Cowses of envionmental problemns
Bosic {eans

* Enviconment-: the Surrovnding ond physical, chemicol
andl biclegico) foctors QMn% \iv‘mq orgomisms .

- Fco(%: fhe shuoly of how oranisms interack with each
other and with their environment-.

+ Ecosysrem: @ commority of liing omanisms ineraching. with

2och others, ion-living m«nPomnis, onal enogy,
* Nofurol coital: natural soutces ond ecosystem sesvices that
suppock lige s provickal mainly by natute § solar energy

Environanental lmPacl»

Sensthvity analysis
ihviby of @ s\vﬂ\a pa

Scenatio analysis

opfimitation of multiple porammeters do miviaite fe wpoct:

Follubion - hosm@ul matler o enerqy feleased into e env.

Sources

= Point source : Cleos single sourte (eq. factery ppe)

= Nonpoint source : Spreod-out SouTe (€g. Lecklizer unoft)

Bllotonts

2

ter d how mavch # impacts

We: nat

ly broren down

* Ecologicol &;&Prw the amount o biol gically product

land and woker needed 4o provide. fesowtes & absorb waste
* Eedlogjcol deicit: oocurs when ological Loctprint- exceeds

noduee's Capocity to Rqenerate fesoures § obsorb waste.
+ Per copita ecological Pactprint: the average amoont of
Eorils resources Consummedt by one person.

Ecological Lootprint colevlakion

EFc = £F,+ EF + EF,

Global biccapacity
(dlifect and indivect clenand))

S
. Mon—d@g(odob\e' persisk in 4he envitonment:
Best solukion Prevention is befler than clean-vp because it
avods pollotion ot the scure
Environmental problems
Couses: population grouwlh, poterty, unsuskainakle esource.
vse, exclusion of ewv. costs, nselicient knowledke akoot nofure

SFB — Deex POP\)LOI\:\DV\

Telow

Sovrce,

<>

Converter

Converter

Ecosystem

Cﬁw@w% copodity in %aweml Sgs%m\s

The monximum level of ovtpot or pergormonce thot &
system can sushain over dime withovt experiencing
de,%nxdcx\«c/\ or Lailure

Conying copacty in popolation

Moximum populotion site of o species that an environment

Gldbol Biocapacihy
(indiceck demand))

ton sustoin inde@initely, quonthe ovailable vesources
and envivonmentol conairtions.
System charoctedishes

Cousal LooP Diqgrom
Sheep pop. m Tosmano

1) Inpok and Outpor ; 2) Seb o components
2) Rules ¢ relokonships between components ;
1t) System's boundories

S ~——~ | ~—/™~
sheep + + sh t 4 + sheep
bom rate iefnP +® Popvle:iibn @ d::\i\ wa‘l‘h fate
~__~ ~_ -
p+ 9@
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ovailobilit e fotion
wailobilhy 4 regene

Stock g Flow :Diog\”uth (SFB)

E Ie&mevﬁs: S+0(‘,K, Flows, C,on\)eﬂ-e(s'
Connectors, Soures, Sinks
Stocks

+Pact of a system whose valve ot any gven instant
Hime. depends on the systems past behavior,

Sl = S:i (nRlows - ovtPlows ) dt + S(o)

« Stocks represent angking that accumulodes  anal
ose only offecked by inflows ond outflows

'“ﬁi con be \Lan%iue or non-physical (ey level OQ&OV)l
and o vsually named with a noun

Flows

« Represent ochibies that lead o inJoutBlows +o
stocks (eg. birkhs, omigrotion )

o Ate usvally presented by verbs of an ackon
Converters

+ Goroin equations that generote an output valve dudng
20ch. fime inferval of a simwlakion (er& biekh ale)

« Con ke usedt for storing constant volues (eg. inhial P sie)
Connectors

« Transmt ingo 4o fequlote Flows

+ Con comneck info flows. Comnot comect into stocks (
Sources ond Sinks

« A stocks thok lie ovtside the system boundary

* Show stock infovtPlows thot enter/leove the SB
(28, immmi@Olion [emigagion)

?)iodivexs\\-g

Ts dhe vodely op lige ot species, genebic, ecosystem, andl process level .
« Provides food, matedals, enesqy, ondl medicines
o Supports Qi€ 4 waker quality ; increoses ecosystem stability

ies dlivefsi

]

* Species Yichness: Wmber of diflerent species on ecosystem contains
* Species evenness : Telative olbundance of individuols in eoch species

L Migher Species Yidhness usuolly nereoses ecosuster proctuchvity ¢ sustoinability
L Nodurol extinckion is normol, buk homon ackuily ousefates premature species Loss .
Population dynamics

* Fopulation: indivicuols of the some species living in the some, place e some Hiwe.

° Popu\o&o‘(\ d/uox\:%e

* Rop. octors: diskdibution, sk, age shructure, density.

. Popv sSke: biclths, deaths, iMM»%(‘Q*\'\on ,em{»%ro%avx

* Tukriosic grouwth rode: o qgowth ofe under ool condions .
* Environmentol resistoince.: ackors ot it pep. grousth (2q, limited vesources, compelbon).

(bichs + (mm\\%\“a\\ov\) ~<o\e&j‘lfs + e«\'\'\caraﬁonsy

Awl-\m'opocaer\\c Loctors

Greenhouse efPect
* Nohuro! GHE keeps the Farth wosm encugh for €2
«Enhanced GHE : human ockhuies increose €0, CHy, N,0
« Moin couses: ossil fuels \oum\ma/ c%nw\\\uvt.
Seporegtation, land@ils .
o (0= 1MWye ; CHy =16-26 (0,2  N,0= 2R0CDe
Lionids
(0, 280 ppm pre-indlusirial —> 388 ppmn n 204y
Limit= 450 ppom, oG = 25
Prewanh’if rpm topr=30gm
Recluce. ossil foel use, JeRorestolion, intensive
oggicuthure, Londil emissions, V\'k\\'o%ew fochliver e,
GWP({o0)
- Heosores how moch beok o GG aps compared
fo (0, over 400 yeass.
* Dependls on heot absorphion strengta € tesiclence fime (odw)
Projectedl effecks of Global \A\o«m{w\c%
A +2°C: More heot waves, d(ou%\\\s, B\m\oa\oc\er ek,
coral b\mdnmca , ond sea-level nise
AF+3°C: Woler shorkages | op losees, diseose spread!
orol ek collagse, and ore extinchion
A} 41j°C: Severe. woler scoriy, Qoo insecority
@wosystem tollogse, fosker seo-letel ise oss extinclion fig
Irmpoc)r on E\od\verixsr?)
*+4,5-2,5C: ~307 of lond species ok fisk
*>35°C, vp o F07 o visk
« Distups M\'\%\’a‘aon, food ouo'»lob\l;’r}i‘ § ecosystens.
- High extnction risk, especially in cold reqions
Tmpack on humnans nuteition
*Crop yields may mereose.  some Yemnperole reglons
« Gop yidds decrense in vopical [sbtropeal tegions
* Droughts ond Plocds Rduce foos procluckion
+ 200-600 wilkion people may face oolnkakon
Tiwpock on homans heolth
+More \heak - velated deathns
- Wider spreodl of dlisenses liee malasia. ¢ dlenque
* Hore oic poliwhion ond urbon s
Red\:c'mq GHG emissions
Tomprove eneigy efficiency, Shigh Grom Lossl els to
tenewable eneray, shop deforestation, fecuce Lond cleasing
use €0, Caphre ond shorage, Lonsider qeo-engneeing
Enexqy systems
Evecqy vie § wealth
* Wealthy weosored oy GDP q»\\%\‘\ﬂ' GOP per copita means
higher enesqy use per copita
« PP (purchasing pouer posity) odjosk GDP (sum o ol
qpods and Sefees produced in o courtvy per fn\'\ Lo
Jiferent purdnasing, power behwean counkries
Quality ciiteria reliable sopply ,oluay availoble, low price
Goals
W\j&tm\ o&m\s : engure Yeholble , eicient, sofe ener sopply-
Financiol %oq\s feduce Costs, maxitvite, progit in Lommercial sys
Ew t‘m\s redue GHG emissions ond ai pollvtion, liowt resoucce
extrockon impocs, proteck water, holsikals, sufoundings
Enery opfions: v enesqy mmore efficiently, improwe end-uie
technologies (eg. insulafion) , improve convertion tedhmolooges
(eg- efRicent fomaces), eploce £ossl fuels uidh renewables
Overoll sustainakility objeckves
Env sishoinalsiy: protechon of Hhe e
Sociol | Cultrol susk.: '\V\UEOS'\\'\% eauity - decrase pover by.
Economic sust.: vesponsible ewonamic development:

Analyheal todls for enetqy systems

EROT (Erergy rekurn on inveskmert)
Tt measvres how wuch vialde nerqy is Obtained to
fhe enesqy spent to proctuce i-:
_ evergy delivered

EroT- aneigy uswh‘:ﬁdum it
EROT upshream: e)ﬁ(\&@d\ﬂ bePore the opetodionel phose
1 Jouwnsiteom., erexgy o money uiedo dlismanie fend it
EPRT (EW%\Q poybock kme)
T4 weasures how long o dechnology needs o qenetcle
the eneiy utedo prootuce, instoll, opesote, ond d\sche opit

_ cumvlatve energy demand
EPRT= yeofly et enexqy generated

- Eimoteril + Emenufoctuing + Cinshalighon + Eatispasol Jrude

\od ~ |

& operation &
Kaya equation
Tt is used Yo onalyse Yotol (0, emissions (county | %‘oba\\\j}.

o, =p.GP  E 02
P GDP €
P-pop. ; GO _ weollh . € _ eneyintencly - 02 _ Coxbon inkenchy
PP 5 = pecon ! &op omz\jmw\%’ € of enesgy
To reduce Lo,

Trprove E efficiency &G%P 3 Vse low-carbon E L%

development

sustainoble
Oubpef

Lige cycle assesswent (LCA)
LCA phoses (TS0 4yoyo, 44oyy)
1) Goal ond scope degnbion
* Gooll delines why the }_CA is g.;m .
« Seope defines how lasge [k SM! is 4
55sP§vm4mn, S%,O:wmx'msmhhms, da! ; Yequitements, LCIA
gunchonal unt > crodle Yo crodle (extrackon o disposal)
o grae. (exiraction to veayeling [revse)
2) Lige Cﬁj‘;h Toventory (LcT)
+ LCT collect and quankies oll system wputs ¢ oulputs,
providing #he dota basis £or measoring env. impacts n on LCA
* Includes :fow matedials enery U2, Walel uge , emissions fo oif water, land.
*LCA stoges: Yesource extackon Hronsport, mmeodm% [ conversion,
use phase, mairtenance , disposol | recyching
2) Lie cicle impack assessment (LCIA)
T+ alaluges e magpitudle ¢ Snificance of potential env. mapocks
+ Steps: select impack cotegosies; Calcdlote impact potenal; 1@ wecessary,
nofmalite e .
* Tompact cokegoties : Climote | 0cidiRicahion, Smog fotmation,
e awone. Mm wdophiohon ,\om
) Tnterpretaton — Eco-indicodor 38

Tt ossesses e, da n 3 Cateqores unk |

1) Homan heath :ygs. 0 e losh +yts. lived ] disolsliy [DAY:]

2) Ceosyshem equoliby - lss of biodkversity over aeagtime. [species loss]

3) Resoutces: extrar fohure. € neadledt o exbrack low -y tesoorees [Surplus E ]

e odels

- High-quality fesources o uged Zirst - Future. extvackon: 1 En

- Landl use degfodes hakvonts ond fedluces speces olves:

Humon heolih’ emissions (on a scalke, eg- locally or gfobally)

1) Tate - whete pollotants go oudh how long they ttoy

2) Exposure: how tmuch opganisms baxe in

32) Efect P\‘ed\de/d diseases of o\o.moq‘e

4) Damage: ginal impock expresd [DALY for humans, ele 7]

LeA modielling terminolo

Proctuck: who serves he process (eg, plaskie, metol, crodte. o)

The 10w, Vitgpn motesiol is dlwagys @ proctuct

Process: i c% '\M“: o‘ﬁ?ﬁ? khenw o produck s transported, efied,

Precision: describes how close. fepeated meosorements ate o each

Other. A mefhod i precise when it procuees very simlor fesolts undles the

some onditions. Presision = Teproducielily  Bios < nogtoay | $ed
enor

Acouray - describes how close o weoSurament s Yo the e or auepted
volve. Tt is only meaningful when the result i also sufticienty precise

Not accurate, Not accurote,
Nok precise. Precise

Accurate,
Nok precise

Accurate,
Precise

Representolive Sampling Lor
environmental QCQA

Growth pafterns Humon meluence
A pop. Site awrg;.g:::\ * Lost .oe sﬁedes oy provide un\fnwn e(»‘og\w\ or eLonomic Valve
L l' \L i’ * Biodiversity supports nodural copital
(oMing copacky * Bxhinclion recluses ecoystem stolkility
Tnstrumentol valve
lation stabilizes A
1\ Rpo stobifae Species are usefl for q:mds and seviRs em\:xt\m\ Lonchons,
Exporenticl Yecreahion, scientlic knowledqe
X1 \Q.!
Qrowth - —
b . Weodhe(: shott-term local otwosphesic. condik
T}%‘o‘!)ehvﬁiol Cl lfW\OC\'e (kiﬁpnmm.kuof:\ouds, :ﬁv\:; [;Qn o
>t Climmode:. regional long - fecm oug. uobher patems
e e conncl Nadural Qactors ¢ cycles
Ppate o /WPQ Milonkovitch cycle — 3 theories
&Tg‘“k < 1) Ecuavrkicvkaqa)rﬂn‘s orbit c\nom%e,s
sy ( R Ricers g shage: circvloc¢s efiplical (400000 y). S
fm‘ﬁﬁ"oe The more elliptical, the less Hume the, Eorth
;r(gw&h TSRS e Spends neas the Sun. Less solar enerqy—> Cooling efPect
22,5°
2) Oblioghy > Angle o8 Rt o the Bockhs auis s
chonges (£'oco y) Lond moss of the (
> notthen emisphere. faces woe [less toworols
o Hhe Son—> (\.oo\'\v\% I lA)erm{m% efeecks .
ni X 3
o?w?ndimolua\s 3) Precession - Eartl's oxis chonges dlireckon (£26'000 y)
otershook [ Lo V'?“,Cb’“‘.““’ Tk Couses Winters onol summess 4o e
C\Ex;lsbesn P woamer of cedler, clepending on the
y omount of land sofoce. being more
ot of less exposed to the Sun imadiodion
oy :
5t || = These cycles combined cause interalacial pefiods (+4a0io00 y)
Oscillations: inegular ocean - ofmosphere. cycles (months 4o decodes)
SU“SPG‘S otk tnagnekc ofos onthe Sun Lo shik oingal, femp, winds, Storw patens. *
sl TENSo, Pociic Oceon oxcllations usik [Volcomoes : eruphons rekose ash + sulghur qoses info
slighlly more | 5+ Vifo & La Mo phases —» strongly changed - [4he upper OFmosphere — oesosdls reflect sonlight
soloe \'?;di Shon | Qobol weother, €I s globol amps shork e globol codling (]
Albedio: reRlectivity of Barhs surfoce. Snow/ice :‘ni%\w albedo ;waker/land = lower olbedlo
possible warming lower olbeclo > more heot obsorted - wortming

QCRA = Quolitotne ortrol ond Quality Assuronce



Maderial he%emcéene'\h Sampling process
Mixing Lot/
O e o o focqet matetol
L) o o ° y Pl
® o . o ' ° Egmm‘;\ﬁ% Sample ’g
.. o o, e ® o Mass preparokion 8
. ‘ © o g0 o Yeduckion gf
. . Analyhical "~
Shuckuted Septegotion Grouping, somple. Sie
*eq o R a ~
. LI _
8- arbitrary pick of a sample
o s a L [ | @ = position of +he motter

Focussing questions

*Whidh ofe the altemalives T Do unkmown olternatives exist?

*Do cedtoin olfemotives overdap!? I€ ges, con they ke gfouped T

* Which efteria exisk Yo evaluote the altematives' digRerencies ?

* Avre Hhese criteno pre-emphive ? T yes, which olt. canbe screened ol
*Whalis the \ogjcol Werarchical shrochure of e critesia !

3) Assessment

Assign numesiol seores Yo ollemobives ond critetia
Scales
« Odinal: mmdr\cl only; difRerences o not weasured
hssofis@ied - SakisPies ; bod — goodt

* Interval: equal digRecences, buk not e zero

eq. Femperohure. in o —» I, = (5-40)K , AT« (5-0), LY
* Ralfio: eoual dligPerences +4wve teso &n

- Cosh, mass, energ, W2 amount of imoney in my wollet
Scole choice : depends on whether dota is qualitolive oc quartiroh:
Lineas vs. hon -lineor scale.

Theory of Sampling (Tos)

TOS = 6 general principles + it Sompling Unit Operations

TOS 4erminology

< Lot/ Sompling %ofzie}{ Decision vnik: the complete matefiol o
e,w\% Selected for Sampling (ep Froek lood, sip oo bogs)
Includles physicol size [Shope, wok. properties sampl. bundades.

3-dim 2-dim

« Tncrement : torectly delinected and makenolited unit- of
Hhe loF which, combined with othes increments, provides o
Cowposite sample

* Sownple : conechly extrocted! motesial grom dhe lof, which
Caw only originade from o qualigied "Correct” Som\p\h\% process.
(ompos\\e sarple Consisks of various increments.

+ Spetimen: 0. "sample* Hak comnot be dotumented +o be.
representotive .

» Frogment: the smollest seporakle unit of e lot fnat is ot ofpeded
by the sampling process el (eg. pathcles, molecules, grains)

* Representohve Sample: must be based on totrectly delineoted &
wookeriolizeat unit of the ok, os well on tombinok .

Somp\m% Sedle Tavosonce (SST)
M pincies need 4o be Bolloweot feqaraless lok fincrement see

Sam\plm% Simplicity (primoty somping + moss feauckion) (Pss)
Somp\m%\s neves one-shok, bk always @ mmulkistage process

Lot uﬁ\’e(m&&V\E\"\ﬂ Chosattesization (LUC)
An appropriote sompling procedure. tan orly be dlesiged
xnowing dhe lot heterogeneity qualitalely .
*+3D \ots: O replicotion desk will Yeveol TSE + vadonce
*4D \ots: compete empiricol sampling ertor eshimadion

L> Voxographic analysis

A samgle can only be tepresentative if the Somgling process is bokn
ocouote. and precite. | reproducible. Somplivg bias + analyicol bias
* Analyte: specific idlenkeied [measured substonce in o somple

Gerexal principles (GPs)
Fundomentol Scm?\m% prmup\e_ (FsP)
Every padt of the ot musk hove the some non-tefo
chonee of being sammpledt = physiual occes o fhe whale lo:
Lot Dimensionoliby Trans@ormotion (LET)
Reduce. lok dlimmention and complexity fo maxe saming eosiec:
€q- 3 stockpile = 40 “alling stream = slice~» OB increment-
Pr'\nc\pie of Samy\mca Correciness (Pc ) [bios-ree Sompling]
A vepesentobive somple musk be. both occurode & precise.
« Global Eshmakion Eror (GEE)
- Totol Anolykical Eror (g, £57) (TAE)
- Tota) Samping Error (Tse)
Sownpling errors (shl P5)
Tncorreck Sampling erfors > creake bias, musk be eliminateol
TIncrement Delimitation Exvor (TDE)
*Relates fo physicol exteockion of the increments
* Con be ovoided by delineoting, on crement which covers the releuont
dimension of the fot.
Correck Tncorreck

e S —

f 5/ f | < High chance
L T ——
1

Tnecement Extrochion Error (TEE)
Tt occors When posticles inside the defineoted incremernt- do ok end
up in the Sownple. (center-og - qovity wle)

k—

choner

I

= low chonce

0 & ) 0 N0, 0
O O o
96 0O 0ée OO 0
v

v X

TIncrement Preposodion Eroc (TPE)

Acises when increments [ soanples ofe Oltered oftes extrockion

(ex- Contominotion, evapofation, moistuee, spiloge Sabctoge)

Correck sompling erors — extors Rrom hefeqenelty.

« Foundammentol Sampling Etrox (FSE).

+ Grouping Ond Seqreqorion Error (GSE)

He#em%ewentg

- Gongistonol hehersqeneity: cifeerence. bebween poricles
Y cecucedt by C\’USKH\%.

idy: Oneven spoiol diskbub

and composte somging

« Diskibuhianal ek

Lo vedluceo! by mixing

P does not olwoys increose fnearly

. He best house Size wow ke, nrectiom, wok Yhe. \omgest

TFoeussing questions

* Whot dota is ovailable ond whok is its quolity?

* Do some Criteria rquive quolivahive Staring?

* Do cextain critesia fequire non-linear scales ! (o oni®)

« How con wmerical vakes (with digdeen unts) be convected into o srore ¢

«on ead civerio be Sored on s o withouk consideding ofher orfeda !
T2 voh, crikeria |volue kree. Shouldl be. vede@inedt

4) Sensitivity anolysis

Checx how vesuls change 1 weigiits or ossomgions chonge .

5) Decision | plowning

Use MdA fesalts fo support #he £inol decision | fute plans

Key chosocteristics of ES

Public- private qood spechtum

o Private or morke! goods: bot rival and excludable.

«Toll or chvb gaods: non-tal, buk excludable

 Open QeSS o Commmon poc fRsoukes: fival | but non-excludoble.
*Pure - public s neithes fivol vior excludable .

Spatiol [ +emporol dynomism:. sewvices ond beneits oy oceur n

noin
v . . fyon 7 PrOviSION: mountal
difRerent places of fies. eq mo%ene:iq\a bereti clownslope.

Joint produckion: one ecosystem tan provide many senices ok once.
Complexity : ecosystems houe feedibocks, Hretholds, ond fme logs
Benegit dlependance: What counts os o iR Slepends on the.
benefit| stakeholdes consideradl .

Subskiutes : some €S con be. placed by Yechinology (oflentigh cosls)

Coscode model

Mo vses

*Env. ovolysis: halshals, horodds, resoutces, emissions .,
* Planning;: infrastruchre, populotion transpoct, qfids, mm%thn.

Remote sensing

Active : sensor emits enenqy (0q. Yodkat | LIDAR)

Passive: Sensor detests noturo veflecked enery (g sunlight).

GIS Method

1) Stote e problem: degine ¥ aitn

2) Breox i down: ideni®y dojeckves needed dato, rlevant inteochons.
3) Anolyie inpet doro.: findl spafiol felofionships & poltems.
4) Pecgomm analysis : use suitoldle. GiS tool

5) Verify resolt: check i§ o ,caitefia, of data heral

Coorse Yneorem: i@ bargaining is coth-Gree , piuate. porties con soive.

extemalities themselves. Usvally uncealiskc becouse : ansackon togts

exish; Soxehdders mayle involved ; coomlinalion is diggicolt.

Wilingoess fo poy Il w\\l'm%ness fo oceept

Policy opfions

Economic eficiency ~ Besk qoal #ox seciehy’

*Goal: movaize totol sociol welPase.

* EQRicien marwet: maxiwizes ek present valve (NPV) of benepits

*foreto ophmal: o one ton be. made beles ofp m\\\ra:\mn‘\maw»emz else
worse ofR.

Cost - eRpec - Cleopest way Yo each & qal”

- hmor
)

) Timplement fesult: apply e resultk Lor plomning or dlecision-mowing
GIS dota

Roster: Gad cells; Qood ok Confinuovs dota (eg; temp, elevabion)

Vector : Ronts, lines , polygons; qoodt £ot discrete objects (o @ods bowders)

Environment

Supportting ot
imenmedicte services

Biophysicol !
;"&é‘fg Y,
V.
Renefit - .

Limib pressores |3
vio. policy ackions!
S Pressores |¢ Volve

Example with edlifgicakion of Hors weHand ot Hong monicipality
.

The Social & Economic Syshem
Goods ond Fenefits

] Production beondlacy

Final
sefvices

Y,
Secvice |

CICES

Non - renewaldle enerqy sources
* Lonnot be veplaced on uman ime stole . Tnclude Possil Quels +nuclear fuels.
« Tossl wnain dype: coal, ol petroleoumn, naturol qos.

Enerqy density
+ T $he. Ganount of enery Shoredl per un¥ of mass of volume.
~Uriks: Cool [G/€1 ; O [T fsore] ; Natwral qas (M3 fen?]

Resesve vs Resource.

Reserve: proven quonkity knouwn Yo exisk and ewonomically extrackable
Resource : eshmoted quontiny thak tmay exisk buk nok fuaa explored or

economically extractole

Reseqve exhoustion: prod.increases - Rodes e ok » prd. dedlies due
Fossil fuels: cool o hader extraction
Ranking of coal

- Heofing valve ¢ Cadson content

"

1) Swamp ; 2) Habitat gor biodiversity ; 3) Flora+ fauna
4)Place foc reloxing , walk, conect with nature ;

+ Moishure content _
Pk — Ligate — S:LE.:;T'M..; —3 Biuminous 3 Arhvacte

- P 85/
‘N::\ Hep :55//(2 Pf’:«:m 357,457 C P Hap g?y.c
Exbrockion kechniques
SutBoce miming: shollow ining , cheaper; femoves fopsai[rock only
Open-pik :lorge pit for ores/stones j machnes dig ond emote material.
Stip: ervoves overburlen olbove. hetizontal deposits teas the seckoce..
Contour stip: cuts fervoces into Wlsides moinly for coal laggrs.
Undlerggound: dieeper micmg, expensive, danqecous
Cool dronsport: crushed oter wining Railway, ek, tomeyor cacge
(ool pros & tons
Pros: cheap, obundant ; bigh EROT ; relikle. eleckicity produckion;
a3y Soroqe Fransport ; usepul by-products (qupsum £y osh)
Cons: ion-renewable.; very high GO, emissions ; S0, NOx, oic polokion;
acid foim, srmoq, heallh impocts wining [+ranspork covse env. domage
Kir polickion raluckon
Prevertive measures: dhoose Suthable cool Hype; oo control quality:
cateon,maiskute, S , N ; dlrging [ milling imroves combuskion

>80z NOx

Contrs) weasures: modecn plos con Yemove. & 807-95% SOx
~897. of fly osh

<ol
y57.-857C

Main fechnologies
Clodract

toko

—e—e— - S) Wil for the polity o poy for the. pe Yon of biodl;
A e Q) || HCDA calcvlokions - example &) Zone for commerciol vse ;) Environmentol proteckion .
[he— Dota Hyco | wind [ Wuclear | Notural qus || Alternadive. approoch
C)e—e—e—0—e—e¢ D)o—o—e—o—o—o ENVIRONMENT 3 ® T $ €S conept benefits
Crin S Opea. $ [0 | 40 423 Tnkeqrole nature inho decision-taring | Mave ecosysher benegis viside
Crin A0 min Tond use %) |28 | ¥ W and measuroble; Supports proteckon, restorakion, ¢ ennanceraent
©min Fodoles m on occident | 3e-3 [ de-4 | 2e2 de-2 oflen creches mulhiple benells o once for people
Sompling Vet Opexations (300s) Woske moss LTS BT T 18 €5 coneept chollenges
SUo 4) Composte Sompling Norwolited indlicotor valves ondl weighting Uncerhainty: €S ofe horal to meosure ocross scoles onal
Collect many ncrements Yo seduce. qrouping | segregotion efRects. Weiging | Weigling | Weicking fimne.. Services oce olen bundlied andlwordl o epamie
SU0 1) Mixing | blendling Fockors | Fockers ' |Fackors  |Weiolt on D || Complextty: €S intetact witn eock oler. Eggecks depends ons
Homogerize.the nateriol Lo vedluce. spafial segreqo Level 4 A [ lewel 2 3 | Level 3 C |inclicator level | | bounalasies, scole, habital hek ereity
SU0 3) Comminohon [ceushing ENVIRONMENT | 33,37 | 4007 D=C A/g_|| Local beneils oy covse wider neqotie impacks
Reduce pathcle S8 1o lower foundomentol somgling eror W,eq. =32 157 Ethicol issves ; Some ES should nok ke privotely owned.,
SUO 4) Maxss reduckion | sub - sompling, Lond vse 7. 1o7. Non-col Sefvices shouldl be monaqeat wooperalely
Recuce somple moss while Keeping it representative . Fotoles 407. 37 Moswel failure many €S howe no marnet price
Woste mass 157 2 Markeks oRien ignore. autural ¢ vequloking sefnces.
:_enbor Q) \ n {limiks: € ol cuburl v
Mulki- criferio decision omolysis i on nlicotor el [y | Ui el [ el g || ot e g odet SRSt o etvles hre
(HCA ’ MCDA ) D=CA/R x 2 T 8 = Volve : crifesia pecple use +o ossign importance o nalue Hings
T compares oltemakives using severol crdefia o support decisions 457 S +Can be indviduol/ colleckve anal qualitolive [ quantitaive.
Tinputs: doko, sk anolysis, ot anolysis , forehddets analys. (Y2 Valve plurolism € incommensorobliy
Possible crterion: GG emissons, oie|woker pollubon ERST, economic vohe, i F +Voloe plor.: hoture conbhave differert, somefime conflicking, valves
Social impocts 5z * Incotmem. : ok all volues ¢ain be feduced 4o one. indicator (eq.money),
Steps of MCDA Sustawnablity score 5 5 5y Hurmon - noture. rlakonships
4) Degine aim ond Seope o analysis R ENVIRONMENT: S | Zp | 2p 8§ || Goiving rom akure - nahue as provider of beneks

2) Seleckion of decision criterio. and weig scole .

3) Colculobon of sores or eoch citerion.

) T2 weight scole is modlifieat —> Yecoled\ohon of critesio
5) Trherpretotion of fesults ona sensifiviry analysis.
MCDA shuckore

1) Problem identiRicotion

Define the protlem , storeholders, olfernalives, decision context-
Focussing queshons:

«Whot is the Signigiconce of the problem?

« Can the. problem be broren down itto Key components (critedo)?
*Does the problem involve severol Qltematives o compare?
 Are allemotives already ktown or is urkher reseasch requiredt 7
*Whok is e pre - totceived jpdgement- o ¥ne problem?

2) Problem struchuring

Deine alternadives and crileia - valve tee. Avoid oveslagping

weighds.

criterio
Haintenance
Running,
Copital cost
Lo Cor
RBock SQ\EIA‘\OV\
o} —— 2o
Accelecation.
Top.
Pu\'t\'\osmq a
house

€= (1 o emox(xBAY)
o (o, 8,5, 8) - win (ol B, 8)

>.1Do
F- (1, A - wnox (o,8,5:8)

—> .400

ax (o B, 8) - win (B, 4, 8)

Eeosystem Sewices (€5)

Beveits humons cblain from ecosystems, directly orinalivecty

Eeosys. sevices link biadliversity, ecosyst. funchions, humon well-being

«Shows economic and social volve of noture.

* Supports biodiversity Corservation

* Exploins Why ecosystem loss ofecks humans.

Ecosystem

A dynamic system of ting omomistms ond fon-living envitonment

interocting 0s one. gunchonal unk

. Ot%av"lsams inkerock though compelifion, predafion parotiswn, ...

* Eeosystem boundasies dependl on sitong intemal interactions ond
Weaker extemnol ones

* Eeosystems con exisk ot ony scale, from ovsmoll pond Yo an ocean,

«Humans ore poct of ecoyysterms and depend onthem for sunvival

Humon wellbei

Depends on bosic needs, heolth, secusity, sociol velokions, and

Preeciom of choice - Well qpa ecosystemns veduce biliky

Degaded ecasystems mainly hasm goorer |rural populofions.

€s clossificodon

Provisional seniices: mokesiol of enerqy ovtpits for ecosystemn

q: ool , freshuoter, finber, fibes €uel | generol resources

Requloting Senvices: benefiks from ecosystem processes thok eqlate.

env. condbions. €g: Climale requiation, flacd contvol, disease control,

water purification, air qualihy regulabion  ercsion control.

(ulural sevices: Non-mokrerial beneits linked fo haman volves

and expediences. eq: fecreation fovdsm, cultetol identity

Sopporting sewices: basic ecologicol processes heeded goc oll

ofher sewices. €q: soil formolion nutdient oyeling, plimary produchion

CICES: Seckion —> Division — Group — Class - Class hype

+ Living gor nature: nahre hos volve keyond humon use

+ Living in nakure : homans oce posk of nakure and degend on ik
Valve types

Tnieinsic value: hatur has valve inifself, independient of homon use.
Ecological [ Bophysical: inportonce. of species, plocestes  and ecosystern
Qonchions gor ecslogical integgiy.

Tnstrumental : nobure hasvalue as a meanto orhiere human qools
Economic: value measured via use [non-use benefits, often sing WTP(WTA
Relatonal: valve from elaionships between peaple. nobure. places, identiies
Shored: values held calleckiity by qraaps or sotieties

Pluraliskic. volukaton
Diverse. values o noture's Conkribution to pecple (NCP)
1) Purpose

* Define why voluation is done

«Context: Decition-maxing | owareness; \'»\‘\orﬁ‘m | ok resolvtion

2) &,cp‘w\%

* Sek voluokon boundofies ond choose suitoble. methods
*Decide: whose worldviews ose included ; which values ofe relevont-;

whidhn spafiol femporal, sadiol scoles mater jhow stareholders expless volves.

3) Pluraliske. volotahon

+Use cligRerent methodls foc digterent volue bypes

precip removes fly osh uSing chorqea plates.
FaD | wek serubber : temones $O; ; limeshone [lime oty —» Qypsuma.
DeNOx: reimowes NOx using Niy , producing Ny andl ¥,0

CCS: toptures ond stores 0, buk costly , eneqgy -inkensive
Alleratves

SynRuel: (ool can ke comested ko synnelic QoS o liadid fuels, ook dwis
Teedls more. ool emits more €0, | uses more wale(  hos low nek E eld
Biomoss burned alilechly into biofuels (ko -diesel, - ethanal - gos)

Environmentol economics

Intoduction € definition

Economics: shudies procuction, tonsumplion £ diskbion o qoo-k +weolth
Microeconomics: individvals , firws | buyers [selless.
Mocoeconomics : Whdle. economies (eq Mool eonomic ockity).
Ecoromic S«js+em systern where qEodls/serices ofe producet,
dligiboted,, ond consumeat. Uses 3 hypes of coptal:

1) Human copital: lobour, knowledae., seils

) Honogochured copitol : mockines, fadrosies, n@rastuciures

3) Noduro) copital: tesovrces owd ecosysten senices from nokure
Free ~marvet system

No govemmment wrervention; perfect ingos behween selles — buyers
rices should include oll dliveck owd malicect costs

Extemalifes

Negodive.: hatm@ul effect not paid by the pollvter.

(q- pollvhion oecking dounstreom communihes)

Posifive : beneRicial efRect nokQully paid to tre proxidler.

+ Combsine Biophysicol, conomic, heolth-bosed, culbural, local persp

* Acknowl, Yrode~off, powes telatons, incommensuroble valves
4) Integrotion ond Bedging

T modlelling MCBA, nOKfakve analsis, dleliveratie vold.
5) Communicate on volues ond feview dhe valutolion pracess

* Shoge fesolts with pdlic Ondl decsion-mowecs

oC ieak toinky ondl Confidence. limiks

*Use Stoxeholder feedbock for adlaptive decision-making

(sq- ochwologg splloers benefiing seciehy

Macket gailure

Markels £ail when prices do ot replect full social costs | bene@its.
Env. economics helps carect s arugh prcing irequ\o%ﬂw&mazn\\ues

Geographic Informadion System (GIS)

«GIS o collect, 1anolye, onol map spatiol data

= Spokial dotor. 1@s obeut location, shape  relafionships between Reakures
G\S comnponents

< Dato: mags , dotakoses, Xemdre ws\m‘,ﬁo\\ﬁa

- Sofhware +hosdwoe

*Methods: defime problem — onalyie. data—> verify fesulks

Pice « (Sociol cost)
‘ Sepply
« Ow)“um ! (private cost)
P Cast chonge.
R Equilibrivm
(privote spply)
Dem\and
Q@ Rpyoret Quontity

* Gool: ackieve. o Rixesl tanget o e lowest costh.
+Toouses on mirning olbatemnent costs. Does NoT chec. whvelher Hhe toger
setfis sociolly ophwal.

S| ies of environimental economics
TFull- Lot pricing—» Gool: reRleck dne brue cosk of qoodis .
« Price = prodhuction cost + environmentol /seciol costs .
Effecks :less polivkion ondl woske ; cleanef production ; beller consumer choices.
Bortiers: hosd fo esfimade extemol costs  indusny opposkion; (nx‘\ﬁa)ms ewo-labels.
Pricing and incenkives
*Remore hammiul subsidies [fox breaws thal mave unsustoinade ackibes cheag.
*Use beneficial subsidies fo & cleaner ophons:

pollution prevention, suskdinoble Porestny| agpauture. | eficient wales use, RET.
Envitonmentol eqlakons: o + vules 4o teduce poltion|
Technology Srondards: qure spesfic Yecmologies| processes deqrodation.
Perfomante standords: e emission lwals ; £ioms choese how b comply
Magket - oriented opproaches

*Donot ditectly mandate emission rates.
+ Use economnic incentives to feduce. poliution ok lowest sociol cosk
* Main Yools: ewission bxes{%reem faxes ; marketakle permits .
Emission| Green taxes

*Tax chatged per Uit of polivhon emted.

« Rollvters reduce emissions when: MAC =T

whete: MAC = mnacginal o ot cost; T= tax per emission unk

« T® MAC < T: veduce emissions ; MAC>T: Ppoy e Yox.

*Opfimal Rauction cccurs ot E¥; where fox equals MAC

Pros: ency deaner %R\m\doq\es iqves Rinns Plexioiliby to choose theapest
Qbatement method ; 2osy o odwinister rougn fox systems,

Cons: digRicult fo eskmate correct external damoge tott ; ton increase.
Pices andl ofRect low -income. qroups; may feduce, inkenhonal wmpeliveness;
Fox rRvenuve moy not be vsed Lor environmental improverment:

Tox rote
Horginal abotemert

cost cutve

Tatex mh/w‘& of ewiion
€o:= orignal emission without-

Ex = emissions offes fox oppled
€ =IMAC =TT poink. Equlibriom
3 = Tax-fode love) o Eo

A= Yeso - emissions. point

Evission teduction

Ex

Ewission
amount

A [
Redluckion amoont
T% +wo Riems love digforent MAC cusves, educkon should be ollocated
0 thok  MAC, = MACg ~> Ts. vinimizes ot obalerment osts.
Tow exercise: Qjven WAC = 480-E , MAC = #o-E
1) Uwrequ\g*ed emissions
Set MAC=0 = €4=450  E; =#HO , Eqyr=JEi=260
2) Tax = 40 €/unit
Seb MAC=40 = 450-E4=40 = Er=110 , H0-E;=40 > Ey= 0, Eyp= 480
Totol feduckion: Bygr o~ Erorq = 260 - 180 =80
3) Tox = 50 €/unit
€4=400 , €,= 60 ( Eper = 160, Totol veduchion = 400
1) Tox poid with T=50
Comnpany : €4-T= 400-50= 5000 j lownpany 2: €, T=60-50= 3000
Morkeroble Pestaik Syskem
+ Harret -based policy for pollvtion conslj qotemment sets atotal emissontop
« Firmns teceive or buy tradoble permits. Fiwns con:
use pexomiks fo ewit; sell unuseol perwids ; by perits i@ teduckion it Yoo expersite
(ap-ond-Trode
«Sets o limik on Yool emissions
*Tiems trade permits okl dheir MAC are equals
*Fiams with low MACs recluce wore ool sell peamats; wibh bigh MAC boy pemis.
Pros: Yeduces emissions ok lawer fofol cost ; encovtoqes pollvtion prevention ;
permits price is sek by market demonal ond supply; tontrols oqgreqade
emission belrer than Comenand-ond - conrol vequlation
Cons: polloters com continve @mmiing by buing pecwts; @ 4he capis foo ligh,
lifle reduckion occurs ; monitoring problems can lkad to chealing ; permit prces
con tollapse iR oo many permits ofe issted
Poqwik emissions example gjuen MAC =450~ MAC, = HO -y
COp Of pesmmitted emissions: B4+ €, =460
Equilibtiom Valves : MACs=HAC, = €y = 40-€4 = E4=400, E,=60
Peromit price: MACq = 450-400= 50 | E2=#0-60=60.
Equilibriom peroit pice: 50 € fomission unib
Rechucing, poverky
*Rovesky = inabiliy fo meet bosic econoic weeds
Tt worsens: heakh | envitonment, fesource Use, populaion pressure
» Ths Raluckion Supports: economic dleselopment, 1. proteckion, Slower pop. qouth,
Moin solution opprooches
*Tnprove health: reduce malnutrition and inpectious diseases
«Povide educotion (+ sehod ); stolslize pop- qrowh (+women's shabus).
enenqy

* Trvest in - seal hructore | sustain (N

Eo




