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Earth Observation and Remote Sensing

The worksheets in this pack arg intendad to familiarise pupile between the ages of 11 and 14 with the subject of sateliite imapery.
Satellits images are of increasing importance in a great many domains and are dramatically changing the way we view the world and
peresive physical phsnomena. Both Merally and figuratively, they add a new dimension fo our knowledge, whether it e i the siudy
of ngturaf phenomeng or in assisting humans in thelr various aclivities. Their use ~ and undevstanding — by puplls is one of the aims
ol this project.

The topics and examples in this pack were chosen o maich the cordent of schoo! curricuda, especially in geography, ife and Earth
sciences and physics. Since this "eacher’s pack” has been designed for use in European schools, ] deals with fopins conymon fo the
curricida of the various Buropean counirias, although some variations exist concarning the level or age of pupils to which thege topics
ara taught. '

The 11 topics combine satellife Images, short texds, photographs and fustrations in an effurt to provide information of different origing
and on differant scales.

The pack cordaing 15 copies of each workshest so that they can be distribuled o pugils in groups of two. Each worksheet comes with
a sheel splitied "dormation for feachers” that further develops the topie in question, providing additional information on sach of the
satelite images in the worksheet,

Also provided is & puplls’ questionnalre (o biack and whits), which van be gasily photocopied, reworded by the teacher and handed
out 1o pupils. For thoss teachers whn so wish, the questionnaire can be used as part of the lesaon.

The workshests ara iy colour, in & three panel fold-out {riptyeh) 83am X 28.7 om format. This format was chosen in grder fo retain the

graphical quality {in terms of size, colour and definition) required 1o observe sateifite images properly. These documnents, when opened -

out, contain within their 3 inner pages {pages 2, 3 and 4} "core content” covering the man thems of e worksheet,
Page 5, on the back of the warkshest, examines a parlicular aspsct of he topic in greater delall or provides an example,

The aim of page 6, shways entitfed "How do satsllites work?™, is to show how sateifils images are ohtained: knowledge of this subject
i3 gradually accumulated by working through the 11 worksheeis, sllowing & gensral understanding to be gained of the fechnigues
used, the phiysical phenomsena nvolved and the processes behing the images. in fadd, sateliite images ars not wearsly plotographs
faken from a great height which enabie us 1 "ses avarything”™

in reaiity, each image is designed 1o meet a precise need by dedloying whatever observation methods and technigues are hest suited
to the chiective in guastion. The specialised instruments on board sateifites arg thus designed, built and opevated insuch away as o
provide a suitable reprasentation of the phenomsna one wishes 1o sludy. Learming how the image was prodocsd s often a first slep
ort the way o olearly understanding certain gspects of the wider fopin. '

Teachers of physics and chemistry can concentrate primarily on these sections, which cover many of the themes in thelr urriculy,

Certain worksheets, therefore, can be gsed in a cross-disciplinary approach involving two teachers.

Depending on the subject area and rale at which material is coversd, a given class might be given lessens i year 5 or € using Hese
workshests, chosen from among e sisven topics: thres or four would be presented by geography teachers and two others by
teachers of life and Earth sciences, physios and chendstry, This would allow the same class o have an opportunity to discover gl of
thi available toplos over & peried of two years.
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Tfse Ehrcweafz Space Agery is Eorope’s galeway 16 space. Since March 2006, ESA has had 17 Member Siales. By coordinaling the
financial and intelisctual resources of s members, ESA can underiaks programmes and aotivities far beyond the scope of any single
European countny.

iisk\\k \ \(’\\\'A\ -.--\‘A\{'
ESA's role is 10 draw up the Furopean space programme and o see o iis mplemaniation, ¥ is also responsible for developing Burope’s
space capacities and snsuring that the citizens of Ewrops benefit from investments in space.

The Agency's projects are designed o expand ow knowdodge of the Barth, its immediate environment in spage, the sofar system and
the Universe, as well as o develop satellite tochnolngies and servines and promote Egropearn indusiry.

ESA noordinates its activities with thase carried out al national level by the space agencies of s Member Siates. it alan works closely
with gpace organisalions from outaide Burope 1o ensure that the achisvemnents of ifs space programmes are of benefit to manking as
a whale,

ESAS 1Y Men me: Smtcs are Austria, Baigium, Denmark, Finland, France, Germany, Greece, Ireland, Haly, Liwembourg, the Netherlands,
Norway, Portugal, Spain, Swadsn, Switzeriand and the United Kingdom. {anada is a Cooperating State and takes partin cerfain Agenoy
programmies. The Dzech Republic, Hungary and Romania bave the status of European Cooperaling States (£CS).

ESA is an interngtional organisation independent from the Eurgpean Union, which nonetheless maintaing close finks with the EU
through a framework agresment between the hwo organisations. £ SA and the FU share a joint Furopean strategy for space and
fogether arg develnping the Eurppean Space Policy.

Whars in B8a9
£SA has its headguarters in Pavis and # i3 there that the 884 Council maets to take decisions on s policies and progranimes. Howevey,
E5A alan has centres in Eurape, each with separats well-defined responsibilities.

* ESTED, the Ewopean Space Research and Technology Centre, is where most ES& spacecraft ars designed and fested # ig
atso whers ifs space technology progranwmes are draws up and developed, |t is locatad in Noordwiilc in the Netherlands.

* EROC, the European Space Operations Centre, Is responsibie for the in-orbit command and conirol of ESA safefiites. 1t is located
i Darmstadt, Germany,

* FAC, the Burnpean Astranauts Centee, is responsible Tor the ralning of £ESA astronauds for thelr futtre missions and is lweated in
Cologne, Germany

* ESRIN, the European Space Research Instifuls, is based in Fraseati, near Rome, Haly, Ha responsibifiting include gathering, storing
and distributing satelfite data fo ES&s pardnars, It s alse where the fuhure Ewropean launchey, Vega, is undergning development
and is responsibie for the Agency's information technology activities.

* ESAL, the European Space Astronomy Centre, is responsibie for programming the astronomical obesrvation nstruments on board
ESA solentific missions and arohiving the corresponding data, it is localed i Viligfrancs dgl Castifio, Spaln

in agddition, FSA has liaison offices in Brossels, Washington and Moscow, whils Kourow, French Guiana, is home 1o “Burope’s spacepont®,
the 08G {Gulana Space Centre).

In various parts of the world ESA alse has ground stations, sateliite tragiing stations and 2 *mbﬂr of offices dealing with Suropean
space activities in the fields of soience asd human spaceflight.
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HEw any peoile wark fy B8AR

At the he g “mr‘g of 2007, E&sf'% mployed 1900 specialists in space activities, e highiy qualified staff are drawn from ail of the Member
States and include solentists, enginasrs, 1T spevialists, administrative and legal persennel, and nol forgetting the members of the
“Eurapean Astronaut Corps®,

Now Iy S8R fanded?

E8&'s mandatory activities {Scientific Programme and General Budgst ars funded by the contributions received from alf the Member
States. These are calculated on the basis of each country’s gross national product. ESA also camies ouf optional programmes. Bach
country decides on those optional programmss in which # wante to take part and how much i wishes {o contribute in each cass.

2 NA KResedaovad
Howw Big I e 888 huogets

-

The budget for 2007 is 2975 million. The Agency operales o the basis of "geographical return”. This means that iy each Member
State # invasts, bwough contrasts af im,a*ed 1 thal coundey's firms o conduct space activities, an amount more or lsss sguivalent to
the couatry's costribuiion.

How' miueh does sach Birnnean soond on 888

Par capita, Curopean investment i space actividies is very low. To fund space programmss, svery national of an ESA Mewmber Stale
pays in tax on averags roughty the squivalent of the cost of 3 cinema ticket. Iy the United States, invesiment in oivil space aciivities
i5 almost four times as high

i
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How doss 858 sperate?

The Eoropean Space Age y has nine Directorates, five of which ars Programms Directorates covering the following arsas: Seience;
Launchers; Human Spacetlight, Microgravity and Exploration; Earth Observation; Telecommunications and Navigation.

The £SA Coungcit is the Agency's goveraing body and provides the basic policy guidelines according to which the Agenty develops the
Etropean space programme. Each Member State is represenied on the Councll and fias ons vole, regardless of #s size or firancial
copiribution.

Evary four years, the Counci elects a Director General fo head the Agency. Jean-Jacques Bordain, ES&'s corrant Biractor General, was
appoirded n 2063, :
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Satelite orons oo

Thi movernent of salelifes around the Barlty is one of the consequences of gravitalion. The process of putting & satellfe into orbit s subject
fo the fundamental laws of physics, The flight tralectory depends on the initial spead of the sateliite: if the speed is foo slow, the satelfite falls
hack 1o Banth following a parabolic path; if the speed i3 %00 high, reaching apgraximalsly 11 ki per seoond {8scaps weloolly), the vehick {8
space probe for example) leaves the Eartiys orbit and continues indefinilely towards outer space. in order for it o travel i a gircular tragectony
at an aftitude of 800 ki, the inttial spesd nesds to be agprovimatsly 7.5 ki par second.

A satelifte can stay in the same orbit for 2 long me, as long as the Barily's gravilational pull counteracts the centrifugal force. Since sateliftes
fraved i orbit ottside the Eartiv's airwsphere, they are not affected by air resistance 50 thelr spesd remains constard. This resulls in a slable
orhit with the satelite circling the Earth for many years. The satellite travels arund the Earth using solely the Earivs gravitationat Torce. The
propeitant reserves on board are onfy used T make small adjustments 1o the fraleciory or the aliitude,

ow ovbit is under the influence of immenssly powerful gravitational pull and must therefore traved at great speed in arder to generate sufficlent

Gravitational pull decregses as the vehicle travels further away from the Eanth, while the centrifugal force grows with orbital speed. A satsiite in
iR
sentrifugal forcs 1 counteract gravitation. As a result, there is a direct iink bebwesn the distance to the Earth and the satelite’s orbital speed.

§
§
g
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Al 4 distance of 36,000 km fom the Earth, the satellite takes 24 hours fo complete the orbit, which s the same amount of lime the karth
. takes to tum on #8 own axis. At this distance, a sateliite positioned atove the Equator will remain stationary with respect 1o the Barth,
\ Telecommunication and weathsr satellites use “geostationary” arbits. Three geosiationary sateliites, spavsd out &t 120°, cover the entire

surface of the Earth.

Satedlites in “polas” orbits fy above the poles at an aliituds of 700 and 800 km and are abis to vhserve the entire surface of the Earth in just

2 fow days.
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?’ize salellite images
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meaauremﬁnts cf *he ﬁi:msp:‘efe oceans, i
mionitor changes fo fhe enviroament and eiimate.

fong content

View of the Farth showing the Americas. This shows Melensal's trus position in relation to the Earth. Thus, the Bvopsan geosiationary saleliile
Moteosat ~ positioned dirsctly ahove the Guif of Guinea ~ can be ssen in this image to the right of the globe. &n observer & space "sselng”
Meteosat in that position would necessarfiy be above the American continent.

o The Sath

This image of the western hemisphere was prodused by cumibiting data from several Earth obsarvation instruments, The data on cloud
mass comes Trom GOES (Geosiationary Operalional En":mfm rital Saleifffe), which belongs fo NOAA (National Oceanic and Atmipspheric
Adrainistrations. The data on the ooeans comes fom NOARs SeaWiFs (Sea-viewing Wide Feld-ol-view Sensor} sateffite, while that on
yagetation is from POES (Rolar Orbiting Environmental Satolite). Shown here, near the west coast of the United States, is Tropical Cyclong
Linda (8 September 18971

Riu de fa Plata eqtuar\; which forms the border between Argenting and
iirt}quay i’\ﬁ@rtﬁ is located at the narthern mouth of the estuary. Each year the currents of
e Riods iy Pfata o ; 57 mﬂmﬁ cubiﬁ meiﬁua af seﬁsmen‘:, ?‘mahiy from its principa! tributaries, the Parand and Uruguay rivers, The motth
of the estuary is 219 km wide.

Solar ra \.fs shriki g the Faft canbe absm*befi £y H’ft clad 35 well as being visibie to ths human eys o g satallite, The albede value of g surface

indicates the percentags of salar light reflected.

Thus Meteosat satellites measure, in the visible and near infrared, e different atbieds values of the sirfaces observed. Clouds, snow and ics,
which reflact ight strongly, appear Hight gray. Dry, barren surfaces are also shown in Bight colours, while vegeiation-covered regions have a
shinhlly Iower atbedo and appear davker, Water surfaces have a very low albedo and are represenied in very dark ones.

From all of these meastvsments i s possible to oreats Hack and while imagss which can then be processed 1o produee colowy knages of the
globs (see centre image). Depending on which channels are used, itis aise possible fo produce images which reveal variglions in temperalurg
on the Earth’s surface {(see right-hand image).

Tha Metoosat satsiiits sping rapidhy around #is axis, which is paraliel fo that of the Earlly, and performs 100 revolutions per minute. With each
rofation i scans a B-kny wide strip {or swaths from oast o west. The scanngraph miroy is adiusted so as 1o allow a new swath 1o be scanned
with sach rolation, s providing 4 complets image,

MSG (Metepsat Second Generation) genevates mullispectral images of the Earth's surface and cloud systems avery 15 minutes by covering
12 channsle of the spectrum, MOE'Ss spalial resolution has diso been bnprovad comparad 1o previous Meteosst satelfites {1 km for the
vigible hioh-resoiution channel and 3 kan for the others). Eight of mese ghannels are iooated in the thermal infrared range and provide - in
addition 1o oher information — permaneyt data oa dlowd, land and sea auriace Jemperaturss. By gsing channels hat abaoxh orone, water
vapour ang carben dicxide, MGG alsn anables meleorciogists (o analyss the characteristios of alr massss, ¥ws constiiuting 30 views of e

atmosphere.

g § SWrops 85 soon By e Shvisat safelie ‘
Duzens of images, taken duris 34, were requived 10 prodhses this view of Europs withaug cloud cover. This imags was produced by
e MERIS (Madium Resolulion maging Speclrometer) nstrisment on baard Envisal,

<&

n zzghﬂrewiuax}n images of the Farth: 10 m incolowr and 2.5-5m
solidion of 25 m wvsnng 80 km? o the ground represents 576 MB). # bas a 80-km w:ﬁe
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The niew HRG { ’Hzgh Res:ﬁ kution Ge ﬂmetﬁ{;‘;
in black and while {a ﬁm‘_i ;m’:«:;e wit
fiald of view,

These images of Buenos Alres eomplsment the images of the Bio de 12 Pista region produced by the Envisal satellils and presertad in t
workshest core contert,
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Envisat performs a full aycle avery 35 davs, \,fos € going on 1o racs exactly the same course again and again. By the end of this 35-day period
the sateliife has desoribed g cerlain number of orbils, while in thal same tme, the Earth has performed the same number of rem.utsa s.

crwisal’s orbit is also beiec}s»’nc“fﬂnai,\s {ov sun-synchyenous), msaning that i fiies over a givan point an the Earth’s surface st the same local
solar time, Sincs the condifions for capturing iviagss are virlually identical (except for ssasoral variations), the infarmation thus provided can
bi ngarausiy comparad.

its d ta & gat--ered by 16 compl
MERIS stands for Medium Resolution imaging bsect’a\wie"( 00 ). i racords
the colour of the water in the oceans in order 10 calculate the chioroghiyll cano
cycla.

BSAR (Advanced Synthetic Aperture Radar) 15as radyr signals to map land surfaces, the profile of waves ans ioe ab ses or on fand, o mwniter iand use and vegetation
types and to rmeasure cedain Suriace properties.

SOMOS stands for Global Ozone Monifering by Ocoultation of Stars, #t cawries cul very precise measuremeants of the czone in the stratosphers a3 well 88 the profile
of the frace gases in the upper fropeaphers and mesosphara,

ROME stands for Glotrad Dzone Manitoring Sxperiment. This instrumant axplores the solar radiation smitted by reflection Trom the Earth's surface vertical to the Bath
fnadiv made).

SOIAMADHY (Scanning fmaging Ahsorption Spectrameter for Almospheric Carlographyt is the principal atmaapheric sensor onboard Envisat. # uses severdd
mersuring modes, s datz can teach us about the distribution of gases in thiee dimensions In the regosphere and lower stratosphere.

MIRAS (Michelson Interferomater for Passive Atvospheric Sounding). THS interferometer is used 16 measwrs gas amissions in he mid infrarad, He duta can notadly

tie psad o determing the composition of 9as erdssions fom ndusiry.

AKTSR {Advanced Along Track Scanning Radiometar). This instrument :mir the surfase of the iand and oceans fo moasure sex temperaturs. | defects the “hot-
spcts” in inrest fires and maps the axiert of vegstation in differant region

BORIS (Doppler Grbiography and Radin-positioning ntegrated by atefm?s i5.3 satelile radio syster used fo cantinubusly calbulate the sateliits’s gosition In orbil,
This position is obtained 1o within & few centimetres using signals emitted by mors thar 50 ground beacons disseminated all around the giobs.

HBA-Z and MWR The &&-2 raday allimeter measures to within one nannsacond e time K lakes for g signat In refurn and caiculates ifs distance fam the Earth
accurate 1o within 4 centimetres. MWR s a microwave radiometer that measures the amount of walor vapewr in the atmosphers and is able 1 porrect R 2's sigrads

0 HPrOYE {18 aceuraty.

LBR is a Laser Retro-Reflector system used o ealthvale DONIS snd 842

1§ specira: bands in the visible and naar rdfrarsd. One of 4< main 1asks i to measure
entration contained within, This data is essential to the stydy of the oceanio cabon

)

Envisat is constantly scanving the Eartivs surface and atmosghere. For two-thirds of its orbit it fles over the coegns. it is the moving mass of
these coeans, the complexity of the thermal exchanges which bring them to iife or which they conduct with the atmosphere that miake them
3 majpr influencs on the behavicur and svolution of the Earths climate.

QNN .-\ NS ~>M\ AR

& ariscuia; mi\,rest in s i =3ge is e bloom {ra‘x
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The oif ew‘apm frﬁm the tanks of the Prastigs is dlose to the Galit clan const, Radar images such as this show reliefl the areas where e off i
her than the sed surface and send back & weaker signal, which shows up g8 Black in the image.

" 4 @ {5
Tm« irmage, 5a§<ﬂ | by the Headei-‘aesg msi tute for emfsmmes}t i physins $UP) was constructed rom measuraments f"sken by the SCIAMACHY
fnstry ment. This insrument fecards the s spectiim of sunlight shining throtigh the atmosphars, Very ittle data on such poliution is gathered by
ground-based sensars; only sensors lorated in spape are able to parform effective global monitoring.
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Warkshest W° 1 ~ Earth observation satelliles

1 W‘fiﬁi are the main functions of remote sensing satellttes? Give two examples of
e sensing satellites.
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2 ‘%‘v Em 15 4 aitxmdg of a satellite in g p}%z& ormi? W &‘v do we call this type of
orbit © aa%r

P I R L R S vvdae s e v . Fve v cav e e s A v an ey PR N Gas A A A N I Paneaena
win <y P v A aay e NeAv st aan . . D N R I SIS D L T N I S R R @ e a0
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- What is the altitude of a sate {Hie in 8 geostationary orbit? Why do we call this
tvpc of orbit “geostationary™?

2w on oomeaaay R IR I P I IR SRS N e By e > € w v e M AN BT AW AN E AN L N T A AN A AN AN A A R N R R
a v sia e RN s8e . AN 4R v Aa e s v ae - I T L T T T L S R NPT SRVSRIEN R R F R S
DRI RN o 2 e R T R R D N N N I I R e I AR E R R RS

J( SR h&af Can yvou Sep on i h* three fmages taken ‘w the Envisat sateibite?
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$ — Which continents or parts of continents can be seen from the 3 wages t kw by
the Meteosat satellite?
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6~ What iz *:’(se Ma nmmmw of satellites i geostationary orbut?
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f} oribe the defals you 0?‘*@@;"&@ i: the thres 1mages Gr ‘%mnm Adres, Wh
took these images?
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B (ive mm mpi\,s nf the kmd of missions iha he mﬁmnem o boam the

Hrivisat satellite wmﬁd he able to carry out.
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Worksheet 2: The Earth viewed from space

The Earih

The Barth is ane of nine planets in the solar system. it is not perfactly round: Hs diameder af the polss is slightly less than its diameter
al the Eguator &he imaginary tine separating the Earth info iwo identical hemispheras). The Sarth ditfers from the other planets inthat
it has surface water, Iife, and human societies. The surfacs of the Barth, nicknamed the “blue planet”, i5 715% seas and oceans, and
28% continents.

The Farih is constantly going through tweo types of motion: rotation and revolution. The term rofation refers o the Earil's spinning
from west 1o east around an axis that goes through the two poles. This axds s inciined at 23°27 with respect to the vertical axis. The
torm revolution refers to the Barthys arbit around the Sun, which i completes in 385.25 davs. As 2 restll of these two simuifanenus
motions we have the alternation of day and night and of the ssasons (mors o less distinclive depending on hiow close one is 1o the
poles), reapactively,

The Farth's surface is divided by lines of [afitude {maginary lines drawn paralisl to the Eguater, also Keowst as “paralisls”) and fines
of longitude dmaginary linss drawn from the Nerth o the South Pole, alse known gs “meritians”). Latitude describes the angular
giatance of a point on the Barth's surface from the Eguator. Longitude is used fo describe the angidar distance of & point on the karis
surface from the Prime Merigian—at Gresnwich in London. Every point on Bardh is at Sw infersection of these two measursments, 50
waps use fatitude and iongitnde as carlograghic coordinates on the Earth's surface. The Tropic of Cancer in the northern hemisphere
and the Tropic of Capricom in the southern hemisphers defimitate the zone between the tropics—1he only part of the globe whers
sclar rays can be perpendiculsr o the Barth's surfacs. The planet’s bioclimatic zones also change as ong moves away from the Equator
and towards the poles.

Penple around the worid do not have the same tinve of day on their watches. Instead the planel’s surlace has buen divided info 24
ine xones,

Gasenus masses which envelap the Earth make up the almosphere. Processes in the almosphere conivibute to the different climates
present on Earth and the way these are distributed. They have had major implications for human socleliss.
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The saleliite images
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it ic: 'm* out those characteristios spacific o g}eesia‘;m“"w sateliites.
ted almost 38,000 ke from the Earth in the egustorial plane, are able o praduce complete views of the
ey revolve at the samea speed as the Earth and thus remain sigtionary relative fo locations

Ssos*atmary saleilites, loca
pianat. This is because, at that altitude, §
o the Ea*‘ths surface.

Other ohservation satedlites, typioally at an averags altiiude of about 800 km, and i polar orbit, provide only partial views which have

]

10 be reassembled (as with a mossic) o reconstitite a complele view of the globe,

g T v peostalionary wiows of e Saiy
The left-hand page shows two geostationary views, one by LS satsilife GOES 8 {Geostatonary Operational Environmental Sateiite

8}, located 757 west and the other b* Japar's GMS {Genstptionary Meteoreingical Sataliite), located 1407 sast With these hwo views,
the whaole sivface of the Earth can be ket umief constant obssrvation. They show the true extent of the oceanic masses and are
sssential o the monitor! n{; a“ "ne,eumﬁgmdi ohenomend. In tolal, there are 9 meteoroingical salstiites in genstationary orbif around
the Harth: GOES Wand & E (US4}, Metepsal-7 and Metensal-8 {Curope), GOMS (Russia), insat (indig), FY-1 and FY-2 {China} and
GMS Ligpan).

\

3 mage X The *::

R . b e H PRI
3 This image was produced by the Metsosal satelifle, lonaled at 0° longitude above the Gult of Guinea. Due fo this location, this satelits
R

always obseryes E e same side of the globe and in particular the European and African continents. This imags was faken sarly inthe
ragsning when & was still night-Hime over the Atlantic, A few bows laler, a5 the karth continues e rolgtion, / tums the Greenwich
meridian o Tace the Sun. Al midday, therefore, the geostationary satelifie will be able o show & view of the Earth entirely bathed in
sunlight.
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N Oa the right-hand panel of the workshaet core content ave two partial visws of the northern hemisphers {one in winter and on
in summer). One can noelably see Canada and Greeniand in the first and Siberia in the second. This serves i highlight seasyr i
differances in the dghling of the Fole by the Sun.
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sateliita, Radarsat.

% tasd to record this data. They am,uraie s e;:smuucm i jef an :i ics coven as can besaenin ﬁua mage cf *ﬁe A&are: i fmm the Canadian

TR § and § The northorn and sosthern enisphiorss saen from varlioally abows e poles
Geo i ationary satsilites cannot provide satisfactory observation of the Earth's Pates 8s teimes in po alar orbit, o0 the olher hand, which
\ provids & targe numbear of partial imanes of the Earty's surface, bridgs that ga ing sevaral images it is pﬂgamiv 0
‘ 8
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X reconstitute views of the Earth ag ¥ appears from above the North or Scuth E
R
R

N These unusual views provids another perspective an the Rarth, highlighting for example the estent of the oteanic mass in the southern
X hemisphers, the relatively size of the Antarstic or the geographical proximily of Siberia and Alaska.

Li kews%e th& Ez C; Eumpea{g saiei.étes ERS anﬁ Envisal are used io reconsiitule changes 0 sea ice aroung
the Antarctic. Such pfemse and | ntial information, notably for the study of long-term climate
changs.
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2 abie to produce views of the Earth as a planisphere, These satediites perform 14 rofations of the Earth gach
day, racording 2 continucus swath as they go. Taking advantage of the Earth’s rotation, they can thus map e entire planst n 2 or 3
days.

The Envisat inage shown hera s reconsituted from images selected 1o eliminale cloudy periods. This view is a composite mads up of
partial images taken over a 1-month perlod. Oeeans, which ave covered by substantial masses of clotd, were not taken into account,
and are thus shown here o Back.
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Worksheet N© 2~ The ¥arth viewed from space

i o . « ” ~ o P E NG
Cnce vou have vead ond cavefally examined the worksheer, please answer the following spestions

1 -~ Name the continents and oceans covering the surface of the Hadth? What
pft‘»ﬁpmmﬁ of the Sm'mw of the Earth is covared by the aeeans?

2 — Mame the different imaginary lines gsed by humans to orient themselves on the
Farth’s surface.

- ‘J\, hich continent i¢ fully wi s;bis on the large saieiizt{* ‘magg o the middie of the
mrkshﬁet: Which Buropean countries can you identify?

2 Ne A Al FE A R T I . R S AT s S PR Y S SN RN e Mk ST e < Moo e T e 2 v e
€A SR MMt WK B 8 ag N SIRLRERS 3moe yoe s v D T T T T T T S N S R S SR N S S NN T O S e RO v ea .
O S R S S S S S S R R 0 St e S WL e C Ry S e S S ;A VN A Ve e s R I I I S EINLE A e

4~ The left side of {hs wdﬁ{h 5 in ‘ahz: {izﬁk it is night isz\ Eh iomorning or
afterncon on the part of the globe being tlunminated by the Sun?

B R T o T T B I S T 2 S N B A T R B A b i T A T T T T S T T e T 2 I S R A SR R P

5~ What pole stays in the sunlight throughout the winter? Why?

* “'.E"’Ed 3 ?rﬁl & Polag”,
ifference do vou see betwee{s ﬂiae bﬁiai& e ;mag on the right

& {3 the p(we ent
i the o ent ire? W };fz
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Workshes! 3 Humans on Farth

The Earth's inhabited surface-—that space where human socisties settie, create thelr ving space and territonies—is in a constart state of
Hux, By this'we mean gl those spaoes hal have been adapled, fransformed, or bullt on by huomans. The relationship behween spase and
spcistios is what deterrnines population density, and leads 1o imbalances in the distribution of the world's population arpund the globe.
Thers gre five major paints that can be made about the way the human popuiation (S distrituted on Earth:

Despits ffe popuiation of 8.5 billion in 2005, the Earth i nonethelsss an under-popwlated glanet, with 2 low overall population denstly (50
inbabitants per square km of total fand mass arsa). Human societies only live on continenial and insular zonss. f one were to exclude seas
and goeang, hosile envirenments and cullivated areas, the workls pomddation is essentially concentrated o a total area of 300 million
fiectares (3 million sguare kilometres) —bharely 1% of the fofal swrface of the Bariid

Ropulation concentralion is iregular and refipcts the sfiects of polarisation. There are four major arsas where human populations arg
concentrated. Altfour are In e Eurasian continent, the largest continent on Earth, The Far Sast aconunts for 28% of the world's pepulation
concantratad an 3% of the Earth's landmass; the Indian subcontinent accounts for 21% of the popuiation on just 2% of the Farlis
tandimass; Burope fwhich geographically extands io the Urals), Is homs to 12% of the werld’s popudation, ving on 7% of alt landmass; and
Southeast Asia accounts for 8.5% of the world’s population on 3% of all landmiass. Thers ars other regions considerad to be secondary
in terms of popuigtion densily, such as the Gulf of Guinea, the Atlantic noast of Brazil, and the northeastern region of North America. Other
regions on Barth, such as cold or hot desenis, the tropical Torest bells in South Americs and Alvica, are either unpopulated or very lightly
popuiated, Population polarisation is also visible in terma of increased urbanisation. Today, 50% of the world’s popidation is concentrated
i cities.

Furthermore, the world’s population is mainly distributed throughout the temperale zone in the northern hemisphere (the southemn
herisphiers 15 75% ocean). Human populations are also incraasingly concentrated around continent edges, while the heart of those
continents ie deserted. Currently, almost 1 billion of the Earti’s inhabitants fve near seas and aceans, indicaling increased conpeniration
of Ihe wortd's human popudation in coastal arsas. Lastly, there is also an alfitudingl ineguality: 80% of the world's popufation Hives at an

altftude of less than 500m on 57% of gl andmass area.
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The satelifte images

Th;b o.::m: age reveals the gonsumption of elactric Ii“zm ol ;9,‘ and urban arsas. # has been producad by combining partial captures

obtalned in c!u :iis" rooniess pericds. Adiusiments o the contrast were miads in digital provessing to show the extent of urban cerfres.
This mage, from N §SA was processed by the German Remote Sensing Data Center.
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A number of sateilits imags ions, at differsnl scales,

e

sented aisowfng very iy

verse 1¢
RN

=

m

-~

o

m 3
%

o
’<§
”&? t.m

image b Greeniand fow m N \“«\ seival imags, IF May 2888
This image shows th? aast ﬁaS“ f Greentand. The averaqeth cknass of the ice of the plaleay of this island of almost 1.9 million

km? i 2.3 km, While ingreases in snowlall ai alfitude are currently cavsmg a slight increase in the ice layer, the ice surraunding
Greentand and that forms the arptic jesfield s receding rapidiy.

With just over 55,000 inhabifants, the population density is very fow at 0.028 inhabitants per km”.

The near infrared channsl used for s image makes it possibie fo differentiale between almospherio elements Shaded red)
and ice {shaded green).
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an Franeiseo m‘a pmd,,x:'ec* by the European Sr}am Agency satellite PROBA from an aitifude of 800 k. b it one
the geomsirical lavoutl that s chargeleristic of Amerinan cilies,

16 Rio Solimées can be seen in the botlom right-hand covner. A narrow sivip
the picture.

The whale of Amazonia has barely 20 million inhabitants spread across cinse o 5 miliion km®, representing an average density
tabout 4 iﬁi"aabi’mn*v per km?, Mearly half of that population is concentrated in very large towns, whose fotad arga makes up
less than 0.5 % of the overall territony
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afong the Atfandie coastline for almost 2000 km, Mamibia s one
.hv wortd.
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texm@s}ﬁ over an area of 1483 km?,

il g rbm mm rhation form sd by Japansse cifiss is particularly visible. The two highly developed regions of Talwan and
rfmu Kong are aiso very sastly recognised.

it Is possible to make put thin strips of Hght emitted by the madium-sized cities located along Ching's maln compnunication
axes.

is image # is possible 1o see the geaphyﬁéc"
sateliite uses the MERIS {Medium Resp
mkdbiy be used {o observe vagetalion cover,

3 sveve e Navis R T SR . SV W
Inage ¥ Aok o I e suben
;

it

The “swath" of this instrument (width of the pomo of fand observed in s field of view) is 1,250 &m and is resolution 340 m.
MERIS provides full coverage of the Earth gvery 3 days.
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Trage 11 Map of nitvogen tiavids N3 anvissin
This imags & generated from measurefﬂert& racwdef* by the SCIAMACGHY instrument on-board the Envisal sateliite. (mage by R
Heldetherg)

Based on 18 months of Envisat obsarvations, this high-resolution global atmospheric map of nitrogen dindde poliution makes clear the extent
of the impact hurnan activily has on alr quality.

FS&e Tl-nsirienent Envisat satelite was launched in February 2002 and s the world’s biggest environmental monitoring sateflite. s
Seanving imaging Abaorption Spectremeter for Atmnspheric Chartography (SCIAMACHY) instrumend racords the spectrm of sunfight siining
fhrough the almosphers, Thess resulls are then cavsfully siffed o fsnﬁ spectral absorption “fingerprints” of trace gases in the ai. Nilrogen
dioxide (N} s & mainly man-made gas, excess exposung o which causes lung damage and respiratory roblems. # also playe an important
role in atmiospheric chemisiry since 8 Triggers czone production i the Troposhiers, the lowermost layer of the almosphers extending uo fo an
attifudde of sight to sixteen kilometres.

Mitragen digxids s produced by smissions from power stations, heavy ndostry, road transport and biomass combugtion, Localised in-sifu
measurements of almospheric nitrogen dioxide are camied oul it many westemn indusirial couniries, bt ground-hased data sources arg,
penarally speaking, very imited in sumber. Spacs-based sensors are the only way to carry aidt effective global monitaring.

.

The fvproved spatial resoiution provided by SCIAMAGHY meang that it is able fo identify many details, ncluding towna wiich are sources of
potiution. To aive a sense of scale, the vatio of NG, particiss above highly polluted large ciies such as London can reach levels of one hundred
parts per billion gl particles,

Hragss T2 angd 1 Hsirations showdny ipas of almosphierin snaipsis By salaille
SCIAMACHY s averags resoitdion is 60 x 3 km it ﬁbap ryes the almosphers from Nm{jsffe{eﬂangi a - dovenveards or “nadiy looking” as well
enes 18 wide spaclral rangs.

S
as making "lmb" obagsvations in the dirsction of flight

"‘5” 0" 7
KZ

SCIAMACHY s g speefromater which mags the air over avery wide wavelenghh range, thus allowing the detection of rare gases, czong and

related gases, as wall as clouds and dust particles throughowd the atmosphers, Tworks by measuring solar vadiation transmitted, veflected
and scatiered by the atmosphere or the Earilts surfase in the uiraviolel, visible and aear infrared wavelength regions. With ifs 860 km swath,
i covers the whale planet avery six days.
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Worksheet W7 3 —~ Humans lfe on Earth

4 s Seved % e T SN S T UV
Once vou have vecd ond cavefully examiied the worksheet, please wnwer the following questions |

1 — How is the Earth’s population distributed? Look at the map and the satellite
images and give two densely populsted regions of the world and two regions with
very low population density.

B B T s 2T o T N T B B L e N T AT T T B e R L T2 SC S P YR SV SR

- What 15 the average population de\m ty on ’%*&uh" W hat m}g}sz lation density lovels
can be found in large agglomerations?

3 = Look at the satellite image of { Mn i:aketr} at might. What conclusions can you
make regarding population density based on this image?

Sov A e e A R N e R R A R Y RN e A s N W e RN A e b e v v v e e e 2T 0 W e e W N 2 W A e e e RN e

4 -~ Laok 'zi the satellite u’%g of Asia, Whﬁt connection can you make between
physical characteristios of this region, and its population (imsz y)

5 e Lﬁi‘"’i §Ev study the page emm od “Population Lones in Emi\: ‘v’a hat region 18
fraly is the most densely populated? Why?

f}» Look at the satellite image of'the z}mt}mi’ﬁa}v Deﬁczibc the mzs;s*\% atures of the
landscape.

‘W hat \iﬂ yirg see i the %aini Hie ‘I}’H(TL of } ,umm shows on the last page?
C@mpdre this image with the population density maps included in this worksheet.,
What connections do you see?

.........................
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Worksheet 10 Flood monitoring

Y ;g/rf////,//f//}’///ﬁ’// 7

i

Ricks and natural disasiers in the world

Fach year nearly 250 million people are affected by ore or move naltural calamities. Although the most vulnerable are the populations
it developing coundries, which are located in the tropical belt and are subject fo natural disasters, wealthy countres are not exempt.
Over the past 35 vears, 3 million psopls have died worldwide in a natural disaster. Of these, 97% lived in developing countries, in Agia
and Africa in particuiar, Insufficient infrastruciure, the absences of pravention systems, and inadequale smergency Sevvices ars among
the different factors that help underscors the strong correlation that exists bebwsen poverty and the impact of natural disaslers.

Since the sarly 70s, the CRED {Center for Research on the Epidemiclogy of Disasters) has surveyed nearly 7,000 disasters, not
caunting spidernics. Natural disasters are much more common, more deadly, and most costly than technology-reiated catastrophes.
Munich Re, & German reinsurance company, has estimaied that in 2004, withou! including the costs of the fsunami in South and
Seatheast Asia, natural disasters had cost approximately 40 billion dollars, making it the mos! axpensive year in insurancs history,
This cost cotid have been still higher had the valus of the properly destroved during the catastrophes been grealsy in the develaping
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3 couniries. in fact, property in thess countries is almost always valued vevy low and is under-insured. By contrast, fe ipsses sustained
3 as @ vosulf of these disgsters always make up & major share of the GOP of the affectad countries.

& : i e . .. . B < > N

NN 0 Western Furope, such risks remain Tairly moderale, though they are present alt the same. Tramatio flooding fook place recenlly

NN i the fuvial plain and humid regions In Eurepe, notably in the Semme, Bard, and Bouchses-du-Bhine regions of France and in the

‘g - Elbe viver valley in Eastern Germany. Selsmic risks are also present, and several mini earthquakes have shaker ihe Vosges, Alps, and

NN sven Briltany. There is continuing volcanic activity in the south of Haly and the Chalne des Puys region in Auvergne, Mrarce is not
entirely risk-fres. In 2004, 647 natural disasters were recorded around the world {Sewroe: Munich Re 2004 vepord). The percentages
by disaster type are as follows: storms {41%), foods (24%), earthquakes {13%) and other {16%;). The grographical distribution is very
urieven across continents: Afiica (7.5%), Europe {19%:), Americas {26%), Asia {38%; and Oceania (8.5%}. The major disaster of the year
was the tsurami in South and Southeast Asia on December 26, 2004 which caused an ssfimated 300,000 deaths,

i

’ ' .




NSNS

The sa fefiite ?mages

Dover age: Thy Hidne Della iy France (SROT § image, 23
The fiooded arsas to the west of Lake Vaccarss appear in blue in this image laken nsing the near infrared band. 8s g resull, vegetation

i
is shivert i red {see Worksheet NO11, "Colours in satellife imagery®, for information on infrared images).

Fns v Ry e
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3

This image shows the Camargue and Bhine delte, 93 well a8 the snow-tapped mountainous regions of the Pyreness and Alps, which
constiiute one of the water reserves that contribyie 1o the risk of flooding.

R

S i s & NENERR ALY
3 fyvaans ™ TR Raasa ¥ T Ay PeaAanen Y yersiaye CESREETY
3 fmaged The Ridne Delta by Francs DPQT § imags, SR

% g5

N This image is the same 28 the one on the front cover, except that it shows a wider expanse of the Carargue. The flopded areas to the
N south and east of Nimes and north of Aries ars parlicuiarly visible. Belween Nimes and Ardes, the roads have been cut oif,

S L
Q fmages 3 5, 8§ and & Nooding 0 the Svies region
These four satellite images of the Ardes region were taken by the SPOT 5 satellite and ware processad by SERTHT, Franes's remale

sensing and data processing ssrvice. SERTHT has a rapid-response cartography depariment, which processes sateilie data and
fmages in order to raphdly produce maps and images for emergsnoy rescus services.

These images highiight the axdent and scale of the damage affecting the devastaled area and can immediately be used by those
whoas job itis o respond. SERTIT also produses series of maps showing the svoiution of a disaster over fime, It also intervenss oulstde
Europs, providing, for example, sateliife images of the sarihtuakes that struck Boumerdes in Algeyia and Bamt in fran and of the sputh-
past Asian tsunami in December 2004,
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Aerial photographs also have heir uses but obviously 10 oblaln sach seves of shols, a specific plang or helicopier flight has to be
sehe Orbiting satelites, on the other hand, fiv with greal regularity over every region of the world and have differing fields of view
and spatisl resolutions, which makes them adapled o every situation. They are often eguipped with radar instaiments which can also
supply Information af night or in overcast conditions. This is also the case with salellites that can capturs dala in the infrared. Satellites
arg-ales a particutarty wsetud fool for orisls monitoring and management.
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The flooding of the Eibe was particularly devastaling: in places the level of the river rose by more than S metres. 8 people died and more than
20,600 intabitants of Dresden were avacuated.
&t the time, more than 740 kilometres of roads and 130 bridges wers damaged or destroved in the vanous countries affected by the fioods.

friagss NOLE, 14« Basily fooded aone arpung Wittenberg

Thase three-dimensional images of the Wittenberg ragion were created by the Germany space agency, e DLR |

Such 3D images give a more realistic representation of the true e of the land. They allow more precise assessment and exped
analysis, which is mors tallored 10 the situation and thus helps with management of the respanse. They aiso help with the selting up
of prevention programmaes and wilh making changes designad to lessen the impact of such disasters.

The SPOT satellite camies on board the HRY (High Resolution Stersoscopic) instrument. Two cameras view af g fixed 20° angle, ane
pointing forwards and the ofher back, with & 90 second gap between the two shots of the same areg, thus making it possible to obiain
stereo visws of the terrain.

Using thase data, i is possible {o generate 30 views and especially Digits! Elevation Models (BEMs) of the Terrain preciss 1o within ten
metres, which are used in many different arsas including cartography, civil and mililary aerchautical databases or when selting up
telephone networks. Bach steret view covers & wide area of up 16 600 by 120 km.
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Warkshest X° 10 ~ Flosd Menitoring

Cince vou have read and carehdly examined the workshear, please wswer the following questions .
1 3 N TR e IROT o ST SN

1 - What natural phenomena cause flooding?
e RO S A dorens TR e e
................................... s B S R S A S A A8 S0 88 A n T B S 25 e 48
2~ W %m* human %iw ities agﬁﬁ'gwat na.thﬁ factors?
,,,,,,,,,
...................................................................... e s r e e
o) o . g <‘\
3 = Why are human- mdé xzuctm 8 partic uiariy vuiﬁez’ai‘sig 0 fi ooding?
..........
e e e e s e o e s o e
4~ }Euw are satel E*te images useful durma ‘Em}d&;"
......... e By b § b €5 ok <n s ne e 2 e w8 ¥ 8 K8 Bk b 2 8 B A £ rie 3 pae s
& ¥ v ) i % g SN, pr 5 5 s S (" o et
S How can satellite tnages be used to prevent {logds?

LAkd < 3 €y > LI € < « > E N R R LN R R S T > SR E > e NN LR 23w e > < > $ > ».

& o E;G«Bk at the page discussing Hooding in Germany in 2002, W‘w: simi i ari igeq do
vou see between the satellite tmages and the acvial photographs? What additional
nformation can be found in the satelite image es?

B N g S e T B e T T S e N P e S A P T A T N e R O 2 B T AEY

»»»»»» BN e a3 A B TS w Cla HTSIAIE N MISIA Y A AIEIA SN £ w6 R T R T e I R T S SR PRSI

W hat xmd of satelitte mmage 1w especially hgip;fui fﬁi m(}mm*mg & miisxf or a
region that may flood? Why?






















Worksheet 5: Asia and rice-growing [E——
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Rice-growing in Asfa’s monsoon areas

Rice is more than “just another grain™. Throughout Asia, it has plaved a role in ihe region’s civilisations. Rice is the leading cersal produced
for human consamption, 1 is he staple food for all the societies living on the vast Asian cordinent. 18 grown in tropiea! regions, in particular
in the deltas of major rivers which How down from the Himalayas, such as the Mekong, Song Ho, Chao Phvaya, and frawadddy dvers. Rice i3
alacgrowt in mountsinous reglons with abundant rainfall, Rice is special not only because of its nuinitiona! qualities—the siraw from the rice
olant is used as fuel, manure, to make ropes, bags, hats, ste. For a long time, rice was used in place of currency. it has had both economic and
agoial implications: the nesd 1o control water and frrigation systerms trought about a very complex pyramidal social shructhura,

Rice is also considarsd fo contribuls o popuiation growdh as it is exdremaly Binur infensive and determines which ragions will have high
population densily, Lasty, rice-growing creales orderly landscapes designed to accommodate dikes, canals, gates, el

Fice is a demanding plant, which needs to grow in temperaturss of af least 20°C over three maoniths, uses 30,000 o of water per hectare, and
reqiires special seadling planting technigues following 50 days in nurseries. The monscon climate is perfactly sulted o growing vice,

in 2003, & out of 10 leading rice-growing countries in the world were in Asiar China (168 MY), India (115 MT), indonesia (82 M), Bangladssh
(38 M), Vietnam (35 T}, Thadland (27 8D, Myanmar {22 8T), the Philippines {13 MT) and Jjapan (10 MT}, together accounting for 90% of
role iy making Asian courdries with monsoon climates seit-sutficlent i terms of food production. Thanks o improved crop yields, Thailand
fias become the worl's teading exporter of vice (30% of fotal velume al neany & ML

T T Y

\

)

i

.

L




£, o IV vy e
LI Eﬁiguxx R :{rb\a}k\gg \5&:‘\&

his satellite image, one ca easlly ses whers fhe silt has bean deposited by the river. The formation of the Della is continuing apacs and #
is progressing into the South China Sea at a rats of approkimately 75 metres per year. Meanwhile, the eastern coasttine of the stuthern pad
of the Delta ls subject o severs erosion, which may be connecled Yo a recent reduction in deposits on the coast or fo marine encroashment

I

{s8e alse image 23

rane {0 N Basd Sa PR e N X S
image 1 Soul-Tast sl ERGTnvisal, S

This image shows the Himalgyan mourtain iﬁi’igt,, which gonstitules a vast reservolr of waler feeding the dvers of e region. b this image
oceans and seas ars in black hecause the data soquired from thess marine ferrifories have ot besn taken into account. There are no clouds
hecauss the image Is a composiis of multiple partial views taken ai different periods when the sky was clear,

Hnage & The Mekong Dalla E58 St a“:aé
in this close-up of the Delts, § is possible to male out the arms of the river and the cloud cover present &t the fime of caplurs. One can
aiso ses the siibwiich has bean axpelied info t?ze 5o, The groen @res In the centre s 8 move hurnid 2one where vegetalion is.more highly

developed.

2

frnsge B Rice Velds i R §
Yepetation reflects nat {mi*,r inthe gs Gen banci but alsw i the nedy infrared, notably when photosynthesis is very aotive. The uss of this band
is therefore a highly sffective mesans of spotting vegetation and highlighting variations in it

Sy convertion, the near infraved channel s represented fn ned in these sateliite images. To obtain an image In natural colowrs reguires digial
srocessing, which restores the green colow o these areas, (Workalieet N° 8, "Humans on Earth® and Workshest N° 11, "Gateliite images
and they coluus™ also deal with these guestions)

Apundant vegetation can be seen in the hurmid areas ciose to the river as can the irrigation canals taking water to arsas further away.
Cartain fielde, I blus, indicate rice Tields in witich the rice has nol grovn 1o a significant size, ard thus shows variations in the speed oi rice
growth,

fsags & ooty of the monsoon oage by MOHHSA ;&\ \\}
Thiesse fwo pictures takan iy Dotober 2002 {during rainy season) and i January 2003 (n e dry season) show the size of the Tonde

Sap great lake, which declines from more than 12,000 =<m7 i just a few hundred squars Kilomstres, and in depth ram 16 tod n 3etr“=
{image from the “Rapld Response Team”, based on MODIS data).

i s bviportant to emphasise the role played by radar nstruments, which snable the production of imagss i 2 region wheve there is frequent
and substartial ciowd cover ® s mainty this type of image Hal is used Dy scienlists {o conduct delaiied shservalion of the state of rige
fislds,

fvngs T Mokong Dells coastal aren (RS- ~ SR}

This “*nuiirtempa a1 image is formed fram a seres of imagss acquired by the Burcpean Space Agency’s ERS-2 salelfte’s radar instrument.
i makes it pussible to differantiale betwesn the various vice-growing arsas in the westemn part of the Telta,

The iage was creatad by nombining radar caplures performed at ditfernd times, sach of which s alinibuted a different nolow, acoording
to an agreed code: (5 May = red / 8 June = green /14 July == blue). Bach colowr indicates a time and place at which the rice planis reached
maturity. A single image of this e s therelore able 1o provide speialisis with comprehenalvs irformation, zone by zone, on the various ree
varistiss plamted, but aim oy productivity and wrsgatmn fuakity.

Iowmge 11 Sarles of vadar Inages of *%“a WMok & are
These six black and whife ¥ humhn il e ned 1o form colour imagets, Eac h smsm bnall shows He norease and decreace i the
irdensity of the radar signal over a given Hime. Buch images requive that several acquisitions of dala are periormed at prenise dates,
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Tha gim of this page is to explain the principle of radar instruments on sateliites,

)

Thers are hwo maln sensor fypes used i remols sensing salefiites: passive and active sensors. Passive sensors detsct rays smitied directly
by the EBarthy, such as thermal infrared rays or waves reflscied by the Earltlv's surface (Sunlight). Active sensors detect the echo from a signal
firs the form of microwavss) which they themselves have sent, This is how radar ipstrumends operate.

Thus, for each target that recelves the wave emitied by the radar thers 13 a comespending “acho”, which is of varving irdensity and which
returns more or less quickly. The amplitide of he refiected signal s measured Yo discern differant targeds, and the delay bedwean e
transmission and reception of the signal is used to defermine the target distance.

Fadar waves are just as sensitive to relief as to the ruggedness of ferrain and fis humicily. Radar is therefore as effective at defecting 2

raouriain or vegelation cover as s an expanse of water owing fo thelr distinct echoes.

& =

iy

o,

oo

\

PR
N
3

Szt prs,

G

77

g/////”

Rt

7

77777




Oniline resources

RICE-GROWING
MAGNSOONS

SIS




Wearksheet N° § — Asia and vice-growing

Ldre you have vegsd

T

5y exangned the workshest, pleare sy

vl caref;

I E what part of the world is rice-growing most widespread? For what purpose i3

SN N a AN A aie B R i N P S T N BN N R B S R S A e RN ENN N NTA NN A By N R TR IR NV SRS v e
> PRI e p NS SMEIY € W EIRC N e € R K DN e N LK B PR » < GBI CAE AN ¢ A § 5wk SIN.K A Iase Wk <
B R ST R e PN R e ey Ny 3 A AT A E A A B T R 2 T IR N PR o YT BOATE N K »

aboul Em grmm 3 ’ﬁ. hat does i need 1 Lﬁz o guantity?

Cpeveh

XX hat 18 aps:cm

W hat s the name of the unusual climatic ev ::m that i*;fi;*zpens i this part of th
W@f% 2 What does i bring”

4 — Look at and describe the Eanés \3{*@@ showr i :n the two §’s*§ i’f)&l :
tell that nee-growmg reguires a lot of hard work

B T O T R e R i T T e T R R R N ]

5 Look ¢ arehs%‘ { the map of \f’ tnam. Where are the most ¢ emew~pe 1:;3%@{,%

Py 7' iy
reeinns? Wi
paeid oA ya
&
GBSO e B €l ST L ; ; SR SR B B R § R R Al g R W 2B B CA N, b h G
R O U, e n v e e e e e o er e e e e . . s e s e
% RS ST s s S N g e s A R LA AR L T RPER RSN 1 A Ce e e

7 - ‘%« at is the name of the instrument m ed on-board satellites m a,% helps
(}%ewc E‘w relief md i?*;e different growth stages of the rice piauts x the rice fieldg?
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The major areas of poonomic activily in Ewrope

Europs is home 10 12% of he plansls infiabilants consenirated on 7% of the Earth's landimass. i hias the third largest popuiation concenteation
afler East Asla and South Asia. The smialiest of the Earil's continents {which Is actually a part of the Burasian continent), it iz also the ong
whose wrban and trade legaoy reachses furthest into the past, § &8 one of the most densaly populated regions o he world with sstimated
3 average density pf 100 inhabitants per sguare ki (ot iaking into accoynt that part of Russia which is iy Eurogs, which, along with Russia, has

- adensity of 8 inhabitarts per sguare km} which is deuble that of the global average density. Nonetheless, papulation distribution is uneven,
Tis can be explained by hoth geographical factors {mourdainous regions and large parts of Scandinaviz’s inferior are Isss populated than the
plaing, river vaileys, and coastal regions) and by histonical factors (arge valleys have always formed the commumnication axes which are key
1o major trade flows and which determined the siting of market towng),

The core of this populalion centre is made up of ihe major oilies in the cenire of Eurgpe which links the system of vast agglomerations between
London in the North and Genoa in Haly in the South. This core area constitutes the sssence of the economic, financial, and demographiéc powey
of Westarn Europe and the Eurepean Union. Hs oities, commercial sotivily, demaocracy, and now sconomic Sheralisi make up the essential
piflars of & sirong European identity, burope (nchuding Russiay produces a thivd of the planet’s weallly and is one of the three major centras of
the world econpmy (long with the Uniled Stales and East Asia), | s @ wealthy and devsioped confinent. In addition, of the 20 countries with
the highest HD Human Development Index; rating, 15 are in Europe. OF the 20 best health cars systems {according o e WHIDY, 17 are fo
be found in Burnpean countries.

& is the product of a long soclal history, and despife persistent Qifferentes in dovelopment befwaen West and East Buropean coundrias, the

of a single currency, Hinving intra-community Irade—contribule to the idea of 2 continent whers, despite nertain intemal difticulties, economic
prosperity, social progress, and pesce belween neighbouring nations has succeeded in fourishing.
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The sateliite smagas

The Burppaan conthant Enrsat MERES wags
i at the end of spring, shows northem and mountainous areas still covered it snow.

hg Eurepegn cz::s";ment i5 shﬁwn Mt aporodniately the same scale ag the wo neighbouring image}s showing Europe by night
and t?ze zones seversly poliuted by nitrogen dickide. This layout s designed to permit instant correlation of the information in the different
fmages:

images ¥ and ¥ Londown {Sont § inagss, S8

Greater Londor has 2 population of 7.4 million and & one of the most densely populated areas in Europe. One in aight inhabitants of the United
Kingdom lives in Greater London.

The irmages herg show enly cendral London,

This aptic fis a:;e shows the use of electric light in major cities and other urban areas. § was created using pardial views acquived during
Sloudless and moo "i s perinds, The confrast has been adjusted Hhrough digital processing, thus highlighting the exdsnt of orban arsas. The
contrashwith the Sahara Desertis particulary proncinced, 1 can be interasting 1o visw this image alongside the map showing the major areas
af economic a f:w"tv i Ewrope and e image showing the distibotion of NG, polittion in Europe.

The image, from NASA (MODIS), was processed by the German Rempls S{a wing Uata Cender, operaled by the German space agengy, the
DLR.

i1 2004, elsctricily production in the European Union stood at 2950 TWh derawal! hows), By comparison, the warldwide figare I8 17450 TWh
{NB: TWh = a thousand billion watts/hour or 7 biftion Kih).

in Europe, in 2004, consumption per habitant per year sfood at 5565 KWWh, as opposad 1 346 KW in Africa. Aceording to UN estimates, close
to hwo biflion humans had np ascess to sleclricity in 2004 (sourcs; AlE)

Wmage & R envioslons i Surops BavisalSHAMACHYY
This ¥nape zé mroduced from readings taksn over 18 months by the SCAMACHY instrument. (image by [UB Heldelberg). This instrumand
reeords the specium of sunlight shining thro ugi 1 the aimosphere. Differant gases prasent in the atmosphers influence the visible spectrum
invarious ways, thus allowdng aome of them to be identifisd,

This map reveals the impact of human activity on alr quality. Nitrogen dioxide (NG } mainly producad by human acCtivily and exoessive sxpasure
1o s gas causes serious health profismes. Over highly poliuted farge cities such as London, the ratio of MO, paviicies can reach levels of ong
Fncved parts per billion air particles. There is HitHe data on thia potistion taken from sensors on the ground; o aiy space-hased sensors are able
o-oarry ouf effective global monttoring. Additional infermation ont this map is to be found in Wrrkshs:,et §° 3, "Humans.on Eardh™)

The vegelatio A st ;rm it
i various specival bands Jw omu;‘i “af m;t*t seﬁec tad by t*‘{& c;mum:, Tmougﬁ pﬁmﬁsmg thedalain iasarammea 8 (,;fftren u.;.(mr ¢an se
aliocated to each specival band in order o praduce art image.

Satellite insirurments such as SPOT are sensitive 1o the near Indrared. (s an important wavelengthy for observation from space, especially
hecause vegetation reflects very strangly inthis spectrad band). However, SPOT doss not record blue.

When producing an image, laboratories processing the data allocate - by convention ~ the colour red fo thal which s seen in infrared. However,
this means they have to "shift other colours. Thus, the colour green i aliecated fo red-shaded areas and the olowr blue to green-shaded
ones. A coloured composition is thus created with false colours, in which vegetation is shown in red and water is black ar dark blus. Al these
oolowrs combing with sach other, depending on the amount of light recorded, 1o reproduce the full range of shades.

This is the convention, and various choices can bs made: the colours the general public is accustomed o are restored i the Images produced,
with green vegetation and Qhue water. e choices and representations are squally valid: landscapes as seen by the human eye ars ot

actually any more tue of real than when they are represented In infrared ov by radar (See Workshest N* 11, "Colowrs In satellits imageny™)

— , . -
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fmages 10 aned T Qgricsitural avea novth of Sevifle (fwen SPOT § images, 803}
Theee two images of an agricultura! region near Seville show the various possible processing methods. The firstimage reproduces the colours

according fo standard human vision (e colours matoh those in asrial photography) whersas i the second, the colour red has been aliscated
i the infrared channel,

Satsites provide precise data for land classification and land use. The example provided here i3 that of an ESA study carred aut on behalf of
thetowe of Erfut in Germany.

This type of sensing requires chservations on fie ground and by sateliite to work in conjunction with one another. Satellifes do not themseives
“see” the characteristics of diferent land use fypes. Howevey, the measurements and data they provide can be used 1o highlight with a very
high degres of refiabifily any variation in terrain: scattered ssitloments do not send tack the same signal as move densely inhabited areas,
wiile pasture fand doss not send back e same signal as forest or cuitivated fislds. This makes it possible to create precise maps showing
the land in all its variely and whers the diffevent land types are to be found. 15 by conducting pavallel studies on the ground that it is possible
0 delermine the land use and characterstics of aach area. This data is then corralated with data returned by the sotelife. Armed with this
information, which reguires numerus studiss and checks, it is then possible fo inferpret maps produced by sateflite withowt having o camy
put sxhaustive investigations on the ground.

Reqular asteliite observalions alst provide the oppartunily 1o study variations i land use over fime. Thus, with space-based resources one
car obitain up~io-date information on all the changes in a given region.
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Worksheet NV § — Europe: a developed continest

Once you bave vead and cavefully examined the worksheer, please answer the following guestions
¢ ¥ £y ¥ B
b What 1s the difference between the centre of Europe and ifs outlying regions?
~ LR v » v » > NOR Ay oAy > » > B I S R R L D R T e L SR » PN 03 W EA £ A ?
e T DO e e s 5 ot 5 e 8 m

- Compare the map of Europe and the satellite tmage & of imog}ﬂ by night. What
observations can you make?

VR N RN A R S e W R e R A R R AT A e KT TR B T W 2 N e A v e R e N R ek e e e a kW A T e e e e S e Gaea Vel

(&)

3 — Based on the sate iim unage of Burope by night, what wmiux;or;\ can you mak
regarding mbamg ation levels on the Therian Peninsula?

.......................................................................................................

4~ ;30 W 18 vmm&,m umx;dg pollution dist trib med across Hu ;egxp" Why?
What are the mam reasons behind this poliution?

BT A N e B N I g e R N S T A T i R e SR R I R S T C R G P o S TR T

........................................................................................................

~ Compare the satellite image of Rotterdam and the aerial p}mmgap‘i of the port
oi Rotterdam. What industrial structures can you identify on both images?

6 ~ Andalusiz is an important L.gnu,ﬁmmk TegIaN, ‘x}‘» ‘fm,?z regions of Burope impost
its agricultural production?

DI I R T T S B e S S S E RS o LS <o e o> o ae 3 ey e w3 PNIE 2k e aie Mo el N M rwa v e e P I T 2 SR

W h;ﬁ do you think is the purpose {}ﬁmw mg siataﬁf:(i maps c}t urban areas and of
their different features?
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Worksheet 8: Volcanoes: Mount Elna, a case study &\

N
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3

Volcanism

Understanding and localising volcanic phenomena in the world is inssparabie from he concept of lectonic plale movement. The
top part of the Earii’s orust, the fithosphsre, is approximately 100 kilometres thick it includes the continents and the ooean foors,
i consiste of the Farth's crust and the uppermost ayar of the mantle, and i3 divided info six main tectonie plates and six secondary
plates. Thess plates glide over the underlying viscous layer, the asthenosphere, under the infiuence of the convection movements
vesulting from the rise fo the fop of magmatic rock. This causes major fractures in the crust. There is a dlear connection betwsen
yolcanic activity and seismic instability {(visibls, for exampie, in the “Ring of Five” in the Pacific) and so regions with active volcanism
aiag have sejsmin activity,

Eruptions differ depending o the naturs and form of the materials prasent i the magma chamber The different fypes of voleanic
eruptions include: Hawalian {ow fava dome, no explosions, few gjections, large fava Sows), Strombolian {alemating lava flows and
sioctions deposited in layers on the sides of the domes), Vuleanian {(coplous sjections, impressive sruptions), and Pelegn {explosions,
glowing avalanches, formation of acidic iava neadies). The eruplions are not always the same for a given voleano, and can changs
with the canturies. Volcanin aetivity is not abvays confinuous.

The consequencas of voloanism &y human socisties can vary. First and foremost, volognoes represent & major natural risk for iocal
popuations, The dramalic examples of Vesuviug 2,000 years ago, and sruptions ainser to otr ime, &t Mount Pingtubo {Philippines),
dnd Nevado del Ruiz {Colombia), and on the Island of Mondserrat, remind us that volcanism constitutes g tweat that is beyond our
ability to control. But volcanism can aiso have positive economic conseguences. Ash deposits on the slopes or at the base of the
yoleano can forn ferlile sull for use In agriculiurs. Bpa treatmants, tourism {as ity the Chaine des Puys grovines i Auvergns), and the
mining of volcanic materials (pozzolan, andesiie, basalt, elo.) are among the different ways human societies have learned fo adapt o
thig natural ghenomensin
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Gover image Mpust Fing’s orater (FrobadTHRE}
Proba is a smail experimenial satellite launched by E8A in 2002, This platform, weighing only 84kg, can be used 1o fes! new auiomatic
functipnalifies. in addition, it is equipped with a high-performance instrument ‘S&é?%fs,a,“m.t ispectral high-resolution imaging device.
The inags was taken on ?e 30th Octeber 2002,

3 R Yoot @i RVE ek am T Nrnetend oad B g ..(\ QN A
fmage T Digital Slevation Mods! of Srope and the MedHerraneas

This Qeg;t tlevation Mode! (BEM) image of Burope and the Mediterranean has been used 10 represent underwater relist,

Tha space sensors actually record small E@ calised increases in sea isvels. The acouracy and number of measurements taken anables
s o recreste g map of e undenwaler landscaps, having st incorporated this dala into g digital madeS' i‘aking info account other
SOUTCes {sonar measuraments elc.) and other parameters {such as gooid knowledge and fidal effects). This one shows the contingity
of the geological structures 1o be found on tha continents.

Several laboralories coliaborated in producing this map, using date from various saleliites, notably ERS-1 and ERS-2.

i by *he cano will have a lasting impact in the-atmosphere on both & local and glohal level,
{J&mC{La'E”SUEQ“UH‘ ant ri; ‘)G{si‘E‘{i my empimr ﬁioxm witieh can ra,smm present for several vears. Satellifes enable us 1o monitor and
analyse the syoittion of suth asroscis and their action In ths aimssmere and cloud cover. imags taken on 28th (olober 2602,
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rises o 337 Or‘ is *he me&i aC i\r o!zanc i Europe.
The 3;‘0 2 ‘t‘?. vhich matter s thrown il the atmosphiere can reaeh 450 meters per second: faster than the spead of sound, This

image shows a lava flow from a secondary crater.

image ¥ Rad

iderferommtry lsa tec?mique v y
This technigue involves combining two radar sigaals from *‘he same area take*; ai jst‘fefa*“t i;mes i fmm two i f’fere tgesi-‘-tiz}ns. if
the signals are t:"ﬂntscai the wave pattern of the combined signal will remain the same. Un the other hand, changes {of geomstric or
femporal origin) produce wave palierns which arg siightly different from one another and thus produce intetfersnce when they are
combined. A precise measursment is made of the phase tifferance of the path of the sulgoing and incoming signal of the two different
recordings.

X
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ar inforfurontotry image of Mot €
§
3

Analysis of these inferference fringes is squivalent 1o & very precise measurement of the variation in distance (& fraction of the
waveiength, Le measured in millimelras), but which is only known fo within a whole muftipls of the nearest wavelength, This image
of the phase differences, compused of fringes, is what we call an interfarogram.

i the ground changes in shape, this will divectly affect the radar signals. The interfercgram can therefore be understood as g map of
sarth movements o within millimetres, i which the Tinges ars tings of isodispiacemant.

This complex technigque is mostly used ip delect ground movements—sespecially the expansion of volcanoes dus fo magma pressure-—
or signs of fandslides or earthquakes, Alss, i can complement recordings by seismographs on the ground.

At ITTMNE AW X H AN ¥ N :
age is dn enla rg€ i \fersiaﬁ of the SPOT image in th wiorksheet core content. in this view it is possibis fo ses a hwisting road

image 11 Thorma! Howes on the slopes of Maus
On 26" July 2001, the International Charter ‘ipaw wnﬁ ?x‘d!OFDbaﬁtf‘}"; was activated in the walke of the eruption of Mount Etna. The
yoicano was threatening Nivolost, a vitlage of 5,000 inhabitards sifuated in the path of the lava flow.
This map is an example of information Charter partners are able to provide with great speed: hars the red and biue arsas show the
svulution in the termal flows on 28t July compared to those on 21st July 2007 The map was crested using Landsat imagery.
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I duly 1998, the French space agency, CNES and the European Space Agency decided fo maks thelr satellite systems gvaitable for the
prevention and management of natural or industrial disasters. The International Charter officialiy entered into force on 18t November
2000 and, irv January 2007, counted ten space agencies among its members,

Coordiration and pooling of the space capability of several agencies is essential to guaranise monitoring and observation of & crisis-
hit area.

By mobilising 2 large number of sateliites, it is possible o guaranies that the moment a disaster happens, the rmearest and most
stitable satglittes will immesiiataly be able foteke piclures of the disasier area. Other saiellites in 2 low Earth orbit, which fy around
the endire globe svery bwo or three days on average, will in twen be able o provide the necessary images to understand the scale of
the disaster and its evelution, and provide accirale maps o hielp smergency units and deliver aid to victims.

Anney - The following are extracts from Article § of the Charter citing its obisctives:

1~ “..Supply during periods of crisis, To States or communities whose popuiation, acliviies or properly are exgosed o an immineat
sisk, or are already victims, of naluraf or technological disasters, data providing a basis for oritical information for the anticipation and
managament of potential orises”

2~ “participation, by means of this data and of the information and services resuffing from the sxplofiation of space facilifies, in the

orpardsation of smergency assislance or reconsiruciion and subseguent nperations.”
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Worksheet N¢ % - Vpleanoes: Maount Etng, a case study

¥
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Oace you have read and carefully exaained the workshegt, please anmer e following questions

9)

- What natural phenomenon causcs carthquakes and voleanic eruptions?
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-~ What i«:z 1d of damage can be caused ‘3%; volcanic z,mgstmm

SR AT e AT e e w N aee ATE ae Ve ne R r eN Y A AR e eIy N B e Ry e v N A N A N R e e T e e v e e

FRE R R T IR SRR PSS Gl

khai sS4 ;si writies {m YOI BEE i)aﬂiwmn ?*a, S‘%Ex,iiim nmage mifw of \'E{}um B i;m by
t’h.e SPOT satellite and the photograph of Mount Etna below? What kind of
information dogs the satellite ;mabc provide?
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6 What are the main iumm}m (}i remote sensing 83 atellites x&i};g%} momnitor volcano
activity?

7 —How accurate can sate iim instroments us f:d fo eb\m g_ﬁmm}c mrvement %)c

2§ - What agreement md Eft;: *«pau agengies w*zduéw i case of a matural
tastrophe? What 15 the purpose ot this agreement?
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