AP® ENVIRONMENTAL SCIENCE
2009 SCORING GUIDELINES

Question 3

(a) Multiple dams have been erected along the Colorado River. Identify TWO benefits other
than agriculture and recreation that people derive from that system of dams.

A total of 2 points can be earned, 1 for each correct response. (Only the first two responses are scored.)

e Hydroelectric power/affordable (inexpensive) electricity
e Flood control

e Storage of water for domestic/nonagricultural use; municipal water supply (must specify a
nonagricultural use)

e Provision of/increase in navigable waterways
e Employment/stimulation of local economy (dam construction, maintenance, operation)

e Reduced air pollution as hydroelectric power replaces electrical generation from fossil fuels
(b) Discuss TWO potential environmental consequences of damming a major river.
A total of 2 points can be earned, 1 for each correct response. (Only the first two responses are scored.)

e Habitat alteration; displacement or death of native species (e.g., fish, plants, birds)
e Population decline of migratory fish (salmon, etc.) or disruption of fish migrations
e Risk of flood from catastrophic failure of dam

e Sedimentation behind dam

e Downstream ecosystems deprived of sediments, nutrients, or water

e Reduction in amount of agricultural land

e Reduction of available water because of increased evaporative loss

e Scouring of channel downstream from dam alters habitat or destabilizes banks

e Increased risk of diseases associated with reservoir (e.g., Aswan dam and schistosomiasis)
e Release of mercury or other toxins from flooded soils

e Accumulation of toxins behind dam

e Methane produced by biomass decomposing in lake

e Humans displaced/local inhabitants forced to move, due to inundation/lake formed behind dam
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Question 3 (continued)

(c) Competition for access to Colorado River water has increased dramatically due to
increased population size and intensive agricultural use. Describe TWO conservation
strategies for reducing agricultural water consumption.

A total of 2 points can be earned, 1 for each correct response. (Only the first two responses are scored.)

Note: Correct answers must detail how agricultural water-use efficiency can be improved. Answers
suggesting incentives or regulations to spur conservation are insufficient, unless they are linked to one
of the strategies listed below.

e Employ microirrigation (drip irrigation; trickle irrigation)

e (Choose crops that do not require irrigation in that climate

e Breed/select/develop crops for more efficient water use or drought tolerance
e Irrigate when evaporative loss is lower (e.g., at night)

e [evelfields to improve delivery efficiency

e Carefully monitor soil moisture levels to reduce unnecessary irrigation

e Transport irrigation water in pipes or lined channels

e Direct sprinkler heads downward or place near soil

e Increase soil organic (matter) content

e Incorporate shelterbelts or windbreaks

e Use measures to reduce or slow runoff: contour planting, strip cropping, terracing, etc.
e Cover surface with mulch to reduce evaporative water loss

e Reduce meat consumption, because more water is used in animal production than in plant
production

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® ENVIRONMENTAL SCIENCE
2009 SCORING GUIDELINES

Question 3 (continued)

(d) Identify TWO possible environmental consequences of climate change on the hydrology

of the Colorado River system.

A total of 2 points can be earned, 1 for each correct response. The specific climate change must be
paired with its effect on the hydrologic cycle. (Only the first two responses are scored.)

Specific Climate Change Phenomenon

Effect on Hydrologic Cycle

Warmer temperatures

Reduced snow(pack) in (Rocky) Mountains
Increased evaporation from bodies of water
Increased evaporation from soil
Altered plant transpiration rates

Timing of snow/melt

Increased precipitation

Increased surface water or groundwater inputs
Increased sedimentation in bodies of water

Increased aquifer recharge

Decreased precipitation

Decreased surface water or groundwater inputs
Decreased sedimentation in bodies of water

Decreased aquifer recharge

Increased frequency or severity of storms

Increased sedimentation
Increased flooding

Increased runoff volume
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Question 3 (continued)

(e) In addition to impacts on the Colorado River system, climate change is impacting the
hydrology of coastal ecosystems. Identify and describe TWO possible consequences of
climate change on coastal ecosystems.

A total of two points can be earned, one for each correct response. A correct response both identifies a
climate change phenomenon and describes how that change affects the coastal ecosystem. (Only the
first two responses are scored.) A single phenomenon may be paired with two different effects on

ecosystems.
Climate Change Consequence Effect on Coastal Ecosystem
Rising sea levels e Terrestrial ecosystems are inundated, affecting
biota
e Shallow aquatic systems become deepwater
habitats
e Saltwater intrusion of water table inland
e Saltwater intrusion into rivers/estuaries/
wetlands
More frequent and/or severe storms e Destruction of habitat
e Increased mortality of coastal species
Warming/cooling of coastal waters e Affects aquatic ecological tolerances or
interactions
e Disrupts spawning
e Altered nutrient cycling dynamics
e Reduced dissolved oxygen levels (in warmer
water)
e Increased dissolved oxygen levels (in colder
water)
Increased or decreased rate of water cycling e Riparian habitats altered (scouring,
(change in precipitation or evaporation/ temperature, etc.) due to new flow regime
transpiration . .
P ) e Altered inputs of freshwater, sediments,
nutrients
Atmospheric circulation (winds) change e Air or ocean currents are changed (new
patterns)
e Affects aquatic ecological tolerances or
interactions
e Disrupts spawning
e Altered nutrient cycling dynamics
e (Changes in dissolved oxygen levels
Increased carbon dioxide (CO,) concentration in e Carbon dioxide dissolves in ocean, lowering pH
atmosphere (increasing acidity), which affects biota
e Altered nutrient cycling dynamics
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3. The Colorado River flows from the Colorado Rockies to the Gulf of California. The primary source of Colorado
River water is melting Rocky Mountain snowpack. Once the river descends from the Rockies, it flows through a
landscape that is dominated by desert. Colorado River water carries a high load of sediment.

(a) Multiple dams have been erected along the Colorado River. Identify TWO benefits other than agriculture
and recreation that people derive from that system of dams.

(b) Discuss TWO potential environmental consequences of damming a major river.

(c) Competition for access to Colorado River water has increased dramatically due to increased population size
and intensive agricultural use. Describe TWO conservation strategies for reducing agricultural water
consumption.

(d) Identify TWO possible environmental consequences of climate change on the hydrology of the Colorado
River system.

(e) In addition to impacts on the Colorado River system, climate change is impacting the hydrology of coastal
ecosystems. Identify and describe TWO possible consequences of climate change on coastal ecosystems.
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3B
3. The Colorado River flows from the Colorado Rockies to the Gulf of California. The primary source of Colorado 1 of 3

River water is melting Rocky Mountain snowpack. Once the river descends from the Rockies, it flows through a
landscape that is dominated by desert. Colorado River water carries a high load of sediment.

(a) Multiple dams have been erected along the Colorado River. Identify TWO benefits other than agriculture
and recreation that people derive from that system of dams.

(b) Discuss TWO potential environmental consequences of damming a major river.

(¢) Competition for access to Colorado River water has increased dramatically due to increased population size

and intensive agricultural use. Describe TWO conservation strategies for reducing agricultural water
consumption.

(d) Identify TWO possible environmental consequences of climate change on the hydrology of the Colorado
River system.

(e) In addition to impacts on the Colorado River system, climate change is impacting the hydrology of coastal
ecosystems. Identify and describe TWO possible consequences of climate change on coastal ecosystems.
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3. The Colorado River flows from the Colorado Rockies to the Gulf of California. The primary source of Colorado
River water is melting Rocky Mountain snowpack. Once the river descends from the Rockies, it flows through a
landscape that is dominated by desert. Colorado River water carries a high load of sediment.

(a) Multiple dams have been erected along the Colorado River. Identify TWO benefits other than agriculture 3¢
and recreation that people derive from that system of dams. 10f2

(b) Discuss TWO potential environmental consequences of damming a major river.

(¢) Competition for access to Colorado River water has increased dramatically due to increased population size

and intensive agricultural use. Describe TWO conservation strategies for reducing agricultural water
consumption.

(d) Identify TWO possible environmental consequences of climate change on the hydrology of the Colorado
River system.

(e) In addition to impacts on the Colorado River system, climate change is impacting the hydrology of coastal
ecosystems. Identify and describe TWO possible consequences of climate change on coastal ecosystems.
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AP® ENVIRONMENTAL SCIENCE
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Question 3
Overview

This question tested students’ knowledge of water resources, specifically the impacts and benefits of
dams on rivers. The question also asked students to consider water-saving measures in agricultural
production, to link climate-change phenomena to river hydrology, and finally to describe the linkage of
climate change to hydrology and ecosystem dynamics in coastal areas.

Sample: 3A
Score: 10

This is an excellent response in that it incorporates all the major elements needed to earn points without
extraneous detail. The response is laid out clearly and logically.

In part (a) the response earned 1 point for stating that electricity is generated by the moving water through
the turbine and 1 point for stating that the dam provides “drinking water to surrounding areas.”

In part (b) the response earned 1 point for stating that dams no longer allow sediment and nutrients to flow
downstream to fish and 1 point for stating that dams prohibit fish migration.

In part (c) the response earned 1 point for stating that drip irrigation cuts water use and 1 point for stating
that farmers could plant crop varieties that “grow with less water.”

In part (d) the response earned 1 point for stating that warming could reduce snowfall in the Rockies, leading
to reduced river discharge, and 1 point for stating that warming could cause increased evaporation off rivers
and lakes.

In part (e) the response earned 1 point for stating that rising sea levels could destroy wetlands and estuaries
and 1 point for stating that more violent storms could prevent coastal ecosystem recovery from storm
damage.

Sample: 3B
Score: 8

In part (a) the response earned 1 point for stating that dams are “a source of hydroelectric power” and 1 point
for stating that dams regulate river flow.

In part (b) the response earned 1 point for stating that dams disrupt fish migration and 1 point for stating that
flooding from the reservoir destroys animal habitats.

In part (c) the response earned 1 point for stating that drip irrigation decreases water use and 1 point for
stating that changing to a crop needing less irrigation conserves water.

In part (d) the first response, regarding water temperature affecting fish, is not related directly to hydrology
and thus did not earn a point. However, the response earned 1 point for stating that global warming would
lead to less snowfall, which would decrease runoff and river volume.

In part (e) the response earned 1 point for stating that climate change—related increase in tropical storm and
hurricane activity leads to saltwater flow to estuaries and brackish systems, increasing mortality. The
subsequent response regarding property damage is unrelated to ecosystems and earned no point.
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Question 3 (continued)

Sample: 3C
Score: 6

This response demonstrates an excellent command of basic concepts in water resources but some confusion
regarding the nature and effects of global climate change.

In part (a) the response earned 1 point for stating that dams produce hydroelectric power and 1 point for
stating that they provide water for homes and industry.

In part (b) the response earned 1 point for stating that dams disrupt fish migration and 1 point for stating that
silts build up.

In part (c) the response earned 1 point for stating that drip irrigation reduces consumption and 1 point for
stating the strategy of planting crops suited to the local climate without irrigation.

In part (d) the response does not indicate what specific climate change would increase evaporation, and the
reference to fish is not related to hydrology. Thus the response earned no points.

In part (e) the response does not clearly indicate the climate change consequence and link it to ecosystem
effects and thus earned no points.
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