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o Deling the term environment and describe the ficld o
cnvironmental science

« Explain the importance of na troes ang
ecosystem services to our lives

» Discuss the effects of population growth and resource
consumption

o

Characterize the interdisciplinary nalure of environ-
mental science

Understand the scientific method and the process of
science

Diagnose and illustrate some of the pressures on the
global environrmenl

Articulate the concepts of sustainability and sustain-
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Viewed from space, our home planel resembles @ small bluge
marble suspended in a vast inky-black void. Farth may seem

clermous Lo us as we go about our lives on its surface, but the

astromant’s view suggests that Farth and s systems are finile
and limited. From this perspective, it becomes clear thar as
our population, technological powers. and consumption of re
sources merease, st does our capacily to alter our planet and

damage the very systems that keep us alive

Our environment surrounds us

A photograph of Barth offers a revealing perspective; but it

il Iy b -;L:-Juj“u'}::h ol our enovironment, Odar

enwvlranment comsists of all the living and nonlrang things

g, and ice

around us, [ includes the continents, oceans, ¢l

s o can see i e photo of Earth Trom space, s well as i

imdmals, plants, forests, and farms that comprise the landscapes

sirrounding us In o moce inclusive sense: it encompasses ou

bl ermvironment as sell—the stroctures, urban cendoes, anc
Iiving spaces that people have created. Inits broadest sense, onr
civiromment also mcludes the complex welbs of sogal relanon
ships aved inshtatons it shape our didy Tees,

People commonly use the term dmaromment i the fiest,
||._|I|,:...| w1

I i sennse Lok el a ||"II|I|.||i'--.'-|I il

apart Tromn homvan societys This usape is unfortumile, bocaese i

les the vital tact th people exist within the ervironment anc

PR

ale purl ol noture, As one ol many species on Earth, we shas
with others the some dependence one o healthy, lunclosmn

"
|1I.m._'| | he limidtations of langoage make it all ton ease 1o speak

ol “people and maiure” o “humans the environment,” as

Hiswever, the fu

thewgh they are separade and do ol miteract

damental insight of environmental saence 15 that we are part of
(e “rratural” seorld and that our interactions with its other parts

matter a jreead deal

Environmental science explores our
interactions with the world

Understanding our relationship with the world around ©
vitad because we depend alterly on our e
water, food, shelter, and everything else esser

Wl for i,

YAl TOT InIng

Moreover, we modity cur environnient. Many of sur actions

biave coriched livies: Brinsiing us beter health: longer Life
tiave coriched pur lives, bringing us better healths looger life
spans: and greatér maierial wealth, mohility, and lefsure

time— but they have also often degraded the natura
thut sustain ws, Impacts such as air and water polluti
erosion, and species extinetion compromise

pur well-hein

sticiely that will survive and thrive in the long tenmn,

Emvironmental science is the study of how the namral
world worles; how owr emnvironment atfects us,

how we
glfect our environment. We newd to understand our inlerac-

tons with our environnient in order to devise solutions to our
most pressing challenges. Tt can be daunting to 1

b

flect on the
sheer mapnitude of envinmmental dilemmas that confront us
today, but these problems aleo bring countless opportunities for

chgalive selulions.

Ernvironmental scienlists study the issues miesl

CUTITR

important to our world and its future

i

ons are changing more quickly than ever. Right now,

through science, we are gatning knowledpe more rapidly than

ever. And night now, the windomy of oppartunity for acting to
solve problems is still open. With such bountitul challenges

tis particular moment in hislory is indeed
am exciting fime to be alive—and ro ba srudying environmen-
tal science.

and opportunitics

We rely on natural resources

An island by definition is finite and bounded, and its {inhabitants

th limitations in the materials they need. O our
human hengs, like all lving things, ultimately face
epviranmental constraings. Specifically, there are limits to many
of our natural rescurces. the various substances and eocryy
sorees That we take from our ervironment and that we need to

rvive, Matural resources that are replenished over short perd

are known us renewable natural resources, o000 reneyy -
eoresonroes, such as sunlpht, wind, and wave eneepry, are
perpetually renewed and essentlally inexhaustible, Chers, such
s timbses, waler, and soil, renew themsclves aver months, yeurs,
or decades, Tnocontrast, resoiirces such as mineral ores and
ide ol are in tnite supply and are tormed much more slowly
dnn These ane kiowi as nonrenevwable natural

than we use'th

rasaurces. Loce we deplete them, they are no lomger avalahle
We can view the renewability of natural resources as o
conti (FIGURE 1.1), Renewable vesources sucle as Lunbier,

water, and sonlcan he depleted iF we use them faster than they

ire replenis Por example, pumping sroundwater faster

is restored can deplete undergrouid weguilers wid o

s ey deserts. Populatians of animals and planis

we take from the wild may vanish I we averharvest then

We rely on ecosystem services

[f we think af patural rescurces as “moods™ produced by namre,

then it is also true that Barths natural systemns provide “sery
s un which we depend. Our planels ceological systemis
purity air and water, cycle nurrlents, regulate climare, pollinate
and recelve and recvcle our waste, Such essential sery

cormnonly culled scosystem services. Ecosystern

ces anse fram the. normal functioning of natural sysrems,
and although these processes are not meant tor our benetit, we

could pot swrvive without them, Later in this ook we will
examing the countless and profound ways that ecosystem serv-
ices support our lives and ¢ivilization (pp. 121-122, 160-161),

Tust a5 we can deplete natural resources if we ralke oo
many of themn, we can degrade ecosystem services by depleting

resources, destroying habitar, or generating pollution, In
recent years, our depletion ol natures goods and vur disrap-
non of naturesservices have hoth intensified, driven by rising
human population that grows larser every day.

affluence an

Population growth amplifies our impact

For nearly all of human hstory, fess than a million people

|

growil bevord 6.9 Billion people—severa] thousand Gimes

mara! FIGURE 1.2 shows just how recently and suddenly this
.

hange has come about.

piog

ed Barth at any one time. loday our population has

moOnumeniil

Dwo pheneanena Uigpered remarkable increases in pop-

=i
wlation size. The first was our tranaition from a huncer-gatherer

1 InTroecnodon e Envinanniont:
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Renswveable natural
Fesouries
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FIGURE 1.7 & MNatural resgurces lie along o o

rangwahble, Parpatually renewahle, or inpehaustible, resoun

will ulwebiys b there for us, Renewable resources, such

replenichosd on intermaediate seales il owe aep

FRSODNTEERS, F:I.J-:'ll as all i’.|!'|-.'i I"-.‘l.“llI gxigt in limited amoints that

|:|I;'.'.-;1:r'||.' Leran apricubiural way of life: This change began around
10000 years ago and 15 Known as the agricultural revalution,
As people began to grow crops, domesticate winals, end lve
sedenbiry lves an farms and in
meet their nufritional needs. As a result, they
longer and 1o produce more childeen.

The sccond notalle phenomenon, known as the industrial

villapes, they found it easier 1o

began 1o live

revolution, began in the mid-1700s It entailed a shift from
rural life, animal-powered agrculture, and handeralled goods
tey an urban sociely (FIGURE 1.3) provistoned by 1
duction of factory-made goods and powered by fossil fuels
(nonrenewable energy sources including o}, coal, and nateral
[Fil pgas; pp 533=545) In the wake of indusirializaiion, our techno-
logical advances have brought improvements in sanitation and
medicine, and we have enhanced agriceltural production with

Ve MASS pro-

[ipssil-Tuel-powered  equipment and simthetic pesticides and
fertilizers (pp. 254-235],

o =
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revLIticen =

-
industasd - =
1 -ull‘a"h"‘ i E

hetona oresemt

FIGURE 1.2 & Fur almost all of human histony, our
pepulation was low and relatively ¢

table. It e
the agricultural revolution and then skyrocketad as & racult af
the industial revalution, !

{ LI Prcnilation

Dats compiled frem UY

Hwine, st ot sooies

Al ot ¢

MNonrenewable natural
Fesaurces
= rie ol
= flatural nas
|43 ® Lual
s Capper, alummum, ancd
ather metals

renawabla to nan-
as sunlight and wind enegy,
saiils, and fragh water, may be
o i them, Monranawahila
1 one day De gong

The factars deiving population growth have brougla
us better lives in many ways, But us our world (ills up with peu-
ple, population g_:u'mh D Bregn 1o threaten owr well-heing,
W must ask how well the planer can accommodate 7 billion of
is—aor the % blllion forecast for 2050, Already vur sheer num-
bers, uaparalleled in |.l|.‘\|.l.:']':|.'.. are putting unprecedented stress
on natural systems and rthe avallability of resources,

Resource consumption exerts social
and environmental pressures

Papularion growth (s unquestionably at the root of many covi-
ronmental problems. However, the growth in our exploitation
wnd consumption of resources 15 also to hlame. The induestrial
revalution enhanced the material atfluence of many of e

wirlds people by considerably increasing our comsumption of

matursl resuurces and manafactured goods,

FIGURE 1.3 & As our population swells anc as nalions
usirialize, peaple ar-: streaming o Cities, creating
csted urban areas such as s one in Java, Indonesia
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When pubi

sible resources are open to unregulated exploitation, .ru_~ in
evitably becorne vverused and, as a resull, are damraged o
-‘]Ep eted. 5o argued the late Garrent Hardin of the Tlniversity
of California at Santa Barbara in his 1968 sssay
Sciene Lilled "The Tragedy of the Communs.”
Basing his aroument on 3 scenarin described in a 19rh-

n the journal

the number of his or her animals in the pasture. F.’-r:.:::us& no
sinpgle person owns the pasture, ne ene has incentive W ex-
pend effort taking care of it, and evervone takes what he or

she G wntil the resource is depleted. This is known as the
tragady of tha commuons. Tllimately, vvergrvang will cause
the pastures food praduction to collapse

i addresses

sume have argued that private ownership

11 '||rr|1|| i, UM bers poinl 1o cises inow Ich people slvaring &

commion resource have voluntarily organized and cooperated
W etiloree ils responsible use, SUll others maintain that the
dilemma ustifies government repulabion of the provate wse of
resources held in common by the public, trom grazing land

pud Jorests toe clean anr and water,

you THabe wour livieeg Ly lishineg. Yoo e e

Lo bl gyl ard

Lraprs as you lke, and your oo

aced, However, the ishng grounds are
and you lind youwsel competing wil

praciele for faver and fenwer figh

vear, ledving you and the other ishers witn catches too

ridagar to support WOUT Tarmlies of divicing the
waters and selling access fo incivicus: T by plot
Otmers implare the government tar & how many fist

can be caught. Sull crhers want to Tes

themselves, and prevent newcomaers f

rrinrkat What ol you thing 12 the besty

tragrdy 01 tha commons and restane Te tishery, and why'

Axp L'I".""d.‘ alluence has incressed,

bmaan Slﬁflt"l‘-’ has consumed more and maore of The Haners im-
Hed pesources, We calquantify resource u:"u‘;:'-'ail‘l‘.‘,‘lt jon using the
comeept of the “ecological fotprint)” developed in the 199405 by
environmiental scientists Mathis Wackernage! and W
An ecological footprint expresses environme t
terms of the cumulative area of biclogically productive Tand and

water required 1o provide the resources 3 person or population
consunies and 1o dispose of or recycle the waste th '
pr:-pnl':hm Ir nihuces (FIGURE 4.4). Tt measures the
Earth’s biologically productive surface that a giver
ulationr "wses” onee all direct and indirect inypacts are totaled up
o humanity as a whole, Wackernapge! and his colle:

ru
i
o
Ll

1 PErson Or pop-

calenlate that our ecological footprint new surpasses Larths
pl'lh'.]u{.'li‘-'f..' Laply Liv about 30%. That is. we are running

plhal deficit, depleting renewable Tesources by using
3% faster than they are being replenished ‘This is essentially

Tikegs
Ui G

1g the principal oul of a bank secounl rather than
living off the interest. This global deficit has been termed
surpassed, Farths
capdcily o sustaingbly supporl us (FIGURE 1.3), Moreower

overshoot, because we have overshot, or

FIGURE 1.4 & A
gidlly produchive land and waler nesded 1o
1l |||-_.|_|-_.".|'- at the wasto for a '_Z!i'\-'l'."l'l

s footpsrint of an averaga cinzen af an

= Tl g '|f'.1 r‘i':.':-.‘r:-rllﬂ " reprasenls e ||er:||
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FIGURE 1.5 & The global acalagical factprint af the human

s ove : largar than itwas a half-century ago
nd o excoods what Earth can bear in the loeng run, scienlisls
ave calculatad [ata inclicare that we have already avershaot

— itz capacity to support us—kwy 30%; that
anc wsing nepowable n-_*:u.u'-l resounces 0% fastor than
thay are heing replenished. Data from WAWF Intarmational. 2000

lisned in Gotobar 2008 by WONESNorlc
w4 2008 Y
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The SCIENCE behind the

The Lesson of Easter Island

Faster Island 1= ane of the mast ra-

meta spots on the globe, located in

325 mi)

the Pagific Ooean 3,750 km (2

from South Amarica and 2 250 km
(7 ,.4%5 mi) fram tha nearsst inhakited
island. Whan the first Furopean ex

plorars reached the island (today ' L e e
ralleel Rapa Nui) in 1222, they faund a ] :lmnmnmgitiutueﬂ

Inarren .||1|'|-'.|'.'||"u'- [lalk] ilated Iy fewer

than 2,000 |'u"|'|!_'-||'-_ who lve in o

and elked oul a marcinal cxsTence

froery oty rsacior orops, [Howeeys eyt devwry all e oot clostfonsmo isoll
l_'h|_'|llll'I:. aleo potead thot 1S OCad 3 CRorAwiwWardl ar | P atamednon ancl

island teawared hundreds of giganti confhcr, Today Easter sland stands as
SLaluds !_.-| [y ], -.'l_.'l_| Stong, l_"L'Il_iI_,IIl i '_i'.:' 3 Darae ang oowarmien J [ EW]; '.'.=-._.' it
o S isticated cwilization had onc Mo i & TN CONsUmes
II|||._|| |i|,|_-|_| I||l_' l'_.|._|||'_| 1o L ] . Ll aagrces Lthal

Histonans and anthrepologiss
long wondered bow people without 0 50ve thy ninestery 'of Edster

whieels wrropes, o on island withou! slands past, scientists bave used vari-
prisak, eesled hive maeseidstalies 0 dus mathinds Shme. curhias
trees, could have moved stalues 10 aus methods, Sume, such as

(33 it high o weigling 0 metne tons scienust John Flenley, have sxcavated

199 wns) as laras 10 ki (6.2 mi} lrom sedditments rom (he botwm ol the &
e guarnes where they were chiseled and’s lakes, drilling cores deep irto

o Lhe copslial siles where they were Ui rud and examining anciant grains

erecled. The r'.tk[.':ii—'.":i.".!'. an, sCentists of pollen presende

discovered, was that the island did not GIBIlS ¢ from one plant spacies to
always lack trees. ang s0 sCientiEis Can reconstru

|HdEEd. soientific research tells us WEYEr OV layar, e sy O vegqetaon

that the sland: had cnoe been lushly y
forested and had supported & pros- pollen grains under scenning elactron
perous society of &,000 10 20,000 oeo- microscopes, Flenley and other re-

z found that when Polynesian

w0z 300

ple, Tragically, this once-flounshing searche

civilization overused s resgurces and pRopIe srmved (et

e

and PO0), the ialand was covered with
a spacies of palm tree related to the
Chilsan wine palm, a tall and thick
triankerl troe

Acacling ta this eviclence, archacal

ik alm it cos

sepsts lacatos ar
ings in caves and crovices, and o
acologiat hound corbon lined channels
in the sall that matchod ool channels
Dy ol the Chilean wing r_',l||:"_
Seicntists oo .::_-| 1o i 1) Lz dslored e

prles seript on atone tabilels dscurred

i

characters elched in Uhe larm of

FENTT

Lres

By sluddying pollen wod the -
Prinis Of weood [rom charcogl, sciuntists,
arniarg therm French srchasalogist
Cathenne Orhac, found that at laast 21
uiher species of plants, many of tham

i b sise baan cormman bt are

nowe completaly gone. Tha island bad
clearly suppored a diversa forase

Ho
pulanens daclinad and farns and

sevar, starting araund s FA0, trea

grasses bacama mara comman, ac-
cording to polen analysis faam one
lake site. By ads, 250, the trass wers
largely gone, and around A0 1400
ovarall pollen levals plummetad, indi-
cating a daarth of vegatation.

Tha same sequance of svents
occurred two canturies larer at the
ather two laka sites, which were higher

and more rarmote fram village arsas,

people from wealthy nations such as the United §

much larger covlogical oolprints than do people
nations. If all the waorlds people consumed resources at the

ajent of bour and

rate of ULS. citizens, we would need the equt

=2 Environmental science can help us
avoid past mistakes

lo be seen what consequences. restiirce con-

ane-hall planct Earths, sumption and population growth will have for todays
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The haunting staties of Laster lolaned (Rago Nui) were wrected by 4 sophisticated

civilizolion thut collspsed after depleting s resource b ol el

1 and amviranmon

& Steadman sthwowed that at least

31 species ol birgs nested on Eastar

lsland ard provided food for the

islanders, Tuday, only one native hird
speciey iy left

Rernains from chareaal fires aged
wsing radicisctopes of carhon (p, 26)
shiow that basidas crops and binds, cardy
slanders feastad on the haunty af the
sz, including pomoisas, fish, sharfs,
turtles, actapus, and skellfish, But analy-
sis of islandars’ dists in the later years
ndicated that the neople consuned
little saafaod. With the trees o, tie
istanders coulel na longer build the graal
daubla canoas their proud Palynesian
ancastors hacl usedd for conturies o lish

and travel amic falareds

A rancnrges choclined, archavolo-
gists tawndl, the islandors began
Lk LIy iy KRS thade main clomesticated f seaid
animal, chickens, in storme Toriresses
with entrances designed Lo prevent

theft, The once sl arnd peaca-

Maseanchors tirst hypothesiced that the the hikmus inner bark of the hauhag tul cwilization lell inte clar warfara, as
farest loss wos due Lo climate change, tred, A spacws that todday i nedr revecalod Dy uncarled weapons, skela-
hut svidence instead supporied the ERINCTN rons, ancl shulls with heoad wounds,
hypothesis that the people had gradu- With the trees g ol weould I the alery of Easter |sland as
ally denucled their own island have sroded av a phenamenon unigue and isolated as the sland itsalf,
The rees provided (uelwood confirmad oy fromn the lake or s it hold lessons far aur worid
oullcing material lor houses and pottoms, wherns toclay? Like the Easter lslanders, we
canaes, il Lo eal, fiber for clothing— sacliment acoum are all stranded together an an island

and, presumalily, logs with which 1o
move the slane statues. By horing
greups of men to recreats the faar,
arthropoiogists have expanmentally
tested lwpotheses about how the
isianders moved their monalithe dewn
from the quarries. The methads

thal hawe worked involve using
rumarous Lree trunks as rollerz or
sieds, along with great quantities

ol rope. The only likely snurcs of ar
ope on the isiand would Rave heen ot 6,500 bones by a

glabal society, bul we have historical evidence thar civi
lizationy can crumhble when pressures from population
and consumption overwhelm resource availabili 1 Easter
sland s a classic cuse (sce THE SCIENCE BEHIND THE STORY.
above ],

woth limited resources. Earth may be
vastly larger and richer Iin resources
than Easter |sland, but Farth's human
population is alse much graster

The Easter |slandars must have
swen that thay wera depleting their
reswurces, but it seams that they
could not stop. Whather we can
earn from the hstory of Eastar izland
arred gt rmora wizely to consane
Lhe resources onourisland, Earth, is
1 entirely up to us. |

Many greal civilizations have fallen after degrading
thetr envirannients, and each has left devastated landscapes

in its wake Historiuns have concluded thar environmental
degradation contnibuted in part to the fall of the Greck and
Roman empires; the Angkor civilizalion of Svutheast Asia;
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and the Mava, Anasazi, and other civili s
World. In Trag and other regions ot the Middle East, areas
Lhal are barren deserl loday were lush encugh ta suppaort the
origin of agriculture when great ancient civilizations thrived
there, In his 2005 boole Collapse, scientist and authos Jared
Thamond synthesized existing research and formulated gen-

eral reasons why ervilizations suceceed and persist, or fail

collapse, Success and persistence, lieargued, depend '.'u."e“j-
on how sociehes mieract 'l'fli|'| therr environmenis and on
how they respond 1o problems

I todiv’s globalized society, the stakes are lugher tan
hal. If we

VT lI'\|'|';-'|'|:|k.n: fHr env 1T-.'|I'|I'|'||'||r.'l| |1"|'|'l.-||..'|-' ATE :1:|-.'-

cannot forge sustainable solutions 1o ow oblems, then

the resulting societal collapse will be gl
ermvironmental soience holds keye 1o bnld

world, By studving environmental science, vou will learn to
evaluale the changes happening around us and o tunk

{'r1|:|q'.'1i|3-' and createvely abont actions to take in response

: F1I B ¥ L ' J ¥ § damnre e nd TS .'. AR
Frvirommental sewntists a1 el | i

fatural systems fonction, how thes iple, an

CIIW IO LEICTLR .'.l

seienhisls are motveated by oa desire 1o develop solunions 1o

lieww e e dilluencing those svalcims,

environmental problems These solutions (s as new lech

nolopics, policy decisions, or resource o Lrsleges
are r|,'-Ir.-."rr'...'.'.-|.l.-.'- i ervironmiental scwence b sty oof such
applications and their consequeénces s, in turn, also part of

e nbul soitnoe,

Environmental science is an
interdisciplinary pursuit

ICIL 1% 3 Colli-

!‘:Iudrmg our leractions with our cnvironmn
plex endeavor that requires expertise from many ¢

including ecology. earth science. cl

pliy, coonomics, political scicnce, L . elhics, and
nthers. Foviconmental science 15 thus an interdiscip Iunary
field one that borrows techniques from i

plines and brings their résearch results logether into a b
synthesis (FIGURE 1.6).
lraditiomal established discis

s.are valuable b
their schelars delve deeply inlo lepics, un
knrwledyre and developing expertize in partic
contrast, interdisciplinary field
praclilioners consolidate and s
lenorwledge from many different disciph
of it in a broad context to better serve

inlerests ol society
Envirgnmental science is especia

encompasses not anly the natural sciences (disciplines that
ecawmine the nalural world), bul alse the social sciences
(disciplines that address human interactions and instiru-

tions). The natural sciences provide us the means to

aud inlerprel information aboul the world dro

Howewer, to fully comprehend our interactons wi

Eiirgs Eooiogy

Ecoporrics

EngineseEny Ly

SCEanegraphy

sthmpalony | Cizology

Archasalagy. Gecaraphy
FIGURE 1.4 & Frwvironmantal sownes 15 an intordine
ey pursuil, nvelving repal fram marey diffarant

atamlished ticlcs af stucly acreas the natural scienoes

AR S0EAL RTIRNCRS

crviroment, wealso need w warph values and understamd

human behavior—and this requires the social sciences
Most envirommental scignce proglanis locus predoninantly
oan Lhe mutural sciences; whereas programs thal incarporaty

the  social  Sciences  extensively  olften use the  Lerm

enviranmental studies. Whichever approach one lakes,

| ] T 1 0 - I-.
these Lelds retlect many diverse perspechves and sourees o

knowwled

fust as an interdisciplinary approwch to sludying issues
ws belter understand them, an integprated approach

ekl |.I'..

ro addressing environmental problems can produce ettec
tve solutions for society. As one example; we nsed to add
fead w gasoline o make cars: run meare smaoothly, aven

thongh researchers knew that lead emissions from tailpipes
caused health problems. including brsin damupe and pre-
mature death. In 1970 wic pellution was severg, and motar
lez acenunted for 7RY of LS, lead emidzsions, Oner

the following years, environmental scientists, ‘engineers,
medical researchers, and polivvimakers all nwerged their
dedge and skills into a process that eventually resilred
on leaded gasoline, By 1996 all gasoline sold
'*-;1 Slibes was unleaded, and the nation’s largest
f armaospheric lead emissians had been completely

People vary in their perception
of environmental problems

Frvironmental science arose in the later half of the 20th ¢en
tury as people sought to better understand envirommental
problems, their origins, and their solutions, Hisvevers the per-
noof what constitutes 4 peoblem may vary from one

person toanother, or from one situation tanother, & peeson’
ape, gender, Class, race, nationahly, emplovment, income, and
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spravingof the pesticide DT asa problem than they di
the 1950, because today more 15 known about the he
vislis of pesticides (FIGURE 1.7). However, a person living
today in a malaria-infested willage m Africa or Tndia may
weleome the use of DLYL i it kills mosquitoes that transmit

maluria, becawse le o she may view malaria as @ more o

mudiate health threat, Thus an Afncan and an Amertcan
who have each knowledgeably assessed the pros

iy, because of dilferences i ther ciroumslanes, o
their judpment of DTS severity as an envirnnmental
problem

|'IL'1:I|3':ii,' |'||.:|:|' :||H1| '\':ll:l LIl II'lL'll HWHEICIIUSS M I':l":'lll\.'lll.‘
fior gxample, in many enllures women are responsible for

collecting water and fuelwood, As a result, they are olten

the Dt 1o plredive crviromental degradatng

'_lll,'.\l" FeSOIFCe S, 1’.."1:'I'|'.I.=. 1M I\-.‘.1'|‘.'|‘-.L 1‘.1|-'_|':' nol “tee the

problem. As another example, I omost socl

milion abaul envicnmential healtl risks tonds o reacls

wealthy people maore readily than poor peaple. This, wha

you are, where vou live, and what you do influences how
you pereive your enviconment, how cange alfecls you,
and how you react 1o change In Chaprer fowe will examine

thie L':i1|_'l'|i.|'!. o luman values and |‘.'.:!-l'-lli"!'|i:"- and

environmental problen can vary with tme and cifcem
etange. |rn 19445, keglth harards of the pegticide (MY weare
not yel known, so children were dousec with the
to-tricat Read lice. Today, knowing of its toxicity to
and wilalita; many develoned natione have b
Fowsver, in developing counlies where malang 15 6 (hisat
DOT is welcomed as a mesns of eradicating mosquitoss

that transmit the disease

L4}
i
I:'
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FIGURE 1.8 & Environimaental scienlists play rolasvery differ-

IR nTal aCtvIars, such o tho LS

tors showen hare, Altho .'-Z;‘I" many .:mrlrr'-."rrl.“-l|r.'-|| ariantists

S ar slutions W envitonmenilal problems; they gerer

A Al I kesn thair resaarnth |'||'||'||'|'|||".|-:,r ol i.'-. tve mrpcd oo

cibaldier I|I':II |.|.:|||"\1'1.|.'.|1'||\ eu T havw we ill:"'"li' ETIVITRY

mental problems

Environmental science is not the same
as environmentalism

Althoseh many environmental scientists are interested in

s, it would be incorrect to confuse enviran

with enviremmentalism, or environmental
They are nof the same. Environmentalism is 2 social
maovement dedicated ro protecting the natwral waorld —and, by
from undesirable changes brought aboul
by liarnan gclions (FIGURE 1.8), Frovironmental science, in

extension, people

contrast, is the pursuit of knowledge about the workings of

= environment and ouwr interactions witly L
Although environmental scientists study many of the

nvironmentalists care about, as sclentists they
tain an objective approach in how they conduct
rk. Take anv ather human endeavor, science can never
be enrirely free of social or political influence- and like all

people. scientists are motivated by personul values und inler-
ests; Tet ai:hnugh personal values and social concerns may
I‘_‘:

Wit

shape how sclentists choose their goals, scientists try toavoid
ifluenee from outzide pressurcs and preconcepliony

ot their work. Remaining free fram hias, and

WITETE AT

open 1o wha cconclusions the data reveal, i a hallmark of

the effective scientist.
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Modern scientists describe science as 4 svslemalic process for
learning ahout the world and testing our understanding of it
The term scienee 15 also commonly used to refer 1o the
accumulaled body of kuowledge that artses [rom this dynamic
Privcess of fuestianing, ohservation, resfing, and discovery,

Knowledge gained fron science can be applied toad

societal needs, Among the spplications of sacnce is its use m
developing technolopy and in informing policy and manage
ment decisions (FIGURE 1.9). Many scientists are motivated by

the potential [or developing such useful app
ithers are motivated simply by a desire 1o understand how the
wiorld works,

Why dues science malter? The Iate astronomer and

author Carl Sagan wrote the following in his 1995 treatise

(b) Chevy Volt, an electric hybrid car

FIGURE 1.9 & Scientific knowledge can be applied in po

grid manageimenl decisions end in engineering and tachnol
ogy. Prescriced burning (&), shown-hero in the Ouachita
Mational Forest, Arkansas, s & management
reslone healthy lorests thet s nformea by =
inta forest ecology: Energy-cfficient auto
Chevy Volt (b), an electric car due for raleasze
anz technological advances made possible by
anardgy research

T
Dark:

Weve arranged a global civilization in whicl e sl
crucial ':'|t.'lIlr.'[llb;—lan::iE.HWlHlII.]II. commumications, and
all other imdustries; agriculture, medicine, education, en
tertainment, protecting the enviconanent; wnd even the
kev dernocratic imstitution of vating—profoundly deperid
on science and rechnalogy, Scienee s an attenpt.
largely successtul, to understand e world, 1o pel o grip
ot thirgs, W ogel hold of oursclves, to steer a safe cnnrse,

Sagan widd many other thirkers have arpued thar science is es:

The Demon Huounted World: Science as a Candla i thed

sential it we hope 1o sort fact from fiction and develop B

solutions to the challenges we face, Morcover, making science

aeeessibile and understandable to as many people as possibile is |

also vital i we are to make intormed decisions as a sociely,

Scientists test ideas by critically
examining evidence

Setence 15 all about asking and answering questions. Scientisls |

examine how the warld works by g olmseevitions, Lakany,

fnedsurerents, il 1|l"\||_’|l||l!l1!_ fests o determine whether

tileas are suppaorted by evidence. I a partcular explanation s |

testable and resists repredted atleinpls o disprove 1L, sciendisly

will coe Lo aceeptal as o lrae explanation, Sclentific inguiry
thus consists of an incremental approach to the trutl,
Lhe ettective scientist thinks coitically and does nal sim.

ARV el RN GOV UOCILLERITTAR WESLLOTE H O S DT Ts o
ply Ll svenl | lesm that | b t I

athers,
skeptic and judges ideas by the strength of evidence thal sup-
porks them, In these ways, scientises dre pood role mocels for
the rest of us, because every one of us can benefit from learn-
ing to think critically in our everyday lives,

Science advances in different ways

Fhe sctentist becames excited by aovel ideas but s o)

A preal deal of scientific work 18 ohservational science or |

descriptive science, types of research in which scicntists pather
basic information aboul organiams, malerials, svstems, ar
priscesses that are not well known or that cannot be manipu
lated in experiments. In these approaches, researchees cxplore

new frontiers of knowledge by observing and measuring |

phenomena to gain a better understanding of the world. Such
reszarch is common in tradidonal Helds such as astronomy,
pateontology, and taxoenoemy, as well us in newer and expanding
[ields such as molecatar binlogy and genomics.

Onee enough general information is koown about g
subfect, sclentists van begin pusing more specific questions
theal ask how and why things are the way they are. At this
point rthey may pursue hypothesis-driven science, research
that proceeds in a more targeled and siruclured manner,
using experiments to rest hypotheses within a framework
traditienally known as the scientitic method.

The scientific method is a traditional
approach to research
I'he scientific mathad is 4 technique tor testing ideas with

bservations, There Is nothing myslerious ar ir1liIT]I[|El|iI1[[
ghoul the seientific method; it is merely a farmalized version
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of the wav anyv of us might naturally use logic
ueskicn.

Because science 1s an act Ve, creative PrCERS, an INmovaiye

researcher may find good reason to strav trom the traditio
sclentilic method wlen a particular silustion demands ot
Murerneer, scientists in different fields approach their we i
terenthr becanse thev deal with dissimilar tvpes of inlon
A palural scienlist, such as a chemmist, wall o
fuite -:|1|“'I'¢‘1‘-T|?' from a sovial scientist, such

However, scientists of all persuasions broadls

mental clements of the process of saentific inguin
Fhe scientific method relies on the following assumptions:

Tl wiivierse (unclions i sceordance wilh fixed natural
lawk that doonot change from time to time or from placs
to place.

All evenls arise (rom some cause or causes and, o turn
|'.'II1'i-;'-;'-1|'|I'.’|"‘"|'|'|'|‘.ii

Wi can use our senses and reosening abalities o detect
unel deseribe natural processes that anderhie the canse

we ahserve 11 natun

ane-efliver 1'-'.'.1|r--n:.|'||]'--.

As practived by mdividual researchers or research teams
the seiemtific method (FIGURE 1.100 tpically consists of the
steps onthingd below

Sclentific method

| CihsRrvatinns

L
Lueshits

¥

Hvpothess - - ———————

T

Predictions. - -

|- Hasulls

entfic methad
ch-th

FIGURE 1.10 & The s
sxporirmontal appn at scien
world wiorks. | his diagram sz sin
glthougr useful for instructive purposes, cannot convay tha
trae clymarnic and croative nat i i
rsaarcners from different disciplines may pursus their wor
vy begilirmalely ron

1erays Lhil

Advances in science rypically begin
wirh the ﬁhw“"*'n*“ of some phenomenon that the scienlisl
wishes to explain, Observations sel Lthe scientific method in
motion and also function throughout the process

Curiosity 15 a  fundamental  human

characteristic—j serve the explorations of a voung child i
a new envieomment. Babies want Wy louch, laste, watch, and

isten to amvthing that catches thelr attention, and as soon as

can speak. they begin asking questions. Sclentists, in this

I are Kids gt hearl, Why are certmn plants or animals less
commaon ftoday than they once were? Why are storms becom
ing more severe and tlooding more [reguent? What is causing
cxvessive growlh of algae in local ponds? When pesticides
ooon bish or r"-:'lgf_-'\ does that indicate that ili_‘ul_l &y also be

aftected? All of these ave questions eonvironienta] seivotisty ask.

Sclentists allemmpl b answer [Hnr
yueslions |". we vising esplanations that they can test, A
hypothasis is 3 statement that aree mpts to explain a pheneine
non oF answer a4 scenbile guestuon,. bor e HEHIE i, o scwentist
wvestigaling the question of why algae are prawing oxces
sively o local ponds might observe chemical fertilizers being
applied on tarm Helds nearby, Tl scientist might then slaly i
liypothesis s follows: “Agricultural ferrilivers running [nto

PONAs callse the amontnt of ,-,|:|I:_;|._' in the ponds o T rense

s wille el irhesss, which

{H |n|h||||~ hetwean variables (such as berween

arowth), and tests this agiinst aftcraative

The scientsl next uses his or her hys
putlicsis o generate predictians, specific statements that can

thy and unequivocally tested. [0 our algae example, o
bt predice "I agriculiural feetilivers are added

the quantity of ale

ian
[eselivhgl Z.'.|::.

acin the pond will increase”

Scientists test predictions one ot a
¢ by gathering evidence that could potentinlly refute e
s U disprove the hypothesis (FIGURE 1.11),
st form of evidence cames from experimentation,

An experiment 18 an activity designed to test e validily ol a

nredicti

hypothesis, [Livelves manipulating variablas,
Lean &
4 scientist could test the prediction linking

UL Ll 1

{Ter.

or exXar

ple,
r.'-..-.r| [1s]
zer to one swhile leaving the other in its natural
wample. fertiliver input is an independent vari-
he scientist manipulales, whereas the fuanhity

s 15 the dependent varfable, one that de
n the .r"-r' lizer input. If the two ponds are identical cs-

tertilizer by selecting two identical ponds and

ssdenl variable (ferlilizer 1:1_mllj_. then
it artse hebween the ponds can be attributed
Such an experiment is known asa controlied
axperiment Decawse the scientist conlrols for the effects of all

ables excapt the one whose effect he dr she is testing, [n our
ExAMpHe, the @54 control, an
ed point of womparison for the manipulated

treatment pond

pond left unfertilized serves

Lnnran

g

TENTEER

Ataciaty




FIGURE 1.11 & Huere O

[rstitution of Qoeancgraphy in han Lieg

ILBE 5§

Jugatrdl

with a digital camem to phictogiapl sies ol

acordl reel al a rernog atgll in the 5o
analysis of the photos will help her tas
hew human impacts alfect the condid

wpotneses aloul

v OIS D

stracture of coral reets.

Whenover possible, it Is best to replicate anes experi-
ment; that is; to stage multiple tests of e sune comparison of
contral and treatiment. Cur scientist could perform & repli-

cated experiment oo, say, 10 pairs of ponds, adding fertilizer
to one of each par.

Analvze and Interpret ifs  Seient
information, from their studies, They particuls
titative data (information exprassed us L
numbers provide precision and are easy
entist running the fertilization experiment. for

might quantify the area of water surface covered by

gach pomd or might measure the dry weight of ]

tain volume of water taken (rom each,
However, even with the precision that numbers provide. a

=
I
5
e
a
]
i
]
L
P

scientists resulls may pot be clear-cut. Data from treatments
and controls may vary enly slightly, or replicates
different results. The researcher must ther

- vield

re analyre the

data using stalistical tests, With these mathematical mathaods,

scientists can determine objectively and pregis
and reliability of patterns they find,

Iv the strerigth

Some research, especially in the social selences, inwvolves
data that 15 qualitative, or nol expressible in terms of numbers,
Research invalving historical texts, permlml IHerviews, sUrveys,
cuse studies, or descriptive observation of behavior can include
qualitative data on which quanbtalive stalistical aualysis may
not be possible.

[T eaperiments disprove a hypothesis, the scientist will seject
it and may formulate a new hypothesis W replace it I experi
ments tail to disprove a hypothesis, this result lends support Lo
the hypothesis but does not prove it is correct. The scientist may
choose to generate new predictions e tesl e hy pothesis in dit
terent wavs and turther assess its likelihood of being frie. Thus,
the sawntihc method loops back on itselt, otten giving rise to e
peated rounds of hypothesis revision, prediclion, amd lesting
(see Figure 1100, 1t repeated tests fail to reject a particular hy-
pothesis evidence e favor ol itaccumolaes, and the researcher
mav eventually conclude that the hypathesis is well supporied,;

Ideally, the scientist swould want to test all possilile
explemations for the guestion of interest, Foo instance, our
researcher might propose two alleenative hypotheses e why
alpae increase in tertilized ponds: 15 1 becanse the chenial
nutricnts spur algal growth directly, o is i because fertilizer
contamination decreases the numbers of Dshe o invertebeste
andmals that eat algae? [t s possible, of course, that both
hypotheses could be correct ad that cach may explain some
portion of the inital observatom that local poncds were expe-

viencing algal bloams

We can test hypotheses
in different ways

An experiment in which the researcher actively choosey
and manipulates the independent variable 15 known ag o
manipulative experiment (FIGURE 1.12A) A manipulalive
experiment provides the strongest rype af evidence a scientisl
can gbtain, beeause i can reveal causal relationships, show
ing that changes in an independent varalde cause changes in
ariable. In practice, hawever, we cannat run

péndent

ipulative experiments for all questions, especially for
processes thar aperate at large spatial scales or oo leng Lme
scales, For example, in studving the effects of global climate
change (Chapler 18), we cannot run a manipulative experi-
ment adding carhon dioxide L L0 eeatment planets and 10
control planets and then compare the results!

Thus, in environmental sclence, it is camman for re.
searchers to run natural experiments (FIGURE 1.128), which
compare how dependent variables are expressed in nalurally

Ferent contexts, Insuch experiments, the independent vatl-
able waries naturally, and researchers Lest thelr hvpotheses by
searching for correlation, or a statistical relationship among
varigblis,

I'or instance, let's suppose vur scientisl studyving algae
surveys 30 ponds, 25 of which happen ta be fed by fertilizer
runaofl from nearby Giem fields and 25 of which are not. Lers
sav he or she finds seven times more algal growtlyin the fectil
ized ponds than in the unfertilized ponds. The scientist would
conclude that algal growth is corvelated with fertilizer input;
that is, that one tends to increase alony wille Lthe other,

This tvpe of evidence is weaker than the causal demonsira-
tion that mampulalive experiments can provide, but sometinies
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FIGURE 1,12 & A rcacoiche
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Researchers study nan Seld shet, ane
aftwhich seanles sthan tha othe

C wih ol g crap rright run a
mariailative expanment (a), (0 which the oo n two iclentical greenhouses, one kot at

20 "C A8 "F) and Uhe other kept a1 25 AlVEDY, [T rEgE i Jnk fun A irLieal
aiulaly ment” [h:l in ke i o sl e thic g | L e Bekds at chille

avcon] norherly lerasion and a warm sauthierdy one. Because it would be difficult 1o ho

'."l'.EL-i'..jL:b l'j'll|.'}L"I|.!.LII"_" cnElarl an Z|'l_‘ Palula gxperyment, e fessarcher mugnt want 10 "-'.':.j'-.' a numba
ot nerthern and southern fields and come Ats Of TemPeratun: 2 a3 ol

a natnral experiment is the enlv feasible approach for 2 sub several oth

ject of immense scale. such a5 an ecosystem o

a planet,

Because of their barpe scale and complexity, many questions

in environmental science must be addressed with corre
data. As such, environmental sci
vide clear-cul, black-and-while answers o guests
policemakers and the pablic. Nonetheless, good
studies can make for

ENTISTS Cannaot a

strong science
repl-world complexily Uil manipolative experiments ollen
scrifice.

The scientific process does not stop
with the scientific method

Scientilic work lakes place within the conte:
of peers. 'l have impacr, a researcher’s work
lished and made accessible to this community. Thus, the
seicrdific method 15 embedded within a

inp the a

larger process im
cientific community as a whole (FIGURE 1.13]

When g researcher’s work
resulte analvzed, he or she writes up the find

them o 2 jouwrnal tor publication. The

|ournal 5 edilor asks

ther sclentists who specialize in the subject arca o

CARITLETES .lln_' i|i-.l|j|.|.\L"|r"|

provide comments and eriticlsm
enerally annnymously), and judge whether

the work merits

[his procedure, known as peer
part of the scienbilic process,

valuable guard againat faulty research
literature on which all scientists relw,

review, is anessential

I'EET TEVIEW 15 a3

L Aring

[1 owever, bécan

se scientists are human and may have i

DWI PET

-L:-.._! :'.-iu.m.w and agendas, politics can sometimes

¢ process. Bortunately, just as individual
remain objeclve in conducting their
ific community does irs hest ro ensure
:k_ Winston Churchill once called democ-
m of government, eacepl Tor all the others
at had heen tried. The same might be said about peer
1 imperfect system, vet no one has come up with

A oetler o

ce scientists lrequently present
their work al professivmal conferences, where they interact
with colleagues and receive informal comments on their
Such feedback can help mprove a scientists worl
sefore i s submmitbed for pubhication,
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i FIGURE 1.13 » The srientific i B g
| method (innes vellow [ Scientific process (25 by - commiusbyi
tallowad by individual researchers - 7 = ™
me tesearch Loams exists within T =TT B
I| 1":& pontext of the overgll process 1 L R A _|__
of scianca at the level of the Plibstcatian | Futhet
seigntific cormenunity (outer PR PR D - : =E researchl
green boxd 1This process includes e ol ) : scientific >k saientific
. dividia: researche e iatiral COMEET
‘ DiEr TN Y dlldl ulalication o |.U|..Ir||<:| |75 da
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razaarch. acquisition of funding,
Rl e ding Dl=amiations |
and the elahoration ul theory |
thrangh the cumulative work of ¥ I
many resoarchers §TNT
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Paprer rejectac] Paper dutepbid
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paper |
]
T i
Predicuons . |~
(R C T
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‘ ¥
¢ [
Hesults !
| Selientific paper |
T i
‘ Ty Tunad their research, maosts Lven whoo a liypothesls appears o caplai |

: i
wre forced In-.]1-'||1|-;|||-||uuuk amonnis ol e wr n ohservedd IL=lL-_'||-.--|l.:--|'|-:-n. selentisls are nherently warey ol §

plications to request mone) from privat _‘.l_u._I.Lr_,u..ﬁL'_' accepting 1t Lhe carclul scientlst muy Lest @ Loy pothesiz |

aoVerTITel agencies si hoas the Mutional Science Fowndati ‘o atedly o varions ways helore subinitting the fioncdings o :

Crant applications widergo peer review jusl as scientific papers publicarion, Fullowing publication, other scientists may ks

oy, wnd competinan for lunding is generally inleise ternpl to reproduce the results In their own CRpPTIENLS and §
Seientisls relianee on funding sources can occasionally analy

lead to conflicts of interest A rescarchicr who obt: dula

showwing his or her funding source in.an unia orable light may If & hypothesis survives eepeated Lesling by nu-

15 tor rear of losang lwding

g%‘%?:;*jg?? 2L WOTsE ':"'TL T L Tenpiee. o "—""i'“"; tie r 15 silua- outcames and obscrvations accurarely; it may potentially he
! B Lion can arise, for instance, when an industry [unds reseanch 10

be reluctant Lo publish the res rerons research teams and continues 1o predict experimental

orated into a theorw. A theory is a widely-accepted,

: ,ﬁ rear iy |1rudu~,|a tar safery or covirommental impact. Few
[1'_! tists sticenmb (o Uese temptations, bt some {

well-rested explanation of ene or more cause-and-effucl reha

TS tionships that hus been extensively wvulidated by a greil
: cenire their researchers for certain re : -

huve been knotwn L pressure their researchiers 1or certain re amount of research. Whereas o hypothess s @ simple

sults, This is whm_.' as 3 studenl or intormed citteen, whisn o

'-'ie.:'..;l_.--; v staternent thal may bie disproven by asingle ex

siry to g a theory consolidates many related hypotheses Lhal
been supported by a large body of cxperimental ar
ohservational data.
“ote that scicntitic use of the word heory differs from
lar usage of the word. In evervday language when we

sav something s “just a theory” we are suggesting il 153

il speculative idea without much subslunce. Scientists, how |

) o cver, mean just the opposite when they use the term. "o}
and:paps r .

: g themn, a eory is a conceptual [ramework that effeclively
research [unding has been uitliculs

explaing a phenommenon and has underpone extensive and |

tiva froms o large puip-and-paper FrK. ricogrous testing, such Lhat confidence in 1l is Mtlemu_l.:
The company also s inferested in how its chermmica ﬁ|-.-.->r.-r B
; affiuents allect water hodies, aid it would like 1o fund bor example, Darwins theory of cvolution by natural
youuir reseaich. What are the benelits and drawaacks ol sclection (pp. 52-53) has been supported and clabovated
this nffer? Would you accapt the welic? by many lhwusands of studes over 150 years of Amlernsive




research, Research has shown repeatedly and in great detail
hiny plants and ammals change over penerations, or evalve: 1o
express characteristics that best promote survival and repro
duction. Because of its strong support-and explanalory power,
erululivnary theory 1s the central unifying principle of mod-
etn biolagy. Other prominent scientific theories include
atontic theory, cell theory, Uhe big bang theory, plale tectonics,
wd general relativity

Koowledge gained [rom scientific research
iy b applied (o help fulfill society’s needs and address so

cletys problems. As discussed earlier (see Figure 1,
titic research inlorms and faalilales new |
engineering approaches, pohey decisions, and mq
strategies. However, even when research is able to provide

cicar information, deciding on Uhe optimal socil response 1o

g problem can still be difficult. Moreover, manyv predica

ments .nlduw-s-,mt b environmental s e are

picked poofrleims: problems complex cnough o
ple salution and whaose very nature changes over time. As o
result, we need scientists 1o continue study K Suedy probleins

s ey evilve,

Science goes through “paradigm shifts"”

[
WOLITTNATeS ¢

Ax :l'll.' l:-SZH'IIlIf.In COIMIMmOmIry 1 1n

area of research, interpretations may change, Thomas K

nflucntiol 1962 Dboek The Structure of Scientifi

arpued hat seience goes throogh periodic revolurtons: dra

matle upheavals in thought, in which one scientitic paradigm

of daminant vicew, is abandoned [or another. For ex

fome the 1ath centiury, scientists believed that La

center of the universe, Their dota on the movemen

et Ll that concept somewhat well—yet the idea evenmalh
wis disproved by MNicolaus Caperniens, who showed that
plicing the sun at the center of the solar svsteny explained the
placetary duly much belter.

Anather paradigm shift accurred in the

geologists accepted plate tectonics (pp. 35-37). By this time,

evidence Tor the movement of conlinents and the achon o

convineing, Such paradizgm shifts demonstrate the
wd vitality of science, showing it W be a process that refines
ind improves itself thromgh time.

Understanding how science works is vita

: =
MgEn Lime

how scientilic ideas and interpretalions chanpe it
as nformation accrues. This process is especially relevant in
environmental sclence  a young Held that is changing rapi
ds we learn vast amounls of new information, as human im-
pacts om the planet multiphy, and as we gather lessons from
the consequences of our actions.

CNVITONMIENial

Thromghout this hoak von will encounter
scientists aslking questions, testing hvpotheses; conducting
experiments, pulhiermg and analvaing data, and dravang

ms about environmental processes and the causes
sequences of environmental change. Environ-
mental scientists who aim o understand the condition aof

vur environment and the consequences of our impacts are
addressing the most centrallv important issucs of our Lime.

Achieving sustainable solutions
is vital

The primary challenge in aur increasingly populated world

is how o

viive within our planet’s means, such that Eartly aid
its resources can sustain ws—and all life on Earth—for the
Muture, This is the challenge of sustainability, a guoiding

principie of modern envivonmental science, Sustainability

means le our children and grandehildren a world as

rich wnd Tull as the world we live in noaw, [t means consery
g larths resources so that our descendants may enjuy
them as we have, IUmgans developing solutions that work in

term. Sustmmabality requires maintalning Fully

fnction

ing ecol

cal systems, Decause we cannel suslan
human civilbzation withoel sustaining the natural systems
ekt menarsh it

"

We can think of our planets fesources as o boands aocount,

purees, we deuw deown the bank aceount

ot wie can choose instead ta use the iterest aid leave

clpal

act o that we dan continue using e inlerest
tar o the [uture, Presently we are drawing down Larth’s
natural capital—its accumulated wealth of resources. Becall
P %) that researchers estimarte that we are withdrawing ous
planet’s nuturad capital 30% fuster than it s being replenished.

To live off natures interest—its replenishable resources s

stalnable. To draw down eésources luster e thay are ro
pluced is Lo cut inlo nutures capatal—the hank account for aur

planet and aur civilization—and wé cannot get away with s

for

¢ ia i concepl vou will encannter throughaui
this by wtised thraugh issue after lssue, Char tinal chapter
Ch b ounds out our discussion by presenting a broad

sutitary olapproaches o sustamability—on college and uni

versity campuses and ih the world at large: Along the way, we

Ul explore 2 wide array of issues in our far-reaching search

TRERTETREN

Population and consumption drive
environmental impact

We modify our environment in diverse ways, but the steep
ard suader imian population {(Chapler 8) has ampli-
fied nearly all of vur impacts. We add about B millian people
ta the planet 2ach year—that's over 200,000 per day. Today,
t

numbers conlinue ko increase,

rise i

the rate of population growth is slowing, bul our absolute

Uy consumption of resaurces has risen even faster than
our population. The moedern rise 0 afllluence has been a

¢ development for humanity, and our conversion of
the planets natural capital has made lite more pleasant [or
us 5o far. However, like rising population, rising per capita

CAMINUITIPRIT ”-iﬂ'.':n".]‘.'-\' the demands we make on our

ENVIFDNMent
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Koreovern e worklds cinzens have not b spefited cyuall

[rom our overall rise in affluence. Today

naticns boast over 55 Lincs the per caj

F

20 poorest nations nearly three e

e eap rhal

iust four decades ago. The ecological loolprint of t

citizen of 2 developed nation such

siderably larger than that of the wverage resi rof a deveiop
ing country (FIGURE 1.14). Within the United Srares, the

richesl 10% of peaple claum tully half the income, and the

richest 1% claim nearly & quarter ol all income

We face challenges with agriculture,
pollution, and biodiversity

Crar dramatic growth in populativn and consumption is due
n part to our suceess in expanding and intensitying the pro-
duction of toad (Chapters @ and 10]). Since the origin of agri
culture and the industrial revelulion, progressively more
powerful technologivs have entabled us to grow more andl
more tood per unit of land, These advances m agriculture
must be counted as one of humanily'’s great achievements, ul

- have come al sume cost. We have converted nearly Tall
e planets land surface for sgricultuve, and anrexlensive use
of chemical fertilizers and pesticides poisons organisms urxl

aleers natural svslee

Erosion, climate change, and poarly
muaged  irgation  destroy 307 million ha (hectares
175-173 nullion acres) of produclive cropland each youar,

wgether, apricalture, urban sprawl, and various other land
e Dave substantially aflected most of the landscape ol the

Lopited States and all other nations (FIGURE 1,15)

Meanwhile, pollation  from aur farms, Tncdusrries,

bouschiolds, and vehieles dirties our land, waler, wnd wil,

sollution, (ndoor mr pellution, and water pollu:

o contribite o e deaths of millions of people each year

71 Pavarcnnmental oxicolopists o cliponl

ing the lpacls on peaple and wildlite aof the Ly

suthetic chemicals wand ather pollutanis we enmit Into. the
prvvironment G hapter 14,

Perhaps our most pressing pollution clllenge is ta el

the looming specter ol global climare change (Chapter 1941

K i
LS LE

o Dive tirmly eoncluded that human acrivity is alleriog

the composilion of the atrnasphere and that these changes e

altecting Larths climate, Since the st al the ddustrial ey
;

118

an, our combustion of fssil luds and our defurestalion

at the landscape have boosted atmosplicric carbon dliogide

concentrations by 30%, 1w a level nat prescot inoab leas

R00,000 vewrs, and probably 20 million years, Carbon cliviele
and several other wases absarb and emil radintion and warm

I wiace, which in tuem canses glacial melling sea level

riset chunges in rainfall patterns; increased storms; and ipacts
on craps, forests, wildlite, and health.
The combined impadt of human actions—clinate changg,

g pollution, the introduction of non-native

species, and pacticularly habitat alleration— hag driven many
species toward extinction (Chapter 11 ). Today Earths biological
diversity. or biodiversity, e cumulative number sl diversity

of lnang things (pp 35, 282187} is declining dramatically
(FIGURE 1.16) Biologisls sayv we are seting in motion a mass

extinction event (pp. 39-61, 288-290) comparable to only tive

e o

v docunented fnall of Larths history, Biologier Pdward G
E tal

y
tnreal

>

The most comprehensive scienrific assessment of the

condition of the worlds ecolugical systems and their ability
to continue supporting our civilization was complered in
2005, when over 2,000 i the world’s Teadhing covironmental
tists Crom nearly 100 nations completed the Millannium
Ecosystam Asszssment. ['he main lindings of this exhaus-
live project are summarized in TABLE 4.1, The Millennium

rsvale Assessment mnkes i1 clear that onr degradalion
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FIGURE 7.16 & [Hurnar activ
oiganizins, including the panda, toward &
sawve endangered species and neduce the loss of biodiversil

rolide MAany n;‘.\r.rn:!r-'r‘.c?:-'_ bt s Feqiire st atequais

gt ars nushing many

cHincnon, Efoms 1o

areis of appropnele babitat be pressrved in the wild
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worlds enviconmental sysrems 8 having negatlve

all of us, but that with carve and diligence we can

still turn many ol these treods around.

Qur energy choices will influence
our future enormously

Our pelianee oo fossil Toels o [erwer oer civilization has

intenstiied virtually every impact we have on our environment,

it alteration o air potlution w cimaete chanpe, Fossl
salso brought us the matenal affluence we enjov. iy
' il

richly cancentrated energy in coal, oil, and natu

have besn able to power the wachinery of tw indus
trial revolution, produce the chemicals that boost agricolueal

vields, run the vehicles and rransportation nétwarks of our
mabile society;, and manufacturs and disteibute our counlless

SUMST Prod

cts. The lifestyles we lead woday are a direct
resull of the availability af fossil fuels (Chaprer 19),

[owever, in extra

sting tossil fusls, we are splurging on a
tists culoubate that we have depleted
roughly half the world’s oil supplies and that we are in for a
rirde awakening soom, once supply begins to decline while

tinues W rise (pp 539-544). We are also ap-
veak production of natural gas, and coal is also
reneswable and in Hnite supply. How we handle the im-
ises of fossil fuel depletion will fargely determine
the nature of our lives in the 21st century.

ane-time bomansa. 5

MUrEent i

Sustainable selutions abound

Hunranity's chullenge s o develop solutions that enhance anre

113 beir b Bl sl - - ay I} N { et
quality of hfe while protecting and restoring the environment
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e Cheer the past 30 vears, peopde have allered ccos
meet gronwing demands for § ;

Irreversible loss in the diversiy

* The changes Lo sossvstems have comtr

upment Huwerswer, igse gl

& This degradation could grow

= Weran reverse the d-’.‘;:m‘iﬂit'-

i el FEQLEGTE 1h|].| e =
Aalaplesd Troare M Sillenimiiany poasyenem ia
Woth] Resoiroes Tnetitute, Washington, DO

TABLE 1.1 Main Findings of the Millennium Ecosystem Asse

meecment, 25 donipstom

ssment

woabnel el nsavely th

meever, largely to
Fuaed, T s

catsed a substantial and langely

in human well-being and coonomic devel
|uim_g the degradation of voomsysl e

i '.‘. of this century.

r IR TESLSEE -._-_||.-||| inal= o their services, but doing

wsl itiitenens, andd practices.

'
RN

T, |'|'|r|' VAl e

that supports us, Fortunmalely, many workable solutions are o
land, For instance:

A mullitude of renewable energy sources (Chapters 20
annd 217 are being developed to take the place ol fossil
[ucls (FIGURE 1.17),

garming prannd,

and energy-efficiency efforts are

I response 1o agricultural impacts, seienlists and others

bave developed and promoted soil conservation, high-
efficiency gl wan, and AL .:gl'...u'."lL:.'.'.
fuced the

I_L-Hjhlaligu|1 and technological advances have rec
pollutiom venitled by industey and sutomobiles in wealthie
CoLnEries,

And deep concern over the state of plobal biodiversity,
advances in conscevation biology (pp. 300 309) are help-

i]'!lj." 1o profect habitat, slow extincl, and r;lEl;;.Ll-.]:l.".

endangered species
Recyeling 15 helping 1o miligale our wiaste disposal
lems { Chapter 22)

prob

Maticns, stales, municipalities, businesses, and individu-
als are beginming tor take steps Lo reduce vomiss

greenhouse gases that drive climate of

| EEEEEREE FIGURE 1.17 ¥ We con develop

BBy SRUrCes, tor our susta rahle use pow

jons of the

future Just as a flowering plant gathers e
we can use roeflop pangls like these to harnase sniar energy

Ihese are but o few ol the many efforts we will exaning
while exploring sustainahle solutions in the course of Uiis |

Lok

Are things getting better
or worse?

Dhespite the myrad challenges we lace, sone preople maintairn
that the -,'.lnr'r.1| condittons af human il and Lhe coviron
iboare o tace gerting better,
of this view, Danish statistician Bjorn Lombaorg,

2 The  Skeptival

FHe nol worse, A well-known

['."u:[mn:'nl
Pk

tollowing  in his

futlist:

wrate  the

Envirorrien

We are not running oul II|.I.'|'|I:'|.'L'|!|-' ar matural resources,
There will be more aod more food per head of the
world's population, Fower und lower peuple are stary
ing. In 1900 we lived tor an average of 30 vears; tday
The i
hecoming less and less polluted, Muankind’s 1ot lus

we live [ur 67, . ., and water around us are
actually improved in rerms of pracrically every
mcasurable ndicator,

Furthermore, same people mamtain that we will find
ways W muke Earths natural resources meet all of our needs
indefinitely and that human ingenuily will se¢ us through any
difficulty. Such views are characterized  ws
Eurrucc-pian Iy Greele mwthology, cornycopia—literally

“homn of plenty”—is the name for a magical goats horn that
everflowed with grain, fruit, and owers, [ contrast, peopls
who predict doom and disaster have been called Cassandras,
after the mythical princess of Troy with the gift of prophecy,
whose dire predictions were nat helieved.

At least three gquestions are worth asking each time you
are confronted with scemingly conflicting statements from
Cornucopians and Cassandras:

AOmelmes

1. Do the impacts being debated pertain only to people or
also to other organisms and to natural systems?

2. Are the proponents of each view thinking in the shorr |
terstl ar in the long term?

3. Are they considering all costs and henefits relevant for |
the guestion at hand, or anly some?
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As vou proveed throuph this book and encounter countless
cententions issues, consider how @ persons perception
them may be influenced by these three factors,

Sustainable development involves
environmental protection, economic
well-being, and social equity

Environmental protechion often is portraved as threatening
[:'ll"l"llrh eoonomic and social needs. but environmental s

entists have long recognized that our covilization cannos
cilst withoul anomiact and functional natural environment
In recent vears, peaple of all persuasions have increasingly
realized how envirammental uality supports human ;]'..'.'.:r_':
allile,

MOTEOVEr, W now I1,'|_|_l:-_:l'|'i:.':|_' that il is societys Puree

pedpde wlo suller the maest froon civironmental de

This realveation has led advocates of environmes

thon, economic development, and sociul justive 1o

worling together toward commmuon poals. This coonperative
:|'.|]|I|::|~:h haa piven rise 10 the modern drive for sustainalbde
development

wtentt 1o deserihe the

Economists cimploy Use term devels
st 0l madural resources for pconomie advancement {as op
posed to simple subsistence, or survival). More broadly, devet
'...'l.'”l':.'r” Hvelves
mprove The quality of human life. Construction o

kg Pu||.~c:.u'lul changes infended o
i hones
schools, hospitals, power plants, factorivs, und Lrasportlation

networles are all exwnples of developmem SljﬁtainaHe devel-

Upn"lﬂl'lt 1% ||Il' [EE = H!. FESONTOES I A manner hat sati

LT

current needs but does not compromise te future wvailabihiy
of resowrces. The Uniled Rutions (p. 1841 defines sustainable
dewe dopment as development that “meets the needs of the
present without sacriticing the ability of fulure gencrations Lo
meel their own needs” This delintion ts taken from the

United Nations—spensored lrundtland Commission (named

G Harlem
Brundtland), whicly pubdished an influential 1987 report ritled
Cur Comman Prutioe

Prior to the Brundtland Report, most people aw
of human inpact en the ecnvironment might have
Suslainable develapment” 1o he an oxyvmoron a phiass
that comtradicts  itselt. Envirpnmental ]
long pointed outl that development oflen so de
palurdl envircnment that it threarens the very
ments for human life that were intended. Conve [;\-;_J. fiany
peaple remiain under the impression that protacting the en-
vironment iz incompatible with serving people’s sconomic
needs,

People also vary in how they interpret the phrase “sus-
tainable development” Some husinesspeople tse it to mean
Ever-increasing economic gain, regardless of social
logicul well-bieing—whereas most environmental adw
use it tormean a navel kind of dévelopment that values and
prioritizes envirommental protection. Prog
sehool ol theughl called “weak sustainahility™ feel that we
can-allow matural capital 1o decline over time as long as

afrer {5 chalr, Morwegian prime mimsie

wnenls of a

FIGURE 1.18 & Formeor South Alrican Pre

ant Thabeo

| O e parfarmed in the welcoming cerg
woaf the United Matior ._.F::,.--.'-.r'-r|'|| Warld Surmmit an
IstAina Cevelapment, hold n Jebanneskury, South
Africa, i JOH2, wehers 10,000 dele w brom 200 nations
sot sustainable duveloprnent gqoals, Sustairability raguires

itan leave enough resouncey lor future

gorerdbins 1o hive aswell ar battar

human-made capital increases to compensute loe il, In con
trast. proponents of “stroog sustainahility™ insisr rhat
hessasi-made Capital cannot substitute for natural capital
el that therefore we must not allow natical capilal Lo
degrade
I part because of the ambiguity resulting from ditle

ing interpretations of the term, just aboul CYLETVOILL claims
to support sustainable develupment these days, Sustainable
development efforts are being undertaken by governments,
husimesses, industries, organizations, and individuals every-
e trom students oo campus {Chapter 4] to interna-
tionul representatives at the United Nations (FIGURE 1.18),
Many of rhese efforts truly arve innovative and call for busi-
ness and development inleresls Lo satisfy a triple bottom
fine, in which the goal 15 nat simply the maximization of
profit ar ecanamic advancement, but also covironrenlal

protection and the promoetion of socwl cquily, Solutians
that meet environmental, cconomic, and social goals simul
tznecusly, addressing the triple bottom line, can help pave
'J‘--:‘ way for a truly i-'.!:i[alinublu society that promates eco-
Hmpact,

Ihesz aims require us o make an ethical commitment
to our [ellow citizens and to fitture generations. They also
fat we apply knowledge from the sciences W help
¥s 1o limil our impacl and maintain the func-
nvironmental systems on which we depend. The
question “Haow can we develop in o sustainable way?™ may
well hr: the single most impurtant question in the wotld
today. Environmental science holds the key to addressing

this question
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| » CONCLUSION
‘ Finding effective ways of living peacefully. healthfully, and it. Many of the Lrends detailed in this book muay cause us
Il systainably on our diverse and complex planet will require a worry, but others give us reason to hope. Solving envirinmen-
lj thorough scientific understanding of both natural and social  tal problems can move us roward heallh, longevity, peace, andl
‘ syslens, Environmental science helps us understand ow prosperity. Soence in general, and envirnnmenlal science in
intricate relalionship with our envirenment and informs our articular, can aid us in our efforts to develop halanced und
15 shle solutions to the many challenges we face today and
1 L to create a better world lor ourselves and our children.
REVIEWING OBJECTIVE
YVou should now be able to; UNDERSTAND THE SCIENTIFIC METHOD AND
THE PROCESS OF SCIENCE
DEFINE THE TERM ENVIRONMENT AND THE FIELD .
OF ENVIRONMENTAL SCIENCE SUlcive 15 4 process of using abservations o test wleas,
(p. H)
o Oy environmenl consists of evervthmg around s, includ . The saentitic methad consists of @ series of steps thal
ng living and nonliving things. (p. 3 inchide making observations, formulating yueslions,
+ lumans are purl ol the environment and ute 100 separie stating 9 |'|1',f1nll;r--c|*~. poneriting ["'l'i'l|i\.'[Ii'lll.‘i.,.l.-!'.‘dill,[!' e
[ranm nature. . §) dictions, and analyzimg results oblained from the tesly
e Environmental scicnce 15 the study of how the natueal (pp 10-12]
world works, hew enr enviromment affects us, and how we o There are dilferent wavs to test questions scientifically
affect gur cnvitonment, (p ) (tor example, wilh randpulative experiments 14 determing
causation ar with natweal caperiments and correlalion),
EXPLAIN THE IMPORTAMCE OF NATURAL fors 13213}
RESOURCES AND ECOSYSTEM SERVICES TO = e :
OUR LIVES + Scientilic research occurs witlin g larger process thal in-
udes peer review of work, journal publication, and inter-
o Somie resources are inexhanstible o perpetvally renewable, action with colleagues, (pp, 13 15}
others are nonecnewable, and sl others ure renewable if v Science poes Lhrough paradigm shifts, This openness 1o
we do not overexplinl them, (pp. 34 wige 5 whar pives schence its strength. (p 15}
o Lcosyatemn scrvices ore benefits we regeive trom The
processes and normal (unctioning of natural systems DIAGNOSE AND ILLUSTRATE SOME OF THE
(p. 3 PRESSURES OMN THE GLOBAL ENVIRCGNMENT
« ltesources and ECOEYSLCIL SEIVICES ATC escential o huwman - '.'{m:'.]:' It I."l"l."‘:.lln.lrilhl andd inlensilying per capila come-
Jife and civilization, ver we arc depleting and degrading sumption magnify human impacts an the covironment.
them. (p 5 (pp. 15 16)
DISCUSS THE EFFECTS OF POPULATION GROWTH . Iunmam tluf ﬁ:.w.,[iu‘- lrtLIyslrrin_l 35TIC}|Ill;l.]'urilllt:i ’rn:;siE
AND RESOURCE CONSUMPTION xlm..‘ use are .1‘.II'II._: nLr:.LI impacts, including resource
depletion, alr and water pollution, cimate change, habital
« Rapid growth of the human population magnities our destriction, sud biodiversiry lass, (pp. 16-17)
environmental impacts. {pp. 3-4) « We are striving to develop sustainable solutions fo our
» The tragedy of the commons can lead f resource deple- environmental challenges. (pp. 18=15)

Lo, {p. 5]
..... ARTICULATE THE COMNCEPTS OF SUSTAINABILITY AND

- The ecological foutprint concept quantifies & persons or e i T SPRENT
. : R T DE i
nalions resource CoNSUMmMpLItL 11 erms ol area 0f D1Rogl- SUSTAINABLE DEVELOPME

cally productive land and water. (pp. 3-8 . Sustainability means living within the planet’s means, such
that Farths resources can sustain us—und other species—
CHARACTERIZE THE INTERDISCIPLINARY NATURE for the future. (p. 15)

OF ENVIRONMENTAL SCIENCE o 2 ! ; 1
o Sustainable developmient means pursuing  environ:

mental, economic, amd social goals in a cuordimates

« Environmental scicnce emplovs approaches and in

fron numerous disciphines in the natural soences and veuy, and it is the most imporfanl pursuit in out socefy

eoeial scivnees. (p. 8) roday, (p. 19)
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1. What do renewable resources and

sources have in common? How are different?

ldentify two renewable and two nonrenewable resan

e, 'l
TEV{HLINON

2. How and why did the apricullural
human popuiation size

How and w
revolution affect human population siz

envirormnental impacts have resulled,
3. What s the tragedy of the
concept might apply to an LI!erE;'.I.';I.]l_-\.E imdustey th

conunons?

syuree of water paollution

4, 'l.-"n'hrd 3 |,'F.l'|'.lr'.:'r:ll.':‘]|,'r|.'..ln' mr: ¢? Name several discip

5, Whal are the two meanings of seicnce? Name 1

cations of science

1. Manv resources areenewalsde ol we use them m modera
tion bt ean become nonrenewable if we overexpl
them, Ovder the tollowing resources v o continuun o

rentewenlility (see Fipure 1010 from most renewahie t

least renewable: sails, timber, fresh water, food crops, and

blodiversity, What factors inlluenced your choices? For

'.'||.l.|!| POSOIUTLC, ‘r'-.'l!l'.l| I1'|I|'_]'|| conshitale overs ‘\.[' DITanon,

iII'lil 1‘.'|l.l1 I1'|I|:||"|| coOnETIte sustal

2, Why do you think the Faster Islanders did not or could

nof stop themselves from stripping their island of all its
trees? Wlat similarities do vou pereeive between the his-
tory of Easler Tsland and the modern history of our soci
efvt  What

predicanment and ours?

differences do between the

Voul  Seg

e

What envirenmental problem do vou tesl aCuLehy

voursell? Do you think there are people in the world who
dr nest wiew your (ssie as an environmen
Who might they be; and why might they take a different
view?

4. If the human population were to stabilize tomorron
and never surpass 7 billion people, would that solve our

Malliis Wackernagel and his many colleagues at the Glohal
Foatprint Metwork {www. ifoatprininetwork.org) have con
method of
foolprinls—the amount of belopcally prad
water required to praduce the energy and na
we consumve and to absorb the
According to their most recent data, there are nearly 2.1
hectares (5.7 acres) available for every pérson

tinued to refine the calculeting cc.c.-]ﬂ_Ei:';_

nctive land and

I TES0UNces

wasles we BCNCTHLW

1 in the worid

6. Descnbe rthe scienrific method, What s its typical se-

quence of steps?

7. ain the difference between correlation and causation,
and state how these concepts relate to manipulative and
natural experiments.

E. ds tooceur befare a researchers results are pub

lished? Why is this process important?
2. Give examples of three major envirommental problems in

= world today, along with their causes, How are these

blems interrelated? Can you name a polential selubion

Hnable development be defined? What s

1t by the f-'-',l"n"l' boftore finet 'lr'l.-"h}-' 15l ||n|1r|.r|.'1|'|l.‘ to

pursue sustainahle -;';-:".1'|-;1[1|11|'T|.r-_‘

environmental  problems? Which types ol problems
faight  De wleviated, and which might continue o
WOESEn

5. Consider the historic expunsion of apricaliuee and oor

wbility o feed increasing numbers of people, a8 describied

in this chapter Mow ask yourself, “Are things gettiog bt

ter or worse? " Ask this questivn (eom four points of view:

L) the human peespective, (2} the perspective of other

organisms, (1) 4 short-term perspective, and (4) a long-

term perspective. Do vour unswers Lo Lhis question
chanpe? I1 seh, howe?

4. THINK IT THROUGH You have become lead of a
major funding agency that dishureses funding o re-

sodrchers pursuing wirk in environmental sclence, You
must give vour statt several priorities to determing whal
opes of sclentific rescarch to lund. What environmental
most like ta see addressed with re
¢ [rezeribe the research vou think would need w be
sleted so that workabde solulions to these prablems
be developed. Would more than science be needed to

develon sustain

problems would you

e sofurions?

Vel We us¢ on average more than 2.7 ha (6.7 acres) per

erson, creating a global coologcal deficit, or overshoat

{p. 3), of ahout 3

Compare the ecological footprints ol vach nalion
il

listed in tie table. Calculate their proportional relatian-

J*'[u i the wo

irkd population’s average ecological footprint
and to the area available globally 10 meel our ecological
deprands

ducton ta'Er

An it




Fenlogical footprint

Mation [hectares per person
Bangladesh K
Fanzania 1.1
l:u]l::ul-lh-iu : | &
Thailand )
Mexico T4

Sweden 3l
Uniited Stakes 9
Waorld average 3,

Yarwid I"I.'r\lrII..IF |-I'I|l'|'r|ri'|'|'|
[ree Cinestion 4)

st Lo daerms sdaned veoe b HKE WOST Lt focheg

1. Wl doe vou think the ecol

Panabadesh o soosnuadl?

2. Why is il so large for peoaple in the 1 mitech Stades?

4. G o an online loolprin calculator such as the one at hitp
wwwmvinotprintong or Mg Sswwlootprontoctworkaong

endindex php!GENpagepersonal footprmt, and take

PFropertion relative (e
world averazge footprint

Propurlion relative Lo
waorld area available

2056 =17 Ba(0e 210

test to determine vour own persenal voological leotpeinl
Enter the value vou abtain i the table, and calealate the
othier values as you did for cach aation. Dlow does you
foatprint cormpare W Usise ol the averuge pecaes in L

nited Srates? | low does o campare o that ol peaple Grom
otlier pations? Name three actions you could take to ne
duce vour fotprmt. (Node: Save this nunber—you will
spbculare your footprint again in Chapter &4 al The e i

Rk pitEetl]
WORLED CLILEEALL )

i}

praclice guivees, Pearson ¢Text, videos, current events, aind more,



