AP® ENVIRONMENTAL SCIENCE
2007 SCORING GUIDELINES

Question 4

Some scientists estimate that by 2025 over 60 percent of the global human population will live in urban
areas. Urban residents experience a variety of problems related to the physical environment.

(a) Describe how the temperature of urban areas like Atlanta, Philadelphia, and Chicago
differs from that of surrounding rural areas. (1 point)

Temperatures in urban areas tend to be higher than those in rural areas. (This temperature difference,

called the “urban heat island effect,” is typically larger during the nighttime hours.)

(b) Identify and describe TWO differences between urban and surrounding rural areas that
contribute to the temperature difference between them. (4 points)

1 point each for stating two possible differences. 1 point for describing each stated difference. The

description must match the given difference.

Possible Differences

Possible Descriptions

More:
e asphalt
e concrete

e buildings, etc.

Fewer/less:
e trees

e vegetation®

Change in surface composition causes overall urban
albedo (reflectivity) to decrease. The resulting increase
in energy emission causes the temperature to rise.

The absorption of additional solar radiation by surfaces
causes the temperature to increase due to increased
energy emission by the surfaces.

Reduces the natural cooling effects of shading and
evaporation of water from soil and leaves (may be
regional)

Buildings may intercept outgoing infrared radiation
emitted by the earth's surface. The absorption and
scattering of this radiation reduces the rate of energy
loss and leads to elevated urban temperatures.

More:
ecars
e factories/industry

emachinery that use combustion

Heat is a by-product of combustion.

Tall buildings/narrow streets

Trap warm air between them or may reduce airflow

May reduce cooling by convection

More people

Require housing, air conditioning, factories that all
produce heat as a by-product

*In the Southwest increased vegetation leads to increased urban temperatures. The transpiration
introduces more water vapor that may trap heat.
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Question 4 (continued)

(c) Urban areas typically have levels of air pollution that are significantly higher than those
found in surrounding rural areas. Identify a characteristic of the urban microclimate that
leads to higher levels of air pollution and describe how that characteristic contributes to
the increase. (2 points)

1 point is awarded for identifying the characteristic, and 1 point is awarded for describing how it
contributes to increased air pollution.

Possible Characteristic Possible Description (must be specific)
(Increased combustion) due to | e Increased temperature along with ozone precursors (e.g., NOy,
large numbers of: VOCs) increase ground level ozone
e automobiles e Increase in particulates (ash or soot) from incomplete
e burning garbage combustion
e factories e Nitrogen oxides react with oxygen to form nitrogen dioxide (a
e airplanes foul-smelling brown gas). Also may combine with water vapor
e or other urban machinery and other pollutants to produce smog

e Other pollutants include sulfur oxides, lead, CO, and NOy
Industrial processes e Petroleum refineries produce hydrocarbon and particulates.

e The volatile fumes from dry cleaners contribute to
photochemical smog.

e Bakeries and dry cleaners release hydrocarbons, which are
converted with sunlight and other gasses to form ozone.

Urban development e Increase in particulates from exposed soil
Tall buildings e Trap pollutions or limit airflow, which will limit diffusion of
pollutions
Less vegetation e Less filtering/absorption of particulates, or pollutants such as
CO, SOy, NOy, and ozone
Urban heat island effect e Ozone formation due to photochemical reactions from
precursors
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Question 4 (continued)

(d) Identify and describe TWO actions that local governments in urban areas could take to
reduce outdoor air pollution. (2 points)

1 point is awarded for each acceptable action with an outcome attached that reduces outdoor air
pollution.

Possible Action Possible Outcome
(Valid description that supports the action)

e Incentives/taxes e Reduced number/use of motor vehicles
-subsidize e Reduced emissions (tailpipe/industrial,
e Laws/regulations etc.)
-CAFE standards, zoning, limits/bans, fines e Improved fuel efficiency
e Direct action e Reduced particulates or other specific
- build mass transit, build bike paths, HOV pollutants
lanes, plant vegetation, convert to less- e Reduced fossil fuel use

polluting practice

e Education
- promote, suggest, encourage

(e) Identify and describe TWO ways in which the local hydrologic cycle of urban areas differs
from that of nearby rural areas. (2 points)

1 point is awarded for each acceptable way with a complete thought attached.

Possible Ways

Manmade urban surfaces (e.g., asphalt, concrete, rooftops) absorb little water when compared with
rural areas with more vegetation. This can result in:

e Greater runoff in urban areas/decreased infiltration

e Increased flooding during heavy rainfall events

e Rapid discharge of water from storm drains directly into bodies of water
e Reduced water evaporation from the soil into the atmosphere

e Increased stream flow (peak flow, etc.)

e Alteration of evapotranspiration rates

Urban heat island effect causes daytime convection/rainfall to be more vigorous over urban areas.

© 2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents



74,

4. Some scientists estimate that by 2025 over 60 percent of the global human population will live in urban areas.
Urban residents experience a variety of problems related to the physical environment.

(a) Describe how the temperature of urban areas like Atlanta, Philadelphia, and Chicago differs from that of
surrounding rural areas.

(b) Identify and describe TWO differences between urban and surrounding rural areas that contribute to the
temperature difference between them.

(c) Urban areas typically have levels of air pollution that are significantly higher than those found in
surrounding rural areas. Identify a characteristic of the urban microclimate that leads to higher levels of air
pollution and describe how that characteristic contributes to the increase.

(d) Identify and describe TWO actions that local governments in urban areas could take to reduce outdoor air
pollution.

(e) Identify and describe TWO ways in which the local hydrologic cycle of urban areas differs from that of
nearby rural areas.

(o) Wbam sroag e Oxdunte, PW%&MMMMWM are Aol
WJMMO%WWM‘ Jm&%@»«mm@mww

) @WﬂbmeWu Yt iurerre mnBen ond nunoR areapthoce are Yiver Hax,
MW&D\QWMW MNMMMMAA Borrin an—posoor—
 Erom dtrasto b&pcmﬁa,w
0@3& mewkmm MWWMMoM&mMMWMM
Jhe MW%@&WWM%MWQMMM;M%MMMM.
The ook of L0 Yollliriy snd ohnporspns anbny 044 3n e prolilom, Wbors o unel
_QMMW&QWWWM MMMM Mwoﬂzﬁww
ﬂpﬁv\uﬁkx MMN_P JLQMWQ;QMMQMQ\LUM*’\M oot
MMW&&LQM.W%&MAW%W&&MMMM
kkww»»k UMNQJA& vodran. arsan ane Mot ham munol wrog

() O’NL oy Q}Mmm’\ anpectiol e macisclyingke of ondion arone Kok canses
pollidior i dd\wm&mm@»iuwwu nmmm s dor by, g
MMM&M ), et S0, MWMMQ/\@W

M:me%w» a“ux/.%b\a Q»rboymo, 9\-&/\0‘/0, sornoinda m&\m dore qng ﬁk@«um og\w\/.\. kot o

GO ON TO THE NEXT PAGE.
-16-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



ADDITIONAL PAGE FOR ANSWERING QUESTION 4

[} \ i

(ﬁ}%\ﬁ)\w&f? W&W h%%wwww&)%azw Yook s ﬂ\:\}AAoQogm C/\{/&QL
Vo2a as uell Ova‘mmslmmzx%, Wmmk,, mmmytﬁ\m?ﬂ@m&woy
froagh wwfn%m Q\Lﬁqmg.i %Q\&g/\mmu}- J\\L Roch b%.m VA ord— roods

e m/\zoﬂmmw ruwvv\-b- JN L./_\ H\LQ.QM&L%M. tﬂdam\m-m\k OQ»M

*&\akr\ug&\mi}\n WA\M
Wnetlon ey da WMQ@WJ’\‘/&KQ&AL Mm o undram anvae o i alhe

M@M&M@ﬁw&m@w&mwmmmw

%"%Jj\t QNAf\DQMm &/\l;z/Qn ,QW\, 'b\xm\ﬂhl/\LM wamm QoanrRe and *CQ\W\,

b’\)ﬂjﬂp(/\-ﬁj&/\\l/. ‘

GO ON TO THE NEXT PAGE.
-17-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



16,

4. Some scientists estimate that by 2025 over 60 percent of the global human population will live in urban areas.
Urban residents experience a variety of problems related to the physical environment.

(a) Describe how the temperature of urban areas like Atlanta, Philadelphia, and Chicago differs from that of
surrounding rural areas.

(b) Identify and describe TWO differences between urban and surrounding rural areas that contribute to the
temperature difference between them.

(c) Urban areas typically have levels of air pollution that are significantly higher than those found in
surrounding rural areas. Identify a characteristic of the urban microclimate that leads to higher levels of air
pollution and describe how that characteristic contributes to the increase.

(d) Identify and describe TWO actions that local governments in urban areas could take to reduce outdoor air
pollution.

(e) Identify and describe TWO ways in which the local hydrologic cycle of urban areas differs from that of
nearby rural areas.

o) Lavge cines ae'nem\lw have \r\\n\r\zsr auevegie Remperaiures
/k‘mh &mrmnmv\g areaq SLCE rcle—cf—yaretotron

K

o) The temperadures in e Cifien & hignar ecause (oncretl
end ouohaule Ldnidn tovers ofe of (ond n citves) hawe
\ow Cpe A heaks. Tpese surfaces feot Uup qu&idc\,q ond
v -The alr oovind Thop,  Alco, there ot not mcww
Areee W Wigwn arean, vinidn loney axerage Rm MNW?A

oy grovdive chade. .

GO ON TO THE NEXT PAGE.
-16-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



ADDITIONAL PAGE FOR ANSWERING QUESTION 4

¢) ticar aceas hawe More. veo\da:ms v\[\xto\n requires o
chve, fnctedes and bm\dingS. Cav exihaust omits

caBn ard e fur diorides and particalase moadtkr; (nto
e Ay,

Caxlon dioxde » o greenhounse. gag wheh
f2es tne  suno e)mmm h the admosphere. The Combbnghor
o8 nee eollvdanio andd “ee_Sunll a&r\"‘r Lo < C reot®

R whu’-\n s c«h\\/\ Lot Red jm*ﬂé@ exhcmﬁ— and
mm enmisiond .

d) Locat doNernerys el reamra cinder Standoradn
foc ke St ons 4e0tS |, Tals wou_\ci fote car oW etz

ond. namfacharerz to Thoke sure-—fhey calx weye
Ope*md\m an clﬁom\u aQ posside.

Gyou@mwmm condd” also phace W o olsemghve

e sowrces, ke sdar or wind poner; (dnidn

deY ﬂ\ﬂ: il DD\\VG‘AM‘GS e bunirned Asa
oA\ or _@gu\ ’6«€/L§,

e\\)wbahaxw somdNves Sorm a Wﬁ@y\o{v\l\,\qm
{he WnlbbwoXOn. b e henk WW@EW
oA bacredr and ‘t\\b L W\d\%ﬁ;\rﬂh«u\ AN

GO ON TO THE NEXT PAGE.
-17-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents)



ADDITIONAL PAGE FOR ANSWERING QUESTION 4

olode The weve varck @@ Sfowald  create ain

area of e @infd. ot gy wasses act: trapped

ovex  the uﬁ»% ad Q(WQVOV\T AA '@oﬂl\iﬁ’ﬁ‘vm CT@VHUQ

2 AT

GO ON TO THE NEXT PAGE.
-18-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



4. Some scientists estimate that by 2025 over 60 percent of the global human population will live in urban areas. '
Urban residents experience a variety of problems related to the physical environment.

(a) Describe how the temperature of urban areas like Atlanta, Philadelphia, and Chicago differs from that of
surrounding rura} areas.

(b) Identify and describe TWO differences between urban and surrounding rural areas that contribute to the
temperature difference between them.

(c) Urban areas typically have levels of air pollution that are significantly higher than those found in
surroundmg rural areas. Identify a cha:actenstlc of the urban n:ucrochmate that leads to higher levels of air

(d) Identify and describe TWO actions that local governments in urban areas could take to reduce outdoor air
pollution.

(e) Identify and describe TWO ways in which the local hydrologic cycle of urban areas differs from that of
nearby rural areas.
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Question 4
Overview

The aim of this question was to assess knowledge of contemporary environmental issues related to urban
and rural areas. Students were asked to describe differences in temperature, pollution, and the hydrologic
cycle between the two areas. Additionally, they were asked to name actions that local governments could
take to reduce urban outdoor air pollution.

Sample: 4A
Score: 10

Part (a): One point was earned for describing urban areas as having “temperatures that are slightly higher
than that of surrounding rural areas.”

Part (b): Four points were earned: 1 point for identifying that urban areas have “much more black
pavement,” 1 point for describing how these surfaces absorb and reradiate [“generating”] the heat, 1 point
for identifying that urban areas have “tall buildings,” and 1 point for describing how these buildings block
the wind and decrease air circulation.

Part (c): Two points were earned: 1 point for giving “the huge number of automobiles” as an aspect of
urban areas that causes air pollution, and 1 point for stating that the automobiles emit CO.

Part (d): Two points were earned: 1 point for describing how local governments could adopt a “cheap mass
transit system” that would result in fewer people driving cars, and 1 point for describing how local
governments “could require stricter emission controls from factories,” resulting in fewer pollutants in the
air.

Part (e): One point was earned for explaining that urban areas have paved surfaces that result in less storm
water absorption and infiltration into the ground. A second point could have been earned for the mention of
less evapotranspiration, but the maximum of 10 points had already been reached.

Sample: 4B
Score: 9

Part (a): One point was earned for noting that urban areas have “higher average temperatures.”

Part (b): Four points were earned: 1 point for stating that urban areas have asphalt that “covers lots of land
in cities,” 1 point for noting that urban areas have large areas covered with concrete, and 2 points for
describing how both of these surfaces reradiate heat and “warm the air around them.”

Part (c): Two points were earned: 1 point for noting that urban areas have more cars (required by more
residents), and 1 point for stating that these cars have sulfur dioxide (and particulates) in their exhaust.

Part (d): Two points were earned: 1 point for describing how “[lJocal governments could require stricter
standards for auto emissions [sic] tests” resulting in cars that run “as cleanly as possible,” and 1 point for
describing how local governments “phase in [convert to] more alternative energy sources” that do not give
off air pollutants, thus reducing the need for fossil fuels.
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Question 4 (continued)
Part (e): No points were earned in part (e).

Sample: 4C
Score: 6

Part (a): One point was earned for stating that cities have “significantly higher” temperatures.

Part (b): Two points were earned: 1 point for stating that urban areas have fewer trees, and 1 point for
explaining that “[t]rees provide shade” that can cool the rural areas as opposed to urban areas. No point
was awarded for “more lights,” as these are not significant contributors to the heat island effect.

Part (c): No points were awarded. Inversions are geographical occurrences and not a result of the urban
environment.

Part (d): Two points were earned: 1 point for describing how local governments could “set up a public
transportation system ... to reduce the amount of air pollution from the burning of fossil fuel” from cars,
and 1 point for describing how local governments could “set up bike lanes ... to promote alternative means
of transportation” that do not burn fossil fuels.

Part (e): One point was earned for describing how “high amounts of asphalt parking lots” block
precipitation so that it “does not permeate the ground” and hence more runoff occurs in urban areas. No
additional point was gained by describing the contrasting situation in rural areas.
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