretation (indicative)

Ov allCl i mat

pnVery a

162 (Ari d

203 (Semir i

305 (S u-bu mi

v TtHuU Mi d

(Thresholds may vary slightly depending on aut

MMY



V. 3. Emberger 6s Xerothermic Index (1942)

Ember ger 0s xerotsrebamocl i madderveil npexd t o c hai
Medi tertryame aal iwnatthesparti summer echpbaght tont emrks
preci piwtidtthh emmal ,exmak mesg it especially usef

phytogeographical studies.

For mul a

. P TTOT
W T
0 a
wher e:

9 &= Embergerds xerothermic index
1 0= mean annual precipitation ( mm)
9 0= mean maxi mum temper atked®iwmf the hottest
T a= mean minimum temper atked® i mf the col dest

Bioclimatic Interpretation (indicative)

Xerothermic index (X) [Bioclimatic stage
C Tl Saharan

2071 40 Arid

4071 70 Semtarid

707 100 Subhumid

1007 200 Humid
¢ T TT Very humid

V.8. Ombrot hermic Diagram of Bagnouls and Gaus:

Thembr ot her mi ¢e vdeilaogBeadm by | Gauasmsen i 6 gBaPhi c al
climati easmet h odiriyd eanntdi fwaear peg i bhe year. It 1 s
Medi terraneaanr i @ndclt oenmatneasd ayzenal amd ouglst | mpacHt
vegetati on.

Principle



The diagram is basedmonthhg pompamo stalmli b amdu#®re
temperatusiag( The rul e:

0 ¢Y+ Dry month

wher e:

T U= monthly precipitation ( mm)

T "¢ monthly mean temperature (AC)

Construction

1. X-axis: Months of the year
2. Y-axis:

o Temperature scale (°C)

o Precipitation scale (mm) with the rattcC = 2 mm
3. Plot:

o Monthly temperature curve

o Monthly precipitation histogram or curve

Interpretation

1 Dry period: months where the precipitation curve IEgow the temperature curvé (
qY

T Wet period: months wher® ¢"Y

1 Thelength and continuity of dry months indicate theeverity of drought

V.4.Mapping and monitoring spatiotemporal desertification patterns in the arid
transition zone of Algeria.

Desertification represents a critical threat to ecosystems, agriculture, and livelihoods in arid and
semtarid regions. This study provides a comprehensive analysis of the-tgmporal evolution
of desertification acr oahararéglomsérom280@®©2022. eppi ¢ a

According to the United Nationds | PCC speci al
of desertification have most likely increased over the past few decades in certain dryland areas
(Pete et al., 20)9From the 1980s through the 2000s, deserts expanded to cover more than 9% of
arid lands, affecting the livelihoods of more than 500 million persons by POA% v £ | i e
(2016)estimated that out of the 54 African nations, 46 are at risk of desertification, with 38 out of

48 Asian countries currently experiencing its impacts. Algeria stands out as one of the nations
hardest hit by desertification, demonstrated by a significadiree in indigenous plant
biodiversity from 1975 to 200@Bglala et al., 2018 The Sahara and Sahel Observatory reports
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https://www.sciencedirect.com/science/article/pii/S1569843225004467#b35
https://www.sciencedirect.com/science/article/pii/S1569843225004467#b36
https://www.sciencedirect.com/science/article/pii/S1569843225004467#b36
https://www.sciencedirect.com/science/article/pii/S1569843225004467#b7

that the number of species in southwestern Al
in 2011 due to prolonged droughts and huimaluced degradatior©bservatoire du Sahara et du

Sahel, 201B Past interventions, such as the Green Dam project, have not been effective in
stopping or reversing this trendllihi et al., 2024. The desert currently spans nearly 2 million km,
accounting for 80% of the total land area, and approximately 8 out of 20 million hectares of the
steppe are considered vulnerable to desertificaidral@li, 2014. This 1200 km long region is

strategic and a focal point for desertification research, acting as a natural buffer between the Sahara
and the fertile lands to the north.

All previous studies have examined different facets of land degradation in different parts of the
steppic and northern Sahara regions of Algeria over different periods, but a more global picture of
the evolution of this phenomenon over recent decades is e drawn.

The study by Tandjaoui et al. (2025) used Earth Observation (EO) data, particularly Landsat
imagery combined with cloubdased processing platforms, to analyze desertification trends over
the arid zones in Algeria, including the entire steppe, which forimsfar zone between the arid
Sahara to the south and the more fertile Tell region to the north, from 2002 to 2022. Applying a
featurespace model of spectral indices, they defined a Vegetation Sparsity Index (VSI) that
effectively captures the annual dpatemporal variation of vegetation during the fall season,
highlighting perennial vegetation. This index also enables the classification of the study area into
five vegetation sparsity classes.

They then employed several analytical methods, namely intensity analysis, gravity center change,
and regionalization, to characterize the transition patterns and rates between vegetation classes,
the movement and distribution of these classes acrosautheatea, and to delineate contiguous
regions with similar VSI trajectories.

While the total area of the different vegetation classes remained relatively stable between 2002
and 2022, a closer examination reveals alarming trends. Since 2010, there has been a clear trend
towards degradation, marked by the expansion of extremelytifiedeareas. This underscores

the importance of longerm monitoring at appropriate temporal scdkeg 71.)

Moreover, the analysis identified three distinct periods: a general greening trend until 2010,
followed by rapid degradation until 2014, and a period characterized by a relative continuation of
degradation thereafter. Regionalization analysis further ey #aat the centralestern steppé

an area of critical agricultural and livestock productidnis experiencing significant land
degradation. Conversely, the eastern regions exhibited a positive greening trend, likely linked to
agricultural expansion.


https://www.sciencedirect.com/science/article/pii/S1569843225004467#b33
https://www.sciencedirect.com/science/article/pii/S1569843225004467#b33
https://www.sciencedirect.com/science/article/pii/S1569843225004467#b31
https://www.sciencedirect.com/science/article/pii/S1569843225004467#b23
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Figure 71 VSI-based vegetation mapkandjaoui et al., 2025)

ChapVieEvapotranspir

VIlDefinitions

0O Evaporation

ation

is defined as the process by which water fro
converted to vapor. It is commonly expressed
U Potenti al Evaporation

is the quantity of water evaporated per unit

surface under existing atmospheric conditions
be an hour, a day, a montd , umoirf oa my eavre.r Itthei
consideration and is expressed in mm, c¢cm, ofr

cm/ month, in/day.

U Reference

Evapotranspiration

evapotranspiration from a reference surface,
evapotranspiration and is denoted as ETo (UN
The reference surface is a hypcotchheariaccatle rgrsasi:
commonly expressed in mm/day or c¢cm/ mont h.

O Evapotranspiration (ET)
consumptive use include both the transpirati
surfaces, soil, snow, i ce, and vegetation. Fo

M H

H



use and evapotranspiration are synonymous. ET

(water vapor) which 1s not available for Us e
generation, where water i s subiseaglulemwtéypraegasd
units of depth (mm or c¢cm) for a given period.
cycl e. Estimation of ET is necessary i n many
water management, dencag,miansastdsosimertt waft etrh e ail mg
on the hydrologic response of a catchment, et
at mosphere through the process of ET is a | ar

The evapotranspiration rate from a reference
crop ET or reference evapotranslpda&).i olnh e nrde fi €
surface is a hypothetical grass reference cro
standard conditions (ETc) refers to t Heaeevapot
| ar gewatwerleld fhiieelvdes ftuhat pacoducti on under the ¢

due tomaslubompap management and environment al c
' imit evapotranspdtrandamd (Edredi winadres @gemer al |
climate grass
reference
crop

Radiation I
Temperature

wind spead

Humidity

well watered
grass

Kc factor

ETo x

well walared crop

aptimal agronomic conditions

Fiug @ Réef erence crop ET or ETOand crop ET under
56

VI EZstimation of Evapotranspiration

Evapotranspiration can be -pstdgett mdt bgds hemwn:
formul ae have been devel oped which are based



Organi zation (FAO) of the UMonheedi Nat i( M3 leaqgs ad
standard technique to compute reference ET (A

FA&®®6 PeMmaheith Met hod for Esti mation of ET

Numerous reference ET equations have been dev
availability of weather data. These equations

radi-atri ae mpasatdurrguati ons to complex methods
as the combination method of Penman (1948).
dynamics with the flux of net ragiatsonf aadn
surface. Based on observations that | atent he
these abiotic factors, Monteith (1965) introd
the response of | ecpif ¢ sd rovwnart an meon ti.t sT hhiysd rnoold i f
equation i s widel-Morktneiwtnh a(sP M)h ee Preantmaaan. The F
based, because it attempts to incorporate the
referédmce.sWhile the use of the modified Penm
recommended by FAO, recent studies have sugges
now recommended the use of the PM mefhod &aodc
has specified a grass reference ET equation
reference ET computed using the PM equation yi
ET values. As descri bed Al g tetrila®¢9.81)r,r itghaet i FOANO ahnads
the P#®omaeith (PM) equatiPeoIp @samehce BdraemdBA @5
compute referedMe ch. bleh as skekAOS60r hourly or da
steps, the eqgudteinoreti salst dt9ddB)as (A

37
0.408A(R, —G) + u, e’ (T, ) —e
( i4 ) ?/Thr+273 _[ ( .r':rr) ﬂ]

A+ y(1+0.341,)

ET, =

where ETO0O is the grass reference ET in mm/ hou
per m2 per hour, G is the soil heat fl ux dens
temperature in AC, u2 is etimgehtmdéan mMieur leyp wiTrmd
vapor pressure in kPa at air temperatDusethbr,
sl ope of vapor pressure Vver gius ttheanppes yac hurrcemecturr
in kPa pdr ehCet al . (1998) have described the
PM equation for various time step sizes.



An applicati omM oegdqutated olRAQ56qui res data of S0

temperatur e, vapor pressur e, and humidity. Ho
avail able for a given | ocat, odi f flinc letvied D pamea
coll ecting accurate data of alll necessary clii

applyinBMFA@EAGLIi on. Among the inputs needed, t
and solar r aidmat ednwictam dHef feisci ent accuracy.
measured only at a few | ocations.

VI 2Dilrect Met hods for Estimating Evapotranspi |

Two mai n met hods ctame bev ajpiamntdipred umestteerdTh and& s
measur ements eavaep drasteidorm noft ha certain amount ¢

T Piche Evaporometer
T Lysi meter tanks

For the seEBDRdAd( met hald, Evapanrhespbnatetbadpudl as
teroh the soil water balance equation after al

OYO0 O O Y OVYY

Wher e:

T DS change in soil water storage
T P= precipitation

9 I= irrigation

9 D= drainage

9 R= runoff (l ateral water exchanges) (I bid.
I n the case where runoff is negligible and me
= 0), the equation simplifies to:

0Y 0 O O"YY

Knowing the incident rainfall amdaiinr rdiiof & tiicoun t
esti mathaggéhen soibletwatar tvpeidag @easr aanokut d o
container that Ictoveortdaiwnd h a (eermgt ai mrtayspg ofr
for whamwmbduritheof infiltratedewaalduatred nied wal &t
provided by precipit aveiigmedSdadmg dléyaeit e ner ¢ hea
water contaimaeepdfim a hley ssiomel@.e3T tr @ n2 amsaufrefroase e

aréad®m3 t.owdi gnhi n@al dypywitsemhe cRUcaistelomi ofat B E
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keeping the surface hodraonwmgkcolPdrredcti wdtseart i ex
measured using a rain gauge.

ETR i detlkemi ned byl ditherényscse meteoptiamdhb ao0e
moi sthreugh dai |l FTMepPenmesthimeintEvapmeaaansedr al
additional watETrR i(sAcstuupapl| iEevdaipsttmeamnssypri @ .t i on)

To ensur e t hreenmad aissu rreenpernets ent at i,veduafi nmga tpwerralo
severe soil, wahteert adeeld iste@ysl da sltEqpen s dlwibe pnieht eo fs

under a her baceous crop can be i nsufficien
representativenersesqumirnamsmagungmandive bt weems t éx
l ysi meter and its I mmedieauap e@mat irtroan neeanrtd g adre

i's also delicate, partichd aegdgesvhefn tvleg ettan k .o
Changeasi li nwatean sdlog@aglee addeeasscread i mnsstutagghmeanst:at i
T Soil moi st(mrealts ®ems pro bes)

T Tinmleomain reflectometers (TDR probes)

ChapVier| The Mediterranean Climate

Two relatively recent theories of Bbleéethi tdremoan e
shift attentiiomefproamehongiuths dteheen cHea dd sesyo cciiartceud

heating and cooling by drdreirzno mtaalt wifn de da g etr v
its variability. Fot betlhswmmehmaandedi heer an
intimately relatédmabe Noatihalitlliatny.i cThe Medit
attri buMedi tteor caheeeé ands blet ween the cool North
heati ng by the Asi an Monsoon, whi c he aisncume s

Medi terranean winters are shown wiondasr.i sTehebywia
theory also displays predictirveggosbkbiukl §, demia
el seWwhé&rséael , 2002)

VI Mediterranean Bioclimate (Mediterranean CIi
Medi terranean biocli mate refers to the <char ac
around the Mediterranean Basin and in other S
Chil e, South Africa, paritst iofc tAiusd radasagnal tr
temperature regime that strongly influences v
VI . 1ICllIi.matic Characteristics

The Mediterranean climate is typically descri



T Seasonal rai nfMddt damrnualbupr enowipnitteamthiiolne o
summers .are dry

T TemperatuMarmadtomedr yarsdirmmer svetdree oo mmen.s

T Annual pr eMeiapni taantniucan : r ai nf~a3 00 utsau af Uyw2 OrBa nngt
variability influenced by topography and I

T Evapotranspir @triyorsudyneami often | ead to hig
sowhter deficits.

These climatic featermnsad nal e atagweha cihe ésnt ar uonncgel dy
bioclimate and vegetation patterns.
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Fi gu3Ge ofr aphical characteristics 022)t he Med

VI . HyXdrol ogi cal and climatic setting.

The Mediterranean region is characterized by
Even though | arge spatial climate variability
many areas can be classifiad s ania@area sekmima
a temperate Europe with relatively abundant a



and Arabian deserts that are very short of wa"
stress on its water resources due to a combi
ant hhropogenic pressures due rmestanc ianncdr eiarsd lngt
expansion of irrigated areas, an e otoa u rpiospnu | aad ti
of the world is concentrated in the Mediterra
water resour ceag.e Tumesve nrleysaursaeas buted over sp
Greece and 25% in catchments in France and Tur
provide, respectively, only 4% andt 2&P 013 Me di

Wat er resource availability in the Mediterral
change, and i s seriously jJjeopardized i n  fut
scenari R e(tGarleDal). Most gl obal hydr ol ogi cal
in precipitation and temperature. However, a
of I and cover on river discharge andi ewiadaleramae :
natur al ref or e setxgtainesn ,0 nd eoff o rf g tne tnigom,r eas) ar e
in the Mediterranean region, caused by a c¢oml
(]l ower precipitation and increased evapotrans
from economic growth and wurban expansi on. Spe
they are the most Il mportant sites for water

temperatearanmnd asemis i ncl udi ng etvheer , Mendoiutnetrari ann eac
facing increasing hydrol ogical stress caused
decreasing precipitation, exceeding that in t|
del i berate r ef cerdesftaartmloann daf tahuasndiomcr easi ng e
consumption; and, (iii) 1T ncreasing pressures

river discharge and | owering #tdleeeddadptnh afr etalse
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River discharge of freshwater into the Mediterranean

South-Western 1l

e o
B ey %
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- 2 ms.e 8
>t evantine .
Average freshwater fluxes ;i :1(/’ Central ™ /
Cubic kilometres per year =
- South :
28 - Levantine =
50 R 0 i
20 2 b B .
[zl = oA & f" =
: ‘:_);"\?47,f < =t e
Annual climatological river discharge _\;7;’7,/ \ { ? s
Cubic metres per second ~ = (/ \ r;_\/);_”
Tt ey
Sources: Stmgllq M.V Mariotti, A:Sd ﬂmrﬂﬁﬂ“‘:. (2004). Ml‘d]mm into t&ﬁcr
tology spects Journal ite
[ | | | . ! 17, 47404751 Ludtwig, W, Dusaont. £ b S
10 150 500 1000 1500 1800 discharges of water and nutrients to the Mediterranean and Black Sea: Ma.mdnvmsfor

ecosystem changes during past and future decades? Prog. Oceanogr. 80, 199-217.

Fi gukRi vier di scharge into thZ2)Mediterran:e

Total annual precipitations

f’ ) Mediterranean Sea - =

Precipitations
Millimetres

SR s e

100 500

Source: UNE! ), R port of Water,

Fi gubTe tA@nin u a l Precipita&2) on (UNEP/ MAP,

The amount and distribution of rainfaldl i n Me
Al ong the North African coast from Gab s in T
rainfall per year is rarepawhare¢ae®renatbepDbDact
100 inches (2,500 mm). Maxi mum precipitation
7475 . The climate in the region is characteri z
The annual mean sea surface temperature shows

we st to east and north to sout h.

MH @


https://www.medqsr.org/sites/default/files/styles/wide_full/public/2018-01/1_2.png?itok=f0AkinU8
https://www.medqsr.org/sites/default/files/styles/wide_full/public/2018-01/1_3.png?itok=2upOEknE

Coast al aquifers provide another source of f
submarine groundwater discharge from the coas"
al mosfti fotne of the total fr esnhwanierh inmfhleorvid hianht c
this discharge entering from the seads Europ:

eastern coast of the Adriatic, domi nated by Kk
southern Mediteemaneaamnadoagti dwictomdi ti ons, I i m
and | imited surface watercourses and discharg
Coastal seepage and submarine discharges are

t he marbiansse nsub They also support wetl ands and
bi odiversity, and fishery bhareatgnedphgi todJteieo

and consequent seawater intrusion and water a
recharge of the Mediterranean. Submarine grou
nutrient inmest aind somée dr pgiovi de pat hways for

(UNEP/ MAP, 2012, and PREP/ MAP, UNESCO, 20

VI . Bix.diversity.

The Mediterranean3het ospobs the Wwoodiddersity.
ecosystem hosts around 4 to 18% of the worl do
for the reproduction of pelagic species: the

whi herlsés unique breeding areas and sea turt!]|
nesting areas along its eastern coast. These |
mari ne mammal fauna and t hee elaasstte rsnh eplatretr so ff otrl
Medi terranean monk seal. The shallow coast al
ecosystems such as seagrass beds and corallig
uni que and fr agislee sfpaeuwcn ae.s Manrey rofr et mend / or

regionally classified by I UCN as threatened o

This natural heritage has profoundly influenc
basin into a rich and heterogeneous mosaic o0
hi storical and current i mpactfs sdfi nmgulptriapglta cets
and degradati on, eutrophication, and more rec
change effects. Since the intensity of t hese
Medi terranean alayssens dreempiomarleasni ngly needed
future marine policies and management actions



Fi guertMar7i ne protected Areas and protected area

Al most 86 000 km| of the Mediterranean is <cl a
2000 sit7/® .( ARingkr0el 6, only 3 % of the Mediterra
protection of the CBD convention is far from
be created in high and deep sea, which are no

ChapVldifAdapt ati oandf aptloammectlsi mati ¢ condi t

Il n 1903, Danish botanist Christen Raunki bPr pu
on their adaptation to the unfavourable seaso
their perennating parts, i.e. buds or shoot a


https://www.medqsr.org/sites/default/files/styles/wide_full/public/2018-01/1_5.png?itok=6LZBnu3C

