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~ Learning Objectives 

• Explain how major geog raphi c co ncep ts il
lustrate spatial re lations hip s. 

Exp lain ho w popu lation distributi o n and 
densi ty affec t soc iety and the environm en t. 

Explain how ag ricu ltural practices have e n

vironmental and soc ieta l co nseq uences. 

J 
• Exp lain challen ges and debates related 10 the 

chan ging nature of con temporar y ag ricu lture 
and food produ ction practi ces . 

Identif y the diff ere nt urban design initi atives 
and pra ctices. 

• Explain the e ffects of different urb an design 
initiat ives and prac tices. 
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Describ e the e ffec tiveness of diff ere nt at
tempt s to address urban sus tainab il ity 
challenge s . 

• Expla in how sustainabilit y prin ciples re late 

to and impact indu strialization and spa tial 
deve lopment. 



W hen the daily tides come in, a surge of water high 
as a person 's head moves up the rivers and creeks 
of the world's largest delta, fo rmed where the Gan-

ges and Brahmaputra rivers meet the Bay of Bengal in the South 
Asian country of Bangladesh. Within that Wisconsin-sized coun
try that is one-fifth wate,; millions of people live on thousands of 
alluvial islands known as chars. These form f rom the silt of the 
rivers and are washed away by their currents and by the force 
of cyclones that roar upstream from the bay during the annual 
cyclone period . As the chars are swept away so, too, are thou
sands and tens of thousands of their land-hungry occupants who 
fiercely battled each other with knives and clubs to claim and 
cultivate them. 

Late in April 1991, an atmospheric /ow-pressure area 
moved across the Malay Peninsula of Southeas t Asia and 
gained strength in the Bay of Bengal, generating winds of nearly 
240 kilometers ( 150 miles) per hour. As it moved northward, the 
storm sucked up and pushed a wall of water 6 meters (20 fee t) 
high. With a full moon and highest tides, the cyclone and its bat
tering ram of water slammed across the chars and the deltaic 
mainland . When it had passed, some of the richest rice f ields in 
Asia were gray with the salt that ruined them, islands totally cov
ered with paddies were Leff as giant sand dunes, others-densely 
populated-simply disappeared beneath the swirling waters. An 
estimated 138,000 lives were lost to the storm and hundreds of 
thousands more to subsequenl starva tion, disease, and exposure. 

Each yea,; lesser variants of the tragedy are repeated; each 
year, survivors return to rebuild their lives on old land or new 
still left after the storms or created as the floods ease and some 
of the annual 2.5 billion tons of river-borne silt is deposited to 
form new chars. Deforestation in the Himalayan headwaters of 
the rivers increases erosion there and swells the volume of silt 
flowing into Bangladesh. Dams on the Ganges River in India al
ter normal flow palterns, releasing more water during floods and 
increasing silr deposits during seasonal droughts. Popula tion 
growth adds to the number of desperate people seeking homes 
and fields on lands more safely left as the realm of river and sea. 
And global climate change already underway brings rising sea 
levels and stronger storm systems, increasing the vulnerability 
of places like the delta of the Ganges and Brahmaputra rivers. 

13.1 Physical Environments 
and Human Impacts 

The peopl e of the chars live with an immedia te environm ental 
contact that is outside the exper ience of most of us in the highly 
developed, highly urbanized countries of the world. In fact, much 
of the con tent of the preced ing chapters has detailed ways that 
hum ans isolate themselves from the phys ical environm ent and 
superimpo se cultu ral landscapes on it to acco mmodate the grow
ing needs of their growi ng numbers . 

Many cultu ral landsca pe changes are minor in themselves. 
The forest clea ring for sw idden agr iculture and the terraci ng o f 
hill sides for subsistence farm ing are modest altera tion s of nature. 
Plowin g and farm ing the prairie s, harn ess ing major river syste ms 
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by dams and reservo irs, buildin g c ities and their con nect ing high
ways, or opening vast open-pit mine s are much more substantial 
modification s. In some cases, the new landscape s are apparent ly 
complete ly divorced from the natural ones that prece ded them, 
as in enclosed, air-co nditi oned shopp ing malls and off ice tow
ers. The orig inal minor modifi cations have cumulat ively beco me 

totally new cult ural creations. 
But suppress ion o f the physica l landscape does not mea n 

eradicatio n of hum an-enviro nmental interact ions. They co n
tinue, though in altered form, as hum ans increasingly beco me the 
domi nant agents of environmental change. More often than not, 
the cha nges that we have set in motion create unplan ned cultural 
landscapes and unwanted environmental conditions. We have 
altered our cl imates , polluted our ai r, water, and soil, destroye d 
natural vegetation and land conto urs while stripping ores and 
Fuels from the Earth. 

Environment is an overworked word that means the tota lity 
of things that in any way affect an organism. Humans exist within 
a natural environment- the sum of the physical wor ld- that they 
have modified by their indi vidua l and co llect ive actions. Human 
impacts on the environment can be summ arized through the sim
ple IPAT equation: 

l = PAT 

where: 

I= Imp act on the environm ent 
P = Population 
A = Affluen ce (ofte n meas ured by per cap ita income) 
T = Techno logy 

As indicate d by the [PAT equation, population growt h and rising 
stand ards of living both lead to grea ter use of natural resources 
and greater waste produ ction. Howeve r, the tech no logy factor in 
the equation account s for the very different impac ts associated, 
for example, with various sources of energy such as coa l, nuclear , 
or wind energy. Further, in many insta nces, increased standards 
of living have led to improvements in local air and water qual
ity because rising prosperi ty has a llowed soc ieties to invest in 
pollution control s and cleaner technologies. Un fortun ate ly, some 
changes aimed at impro ving the quality of the loca l environm ent. 
such as shiftin g to taller smokestacks or shipping toxic waste s 
overseas , come at the expense of the environment e lsew here or at 
the expe nse of the globa l environm ent (Figure 13.1). Each of the 
factors in the !PAT equation relate to topics in human geogra phy
populat ion geograp hy, eco nomic geography, and the various 
technologies that soc ieties use to house , feed, and tran sport 
them selves. Thu s, adverse co nsequences of hum an impact on the 
env ironm ent are the unforesee n creat ions of the cultu ral land
scapes that we have been exa minin g and analyzing, and their 
study highlights the unit y of physica l and hum an geograp hy. 

Awareness of the severity of human impacts on the environ
ment has led to the concept of sustainable development. Sustain
able development meets the needs of today without jeopardi zing 
the ability of future generations to meet the ir needs. Sustainab le 
development must work within the limits of natura l systems. For 
example, sustainable groundwater use is limited by the amount 
of water replenished by rainfall and snowmelt, and sustainable 
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~ Figure 13.1 The geog raphi c sca le of environm ental impacts 
shifts as incomes rise. For the world 's poor, the prim ary environm ental 
problems are d ispos ing o f human wastes and ensurin g c lean water sup
plies. As standards of living increase, communiti es can afford water and 
sewage treatment systems but also increase their consumption of raw 
mater ials, synth etic chemica ls, and fossil fuel energy. Thi s tends to shift 
environmental proble ms from loca l, immediate threats to human hea lth 
to longer-term , de layed g lobal impacts on ecosys tems such as des truc
tion o f the ozo ne layer, acid prec ipitation, and g lobal climat e change. 

Source: Grapltfrom World Energy Assessmelll, UNDP, 2000, Figure 3.10, p. 95. 

fisheries limit the harvest of fish to a rate that maintains the long
term resiEence, quantity, and diversity of the stock. Sustainable 
forestry harvests trees at a rate below that of natural forest regenera
tion. Sustainable agriculture loses soil at a rate below that of soil 
formation. Thu s, a starting point for considering sustainable devel
opment is with a bas ic picture of the Earth's environmental systems. 

Earth's Environmental Systems 
The ecosph ere is the thin zone of air, water, ear th, and living 
matter that extends from the mountaintop s to the bottom of the 
ocea n, within which life is found. The ecosp here is compo sed of 
four overlapping, interrelated parts: the atmosphere, hydrosphere, 
lithosphere, and bios phere. The atmosphere is a thin blanket of 
a ir enveloping the Earth , with more than half of its mass within 
6.5 kilometers (4 miles) of the surface and 98 percent within 
26 kilo meters (16 miles). The hydrosphere consists of the per
petually moving sur face and subsurface waters in oceans, rivers, 
lakes, glaciers, groundwater, water vapor, and clouds. The litho
sphere , the upper reaches of the Earth's crust, contains the soils 
that support plant life, the minerals that pl ants and anim als re
quire, and the foss il fuels and ores that hum ans exploit. The bio
sphere consists of the living matter of plants and anim als. Cycles 
o f energy in the atmosphere, water movement in the hydrologic 
cyc le, the rock cyc le, and the cycling of energy and chemica l 

e lements through the biosphere are a ll intricate ly linked. Th e 
ecos phere contains all that is needed for life, all that is available 
for life to use, and, presumably, all that ever will be available. 

Geog raphi c diff erences in climat e, water availability , land
form s, and biological co mmunitie s generate a vast mosaic of en
vironments on Earth . The most important comp onents of clim ate 
are temperature and precipit ation. Temperature is a measure of 
the air 's energy, all of which comes from the sun. On an an
nual bas is, tropi cal (equatorial ) loca tion s, where the sun is more 
direc tly overhead , rece ive the most energy from the sun. Thi s 
uneven heating of the Earth 's surface results in warm air in the 
tropics and cold air near the poles (Figure 13.2), The midlati 
tudes experience more seaso nal variation , with less fluctuation 
near oceans and grea ter fluctu ation in the middl e o f large land
masses. Summ ers beco me cooler and shorter farth er toward the 
poles until finall y, perm anent ice ca p conditi ons prevail. Tem
perature differences between the tropics and poles produce pres
sure differences that drive winds, storm s, and ocean currents that 
redistribute the Earth' s unevenly distribut ed energy. 

The intense solar energy rece ived in the tropi cs ca uses air to 
expand, rise, and eventu ally form cloud s and precipitati on. Some 
distance away from the equator, that air sinks, warms, and dr ies 
out. The rising and sinkin g air motion s caused by uneven heating 
lead to a re latively consistent global pattern of atmospheric cir
culati on ce lls (Figure 13.3). These circulation patterns create al
ternating bands of high precipitati on and low precipitati on area s 
on Earth (Figure 13.4 ). The Hadley cell, shown in Figure 13.3, is 
responsible for the wet tropical clim ates near the equator and dry, 
dese rt clim ates at about 30 degrees latitude north and south of 
the equator (Figure 13.5). In a<l<litiun tu the vertical air motio ns, 
the c irculation ce lls interac t with a spinnin g planet to produce the 
famili ar surface winds such as the trad e winds in the tropics and 
the westerlies in the midl atitudes. 

Just as the rising and sinkin g air motions shown in Figure 13.3 
create both rain forests and deserts, air that is forced up and over 
mountain s creates wet clim ates on one side and persistent dry
ness on the other. A good example is the western United States, 
where preva iling winds from the wes t crea te areas of heavy snow 
or rainfall on the western slopes of the Cascade and Sierra Ne 
vada mountain ranges and dry dese rt and steppe climat es in the 
interior eas t of the mountains. 

Water is esse ntial to all life . Water covers about 7 1 perce nt 
of the Earth 's surface, though only a small part o f the hydro
sphere is suitabl e or availabl e for use by humans, plants, or ani
mals. The total amount o f water on the Earth remains constant as 
water moves throu gh the hydrologic cycle, changing form from 
vapor to liquid to ice/s now and back aga in (Figure 13.6). 

Water plays a critica l ro le in moderating the Earth 's clim ate, 
reducing temperature extremes, and making the planet habitabl e. 
Due to the diversity of Earth 's climates, however , the availabilit y 
of water vari es widely across time and space. Ironica lly, the sup
ply of water is most variabl e from year to year in the driest loca
tions (Figure 13.7). Water, whether in the form of ice or liquid , 
weathers and erodes the Earth 's crust, the lithosphere. As water 
erodes mountains and plateaus, carves valleys, and transports 
sedim ents to floodpl ains and de ltas, it is a maj or force in the re
shaping of the Earth 's landforms. 
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Figure 13.2 Average temperatur es in (a) January and (b) Jul y. The rotation of the Earth around the sun, along wit h the tilt of the Earth 's ax is, 
cause more di rect so lar ene rgy to fall on the Northern Hemispher e in June and on the Southern He misphere in January. Note how over water, the tem
peratur es decrease evenly with increased dis tance from the equat or. Th e effec t of land/wat er contra sts ca n be see n in the mo re drama tic temperatur e 
differences betwee n January and July at continenta l loca tions in the midlatitud es compared to coasta l loca tions. 

Plant s and an imals are adapted to part icular climate condi
tions. Thus, the biosphere is divide d into separat e group s of bio
logica l commun ities called biomes, which are established by the 
patt ern of globa l climates . In fact, the original cla ss ification of 
globa l climates was based on observation s of plant co mmuni 
ties, not temperatur e and prec ipitation reco rds, many of whic h 
did not ex ist at that time . In essence , plan t communiti es served 
as weat her station s, recordin g climate conditions by the ability of 
diff erent spec ies to survive. We know the Earth 's biome s by such 
desc riptive names as desert, grassland, or steppe or as the tropical 
rainforest and north ern coniferous forest that were discussed in 
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Chapte r 8. Biom es, in turn , cont ain smaller, more spec ialized 
ecosystems: sel f-contain ed, se lf-reg ulatin g, and interac ting com
munitie s adapted to loca l combinat ions of clim ate, topog raph y, 
soi l, and drainage conditi ons. 

The structure of the ecosphere is not eterna l and unchang
ing. On the contra ry, altera tion is the constant ru le of the phys i
ca l environm ent and would be so even in the absence of human s 
and thei r distorting impac ts. Natu ral clim atic change, year-to
year vari ations in weather cond itions, fires, windstorm s, flood s. 
diseases, or the unexplained rise and fall of predator and prey 
populati ons all ca ll for new environmental config urations and 
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--------Figure 13.3 Uneven hea ling of the Earth 's surfac e creates per sistent air 
circu lation patterns that move air, moisture, and energy around the Earth. One of 
those c irculation patterns , the Hadley ce ll, crea tes wet climat es nea r the tropics 
and desert s at about 30 degree s north and south. 
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forever prevent the estab lishment of a sing le, constant 
"balance of nature." 

Rememb er that we bega n to track cu ltura l geograph ic 
pattern s fro m the end of the last con tinental glaciation , 
some 11,000 to 12,000 years ago. Our startin g point, then , 
was a time of environmenta l change when human s were too 
few in numb er and primiti ve in technolo gy to have had any 
impact on the larger structure of the ecosphere. Their num
bers increase d and their techno logies became vastly more 
sop histicated and intru sive with the passage of time, but 
for nearly a ll of the period of cultu ral development to mod
ern times, hum an impact on the world environment was 
absorbed and accommodated by it with no more than lo
cal distres s. The rhythm and the regularity of larger globa l 
systems proceeded largely unaffected by people . 

Impacts on the Atmosphere 
Ecosyste ms have long felt the destructive hand of human s 
and the cultural landscapes they made. Chapter 2 explored 
the results of human abuse of the local environment in the 
Chaco Canyon and Easter Island deforestations. Forest re
moval, overgrazing, and ill-considered agriculture turned 
lush hillsides of the Mediterranean Basin into sterile and 
impoverished landscapes by the end of the Roman Empire. 
At a global scale, however, hum an impact was minimal. But 
slowly, unnoticed at first, human activity began to have a 

Sea~ I IQ 163.000 .000 

Figure 13.4 Average annu a l prec ipitation. Regional contrasts o r prec ipitation clearly demonstrate the trui sm that natural phe nomena are uneq ually 
disLributed over the surface of the Earth. Global wind patterns create areas of high ra infall in equa tori al and tropical areas of Cen tral and Sout h 
America, Afr ica, and South and So uth eas t Asia . A band of dese rts is found at abo ut 30 degree s from the equa tor. Pro ximi ty to large water bodies, and 
position with respec t to prevailin g winds and mountain ranges, also conlr ibute to the patterns of annu al precip itation. 
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Figure 13.5 Climates of the world. Comp lex interrelationship s of lat itude, land and water contrasts, ocean currents, topog raphy, and wind circula-
tion create this genera lized g lobal pattern of c limates. 
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Figure 13.6 The hydrolo gic cyc le circula tes water through the atmosphere, lith osphere, biosphere, surface water , and ocea ns. Water may cha nge 
form and co mposition , but under natural environmenta l c ircumstances, it is marve lous ly purif ied in the recycling process and is again made avail
able with appropriate propertie s and purity to the ecos ystems of the Earth. The sun prov ides energy for the evaporation of fresh and ocean water. The 
water is held as vapor unt il the air becomes supersa turat ed. Atmo spheric moisture is returned to the Earth's surfa ce as so lid or liqu id precip itat ion to 
comple te the cycle . Prec ipitation is not uniforml y distribut ed, and moisture is not neces sari ly returned to areas in the same quantity as it has evapo
rated from them. The con tinents rece ive more water than they lose; the excess return s to the seas as surface water or groundwater. A globa l water 
balance , however, is always maint ained. 
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Figure 13.7 Precipitation variability. Note that steppe and desert climate regions have both low total precipitation and high variability. Ln general, 
the dryer the climate, the greater the variability. This creates vulnerability to shortages when humans develop agriculture or cities in these regions. 
Short-run variability in climatic conditions is the rule or nature and occurs independent of any human influence. 

global impact, carry ing the consequences of human abuse of the 
ecosp here far beyond the local scene. Air pollution was at first lo
ca l, in the form of household air pollution and nega tive health ef
fects from indoor cooking over open fires . However, the Industri al 
Revolution in the 18th century and continued increase in the use of 
fossil fuel energy sources has changed the sca le of impacts on the 
atmosphere. At the metropo litan sca le, urban air pollution episodes 
have rendered the air unsafe in many cities, at the continental scale, 
acid precipitation is carried across international borders, and at 
the global sca le, des truction of the ozone layer and cl imate change 
threaten the entire planet's human and environm ental systems. 

Air Pollution and Acid Precipitation 
Every day, thou sands of tons of pollut ants are discharged into the 
air by natural events and human action s. A ir is polluted when it 
contain s substances in suffici ent amount s to have a har mful ef
fect. Tru ly clean air has never existed, for atmospheric po llution 
can and does result in nature from ash from volcanic eruption s, 
marsh gases, smoke from naturally occ urring fore st fires, and 
windblown dust. Normall y, these pollut ants are of low volume , 
are widely dispersed in the atmosphere, and have no signifi cant 
long- term effect on human health or ecosys tems. 

Far more damaging are the substanc es discha rged into the 
atmosphere by hum an actio ns. These pollutant s co me primarily 
from burnin g foss il fue ls-co al, oil , and natura l gas- in power 
plants, factories, furna ces, and vehicles , and from fires deliber
ate ly set to clear forests and grass lands for agricultural expansion 
or shifting cultivation clearing and burning. In 1952 , smoke from 
coal- burnin g factories and home fireplaces combined with fog 

to cause a four-day smog episode in London that blackened the 
skie s in daytime and killed an estimated 4,000 peop le. By the 
1950s, air pollution in Los Angele s from car exha usts and other 
sources stung people's eyes and noses and ca used rub be r tires 
to deteriorate rapidly (Figure 13.8). Since then, in Lond on, Los 
Angeles , and other cities in the developed wor ld, environm ental 
regulation s and pollution control techno logies have dram atically 
clea red the air (althou gh Los Angeles still does not meet some 
air quality standards) . 

Today, air pollution is a g loba l problem; areas far from 
the pollutin g source may be adverse ly affecte d as atmospheric 
circulation moves po llutants freely without regard to political 
bound aries. Just as manufacturin g activity has shifted to newly 
industrializing count ries, so too has the world' s wors t air pollu
tion. For exa mple , curr ent full-co lor satellite cameras regularly 
reveal a nearly continuous , 2-mile-thick blank et of soo t, orga nic 
compound s, dust, ash, and other air debris stretching acro ss much 
of lndia , Bangladesh, and Southeast Asia, reac hing northward to 
the indu strial heart of China. The polluti on shroud in and aro und 
India , researchers find , reduces sunlight enough to cut rice yields 
acros s much of the counn-y. 

Althou gh air quality is genera lly improvin g in high-in come 
countries, it has worsened in the developing countries of South , 
Southeast , and East As ia. The World Health Organi zation 
(WHO) est imated that in 2015 , air pollution cau sed 4.2 million 
prematur e deat hs, mostly in low- and middl e-i ncome countries. 
The WHO report s that of India' s 27 cities of more than I milli on 
people, not one meets the organization's air pollution stand ards. 

In addition to the very seriou s hum an health conseque nces 
of air pollution , the interaction of pollutants with one another 
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(a) (b) 

Figure 13.8 Phot ochemi ca l smog. (a ) A clear day in Los Angel es, and (b) a day when photochemical smog shar ply reduces visibility, damage s 
vegetation , and stings eyes and noses . When the air over the city re main s stagnant, sunlight acts on automob ile exhaus ts and industrial pollutant s 
to crea te photo chemical smog. Str ict air quality regulation s and pollution control techno log ies have reduced the frequency of such epi sodes. Peak 
levels of photochemi cal smog have dropped 10 a quar ter o f their 1955 levels, althou gh Los Ange les is still not in compl iance with federal air quali ty 

standards. 
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~ Figure 13.9 Acid precipi tation forms as vehicle and industrial em issions are transformed in the atmo sphere. Sul fur dioxide and nitrogen oxides 
produ ced by the combustion of fossil fue ls are transformed imo sulfate and nitrat e particl es; when the parti cles reac t with water vapor , they form sulfuric 
and nitric acids. Often carr ied long distances on prevai ling winds, the acids are deposited on the surface in the form of fog, rain , snow, or particles. 

or with natural substances such as wate r vapor may crea te sec
ondary pollut ants. Am ong these seco ndary pollutant s is the ac id 
precipitation that occurs when sulfur and nitro gen compound s 
in emissions from automobil es, coa l-fi red power plants, and 
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indu stria l sources produ ce sulfuri c acid and nitri c acid in c louds 
(Figure 13.9). Acid precip itation is of ten carri ed long distances 
by prevailin g winds to places wher e it is highly damagi ng to 
trees, lakes, and even structures. 



Unexpectedly, acid prec ipitation is a condition in part trace
able to actio ns taken in developed coun tries to allevia te the 
smoke and chemica ls that poured into the sk ies from the chim
neys of their power plant s, mills, and factories. The clean air 
programs demanded by environmentalists usually incorporated 
prohibitions aga inst the discharge of atmospheric pollutant s 
damaging to areas near the discharge point. The respon se was to 
raise smo kestacks to such a height that pollu tants were diluted 
and dispersed far from their origi n by higher-e levation winds 
(Figure 13.10). 

But when power plant s, smelters, and factor ies were fitted 
with ta ll smokestacks to free loca l areas from polluti on, the sul
fur dioxide and niu·ogen oxides in the smoke were pumped high 
into the atmosphere instead of being deposited loca lly. There, 
they combined with water and other chem ica ls and turned into 
sulfuri c and nitric ac id that was car ried to distant areas. They 
were joined in their impact by other sources of acid gases. Such 
as motor vehicle exhausts. 

Once the pollutants are airbo rne, winds can carry them 
thousa nds of kilomete rs, deposit ing them far from their source. 
In North Amer ica, most of the prevailing winds are wes terlies 
(see Figure 13.3), meaning that much of the ac id prec ipitation 
that falls on the eastern seaboar d and eas tern Canada originated 
in the central and upper Midwest. Similar ly, airborne pollutants 
from the United Kingdom , France , and Ger many cause acidifica
tion probl ems in Scand inavia (Figure 13.11). 

When acids from all source s are washed out of the air by 
rain , snow, or fog, the resu lt is acid precipitation. Acidity levels 

The Acid Deposition Problem : 
Air, Water , Soil 

D Sensitive soils/po tenti al problem areas 

□ Areas of air pollution: emissions 
leading to acid rain 

Presen t problem areas (including 
lakes and rivers) 

Q Estimated leve ls of pH 

/ Prevailing westerly winds 

Note: pH is a measure of acidity. The lower 
the number. the higher the acid conten t. 

are described by the pH facto,; the measure of ac idity/alkalinity 
on a sca le of O to 14. The pH of normal rainfall is 5.6, slightly 
acidic, but ac id rainfalls with a pH of 2.4-ap proximate ly 
the acidity of vinega r and lemon jui ce- have been recorded. 

-Figure 13.10 Dilution is not the so lution to pollu tion. Before 
concern abo ut acid ra in became widespread, the U.S. Clean Air Act of 
1970 set standard s for grou nd-level air quality that cou ld be met most 
eas ily by building tall smokestac ks high enough to discharge pollutan ts 
into the upper atmosphere. Stacks 300 meters (1,000 feet) and high er 
became co mmon at utilit y plants and factories, far exceed ing the earlie r 
norm of 60-90 meters (200-300 feet) . Wha t helped clean se one area of 
pollut ion greatly increased damage elsewhere. 
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(iJ:g] Figure 13.11 Acid prec ipitation: areas of or igin and impacts. Preva iling winds can depos it acid precipitat ion far from its area of or igin and 
across internationa l boundarie s. Prevailing wester ly winds car ry acid precip itation east from the Ohio and Tennessee River valleys and from the 
industrial districts of Western Europe toward Scandinav ia whe re it harms vegetation , lakes, and build ings. It is estimated that 90 percent of the sulfuri c 
ac id and 80 percent of the nitric acid falling on Norway is from outside the coumry. Compare this map with the centers of industrial produc tion in 
Figure 9.20. 

S011rce: Adap1ed from S1111/e111 A1las of World Geo11mphy. 41/z ed. 10h11 Alle11. Map 55. p. 70. McGraw-Hill//J11.,hki11. 2005. 

Chap ter 13 Hum an Impacts on the Environm e nt 439 



Primarily occurring in indu striali zed nations, acid precipitation 
has become a ser ious problem in many part s of Europe , North 
America , and East Asia . It expresses itse lf in seve ral form s, 
though the most visible are its corrosive effects on marble and 
limestone sculpture s and buildin gs and on metals such as iron 
and bronze and in the des truction of forests (Figure 13.12). Tree s 
at higher elevation s are particularly susce ptible, with widespread 
forest loss clearly apparen t on the hill sides and mountain tops of 
New England , Scandi navia, and Eastern Europe. 

(a) 

(b) 

Figure 13.12 Effects of ac id precip itation. (a) The destructive effec t 
of ac id rain is evident on thi s limestone car ving on an English church. 
(b) The Germans ca ll it Wa/ds1erbe n- fores1 death-a term used to 
summ ar ize the destruction of trees by a combination o f acid prec ipita
tion, ozone , and heavy metals leached by ac idic waters. It first strike s at 
higher eleva tions whe re natural stresses are grea test and acidic clouds 
mo st prevalent , but it slowly moves downslope until enti re forests are 
go ne. Here, at Tatra Nationa l Park in Slovakia , Walds1erbe 11 is thou ght 
to result from pollution travelin g eas tward from industrial areas in 
Poland , Germany , and the Czech Republic. The forests will recover 
only in geologic time due to the ex treme ly acidic so ils . 

(a) © RMAX/G euy Images: (b) ©Bra11ko Osrojicl/23RF 
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Damage to lakes, fish, and soils is less immediate ly evident, 
but more wide spread and equally seriou s. Ac id prec ipitation has 
been linked to the disappearance of fish in thousands of stream s 
and lakes in New England , Canada, and Scandin avia, and to a de
cline in fish population s elsewhere. It leaches toxic constituent s 
(such as alum inum ) from the soil and kills soil m icroorgani sms 
that break down organ ic matter and recycle nutrien ts through the 
ecosys tem. Acid prec ipitation has decrease d in Europe and North 
America due to intern atio nal agreements broker ed by the United 
Nations, strict air emission standard s, and deindustriaLization
the clo sure of heavy industrial plants such as steel mills that were 
once major sources of emissions. The changin g geog raph y of in
dustr ia l production means that the geog raphi c patterns of acid 
precipitation are shiftin g toward Asia. 

The Trouble with Ozone 
The potential destruction of the Earth 's ozone layer offers an
other example of the globa l nature of air pollution. However, it 
is also a success sto ry of internati onal cooperation and using sc i
ence and technology to improve the environment. Ozone is a re
active molecule consisting of three oxyge n atoms rather than the 
two of normal oxygen. Ozon e ca n lead to confusion beca use high 
in the atmo sphere, it offers esse ntial protect ion aga inst the sun 's 
rays, but when it is near the surface, it is one of the main com
ponents in photo chemica l smog and highly damag ing to plant s 
and an imals. Sunlight produ ces it from standard oxyge n, and a 
continuou s but thin layer of ozone acc umulate s at upper levels 
in the atmosphere. Ther e, it is esse ntial to a ll life forms becau se 
it blocks the cance r-causing ultraviolet (UV) light that dama ges 
DNA , the molecule of hered ity and cell control. 

In the summ er of 1986 , sc ientists for the first time verified 
that a "hole" had formed in the ozo ne layer over Antarct ica. In 
fact, the ozone was not entirely absent, but it had been reduc ed 
from earlier reco rded leve ls by some 40 percent. As a result, 
Antarctic life- particularly the micro scop ic ocean plant s (phy
toplankton ) at the base of the food chain- that had ljved more 
or less in UV darknes s was suddenly ge tting a tr illionfo ld ( I fol
lowed by 12 zeros) increase above the natural rate of UV receipt. 
The ozo ne hole typically occu rs over Anta rctica during late Au
gust through early October and brea ks up in mid-November. 

Sc ientists attribute the ozone decline to pollution from 
human-made chemica ls, particularl y chlorofluorocarbons 
(CFCs) used as coo lants , clean sing agent s, propellants for aero
sols, and in insulatin g foams. In a chain reac tion of oxyge n de
struction , each of the chlorine atoms release d ca n destroy upward 
of I 0,000 ozone molecules. Ozone reduction is a continuin g and 
spreadin g atmospheric problem. A similar ozone hole about the 
size of Green land opens in the Arct ic, too, and the ozo ne shield 
over the midlatitud es has dropp ed significantly since 1978. 

Why should the ho le in the ozone layer have appea red first 
so prominently over Antarctica? In most part s of the world , 
horizontal winds tend to kee p chemica ls in the air well mixed. 
But circulati on patterns are such that the freez ing whirlpool of 
air over the south polar co ntinent in winter is not penetrated by 
air currents from warmer reg ions of the Earth. In the absence 
of sunli ght and atmo spheric mixing, the CFC s work to des troy 



the ozone. Durin g the Southern Hem isphere summer, sunlight 
works to replenish it. In either hemisphere, ozo ne depletion has 
identica l adverse effec ts. Among other things, grea ter exposure 
to UV radiation increases the incidence of skin cancer and, by 
suppress ing bodil y defense mechanisms, increases r isk from a 
variety of infectious diseases . Many crop plan ts are sensitive to 
UV rad iation, and the very existence of the microsco pic plankton 
at the base of the marine food chain is threa tened by it. 

Production and use of CFCs has been phased out under the 
Montrea l Protoco l, a 1987 internati onal agree ment made effec
tive in 1992. The deve loping countries were given a grace pe
riod before they began their phaseout schedule for ending use 
of CFCs. Indu stries involved in the produ ction or use of CFCs 
initiall y resisted the agreement but have since responded by find
ing substitute chemicals. The Montreal Protoco l is an encourag
ing example of the ability of internat ional agreements to address 
a global environmental problem successfully. Beca use of those 
restrictions, ozone deplet ion has been slowed or even stopped. 

Recent osc illations in the extent of the ozo ne ho le suggest its 
peak may have been reached by 2003 to 2006 and mending may 

be complete by the year 2070. The good news has been tempered 
by recent discovery of rising levels of other ozone-dep leting in
dustr ial chemicals that are not regulated by the Montreal Protocol. 

Global Climate Change 
Scientists agree that humans have significantly altered the 
chemica l composit ion of the atmosphere since the adve nt of the 
Indu strial Revolution in the 1700s. Human activities have in
creased the concentrati ons of three gree nhou se gases-carbo n 
d ioxide, methane, and nitrou s oxide-intensify ing the natu
ral greenhouse effect, lead ing to global climate change. The 
greenhouse effect is caused by a group of atmo spheric gases that 
parti ally cap ture the heat energy radiated from the Earth back 
toward space . Without the gree nhouse effect, the Earth would 
be substanti al ly co lder and its temperatu res would fluctuate 
wild ly. What is of concern today is that hum an activities have 
significantly increase d the concentrati ons of gree nhou se gases, 
intensifying the greenhouse effec t and causing anthrop oge nic 
(hum an-caused) climate change (Figure 13.13). Humankind' s 

Natural greenhouse effect 0 Intensified greenhouse effect 

(a} 

Heat escapes 

O Heat trapping greenhou se gases 
Light energy 

-- Heat energy 

0 

0 

0 0 

0 
0 

(b} 

CO2 and other gases are released 
by combustion and forest clearing. 

The gases form a 
heat. trapping 
blanket that 
warms the Earth. 

ffl;lJ Figure 13.13 Anthropogenic climate change occ urs when human activit ies intensify the natura l gree nhouse effec t. When the level of carbon 
dioxide (CO

2
) in the air is low, as in (a), incoming so lar radiation str ikes the Eart h's surface, hea ting it up, and the Eart h radiates the energy back into 

space as heat. Some of the heat energy is cap lllred by naturally occu rring greenhouse gases, thereby hea ting the atmosphe re. The intensified green
house effect depicted in (b) is the resull of the higher leve ls of CO

2 
in the atmosphere due to burn ing of fossil fue ls and forest clearing . 
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Table 13.1 

Carbon Dioxide Emissions from Energy Consumption 

Total Emissions Per Capita Emissions 
(Millions of Metric Tons/Year) (Metric Tons/Year/Person) 

Rank, 2015 1980 2015 Change (1980-2015) 2015 

China I 1,486 8,866 497 % 6.5 

United States 2 4,680 5,269 13% 16.4 

India 3 263 1,894 621% 1.4 

Russia 4 NIA 1,687 NIA 11.7 

Japan 5 939 1, 126 20% 8.9 

Germany 6 1,056 743 -30% 9.2 

Iran 7 118 654 455 % 8.3 

Korea, South 8 138 644 369% 12.7 

Saudi Arabia 9 177 606 242% 19.2 

Canada 10 430 600 40% 16.8 

Brazil 11 185 541 193% 2.6 

Indonesia 12 85 502 492% 2.0 

Mexico 13 239 453 90% 3.6 

United Kingdom 14 597 430 -28% 6.6 

South Afr ica 15 225 406 80% 7.4 

United Arab Emirates 24 30 237 682% 24.7 

Sweden 63 8 1 47 -43% 4 .8 

Ghana 96 2 14 5 15% 0.5 

Costa Rica 119 2 7 2 10% 1.5 

WORLD NIA 18,430 32,722 78% 4.5 

Source: calc11/a1edfro111 U.S. Energy lllfor111arion Ad111inis1ra1ion, lntcrna1ional Energy S1a1is1ics, 20/8, and Pop11/mion Reference 811rea11 2015 World Population Da1ashee1. 

mass ive assau lt on the atmosphere bega n with the Industrial 
Revolution. F irst , coa l and then increasing amounts of petro
leum and natural gas have been burn ed to power industry, hea t 
and coo l cities, and driv e veh icles. The ir burnin g has turn ed 
fuels into carbon diox ide and water vapor. At the same time, 
the world's forest lands have been cleared for timb er and agri
culture. With mor e carbon dioxid e in the atmosphere and fewer 
tree s to cap ture the ca rbon and produ ce oxygen , car bon dioxide 
leve ls have risen stead ily. 

Th e role of tree s in managing the carbon cycle is simple: 
Probabl y more than half the carbon diox ide put into the atmo
sphere by burnin g foss il fuels is absorbed by the Ear th's ocea ns, 
plant s, and soil. The rest of the carbon diox ide remain s in the 
atmosp here where it trap s the Earth's heat energy. In theory, at
mospheric carbon dioxide could be reduc ed by expa ndin g plan t 
carbon reservo irs , or sinks, on land. Under actual c ircums tances 
of expand ed comb ustion of fuels and red uction of forest cover, 
atmosp heric carbon dioxid e leve ls have increased from about 
280 parts per million (ppm) at the start of the Industrial Revo lu
tion to 403 ppm in 2016. 
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Yearly carbon emjssions from energy consumpti on totaled 
18 billion metric to ns in 1980 , but reached more than 30 bil
lion tons in 20 I 5. China passed the United State s as the single 
largest emitter in 2006 (Table 13.1). Per cap ita emissions vary 
widely across world regions, mostly reflecting the vast differ
ence s in standard s of living. For exa mple , an average residen t 
o f the United States emits as much carbo n dioxide as 33 res i
dents of Ghana. On the other hand , Japan and many European 
countri es achieve high standards of living with much lower per 
capita carbo n emissions. Sweden 's per cap ita carbo n emissions 
are less than one-third of those of the United States , large ly 
due to gove rnment and individua l co mm itment s to lifestyle and 
technology changes that promo te environmenta l sustainabilit y 
(Figure 13.14). Of cou rse, one problem with the statistic s in 
Table 13. 1 is that they do not accoun t for the carbon emissio ns 
associa ted with exported or imported products. 

Carbon diox ide gets most of the media coverage, but other 
gree nhouse gas concen trations are also increas ing (Figure 13.15). 
Methane leve ls have increa sed large ly due to agricultura l expa n
sion to feed a growing world popu lat ion. Methane is formed by 



Figure 13.14 Techno log ies for reducing greenhouse gas emission s are part of the so lution as sugges ted by the !PAT equation. Many European 
countri es maintain high standard s of living wit h per cap ita carbo n emission s half or one- thi rd that of U.S. reside nts. Denmark is a world leader in 
wind energy, genera ting more than 40 percent o f its electricity with renewab le wind power , mostly in o ffsho re turbine install ations. Th e Beddi ng
ton Zero Energy Deve lopm ent (BedZed) is one of many examp les of an eco-co mmunit y. At BedZe d in So uth London, passive solar heat ing, so lar 
pane ls to generate e lect rici ty, a car-s haring club, and rooftop gardens allow res idents to red uce sign ificantly or eve n elimin ate their em issions of 
g reenhouse gases. 
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Figure 13.15 Trends in gree nhouse gase s are upward , and this trend 
is due to huma n act ivities . 

Source: Adapt ed from J111ergore rmnental Panel on Climat e Clumge, Climate Change 2007. 
The Physical Science Basis. Figure 6•4, 200 7 and Climat e Change 2014. Synth esis Report. 
Figure SPM. J. 

decomposition processes and is emitted from the intestinal trac ts 
of livestock and from flood ed rice paddies . Nitrous oxide emis
sions are a byprodu ct of increase d fertili zer use, aga in a conse
quence of agr icultural expa nsion and intensification. 

Warmin g of the clima te system durin g the 20t h and early 
2 1st centuri es was unequivoca l. The global average temperature 

increased 0.6 to 0.7°C from 1951 to 20 IO (Figure 13.16a). The 
pattern of increas ing temp eratures has meant that every de
cade since the 1980s has been warm er than the previous one 
(Figure 13.16b). The global mean temperature evidence is 
supported by shrink ing glaciers and ice caps, shrinkin g sea ice 
(Figure 13.16c), rising sea leve ls (Figure 13.16d), rising ocean 
temperatures, and satell ite and weather balloon measureme nts of 
temperatures above the Earth's surface. 

The most complete assess ment of globa l climate change is 
done by the United Nations Intergove rnment al Pane l on Clim ate 
Change (IPCC). The panel and reviewe rs, a group of almost 4,000 
scientists from around the world that is affiliated with the United 
Nation s and the Wor ld Meteoro logica l Organ ization , was estab
lished in 1988 to assess the science of cl imate change, determ ine 
the impact of any changes on the environm ent and society, and 
formulate strategies to respond. In 2014 , the IPCC issued results 
of predictions assuming no major efforts were made to to reduc e 
emissions. They predicted a global temperature increase of l.4 ° 
to 4.8 °C (2.5 ° to 8.6°F) over the 21st century. The effects of such 
an increase on world climates would be profound. 

Although past clim ates have fluctuated apart from human in
fluence, the IPPC's 20 14 report co ncluded that it was "extremely 
likely" that human emissions of greenhouse gases rather than 
natural variati ons were responsible for the major ity of observed 
warmin g. They noted that greenhouse gas concentrati ons are 
higher today than at any time in the last 800,000 years. Warm
ing that cannot be explain ed by natural causes has been observed 
in g lobal ocean s and on every continent except Antarctica 
(Figure 13.17). ln addition , global rainfall pattern s have shifted 
and extreme rainfall even ts have becom e more common. 
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~ Figure 13.16 Indicators of a changing global climate are all consistent with warming and point to the influence of anthropogenic greenhouse gases. 
S011rce: /111ergovem111e111al Panel 011 Climate Change. Climate Change 20 14 Synthesis Report. Fig11re I. I. 

Climatologists agree on certai n of its genera l consequences 
in addition to-a nd the result of- increas ing temperatures: 

• Arctic summer sea ice is likely to disappear in the second 
half of the century. 

• Sea levels will rise by 28 to 43 cm (11 to 17 in.) by 2 I 00 , 
with an add itional IO to 20c m (4 to 8 in.) poss ible if recent 
accelerated melting of po lar ice continues. 

• Islands and coas tal areas- incl ud ing densely settled r iver 
deltas such as in Bangladesh- wi ll be inundated, affecting 
the livelihoods and existence of mi llions. 

• Rivers fed by snow or glacier melt will see dramatica lly 
altered flow s, affec ting irrigation. 

• There will be spread ing drought s in southern Europe, the 
Midd le Ea st, sub-Saharan Afr ica, the American Southwest, 
and Mex ico . This will impact agriculture and also lead to 
increased forest fires. 

• Many world regions facing the greates t risk or certainty of 
adverse environme ntal change are among the world' s poor
est; da mage and misery will not be even ly shared. 

• Many parts of the world will see an increase in the number of 
heat waves and an increase in the intensity of trop ical storms. 

• If climate change proceed s as the IPPC proj ects, there will 
be mass extinctions of perhaps one-fourth of the world 's 
species within I 00 years. 
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Th e onset of these and other human-induced environme ntal 
changes is clear ly evident. Melting sea ice itself would have only 
a modest effect on sea levels; however, the already significant 
melting o f the Gree nland ice sheet and acce lerat ing ret reat of 
mountain glac iers th roughout the wor ld is adding to ocean vol
umes . Already, sea levels that rose 19 centimeters (6-9 inches) 
over the period 190 1-2 0 I 0, led to serious coa stal erosio n and 
inundation. A pote ntial I-meter (3-foo t) r ise would be eno ugh 
to cove r the Maldives and other low-lying island countries. The 
homes of betwee n 50 and 100 million people would be inun
dated , a fifth of Egypt 's arable land in the Nile Delta wou ld be 
flooded , and the impac t on the people of the Bangladesh chars 
wou ld be catastrop hic. 

Two major interrelated impacts of globa l climate change 
will be on water reso urces and agricu lture. Warmer tempera
tures will increase evapora tion, prec ipitation, and the demand 
for water, intensi fying the movement of water throu gh the hy
drolog ic cycle. In all drou ght-pro ne areas of the world, dro ughts 
have beco me more intense and enduring since the 1970s . Ear lier 
IPCC assess ments warned that much of the continental interiors 
of middle latitudes would receive less precipita tion than they do 
now and suffer at leas t per iodic dro ught, if not abso lute arid ity. 
More freq uent droughts are likely in the U.S. Corn and Wheat 
Belts, drastically reducin g agr icultural productivity and altering 
world patterns of food supply and trade. Higher temperatures and 
less snowpa ck would translate into significa ntly reduced flows of 
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Figure 13.17 Changes in sea ice, globa l, co ntinental , and ocea n temperatu res are co nsistent wit h predict ions for a warm ing planet. Cl imate 
mode ls using only natural causes cannot acco unt for the observe d sea ice loss in the Arctic and temperature increases experienced on every continent 
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Source: lntergm ,ermnental Panel on Climme Change. Climate Change 20 14 Synthesis Report, Figure I.JO. 
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such western rivers as the Co lorado , cuttin g back the water sup
ply of maj or southweste rn c ities and irrigated farming districts. 
In other world areas, torrential rain s and consequent destructive 
floods are predi cted to increa se in severi ty and frequency. And in 
many regions, winters no long er get co ld eno ugh to kill off a va
riety of insec t pes ts and diseases formerly kept at lower latitudes 
and e levations. 

Not a ll the projected impa cts of climate change are nega
tive. The IPPC also observ ed that c limate shift s co uld bene fit 
so me reg ions. It projected more ra infall and longe r grow ing 
sea sons in high latitud es, for exam ple ; Ca nada , Sca ndin av ia, 
and Siberia will have imp roved agricultural prospects. In North 
Am erica, crop patt erns could shift northw ard, mak ing the 
nort hern Great Lake s stat es and Canada the favored agri cul
tural heartl and c limat ically , though without the rich so ils of the 
Corn Belt. On average , some cl imato log ists conclud e, estab
lished middl e and upper -middl e latitud e farm distri cts would 
be net benefic iari es of g lobal warming through longe r grow 
ing season s and faster cro p growt h res ultin g from extra atmo
spher ic ca rbon. Skepti cs, howeve r, remind us tha t a sc ientifi c 
rul e of thumb is that a I °C ( l.8 °F) rise in temp eratur e above the 
optimum reduces grain yield s by IO percent. Long-t erm stud
ies clea rly doc ument the ratio of temperatur e rise to y ie ld de
clin e for rice, the staple food for most of the world 's expandi ng 
pop ulation. 

Because of the effec ts of decreas ing snow and ice cove r, 
higher lat itudes will warm faster than equato rial reg ions. ln re
ce nt decades, average temp eratur es in the Arctic have increa sed 
almost twice as fast as they have in the res t of the world . Among 
the consequen ces of that northward shift of warmth is an a lready 
obse rved 80- to LOO-kilometer (50- to 60-mile) poleward shi ft 
of the ranges of many animal and bird spec ies. Shift s in struc
ture and distribution of ecosys tems and biomes will be inevi
table. Arctic seaways will become more ope n, finally rea liz ing 
the long-sought and eco nomi ca l Nor thwest Passage through the 
northern seas, a lthough the economy and culture of the Inui t will 
be irrevers ibly altered at the same time. 

Of course, globa l c limate change would have the most se
vere impac t on developing countries that are highly dependent 
on natural , unmanaged enviro nments for their eco nomic support. 
Agricu lture, huntin g and gather ing, forestry , and coas tal fishing 
are likely to be more vulnerab le than many seco ndar y, tertiary , 
and quaternar y econom ic activities . Tropi ca l states would be 
most vulnerable as increase d heat and higher evapo ration rates 
wou ld great ly stress wheat, maize, rice , and soybean crops. 
Global clim ate change would at the very least disrup t ex isting 
pattern s of eco nomy, productivit y, and populat ion-supporting 
potentia l. Cer tainly, the pattern s of climates and biomes devel
oped since the last glaciat ion would be drastica lly altered. At 
the worst, seve re and pervas ive changes could result in a total 
restructuri ng of the present cultu ral landscapes and human 
environme ntal relations hip s. Nothing, from population distribu 
tions to the re lative strength of countri es, wou ld ever be quite the 
same agai n. Such dire predictions were the backgro und for major 
internationa l conferences and treaty prop osa ls on globa l climat e 
change (see the feature "From Kyoto to Pari s: Globa l Climate 
Change Treaties"). 
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13.2 Impacts on Land Cover 
The human popu lation grow th, agric ultu ral advances , indu stri
alization , and urbaniza tion deta iled in the precedi ng chap ters re
qui red a massive transfor mation of the face of the Ear th. Hum ans 
have always managed to leave their mark on the landscapes that 
they occ upy. The search for minera ls, for exa mple, has altered 
who le landsca pes, beg innin g with the pockmark s and pits mark
ing Neo lithic diggi ngs into cha lk c liffs to obtain flint s or early 
Bron ze Age excava tions for tin and culm inat ing with modern 
open-pit and strip -minin g operat ions that create massive new 
landform s of depre ssions and rubbl e (Figure 13.18). Anc ient 
irrigation systems still visible on the landscape document both 
the engineering skills and the environmenta l a lterat ions of early 
hydra ulic civ ilizations in the Near East, Nort h Afr ica, and else
where. The ra ised fie lds bui lt by the Mayas of the Yucata n are 
still tracea ble 1,000 years after they were abandoned , and ae ria l 
photo gra phy revea ls the sites of villages and patterns of fields of 
med ieval England. Large sections of the mid latitudes best suited 
to agriculture have been nearly compl ete ly transfor med. 

Status as a developed core coun try seems to entail the 
partial or nearly co mplete transforma tion of the land cove r 
(Figure 13.19). The places least transformed by humans are 
those too co ld, too dry, too high, or in the leas t deve loped reg ions 
of the wor ld eco nomy. Vast portions of the Earth's surface have 
been modifi ed, whole ecosys tems destroyed, and g lobal biomes 
altered or e liminated. North Ameri can and European native for
ests have largely vanished; the grass lands of the interior United 
State s, Canada , and Ukra ine have been conve rted to farmla nd. 
Marshes and wetlands have been drain ed, dam s built, and major 
water impoundme nts created. Step pe lands have beco me deserts; 
deserts have blosso med under irrigat ion. 

Figure 13.18 Thi s open -pit coa l mine in Scotland dramat ically altered 
the landscape . On tlat or rolling terrain , strip mining leaves a landscape of 
para llel ridges and trenches , the result of stripp ing away---0verb urden
the unwanted surface material. Besides alter ing the topogra phy, open-pit 
mining interrup ts surface and subsurface drainage panern s, destroys 
vegetation, and places sterile and frequent ly highly acidic subsoil and rock 
on top of the new gro und surface. 

@f\,fo111y Rakuse11/Gelly Images 



From Kyoto to Paris: 
Global Climate Change Treaties 

Our understanding of global climate change 
depend s upon the cooperativ e work of sc i
entists from around the world. The lPCC , a 
group of scienti sts who review and assess 
the latest scientifi c, technical, and soc io
economic data on climate change and im
pacts, is a model of intern ational cooperation 
on scientific issues of c limate change. The 
IPCC doesn't do the acnia l researc h; rather, 
it reviews thousan ds of publi shed sc ientific 
papers and report s. Working groups within 
the LPCC take on different tasks such as 
reviewing the scientific data, assess ing vul
nerabilit y to climate change, or deve loping 
strategies for combatting climate change. 
The lPCC issued its first assess ment report 
in 1990 and in 20 14 released its fifth assess 
ment report. 

Ln 1994, the United Nations estab lished a 
Framewo rk Conventio n on Climat e Change 
(UNFCC C) diat set up arrangeme nts for 
shar ing data on climat e, developing na
tional plans for controllin g greenhou se gas 
emissions, and for adapting to climate 
change. Thre e years later in Kyoto, Japan , 
19 1 countrie s signed and ratified a proto
co l for combattin g globa l climate change. 
The Kyoto Protoco l ca lled for stabili zat ion 
of greenhouse gases at levels that would not 

Tropical Deforestation 

harm the climate system. The agreement as
signed different levels of responsibility to 
countri es based on their leve l of economic 
development. Arguing that the deve loped 
countri es had cont ributed the largest share 
to the historic increase in greenhouse gases 
and were the major emitter s, the Kyoto Pro
toco l required more of them. The deve loped 
cou ntries co mmitted to reducing their green
house gas emissions to below 1990 leve ls by 
the year 20 12. Developing countr ies were al
lowed to increase their emissions to meet so
cial and economic needs. The United States 
signed the protocol but never ratified the 
treaty. Meanwhile , countri es in the European 
Union made significant progress in honoring 
their Kyoto commitm ents. 

World leaders met again in Copenhagen 
(2009), Cancun, Mexico (20 I 0), Durban , 
South Afr ica (20 I I), and Paris (2015). The 
major co mplicatin g factor was the highly 
uneven geogra phic distribution s of both re
sponsibility and vulnerabilit y. As indicated 
in Table 13. 1, the carbon dioxide emissions 
of a typ ical Ameri ca n equal those of 30 
sub-S aharan Afr icans. On the other hand , 
many of the places most vulnerable to cli
mate change, such as Bangladesh and the 
Sahe l of Afr ica, arc in the developi ng world. 

Meanwhile , some high-latitud e reg ions, 
mostly in developed countri es, will benefit 
from a longer growing seas on in a warmer 
climate. 

The 2015 Pari s meetin g led to a new in
ternational climate change agreement to re
place the Kyoto Protoco l. The centerpi ece 
of the Paris Agreement was a commitm ent 
to limit globa l warming to well below 2°C 
(3 .6°F) above pre-industrial levels. At the 
reques t of vulnerable low-lying island states, 
language was added about working to keep 
temperature increases below I .5°C above 
pre-indust ri al levels, if feasible. The devel
oped countrie s also agreed to contr ibute 
$ lOO billion to he lp countr ies transition to 
renewable energy sources and to adapt to 
the effects of clim ate change. Each coun
try agreed to submit their own targets for 
emission reductions called "Na tionally De
termined Contribu tions" and begin imple
menting those reductions in 2020. The Paris 
Agreement went into effect in 2016 when 
countries accoun ting for at least 55 percent 
of global greenho use gas emiss ions had rati
fied the agreement. On June I, 2017, Presi
dent Trump withdrew the United States from 
the agreement, leaving it the only country to 
reject the climat e accord. 

and Latin Ame rica, and are the world's most diverse and least 

understood biom e. 
Fores ts, we saw in Chapt er 8, still cover some 30 perce nt of the 
Ear th's land surface , though the fores t biomes have suffered might
ily as human pre ssures on them have increased. Forest clearin g 
accompanied the developm ent of agricultur e and spread of peo
ple throughout Europe , Ce ntral Asia, the Middl e East, and India. 
European co lonization had much the same impact on the temper
ate forests of eastern North America and Australas ia. In most 
midl atitude developed countri es, although original forest cove r 
is large ly go ne, replantin g and reversion of cro pland to timber 
has tended to repl enish woodlands at about their rate of cutting . 

Tropica l fores t remova l raises three principal global con
cerns and a host of local ones. First, on a worldwid e basis, a ll 
forests play a major role in maintainin g the oxyge n and carbon 
balanc e of the Eart h. Thi s is particularl y true of tropica l forests 
becau se of their total area and volume. Humans and their indu s
tries consume oxygen; vegetation rep lenishes it through photo
synthes is and the release of oxygen back into the atmos phere 
as a by-product. At the same time, plant s extract carbon d iox
ide from the atmo sphere, regulat ing the leve ls of this impor tant 
greenhouse gas . Each year, each hectare (2 .5 acres) of Amazon 
rain fores t absorbs one ton of carbo n dioxide . When the tropi ca l 
rain forest is clear ed, not only is its role as a carbon sink lost but 
the act of destruction itself throu gh decomposit ion or burnin g 
releases as carbon diox ide the vast quantities of ca rbon the forest 
had store d. 

Now it is the trop ica l rain forest biome that is fee ling the 
pressu re of growin g population s, the need for more agricultural 
land, and expa nded de mand for fuel and commercial wood. 
These disappea ring fores ts-cove ring no more than 6 percent of 
the planet's land surface-e xtend across parts of Asia, Afr ica, 

Chapter 13 Human Impacts on the Environment 447 



A seco nd g lobal concern is also clim ate re lated. Forest de
struction changes surface and air temperat ures, moisture co ntent , 
and reflectivity. ft is calculated that cutting the forests of Sou th 
Ameri ca on a wide scale could raise reg ional temperatu res fro m 
3°C to 5°C (5 .5° to 9°F), which in n,rn would ex tend the dr y 
season and grea tly disrup t not only reg ional but global cl imates. 

In some ways, the most serious long-te rm global conse
quence of the erad ication of tropical rain forests will be the loss 
of a maj or part of the biologi ca l diversity of the planet. Of the 
estimated 5- 10 million plant and animal spec ies bel ieved to ex
ist on Earth , a minimum of 40 perce nt to 50 perce nt- and pos
sibly 70 percent or more-a re native to the tropica l rain forest 
biorne . Many of the plant s have become importan t world staple 
food crops: rice, millet, cassava, yam, taro, banana, coco nut, 
pinea pple, and sugarca ne, to name but a few well-known ones. 
Unkn own add itional potentia l food spec ies remain as yet unex
ploited. Repor ts from Indonesia sugges t that in that countr y's 
forest s alone, so me 4,000 plant spec ies have proved useful to na
tive peoples as foodstuffs of one sort or another, though less than 
one-te nth have come into wide use. Th e rain forests are, in add i
tion, the world's main sto rehouse of drug-y ie lding plan ts and in
sec ts, including thousands with proven or prospective anticancer 
properties and many widely used as sources of antibiot ics, anti
virals, analges ics , tranqui lizers, diuret ics, and laxa tives, amo ng 
a host of other items. The loss of the zoo logica l and botan ica l 
store house that the rain forests represent would dep rive human s 
of untold potential bene fits that might never be realized. 

On a more loca l basi s, tropical forests play for their inhabit
ants and neighbors the same role taken by forests everyw here. 

Human Transformation 
of the Land 

... D Almost pristine 

D Partially transform ed 

Almo st fully transformed 

They protect water sheds and regu late water flow. A fter forest cut
ting, unregulated flow acce ntuates the problems of high and low 
water variations, increases the severity of valley flood ing, and 
makes more serious and prolonged the impact of low water flow 
on irr igation agriculture , navigation, and urban and rural water 
supply. Accelerated soil erosion- the process of remova l of so il 
particl es from the ecosyste m, usually by wind or runnin g wate r
quickly removes the always thin, infertile tropica l forest so ils 
from defo rested areas . Lands cleared for agriculture almost im
mediate ly beco me unsuitab le for that use partia lly beca use of so il 
loss. The surface material removed is transported and depos ited 
downstrea m, changing valley contour s, extending the area sub
ject to floodi ng, and filling irr igat ion and drai nage channels; or it 
may be deposited in the rese rvoirs behind the increas ing num ber 
of maj or darns on rivers within the tropica l rain forests or rising 
there (see the feature "Darn Troub le in the Deve loping World"). 

Desertification 
With no intent to destroy or alter the environm ent, humans are 
also negatively affecti ng the arid and semiarid regions of the 
world. The process is ca lled desertification, the expansion or in
tensifica tion of areas of degraded or destroyed soi l and vegetat ion 
cove r. While the Eart h Summ it of 1992 defined dese rtif ication 
broad ly as " land deg radation in arid, semiarid , and dry subhumid 
areas, resulting from climat ic vari ations and human act ivities," 
the process is often blamed on increa sing hum an press ures ex
erted through overgraz ing, deforestation for fuel wood, clea ring 
of orig inal vegetation for cultivation, and burnin g. 

~ Figure 13.19 Hum an transforma tion of the land. Hum ans have alt ered much of the Earth 's sur face in some way. T he "almost pri stine" area s, 
covere d w ith or ig inal vege tation , tend to be too high, dry , co ld, o r otherw ise unsuitab le for human hab itat ion in large numbers. Th ey ge ne rally have 
very low pop ulation dens ities . " Partially tran sfo rmed" de scribes areas o f secon dary vegeta tio n, grow n after remova l o f the orig inal cover. Mos t are 
used for agric ulture or lives toc k graz ing. "A lmost fully transform ed" areas are those of perma nent and intens ive agr icu lture and urb an settleme nt. 
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Dam Trouble in the Developing World 
By the 1970s, the construction of large 
dams in the developed countr ies such as 
the United States had slowed to a trick le, as 
the best sites had already been dammed and 
environmenta l groups protested the loss of 
wild rivers. Thus, the focus of dam bu ilding 
shifted to the develop ing countr ies. The de
veloping countri es have a sizable percentage 
of the world's undeve loped power potential. 
The lure of that power and its promise for 
eco nomic deve lopment and national pres
tige have proved nearly irresistib le. Ch ina is 
now the world 's leade r in large dams and its 
immen se Three Gorges Dam on the Yang
tze River is the world's largest hydropow er 
project. China 's engineeri ng companies and 
banks are also active ly involved in building 

-

large dam s in many other develop ing coun
tr ies, primarily in Afr ica and Sout heast Asia. 
The dam s (and their reservoirs) ofte n carry a 
heavy ecological price, and the clearing and 
deve lopment of the areas that they are meant 
to serve ofte n ensure a shortened life of the 
dam projects themselves. 

The creation of Lake Brokopondo in 
Suriname in 1964 marked the first large res
ervoir in a rain forest locale. Without being 
clear ed of the ir potentially valuable timber, 
1,480 square kilometer s (570 square miles) 
of dense tropi cal forest disappea red underwa
ter. As the trees deco mposed, producing hy
drogen sulfide , an into lerable stench polluted 
the atmosp here for sco res of miles down
wind. For more than two years , emp loyees at 

the dam wore gas masks at work. Decompo
sition of vegetation produced acid s that cor
roded the dam' s cooling system, leading to 
cos tly continuing repairs and upkeep. Iden
tical problems have occurred at the Tucuru[ 
Dam and Reservoir in Brazil, started in 1984 
and covering 2,850 square ki lometers ( I, 100 
square miles) of unclear ed rain fores t. 

Water hyac inth spreads rapidl y in tropical 
impoundment s, its growth hastened by the 
rich nutrients released by tree deco mposition. 
Wit hin a year of the reservoir' s co mpletion , a 
130-square-kilometer (SO-square-mile) blan
ket of the weed was afloat on Lake Broko
pondo, and after another year, almost half 
the rese rvoir was cove red. Another 440 
square kilometer s (170 square miles) were 

Figure 13A Hoover Dam on the Co lorado River, completed in 1935 , created a model for the construction of large, hydroelectr ic dams. 

Source: Natural Re.murces Co11sen1ario11 Servi ce/ U.S. Deparmrelll of Agriculture (USDA) 
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(Continued) 

claimed by a floating fern, Ceratopteris. 
Identi ca l problems plague most rain forest 
hydropower projects. 

The expe nse, the disrup tion of the lives 
of valley reside111s whose homes are to be 
flooded, and the environmental damage of 
dam projects in the rain forest all may be in 
vain. Deforesta tion of river banks and c lear
ing of vegetation for permanent agricult ure 
usually results in accelerated eros ion, rapid 

sedimen tation of reservoirs , and drastic re
duction of electr ical generating capacity . The 
Ambuk lao Reservoir in the Philippines, built 
with an expected payback period of60 years, 
now appea rs certain to silt up in half that 
Lime. The Anchicaya Rese rvoir in Colo mbia 
lost 25 percent of its storage capaci ty only 
2 years after it was completed and was 
almost totally filled with silt with in IO years. 
The Peligre Dam in Haiti was completed 

in 1956, with a Jjfe expectancy of at least 
50 years; siltation reduced its usefulness by 
some 15 years. El Caj6n Dam in Honduras , 
Arena! in Costa Rica, Chixoy in Guatema la, 
and many others-a ll built to last decade s or 
even centuries- have, because of prema ture 
siltation, failed to repay their costs or fulfill 
their promise. The price of deforestation in 
wet tropics is high indeed. 

Certai nly much of past desertificat ion has been induced by 
natu re rather than by hum ans. Over the past I 0,000 years , for ex
amp le, several pro longe d and severe drou ghts far more damaging 
than the Dust Bo wl period of the 1930s co nverted vast stretches 
of the Grea t Pla ins from Texa s and New Mexico to Nebraska 
and Sou th Dakot a into seas of windb lown sand dune s like tho se 
of the Sahara. Suc h condition s were see n most recently in the 
18th and 19th cen turies, before the reg ion was heav ily settled, 
but after many explorers and trave lers noted- as did one in 1796 
in present-day Nebra ska-" a gre at deser t of driftin g sand, with
out trees, soi l, rock, water, or an imals of any kind." Today , those 
same areas in the Grea t Plains are covered only thinl y by vegeta
tion and cou ld revert to shift ing desert- as they almost did in the 
I 930s - with a pro longed drou ght of the type tha t might acco m
pany global cl imate change . 

Whether natura l or anthropoge nic, every year desertifica 
tion makes 12 million hec tares (46,000 square mi les) useless 
for cultivation. Regardless of its ca uses, it beg ins in the same 
fashion: the disruptio n or remova l of the native cover of grasses 
and shrub s throu gh farmin g or overgrazing. If the disruption is 
severe enough, the or ig inal vegetation ca nnot reesta blish itse lf 
and the exposed soil is made susceptib le to eros ion dur ing the 
brief, heavy rain s that dom inate prec ipita tion patterns in semi
arid reg ions. Water runs off the land surface instead of seeping 
in, car rying so il particles with it and leaving behind an erosion 
pavem ent . When the water is lost through surface flow rather 
than seepage downward, the water tab le is lowered. Eventually, 
eve n deep-roo ted bushes are unable to reach groundw ater, and 
all natura l vegetat ion is lost. The process is acce ntuated when 
too many grazing animals pack the dirt down with their hooves, 
blocking the passage of air and water through the soil. When 
both plant cover and so il moisture are lost, desertifi cation has 
occ urred. 

Worldwide , desert ificat ion affects about I bi llion peo
ple in 110 co untries and about 1.2 billion hectares of land
about the size of China and India combin ed. Acco rding to the 
United Nations-w hich decl ared 2006 the "Internatio nal Year 
of Dese rts and Desert ification" to add ress their prob lems and 
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solutions - betwee n one-quarte r and one -third of the planet 's 
land surface now qual ifies as degraded semid esert. Afr ica is 
most at risk; the United Nations has estimated that 40 percen t 
of that continent's nonde sert land is in danger of human-induced 
desertifi cat ion. But nearly a fifth of Latin Amer ica's lands and 
a third of Asia 's are similarl y endan gered. China's Environ men
tal Protec tion Agency repor ts, for exa mple, that the country lost 
94,000 square kilometers (36,000 square miles)- an area the 
size of Indiana-to dese rt from the 1950 s to ear ly in the 2 1st 
century and each year has an additional 3,900 square kilometer s 
( l ,500 squar e miles) buried by sand. 

In countries where desertifi cation is parti cu larly extensive 
and severe (Algeria, Ethiopia, Iraq , Jordan, Leba non, Ma li, and 
Niger) per capita food producti on has decl ined . The resultin g 
threat of star vation spurs population s of the affected areas to in
crease their farm ing and livestock pressures on the denuded land, 
furth er contri buting to desertifi ca tion. It has bee n sugges ted 
that Mali may be the first coun try in the world rendered unin
habitab le by environmenta l destruct ion. Many of its more than 
11 mi llion inhab itants begin their day by shove ling the ir do or
ways clea r of the night 's accumul at ion of sand (Figure 13.20a). 
The United Nat ions has identified dese rt ification as a major bar
r ier to pove rty e limin at ion in arid reg ions and has estab lished 
programs to fight desert ification (Figure 13.20b). 

Soil Erosion 
Dese rtification is but one example of land deterioratio n. Over 
much of the Earth 's surface, the thin layer of topsoil upon wh ich 
life depends is only a few inches deep , usually less than 30 cen
timeters ( I foot). Be low it, the lithosphere is nearly as lifeless as 
the surface of the moo n. Soil is a complex mixture of rock par
ticles, inorgan ic mineral matter, orga nic mater ial, living orga n
isms, air, and wate r. Under natural conditions, soil is constantly 
being formed by the physica l and chemica l decompo sition of 
rock mate rial and by the decay of organic matter . It is simult ane
ously being eroded, for soi l erosion is as natural a process as soil 
formatio n and occurs eve n when land is totally covered by fores ts 



(a) 

(b) 

Figure 13.20 Desertification is the advance of the world's deserts 
into adjacent lands. ( a) In this scene, windblown dust engulfs a scrub 
forest in a drought-stricken area of Mali, near Timbuktu. This region is 
part of the Sahel of Africa where desertification is accelerated by cli
mate fluctuations and human pressures on the land. Here, the margins 
of the Sahara ebb and flow. (b) This windbreak and garden in Mali are 
attempts to combat desertification. 
(a) ©Lissa Harrison ;(/,) ©Jose Aze//Geuy Image.,· 

or grass. Unde r most natura l cond itions, however, the rate of soil 
formation equals or exceeds the rate of soil eros ion, so so il dep th 
and fertil ity tend to increase with time. 

When land is c leared and planted to crops or when the veg
etative cover is broken by overgraz ing, deforestation , or other dis
turbances, the process of eros ion inevitab ly acce lerates. When its 
rate exceeds that of soil formation , the life-sustaining veneer of 
topsoil beco mes thinner and eventually disappears, leav ing behind 
only sterile subsoil or barren rock. At that point the renewable soil 
resource has been converted through human impact into a nonre
newable and dissipated asset. Carri ed to the extreme of bare rock 
hillsides or wind-denuded plains, erosion spells the total end of ag
ricultura l use of the land. Through out history, such extreme human 
induced destruction has occurr ed and been observed with dismay. 

Any massive dest ruction of the so il resource cou ld spe ll 
the end of the c iviliza tion it had supported. Fo r the mo st part , 
how ever, farmer s-eve n those in diff icult cl im atic and topo
gra phic circ um stance s- devi sed ingeniou s ways to preserve 
and eve n impr ove the soil reso urce on which their lives and 
livelihoods depended. Parti cularly when farmin g was carried 
on out side of fertil e, level va lley land s, farmers' practice s were 
routi ne ly ba sed on so me co mbination of cro p rota tion, fallow
ing, and terra cing. 

Rotation involves the planting of two or more crops simul
taneous ly or success ively on the same area to pre serve fertility 
or to prov ide a plant cove r to prote ct the soi l. Fallowing leaves a 
fie ld idle (uncropped) for one year or more to ach ieve one of two 
outco mes. In semiarid areas, the purpose is to accumulat e soil 
moisture from one year to apply to the next year's crop; in trop i
cal wet regio ns, as we saw in Chapter 8, the purpo se is to renew 
soil ferti lity o f the swidden plo t. Terracing rep laces steep slopes 
with a se ries of narrow-layered, level field s, providing crop land 
where little or none exis ted prev ious ly. In addition, because wa
ter moving rapidly down -s lope has g reat erosive power, break
ing the speed of flow by terracin g reduces the amo unt of soil 
lost. Field trials in Nigeria indicate that cultivat ion on a I percent 
slope (a drop of I foot in elevation over I 00 feet of hori zontal 
dis tance) results in soi l loss at or be low the rate of soil format ion; 
farm ing there on a 15 perce nt slope would tota lly strip a fie ld of 
its soil cove r in only IO years. 

Pressures on farm lands have increase d with populat ion 
grow th and the inten sification of agric ultu re. Farming has been 
forced higher up on stee per slopes, more forest land has bee n 
converted to cu ltivation, grazi ng and crops have been pushe d far
ther and more intensive ly into se miar id area s, and ex isting fields 
have had to be worked mor e intensive ly and less carefully . Many 
trad itiona l agr icu ltural syste ms and areas that were eco logically 
stable and secu re as rece ntly as 1950, when world popu latio n 
stood at 2.5 billion and subsi stenc e agr icu lture was the rule, are 
disintegrating under the press ures of 7.5 billion people and an 
integrated globa l eco nomy. 

Th e ev idence of that deter iorat ion is found in all part s of 
the world (Figure 13.21 ). Soil deteriora tion expresses itse lf in 
two ways: through decreasi ng yie lds of cultivat ed fields th em
se lves and in increased strea m sedimen t loads and down strea m 
depos it ion of silt. In Guatemala, for exa mple, so me 40 percent 
of the prod uct ive ca pac ity of the land has been lost th rough 
erosion, and severa l areas of the co untry have been aba ndoned 
becau se ag ricultur e ha s become eco nomica lly impracticable ; 
the figure is 50 perce nt in El Salvador. In Turke y, a repor ted 75 
perce nt of the land is affected, and more than half is seve rely 
ero ded. Haiti has no high-value soi l left at all. A full one
quarter of Ind ia's total land area has bee n significant ly erod ed. 
Between 1960 and 2000, Chin a lost more than 15 percent of 
its total arab le land to eros ion , dese rtifi cation, or convers ion 
to nonag ricultu ra l use. Its Huang River is the most sedim ent
laden of any wate rway on Earth ; in its midd le co urse it is about 
50 perce nt silt by we ight, j ust und er the poin t of liquid mud. 
Sed iment was hed int o waterways res ults in redu ced reservo ir 
capac ity, fish kill s, and dredgi ng costs (see the feature "Dam 
Tro uble in th e Deve lop ing World"). 
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Soil Degradation 
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Figure 13.21 So il fertilit y and vulnerabi lity to degradat ion. Betwee n 1945 and 2000, nearly 2 bi llion hec tares (alm ost 5 billion acre s) of the 
world 's 8.7 bi llion hec tares (2 1.5 billion ac res) o f crop land , past ures, and fores ts used in agricultur e- an area as large as Russia and Ind ia com
bined- were added to the ex isting tota l o f degra ded so ils. Globa lly, abo ut 18 percen t o f forest area , 2 1 percen t of pasture s, and 37 percent of 
cro pland have underg one modera te to severe degradation . The causes for so il degradat ion, in order of importance , are water erosion, wind eros ion, 
chemica l dete riora tion due to sa linization o r nutrient loss , and phys ica l deg radation due to co mpaction or water logg ing. 

Map: Jol,11 L Alle11. S111de111 t\1/as of \Vorld Geogmplty. 71!, et!i1io11. McGrall"•fli/1. p. /24. /Jaw: \Vorlt! Resources /11s1i1111e a11d /111em<t1io11al Soil Reference mu/ /11Jor111lllio11 Ce111e,: 

Agricultural soil depletion through erosion-a nd through 
salt accumulation and desertification- has been ca lled "the quiet 
crisis." It continues inexorably and unfold s gradually, without the 
abrupt attention attracted by an earthquake or volcanic explosion. 
Unfortunate ly, silent or not, productive soil loss is a crisis of grow
ing importance and immed iacy, not ju st in the countries of its 
occ urrence but- because of international markets and relief pro
gra ms- throughout the world. Conservation measures, however, 
ca n make a difference. Jn the United States, soil erosion decreased 
by almost half between 1982 and 2007. In sub-Saharan Africa, 
natural soil regeneration and agro-fo restry projects have succeede d 
in reducing eros ion and restoring soi ls to productive uses. 

13.3 Impacts on Water 
Resources 

Wate r is esse ntia l to all life on Earth . Our bodies are about 60 
percent water and about 70 percent o f the Earth 's sur face is cov
ered by water. The supply of water is essentially cons tant, but 
highly uneven in its distributio n. Care ful manage ment of wate r 
resources, of ten for irrigat ion, has bee n esse ntial to many early 
hum an civilizations such as those o f Egypt, Mesopota mia, the 
Indu s Valley, and Mesoa merica (see Figure 2.15). Ancient c ivi
lizations that failed to properly manage water reso urces such as 
the Anasazi of the American Southwest we re subj ect to co llapse 
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(see the fea ture "C haco Ca nyon Deso lation" in Chapter 2). To
day, manag ing water reso urces is critical because rising human 
populations and increase d agricultural , urban, and industrial de
ve lop ment have stresse d water reso urces in many regions. 

Water Availability 
The problem is not with the global amount of water, but with its 
distribution, its availab ility, and its quality. Th e vast majority of 
water on Ear th (96.5 perce nt) is sa ltwater found in ocea ns, seas, 
and bays, and most freshwater is in ice caps and glaciers. Only 
about I perce nt of all water is available as liquid fresh water, and 
most of that is beneath the surface in gro undwater aquifers that 
may be difficult and expensive to pump to the surface. Eve n so, 
enough rain and snow fall o n the contin ents each year to cover the 
Eart h's tota l land area with 83 centimeters (33 inches) o f water. 
Observations about g lobal supp lies of fresh water ignore the 
ever-prese nt geogra phic rea lity: thin gs are not uniformly distri b
uted ove r the surface of the Earth. Populations are rising in many 
regions where water supp lies are limited. For exam ple, the Mid 
d le East and North Africa are home to 6.3 percent of the world 's 
popu lation but contain only 1.4 percent of the world 's renew
able fresh wate r. Idaho, Nevada, and Utah were the three fastest
grow ing U.S. states in rece nt years and are all in arid/semiarid 
c limates. Co mpoundin g matters, the deman d for water by natu
ral processes of evapora tion and transpiration varies spatially as 



well. In hot, dry subtropica l dese rts annual evapo ration may equal 
250 ce ntim eters ( I 00 inches) of water per year or more. 

For thousands of years, human cultures have responded to the 
uneven distribution of water in both time and space by constr ucting 
small darns and diversion canals for irrigation. During the height of 
the Depression, the United States built the Hoover Darn ( 193 1- 1936) 
and Grand Coulee Dam ( 1933- 1942); they were bold eng ineering 
feats that raised darns to unprecedented heights and impounded enor
mous volumes of water. These darns generate large quantities of low
cost, renewable, hydroelecl:!ic power for cities and industry, and their 
reservoirs provide a reliable supply of water for c ities and agriculture. 
Perhaps more significantly, these darns estab lished a model for eco
nomic development of arid regions based on large water engineering 
projects. That model has diffused globally, promoted by international 
aid agencies and seen as prestigious symbols of development by de
veloping countries. There are many economic , social, and environ
mental costs of large dams, but they are still being built in developing 
countries (see the feature "Darn Trouble in the Developing World" 
earlier in this chapter). Today, the flow in more than half the world's 
major rivers has been altered significantly by darns. 

Within the hydrol og ic cycle , surfac e runoff takes place 
within basins or watershed s that are deter mined by topo gra phy ; 
ridgelines divid e the waters flow ing toward differ ent strea ms 
and rivers. Thu s, river basins are the prim ary area l unit to use 
when studying water. We ca n then ca lculate and compare the 
quantity of renewa ble water ava ilable per person within differ
ent river basins. Areas of high water stress are defi ned as those 
with less than 1,000 cubic meters of water per person per year. 
Of course, not all of this wate r is needed for hum an consumption. 
Rather , it is needed for produ cing food , sanitation , industry, and 
other essentia l uses . It is proje cted that with current patterns of 
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popul ation grow th and clim ate change, by 2050 ha lf the world 's 
populat ion wi ll live in water- stresse d areas. (Figure 13.22). 

In Nort h Americ a, two large river basins with potential 
wate r stress a re the Co lorado and the Rio Grande, both in the 
Southwest and both redu ced to a tr ickle at times by diversions 
for agric ulnir e and cities . Comp licati ng mana gement of the lim
ited water suppli es of the Co lorado and the Rio Grande is the 
fact that they are international r ivers shared by the United State s 
and Mexico. Internat ional treatie s gove rn the ob ligat ions of eac h 
country with respect to quantity and qualit y of the river's waters. 
Transboundary river bas ins-basi ns stradd ling two or more 
countries-cover an estim ated 40 percent of the Earth 's land area 
and contain more than 60 percent of the world 's populat ion. 

Water conflict is a distinct possibility when a substance so es
sential to life is shared by more than one cou ntry. Notable trans
boundary rivers with potential conflicts include the Indus, Jordan, 
Nile , and Tigris-Euphrates. The Indus has its source in India but pro
vides ir rigation water essential to Pakistan's food supply. Despite a 
series of wars between India and Pakistan, tl1e two countr ies continue 
to observe a negotiated a·eaty regarding the waters of the Indus. The 
Jordan River basin takes in parts of Israel, Jordan, Lebanon, the Pal
estinian Territories, and Syria and has major issues related to scar
city and international security. In fact, the amount of renewable water 
available per person is below recommended minimums in Israel, Jor
dan, and Palestine. The Nile River drains 10 countries in Afr ica and 
is subject to colonial-era treaties that some believe favor Egypt over 
the upstream countries such as Ethiopia. The Tigris -Euphra tes was 
among the birthplaces of civilization and today is shared by Turkey, 
Syria , and Iraq, each with their own water development objectives. 
Yet, despite the very real possibility of water wars, international co
operat ion has been more common than hostilities. 
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Figure 13.22 Freshwate r ava ilability, 2007. Highly stressed areas are those with less than 1,000 cubic meters of waler per perso n per year. In 
North Ame rica, the Rio Grande bas in is predi cted to be high ly stresse d and the Co lorado River basin stressed. 

So11rce: S1111on C. Student Atlas of World Geograp hy, 8th edition, 2014. based 011 World /Jank, World Development Indicators . 20/ 2. 
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The climate system and hydrosphere are intimately connected. 
Climate change is likely to alter the hydrologic cycle, increas ing 
both the demand for water and annual precipitation in many areas. 
Climate models forecast altered patterns of water availability with 
increased dryness in many areas already subject to water scarcity 
(Figure 13.23). Of particular concern is the American Southwest 
and Indus Basin, where growing populations will need to adapt to 
declining water supplies. In both regions, declining snowpack in the 
mountains will lead to decreased river flow in the dry season. 

Water supplies and energy supplies are intimately connected. 
If energy supplies were unlimited, so too would be water supplies . 
The ocea n offers almost unlimited water supp lies but making that 
water drinkab le requires expensive, energy-intensive desa lination. 
The world 's largest desalination plants are in the Middl e East, 
where water is scarce and energy supplies are abundant. Wastewa
ter reclamation, also quite expensive, is the treatment of sewage so 
that it can be reused for irrigation or as a drinkin g water source. For 
cities in desert reg ions, the ir own sewage is often the last remain
ing untapped water resource. Australia, Israel, Singapore, Florid a, 
and Southern Cali fornia are leaders in the use of reclaimed water. 
Use of reclaimed sewage for drinking water was used in the space 
program and is now growing in acceptance for city supplies . Water 
reclamation for drinkin g water uses ultrafiltration technologies and 
reinjection into aquifers to address hea lth concerns. 

Water Use and Abuse 
Water supplies and food supplies are intimate ly connected. Irriga
tion uses about three-fourths of all water used by human s and a 
higher percentage in the least developed countr ies . irri gation agri
culture produces some 40 percent of the world's total harvest and 
60 percent of its gra in from about 17 percent of its cropland. The 
productivity gains of the Green Revolution depended on an expan
sion of irrigation, as will future increases in the food supply. In dry 

climates, rivers and lakes have shrunk or even disappeared due to ir
rigation demand s. The Aral Sea in Kazakhstan and Uzbekistan was 
once the world 's fourth-largest lake by area before irri gation diver
sions caused it to shrink by 90 percent (Figure 13.24). Groundwater 
can be used unsustainably if it is pumped faster than it is replen
ished by natural infiltration . In the United States, a major concern 
is the droppin g groundwater levels in the Ogallala Aquifer, which 
provides irrigation water for agr iculture in eight Great Plains states. 

When humans introduce wastes into the biosphere in kinds 
and amount s that the natural system cannot neutra lize or recycle, 
the result is environmental pollution. In the case of water, pol
lution exists when water compos ition has been so modified by the 
presence of one or more substances that either it cannot be used for 
a spec ific purpose or it is less suitable for that use than it was in its 
natural state. In both developed and developing countries, human 
pressures on freshwater supplies are now serious and pervasive 
concerns (see the feature "A World of Water Woes'"). 

Wat er polluti on can come in a variety of form s. Hum an 
wastes oft en co ntain infectious age nts that cause waterborn e 
di seases such as cholera , dyse ntery, and typ ho id feve r. Water
borne di seases kill an es tim ated 1.5 milli on perso ns eac h year, 
large ly due to lack of sanit atio n, sewage trea tme nt, and /o r ac
cess to sa fe drinkin g water supplies . An es tim ated 2.4 bi llion 
peo ple around the world lack bas ic sa nit ation suc h as a latrin e 
or toilet and 1.8 billi on use drinkin g water sou rces co ntain 
ing feca l co ntamin ation. Thu s, one of the United Nations' Mi l
lennium Deve lopment Goa ls (MDG s) was to cut in half the 
prop orti on of the popul ation with out access to sa fe drinkin g 
water and bas ic sanit ation betwee n 1990a nd 20 15. Th e United 
Nations' Susta inable Deve lopment Goa ls ca ll for ensurin g safe 
drinkin g water and ba sic sa nitation for a ll people by 20 30. 
The world reg io ns that lag behind are sub-Sa hara n Africa and 
so uthern As ia, alth ough a ll world reg io ns have made substan
tial pro gress (Figure 13.25). Th e expan sion of c ities places 

% 
40 
30 
20 

10 

5 

2 
-2 

-5 

-10 

-20 
-30 

-40 

Figure 13.23 Predicted cha nge in annual runoff by the mid-2 1st cemury co mpared to 1900- 1970. This map from the IPCC report is based on 12 global 
c limate model s imulations using middle-range assu mptions about gree nhouse gas emissio ns. A substantial reduction in water availab ility is predicted for a 
numb er of already dry reg ions such as the American South wes t, Mexico , sou thern Africa, southern Europe, northern Africa, and the Middle East. 

Sour ce: lnrergm·ernm entlll Pone/ 011 Climate Change, 200 7. Climate Chang e 2007 : \Vorking Group II: Impacts, Adaptat ion, an d Vuln erabilit y, Figure 3.-1. 
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(b) -Figure 13.24 The Aral Sea has dramati ca lly dec lined in s ize and depth . ( a) Thi s map from 1975 shows the orig inal extent of the sea whe n it 
was the four th- larges t inland sea in the world . (b) In this sate llite image from 2005, the Aral Sea has shrunk due to di vers ions of water for irriga ted 
ag riculture. Water leve ls have declin ed by 18 meters (59 feet), causing the lake to spl it into two part s. Fishing, por t, and resort tow ns are now 80 
kilometers (49 .6 mile s) or fart her from the water. The remainin g flow into the sea is con taminated by agr icultura l runoff, yieldin g a tox ic, salty brin e. 
Dust storms wh ip up parti culates and tox ic chemica ls from the dry lake bed . Res toration work is bein g don e on the Little Ara l Sea in the north in 
Kaza khstan. 
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Figure 13.25 Th e availabi lity of sanitation in each world reg ion improved betwee n 1990 and 2015 . Whil e improved facilit ies (flu sh to ilets and 
sewage disposa l sys tems) are the norm in deve lope d co untri es, only 62 perce nt o f people in deve loping reg ions had access to thi s leve l of sanitati on in 
20 15. The United Nations Mi lle nnium Deve lopm ent Goa ls ca lled for cuttin g in half the proportio n without improv ed sa nitati on. Substantial progress 
on sanitation was made be tween I 990 and 20 15, promising major benefits for hum an hea lth . 
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A World of Water Woes 
Water covers almo st three- quart e rs of the 
surface of the globe, yet scarcity is the 
word increas ingly used to desc ribe wate r
re lated concern s in both the deve loped 
and developing world. Globally , fres h 
water is abund ant. Eac h yea r, an average 
o f more than 7,000 cub ic meters (so me 
250 ,000 cubi c feet) per perso n ente rs riv
ers and underground rese rves. But rain
fall does not always oc cur when or where 
it is needed. A lready, 80 countri es wit h 
40 perce nt of the world 's populati on have 
serious water shortages that threaten to 
cripple agr icultur e and indu stry; 22 of them 
have renewab le water resou rces of less than 
1,000 cubic meter s (35,000 cubic feet) per 
per son-a leve l generall y und erstoo d to 
mea n that water scarc ity is a severe co n
st raint on the econo my and pub lic hea lth . 
Anoth er 18 co untri es have less than 2,000 
cubic mete rs per ca pita on average, a dan
ge rously low figure in years of rain fall 
shortage. Mo st of the water-s hor t co un
trie s are in the Middle East, North Africa, 
and sub-Saharan Afr ica , the regio ns where 
pop ulations (and consumpt ion demands) 
are grow ing fastest. By 2025, two-t hird s of 
the wor ld 's peopl e are like ly to be living in 
areas of acute water stress . 

In several major crop-pro ducing re
gions, water use exceeds sustainable levels, 
threatening future food suppli es. The largest 

underground water reserve in the United 
States, stretching from west Texas nor thward 
into Sou th Dakota, is dryin g up , partially de
pleted by more than 150,000 wells pumping 
water for irrigation, c ity supply, and industry. 
[n parts of Texas, Oklahoma , and Kansas, 
the underground water table has dropped by 
more than 30 meters ( I 00 feet). In some ar
eas, the wells no longe r yield enough to per
mit irrigation, and farmed land is dec reas ing; 
in others, water leve ls have fallen so far that 
it is uneconomical to pump it to the surface 
for any use . 

ln many agricultural districts of northern 
Ch ina, west and sout h lndia, and Mex ico, 
water scarcity limits ag riculture even though 
nat ional supplies are adequate. ln Uzbeki
stan and adjacent sectio ns of Central Asia 
and Kazak hstan, virtually the entire flow 
of the area's two pr imary rivers-th e Amu 
Darya and the Syr Darya- is used for of
ten wasteful irr igation, with little left to 
maintain the Ara l Sea or supply growin g ur
ban population s. In Poland, the dra ining of 
bogs that formerly stored rainfall , combined 
with unim aginable pollution of streams and 
groundw ater, has c reated a water shortage 
as great as that of any Middle Eastern desert 
countr y. And sa linity now seriously affects 
product ivity-o r prohibit s farming co m
plete ly-o n nearly IO percent of the world's 
irrigated lands. 

Water scarcity is often a regionwide con
cern. More than 200 river systems draining 
more than half the Earth 's land surface are 
shared by two or more countries. Egypt draws 
on the Nile for 86 percent of its domestic con
sumption, but virtual ly all that water originates 
in eight upstream countries. Turkey, Lraq, and 
Syria have frequently been in dispute over the 
management of the Tigris and Euphrates riv
ers, and the downstream states fear the effect 
on them of Turkish impoundments and diver
sions. Mexico is angered at the U.S. depletion 
of the Colorado River before it reaches the in
ternational border. 

Many coastal commu nities face saltwater 
intru sions into their drinkin g water suppli es 
as they draw down their underly ing freshwa
ter aquifers, while both coastal and inland 
c ities depe ndent on groundwate r may be se
riously dep let ing their underground supplies. 
ln China, 110 most ly large cities face acute 
water shortages; for at least 50 of them, the 
problem is groundwater leve ls dropp ing on 
average I to 2 meters (3 to 6 feet) each year. 
ln Mexico City, groundwater is pumped at 
rates 40 percent faster than natural recharge; 
the city has responded to those withdrawals 
by sinking 30 feet during the 20th century. 
Million s of citizens of major cities through
out the world have had their water rationed 
as underground and surface supplies are used 
beyond recharge or storage capac ity. 

addi tional burdens of sewage discharges on rivers, bays, and 
es tuari es . Howeve r, it is easie r to pro vide sewag e treatment and 
safe drinkin g water when popu lat ion s are clu ste red in urb an ar
eas. Sa nit ation improve ments and sewage treatm ent have bee n 
maj or components o f moderni zation and the demo grap hic tran
s ition , but currentl y lag in ru ra l areas of the deve lop ing world. 

Agricult ure is the lea din g ca use of poo r water qu a lity in 
the ri vers of mo st co untri es . Large co nfin ed ani mal feedi ng 
opera tion s and fertili ze r additi ons to fie lds have contri buted 

to n srng ag ricultural pro ductivity . Howeve r, both pra c tices 
lea d to exce ss ive nutr ients in run off that create coasta l dead 
zones (Figure 13.26 ). Th ese "dea d" zones ha ve litt le or no 
oxyge n becau se they are chok ed with deca ying algae th at 
grew o n the nutrient r ich run off from ag ricul tu ral lands. Th e 
largest dead zones are found where ri vers dr ai nin g rich ag ri 
cultural reg io ns di schar ge to coasta l bay s or es tua rie s, such 
as the mo uth o f the M iss iss ip pi Ri ve r in the Gul f of Mex ico 
(Figure 13.27). 
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Figure 13.26 This slum in Mumbai , India, s its atop a drai nage channe l and lacks access 
to clea n water and sanitation. Waterborn e diseases, mos tly ste mming from water suppl ies 
contaminated with human wastes, are es timated to cause 1.5 milli on death s a yea r. 

©McGraw.Hill Ed11catio11/Barry Barker, Photographer 
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Figure 13.27 Coa stal dead zones are places so low in disso lved oxyge n that most marine life ca nnot survive. Nut rie nts in sewage and agricultu ral 
runoff are the most common culprit. Note the preva lence of dead zones where populati ons are highest in the deve lope d countrie s. 
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13.4 Wastes 
Human s have always manag ed to leave their mark on the land
sca pes that they occ upy. Amo ng the mo st enduring of land scap e 
eviden ces of human occ upancy is the garbage produ ced and dis
carded by eve ry soc iety. Prehi stori c dwellin g sites are located 
and analyz ed by the ir middens, the refuse piles containing the 
kitchen wastes, broken tool s, and other debri s of human settle
ment. We have lea rned much about Roman and medieva l Euro
pean urban life by examination of the refuse mound s that grew as 
man-mad e hill s in the ir vicinities. In the Near East , whole cities 
graduall y rose on the mound s of debris acc umulatin g under them 
(see Figure 11.9). 

Modern cu ltures differ from their predece sso rs by the volume 
and character of their wastes , not by their habit s of disca rd. Gen
erally, the greater the soc iety's population and standard of living, 
the greater the quantity of its garbage. Developed countrie s are 
increas ingly discovering that the ir material wea lth and technologi
cal advancement s are submer ging them in a volume and variety of 
wastes- solid and liquid, harmless and toxic- that threa ten both 
their environm ents and their estab lished ways of life. 

Solid Wastes 
Americans prod uce rubbi sh, garba ge, and other muni cipal waste 
at a rate of about 2 ki log ram s (4.5 pounds) per person per day. 
As populations grow , inco mes rise, and co nsumpti on patterns 
change, the volume of disposa ble materials co ntinu es to expa nd. 
Re latively little resi due is crea ted in subsistence soc ieties tha t 
move food from garden to table , and wastes from tabl e to farm 
animal s or co mpost heaps. Th e problem co mes with urban dwe ll
ers who purchase packaged food s, favor plastic wrappi ngs and 
con ta iners for eve ry co mmodity, and see k (and ca n a fford) an 
ever-broade ning array of manufa ctured goo ds, both con sumer 
durabl es such as refrigerato rs and automobil es and many de
sig ned for single use and qu ick disposa l. 

The fastest growing ca tego ry of waste is elec tronic waste (or 
e-was te), thanks to the rap id innovat ion in information and co mmu
nications techno log ies. Products are often designed to be cheaper 
to replace than repair. New models of ce ll phones, co mputer s, 
televisions, digital cameras, and iPods create massive quantities of 
obso lete electronics. They are added to the pile of obso lete fax ma
chines , computer printers, YCRs , and cathode ray tube televisions 
and computer monitors. E-waste differs from other co nsumer waste 
in that it contains toxic meta ls such as arsenic, cadmium , lead, and 
mercury. In most locat ions, dispo sal of e-waste in municipal trash 
is forbidden, although still wide ly practiced. 

The first priorities for solid waste management should be, in or
der, waste reduction, reuse, and recycling. Beyond that the remain
ing options for solid wastes are generally landfills or incineration. 
Landfi lls are an improvement over the unreg ulated, open dump s they 
replaced and receive the bulk of solid wastes in most countries. The 
solid wastes are compacted inside a lined ce ll and covered with soil at 
the end of each day. Still, groundwater contaminati on due to water in
filtration through the waste is a major technical challenge to address. 
Beyond technica l details, an increasing problem is where to locate 
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a landfill because most communiti es will protest, expressing Not in 
My Backyard (NIMBY) sentiments. 

Over the year s, of course, many filled du mps have posed 
problem s for the cities that gave rise to them. New York City , 
for exa mpl e, for years place d all of its daily 14,000 tons of res i
dential waste into the wo rld 's larges t dump , Fresh Kill s on Staten 
Island. Opened in 1947 as a three-yea r "tempora ry" 500-acre fa
c ility, it beca me a malodorous 1,2 14 hectares (3,000 acres) of 
decomp os ing ga rbage rising 15 stories above the former ground 
leve l. Generating 140 ,000 cubic meters (5 milli on cubic fee t) of 
methane gas annually and illega lly exudin g cont aminated water , 
Fresh Kjlls- finally c losed in 200 I at a cos t of more than $ 1 
bi llion-sy mbolized the ri sing tide of waste engu lfing c ities and 
endan gerin g the environm ent. 

Incineration recove rs some of the energy in waste by burn 
ing it to produ ce steam or e lec tric ity. Inc inerat ors produce ai r 
pollution , inc ludin g highly toxic metals and organic compound s 
such as diox in,1 so pollution con tro l eq uipm ent is required. As 
with landfill s, propo sing a locat ion for a so lid waste incinerator 
often lead s to co mmunity res istance. 

For coas tal co mmuniti es aro und the world the ocean has 
long been the prefe rred sink for not only muni c ipa l garbage, but 
for ( frequentl y untr ea ted) sewage, industrial waste, and a ll the 
detritu s of an adva nced urban socie ty. Alo ng the Atlantic co ast 
of North Amer ica from Massachu setts to Chesapeake Bay, re
port s of dead dolphin s, raw sewag e, tar ba lls, used syringes, vi
als of co ntamin ated blood and hospital waste, diapers , plastic 
product s in unim ag ined amount s and variet ies , and other foul 
re fuse has kept swi mmers from the beach, closed coasta l shell
fisheries, and e lic ited hea lth warni ngs against ent ering the water 
(Figure 13.28 ). 

1Any of several types of hydrocarbon co mpounds that are extre mely 1oxic. persistent in the 
environment. and biologically magnified in the food chain. Dioxin is often formed during 
incincmlion of waste matte r. 

Figure 13.28 Warning signs and beaches littered with sewage, 
garbage, and medical debris are among the increasingly common and 
distressing evidences of ocean dumping of wastes. 
<DROGER A. CLAR K/Science Source 



API Geography and Citizenship 
Environmental Justice 
In Houston, a ci ty of some 2 million people, 
about 25 percent of the populatio n is Afr ican 
American. Yet, when researchers examined 
the placement of garbage facilities in the city , 
they found that I I of 13 solid waste disposa l 
facilities owned by the city were in mostly 
black areas and all five of the city's garbage 
incinerators were in black and Hispanic 
neighborhoods. Thus, when the c ity pro
posed establishing a new dump in a primar
ily black neighborhood in 1979, near houses 
and a high school, local residents protested 
and brought the waste management compa ny 
to co urt , charging it with racial discrimina
tion in the se lect ion of the landfi ll site. The 
cour t decided in favor of the compa ny, and 
the landfill was built. 

In 1982, a few states away, in Warren 
County, North Caro lina, the rural, mostly 
Afr ican Amer ican residents were shocked 
to learn that the state was proposing thei r 
county as the site of a hazardou s waste land
fill for disposi ng of polychlorinated biphe
nyls (PCBs). The ir protes ts resulted in more 
than 500 arrests , and the effort to block the 
land fill failed. The Warren County activis ts 
were the first to use the term e11vironmenral 
racism. 

Enviro11me11tal racism refers to any 
polic y or practice that differentia lly affects 
or harm s individuals , groups, or communi
ties beca use of their race or color. The harm 
may be intenti onal or unint entional. Envi
ronmental ju stice is the fair treatment and 
meaningful involvement of all people regard 
less of race , co lor, national origin, or income 
with respect to the deve lopment , implemen
tation , and enforcement of enviro nmenta l 
laws, regulation s, and polici es . No group of 
people should bear a disproportionate share 
of negative environmental consequences. In 
many cases , environmenta l racism and injus
tice result from long-es tablished and unex
amined structura l inequality: those who have 
a reduced po litical voice compared to the 
dominant groups in soc iety live in the worst 
environments because authorities and com
panies have faced litt le oppo sition in placing 
hazardou s facilities, such as landfills, in their 
vicinity. 

The problem is not confi ned to the 
United Sta tes. In most cou ntries, poorer 
people and minorit ies tend to live in ar
eas that are disproport ionate ly exposed 
to polluting industries, waste disposa l fa
ci lities, toxic soi ls, and polluted air and 
water, in. l.n Kagiso township, southwest of 
Johanne sburg, Sout h Africa, poor Afr ican 
residents live near a go ld mine . In the past, 
when the gold was extracted from the ore, 
the waste produc t was pumped into a waste 
pile a distance from the residential area . 
However , the pile was eventually expa nded 
to the exte nt that it now lies less than 27.4 
meters (30 yards)-or less than half the 
leng th of a typical city block-fro m some 
of the houses. The drying waste produces 
dust that is high in alpha quartz particle s, or 
silica, which cause sil icos is. The inhalation 
of silica causes lung disease character ized by 
shortne ss of brea th, fever, and cyanosis, and 
it also leaves its victims suscept ible to tuber
culosis . The conditi on is irrever sible. The 
township is dominated by informal housing, 
which has few city services, is overcrowded, 
and has poor sanitation; it includes areas that 
were set aside for 
black Africans 
during aparth eid. 

The United 

■ Facilities releasing 
toxic wastes 

Median Income 

c::::J $0 - $26,598 

$26 ,599-$44.459 
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Environmenta l Equity (now ca lled the Of
fice of Enviro nmenta l Justice). The agency, 
however , has had an uneven record since its 
founding. Organizations outside the govern
ment continue to call attention to disturbing 
co nditions often using a geograph ic informa
tion systems (GIS) to identify inequalities. 

Consider Louisiana 's Chemical Cor
ridor , or Ca ncer Alley , a 130-k ilome ter 
(80- mile) stretch of the M ississi ppi River 
that is home to a chem ica l plant every half 
mile and a predominantly poor, Africa n 
Amer ican popu lat ion. While co mmunit y 
groups pro tested a proposed new polyvinyl 
chlor ide (PVC) plant , the state govern ment 
gave the owners tax exe mpti ons . The EPA 
delay ed the new plant's permit until the 
state addressed the c itizens' environmen
tal ju stice conce rns. In the end , the owners 
bowed to co mmunity oppos ition and built 
the new plant 48 kilomete rs (30 mile s) up
st ream , wh ich may repr esen t a Pyrrhic vic
tory because the plant wi II st i II contamina te 
the air and water nearby. 

Environmenta l injustice has its origins 
both in neglect and overt discrimination. 

States has taken 
some steps to rec
tify the wrongs 
of environme ntal 
injustice. Follow
ing the Warren 
Cou nty, North 
Carol ina, protest s, 
President Bill 
Clinton signed an 
executive order 
that made envi
ronme ntal j ustice 
a national prior
ity and directed 
all federa l agen
cies to deve lop 
policies to reduce 
environme ntal in
equity, in 1992 , 
the EPA estab
lished an Office of 

Figure 13B Poverty and Environmental Risk. The distribution of 
household income and facilities that re lease toxic materials in Santa 
Clara Cou nty, Ca lifornia. Black lines represent census tracts. (Source: 
Data from M.R. Meusar and A. Szo sz "Environmenta l Inequality in 
Silicon Valley." www.mapcnj zin .com/E l/ind ex.hmi.) 
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There are many instances of intentional 
placement of environmentally hazardous 
plants and waste sites in areas already home 
to minorities and the poor. Government at
tempts to address the issue of environmental 
injustice have had an uneven track record. A 
body of case law regarding environmental 
j ustice in the United States has not devel
oped yet, and some scholars contend that, 
because the issue falls between civil rights 
law and environmental law, development 
will continue only slowly. 

Thinking Geographically 2. Where are landfills, polluting industries, 
and other environmental hazards localed 
in your town or city? Are low-income 
residents and minorities exposed to 
greater-than-average amounts of pollu
tion, and thus bearing greater health risks 
than the rest of the population? Conduct 
research about this issue and share your 
findings in an oral presentation. 

I. Environmentally hazardous structures
landfills, chemical plants, factories- have 
to be placed somewhere. How should 
communities and governments make de
cisions among different sites? Should the 
activism of local populations affect gov
ernment decisions? Write a one-page po
sition paper to summarize your Lhought5. 

Whe ther the so lution to so lid waste disposa l is sought by 
land, by fire, or by sea, hum anity's ris ing tide of refu se threa t
ens to overwhe lm the environments that mu st deal with it. Th e 
probl ems that co ntinu e to surfa ce remind us that the Eart h's en
vironmental sys tems are interrela ted , so that all too often, our 
so lutions simpl y move the probl em from the land to the sea or air 
or gro und water. The problem is present, grow ing, and increas
ingly cos tly to manage . So lutions a re st ill to be found , a cons tant 
remind er for the futur e of the threa tening impa ct of the environ 
men ts of cultur e upon those o f nature. 

Toxic Wastes 
The probl ems of muni cipa l and hou se hold so lid- waste man
age ment are daunting; tho se of treatment and di spo sa l of haz
ardous chemica l or radi oac tive was tes from indu stry see m 
ove rwhelming. Hazardous wastes are sub stan ces th at pose 
an imm ediat e or long-term ri sk to hum an hea lth or the envi
ronme nt. Th e EPA has classified more tha n 400 sub stan ces as 
ha za rd ous, and curr ently about IO pe rce nt of indu stri al was te 
materi als a re so catego rized . 

Prior to the introduction o f stri ct regu latio ns gove rning the 
tran sportation and disposal of hazardou s wastes in the 1970s, 
haza rdous was tes were of ten dump ed or buried in pit s or lagoo ns, 
leadin g to grou nd water co ntam inat ion. Today, they are di sposed 
of in highly reg ulated inc inera tors or lined landfill s desig ned to 
prevent the re lease of co ntami nants to the environment. 

Radioactive Wastes 

Every facility that either uses or produ ces radioact ive mater ials 
genera tes at leas t low-level wa.we, materi al whos e radioact ivity will 
decay to safe leve ls in I 00 years or less. Nuclea r power plants, in
dustries that manufacture rad iop harm aceuticals, smoke alarm s, and 
other consumer goods, and researc h establi shments, universities , 
and hosp itals also prod uce low- leve l radioac tive waste materials. 
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Adapted from: Getis and Getis. Introduction to Geogra
phy, 12th ed., McGraw -Hill, 2008. 326--327. 

High- level wa.l'/e ca n rema in radioactive for I 0 ,000 yea rs 
and more; p lutonium stays dan gero usly rad ioac tive for 240, 000 
yea rs. It co nsists prim aril y of spe nt fue l asse mbl ies of nuc lea r 
power reac tors-te rm ed civilian waste -and such militar y 
waste as th e by-prod uc ts of nucl ear wea pons manufacture. Th e 
volum e of c iv ilian waste acc umul ates rapid ly beca use approxi
mate ly one- third of a reactor' s rods need to be d isposed of ev
ery yea r. 

Spenr fuel is a mislead ing term : the asse mbl ies are removed 
from com mercial reac tors not beca use their radiation is spent, 
but beca use they have beco me too radioa c tive for further use. 
The assemb lies w ill remain radioac tively "hot" for thousands of 
years. By 201 8, 90,000 metric tons of acc umu lated nucl ear was te 
(spe nt fue l) was in storage in the co ntainm ent poo ls or above 
gro und in dr y casks at 80 commercia l nuclear powe r reac tor s, 
awa iting a mor e perm anent so lution (Figure 13.29). Stored spe nt 
fue l rod s we re among the mos t se riou s co ncern s and sources of 
rad iat ion releases when the Fukushima nuclear powe r plant in 
Japa n was hit by an ea rthquak e and tsunamj in 20 11. Spe nt fuel 
is not co ntained as well as the fuel rods inside reac tors, so they 
mu st be co nstantly cove red in coo l water to prevent ove rhea ting . 
Wh en the ea rthqu ake and tsuna mi knocked out powe r to the wa
ter pumping syste ms, the spent fuel ponds ove rhea ted , con tribut 
ing to radiat ion relea ses. 

Th e U.S. Depar tment of Energy spent two decades deve lop
ing plans for a cent.ralized nuclear was te depos itory inside Yucca 
Mount ain in the de sert 90 miles from Las Vegas, Nevada. The 
plan was to encase the radioactive waste in extreme ly strong 
glass inside stee l ca nisters beneath 300 meters ( 1,000 feet) of 
volcanic rock. Loca l opponents to the plan pointed out the poten
tial for accidents in sh ipme nt or ea rthqu akes in the area and suc
ceeded in having the projec t scrap ped. No alternative, perm ane lll 
di sposa l met hod has bee n devised. Much low- leve l radioac tive 
waste has bee n placed in tank s and buri ed in the grou nd at 13 
sites operated by the U.S. Departm ent of Energy and three sites 
run by privat e firm s. Milli ons of cubic fee t of high-leve l military 



(a) 

(b) 

Figure 13.29 Spent nuclear fuel from nuclear power plants contin
ues to generate heat and emit radiation long after it is removed from the 
reactor. (a) Initially after it is removed, spent fuel is stored in water
filled pools equipped with continuously circulating water baths to keep 
it from overheating. Spent fuel remains in the cooling water a year or 
longer before it can be transferred to (b) aboveground dry casks stored 
at the nuclear reactor site. The lack of a permanent disposal solution in 
the United States means spent fuel continues to accumulate at nuclear 
power plants. 
(a) ©Ste ,·e Alle11/Digi ta/Visi o11/Getty Images: (b) Source: Offi ce of Civilia11 \Va.\'le 
Mmw gemem. Depar1mem of Energy 

was te are temporaril y stored in underground tanks at four si tes: 
Hanfo rd, Washington; Savan nah River, So uth Ca rolin a; Idaho 
Fa lls, Idaho; and West Valley, New York. Severa l of these stor
age areas have exper ienced leaks, w ith seepage of was te into the 
sur roundin g so il and groundwater. Nuclea r power plants con
tinue to store spent fue l on site . 

Exporting Wastes 
The prob lem with throwing away was tes is that on Eart h, there 
is no true "away ." Th e Earth 's atm os phere, hydrosphere, litho
sphere, and bio sphere are all int er re lated , and eve ry place is 
so mebody 's backyard . Almost eve ryw here that gove rnm ents 
or indu stri es have propo sed to build landf ill s, haza rdous waste 
inc inerato rs, or nuc lea r waste repo sitories, comm unities and 
NIMBY move ments ha ve arise n in op pos ition . As a co nse
quence, unwanted fac iliti es such as these tend to be located 
in places where the re is the least co mmunity resi stance and 
least political power, of ten low- inco me, min orit y co mmuniti es 
(see the feature "Geography and Citizen ship: Environmental 
Ju stice") . 

In a leaked 199 1 me mo ra ndum , World Bank chie f econ
o mi st Larry Summers shar ed hi s op inion th at it made per
fect econom ic se nse to encourage the move men t of dirt y 
indu stri es to poo r co untrie s . He argued that re s ident s of 
le ss- deve loped count ries we re less like ly to be co ncerned 
abo ut th e e nv ironment , and if they suffe red negat ive hea lth 
e ffec ts from polluti o n, the eco nom ic cost wo uld be lowe r 
because their wages we re so much lower. He wro te, " I think 
th e econo mic logic behind dum ping a load o f toxic waste in 
th e lowes t- wage co un try is imp ecca bl e, and we should face 
up to th at." 2 

Regulations, comm unity res istance , and steep ly ri sing cos ts 
of disposal of hazardo us wastes in the developed cou ntries en 
co uraged produ cers of those unwanted co mmod ities to seek 
alte rn ate areas for the ir di sposa l. Transbo undary shipments of 
dangerous wastes became an increas ingly attract ive op tion for 
producers, co ntinuin g the globa lizat ion of the world economy. 
In tota l, such cross-bo rder movement amounted to tens of tho u
sands of shipm en ts annu a lly by the early 1990s, with destina
tion s includin g debt -r idden Eastern Europea n co untri es and 
impoveris hed deve lopin g ones outside of Europe that were will
ing to trade a hole in the ground for hard currency. It was a trade, 
however, that increas ingly aroused the ire and res istance of des
tinatio n co untri es and , ul timately , e licited interna tiona l agree
ments among both generati ng and rece iving count ries to cease 

the practice. 
The Organ iza tion of Afr ican Unity (OAU) adop ted a 1988 

reso lution con demn ing the dumping of all foreig n wastes on that 
con tinent. Unde r the spo nsorship of the United Nat ions, 117 
countri es adop ted a trea ty- the Base l Co nvention on the Co ntrol 
of Tra nsbo und ary Movem ents o f Hazardo us Wastes-aimed at 
reg ulatin g the internati ona l trade in wastes. That regu lat ion was 
to be achieve d by requirin g exporte rs to obtai n conse nt from re
ceiv ing coun tr ies befor e sh ipping waste and by requir ing both 
expo rter and importer co untri es to ensure tha t the waste would 
be disposed of in an env ironm entally sound manner. The Ba se l 
Co nvention came into force in 1992, but the United States has 

not yet ratified it. 
The Europ ea n Unio n allows its members to export hazard

ous wastes on ly to deve loped countri es that are ass umed to have 
sati sfac tory treatment capab iliti es. Howeve r, the lack of globa l 

' Quoted from David Harvey, Justice. Nawre . a11d the Geography of Diff erence . 366, 2006. 
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ratification of the Basel Convention means that export of haza rd
ous wastes to deve loping countri es continu es. 

The line between reusab le products and wastes is ofte n 
fuzzy and depend s on loca l sta ndards of living and costs of labor. 
Thu s, obso lete manufa ctured goods and recyclab le materials are 
ofte n shipp ed from high-income countri es to low-income deve l
op ing countri es for the labo r-inten sive and potentia lly dan gero us 
tasks of sorting, disasse mbly, and recycl ing. An est imated 80 
perce nt of e-waste co llected in the United State s for recyc ling 
is expo rted to areas such as China , India , Pak istan, Nigeria, and 
Mexico. Repo rts warn of environmenta l polluti on and acc idental 
toxic exposures due to the unregulated recycling of e-was te in 
low-inc ome countri es . 

13.5 Future Prospects 
and Perspectives 

Not surpri singly , the realities of the human impacts upon the en
vironme nt that we have looke d at in thi s chapte r brin g us directly 
back to ideas first prese nted in Chapter 2, at the start of our ex
amin ation of cultur e and the development of human geogra phic 
pattern s on the surfa ce of the Earth. Hum ans, in their increas ing 
numb ers, grow ing technica l sophistication , rising standa rds of 
living, and expanding globa l reach, have transformed the Earth 's 
landscapes since the end of the last glac ia tio n. Hum ans have 
ado pted a domineering role in the hum an-environm ent relation 
ship , all too often forgetting that they depend upon the environ 
ment for their very existence. 

That dom inance is re flected in the grow ing diverge nce 
of human soc ieties as they distance themse lves from common 
huntin g-ga thering origins. In creating their diffe ring cultu ral so
lutions to comm on concerns of sustenance and grow th, soc iet
ies altered the environ ments they occ upied. Diverse sys tems of 
explo itat ion of the environment were deve loped in and diffu sed 
from distinctive cu lture hea rths. They were modified by the ever
expa nding numb ers of peop le occupy ing Ear th areas of differing 
carry ing capac ities and ava ilab le reso urces . Spat ial interact ion 
amon g reg ions did not halt the crea tion of distinctive reg ional 
subsyste ms of cu lture or assure commo n methods of utilization 
of Earth reso urces. Sharp con trasts in level s of eco nomic devel
opment and well-be ing emerged and persisted eve n as cultural 
conve rgence through shared technology began to unite soc iet ies 
throu ghout the world. 
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Each cultur e place d its imprint on the env ironment it oc
cupied. In many cases-C haco Canyon and Easter Island were 
our earlier exa mples- that imprint was ultim ately destructi ve of 
the reso urces and loca l envi ronment s upon which the cultur es 
develope d and depended. To satisfy the ir felt needs, humans 
have lear ned to man ipulat e their environm ent. The grea ter those 
needs and the larger the populations with both needs and techni
cal skills to satisfy them, the grea ter is the manip ulation of the 
natural landscape . 

Parallelin g the g lob al reach of the world eco nomy, the 
hum an im pact on the environ ment has shift ed sca les from 
the loca l or reg iona l to the co ntin ental and g loba l sca les . In 
crea sing ly, the most pre ss ing environ menta l iss ues are those 
that c ross internationa l boundarie s, such as dep letion of th e 
ozo ne layer, ac id prec ipitat ion, globa l climate change , manag
ing tran sbounda ry ri ver basins, and tran sbo undary shipment 
of was tes. Thi s fina l chapter, de tailin g a few o f the damaging 
press ures placed upon the env ironment by today's eco no mies 
and cultur es, is not meant as a litany of despa ir. Rather, it is a 
remind er of the pote nti a lly des tru ctive eco logica l domina nce 
of hum ans alon gs ide examples of human s learning to work to
get her to reduce the ir impac ts. The world 's di verse re ligions, 
be lief syste ms, and cu ltures ca n each offer resources to gu ide 
human behavior in ways that are mo re res pectful of the Earth. 
The sc ientifi c and tec hnolog ica l adva nces that lie behind many 
of our environm enta l problems ca n a lso be used to monitor and 
resto re the environme nt. 

Aga inst the backgro und of our now full e r und erstand in g 
of hum an geograp hic patterns and in terac tion s, thi s chapt er 
is ano ther re mind er of th e ofte n repeated tru ism that eve ry
thin g is co nnec ted to everyt hin g e lse; we ca n neve r do j ust 
one thin g. The eco logica l c rises desc ri bed in thi s chapt er 
show how intim atel y o ur crea ted enviro nm e nt is jo ined to 
the physical landsca pe we a ll share. T here is growing awa re
ness o f tho se co nn ect ions, of the adver se human imp ac ts 
upon the nat ural wor ld , and of the unit y of a ll cult u ra l and 
phys ica l land scape s. C limate chan ge, a ir and wa ter po llu
tio n, so il loss and dese rtificat ion, tox ic wastes , and a ho st 
of ot her enviro nmenta l pro blems are a ll matter s of co ntem
pora ry public debate and int e rnati onal co mpac ts, and trea
ties. Accepta nce of th e int ercon nec ted ness and ind ivisibilit y 
of cultur a l and natural enviro nm ents-the hu man crea tion 
and the phys ica l end ow ment- is now mo re the rul e than the 
exce pti o n. 
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acid precipitation 

I aquacultur e 

aquifer 

atmo sphere 

biom e 

I environmental dete rmini sm 

environm ental ju stice 

env ironm ental pollution 

fallowin g 

Not In My Backyard (NIMBY) 

ozo ne 

I pastora l noma dism 

I pos sibilism 
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biosphere 

I genetic ally modifi ed orga nism (GMO ) 
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so il I brownfie ld 

I carryi ng capac ity 
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I defor estation 

I desertifi cat ion 
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ecosys tem 
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~ TEST PRACTICE 

Multiple Choice Questions 

I globa l c limate change 

greenhou se effect 

hazardous waste 

hydro logic cycle 

hydro spher e 

IPAT equation 
lithosphere 

I natura l resou rce 

I New Urbani sm 

I . People practicing sustainable development should 
(A) use only the water availabl e to them throug h gro und

water that is repleni shed from rainfall and snowmelt. 

(B) harves t large amo unts of fish to avoid overgrazing of 
their land ca used by raising livestock. 

(C) practice slash and burn agricu lture to ga in as many re
source s from the land as possible in a short amou nt of 
time. 

(D) use aquafar ming techniqu es to raise only the spec ies of 
fish that are the most profi tab le. 

(E) use fossil fuels and plastics instead of renewable 
reso urces . 

2. According to the maps in Figure 13.2 on page 434, 
because of the rotation of the earth and the tilt of 
its axis , 

(A) it is always warmer in the sea than on the land. 

(B) the temperature in January is warmer in the south ern 
hemisphere , while the temperat ure in July is war mer in 
the nor thern hemi sphere . 

(C) the temperatur e fluctuate s randomly betwee n hot and 
cold in both hemi spheres . 

(D) the temperatu re in January in the north ern hemisphere 
doe s not get as co ld as it does in July in the sout hern 
hemisphere. 

(E) peop le living in Australia expe rience winter in January 
and summer in July like everyo ne else in the world. 

so il erosion 

I soil sa linization 

I sprawl 

I sustainability 

sustainabl e development 

terr acing 

transboundar y river bas ins 

I urban growt h boundar y 

3. The problem of air pollution is evident in all of the fol
lowing situations EXCEPT 

(A) indoor pollut ants from using cook fire s inside the house 
cau se lung ailments and death in deve loping co untri es. 

(8 ) indu strial pollution of air and rivers as deve lopin g 
countries industrialize cause death and illne ss of peo
ple and lives tock. 

(C) cit ies experie nce days of bad air quality due to the 
burnin g of foss il fuels in power plant s and cars. 

(D) the dumpin g of tons of trash in landfill s and in the 
ocea ns causes fish and marine mammal s to become ill 
and die. 

(E) forests are devastated , and waterways are contaminated 
worldw ide due to pollutants in the atmosp here that are 
brought to eart h by acid rain. 

4. According to Table 13.1 on p. 443, the countries that 
have the most impact on climate change are 

(A) rap idly indu str ializing countries with large population s 
like China and India. 

(8) countri es with a high standard of livin g like the United 
States, which has not cu rbed its usage of fossil fuels. 

(C) cou ntries with co ld climate s like Russ ia and Canada 
that ca n burn foss il fuels for heat. 

(D) developin g countri es with sma ll populations like 
Ghana and Costa Rica. 

(E) European countr ies like the United Kingdom and 
Ge rmany. 
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5. Major concerns raised by tropical deforestation include 
all of the following EXCEPT 

(A) forests help maintain the oxygen and carbon balance of 

the planet. 

(B) loss of habitat will affect biodiver sity of spec ies by 
causing mass extinctions. 

(C) land used for farming provide s food for million s of 

people . 

(D) erosion of soil is rapid once tree s are cut down , and the 
land quickly becomes infertil e. 

(E) the rise in temp erature due to lack of groundcover lead s 
to heatwaves and other climate related events. 

6. The expansion or intensification of areas of degraded 
or destroyed soil and vegetation in arid and semi-arid 
regions of the world is called 

(A) global climate change. 

(B) de sertification. 

(C) erosion. 

(D) slash and burn agriculture. 

(E) transhumanc e. 

7. The building of dams in developing countries is made 
more problematic by 
(A) retaliation by people whose hom es were flooded . 

(B) environmental groups protesting the loss of animal 
habitat s. 

(C) quick growt h of tropical plants such as water hyacinth 
that clogs reservoirs. 

(D) deforestation of river bank s and excessive rains that 
cause dams to burst. 

(E) lack of infrastructur e to tran spo rt electricity produced 
to the people who need it. 

8. The use of irrigation 
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(A) causes areas down strea m to experience drought 
conditions. 

(B) has allowed the production of 90 % of the world 's crops 
on ju st 17% of the land. 

(C) means that in many places gro undwater is being 
pumped out sustainabl y, at a lower rate than it is being 

replenished. 

(D) is unnecessary excep t in the drie st areas of the world. 

(E) is an inexpensive way for farmers to expa nd the ara ble 
portion of their land. 
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9. Coastal dead zones are caused by 

(A) rivers drying up due to overu se of gro und water by 
irri gation projects upstream. 

(B) die offs of birds, fish, and marine mammal s. 

(C) red tide s made up of toxic algae. 

(D) runoff of chemicals used by farmers and anima l waste 
from feedlots. 

(E) indu str ial waste dumped into waterwa ys . 

10. Radioactive and other hazardous wastes 

(A) are disposed of in lagoons or pits to keep them from 
contaminating groundwater. 

(B) are not dangerou s to hum ans or the environment as 
long as they are disposed of in the oc ean where the 
large amount of water disperses the waste. 

(C) come from military and nuclear facili ties, not from ci

vilian sou rces. 

(D) are rarely exported to developing co untries, which do 
not have the facilities to deal with them. 

(E) are incinerat ed or disposed of today in facilities in the 
desert or in lined landfills to keep contamina tion out of 

gro undwat er sources. 

Free Response Questions 

1. Answer Parts A and B below. 
(A) Identify and explain three geograph ic effec ts of globa l 

climate change. 

(B) Explain one cau se of climate change and one so lution 
to the problem. 

2. Explain three methods farmers can use to combat soil 
erosion. 

3. Define the concepts of environmental racism and 
environmental justice and explain them using examples 
from the United States and two other countries. 




