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There is a natural climate phenomenon that occurs in the equatorial Pacific Ocean because of 
periodic fluctuations in sea surface conditions and atmospheric circulation. This phenomenon 
happens every few years, resulting in shifts in temperature and precipitation in many parts of 
the world.
Figure 1 shows temperature and precipitation patterns associated with one phase of this 
phenomenon in the equatorial Pacific Ocean. Figure 2 shows the associated temperature and 
precipitation patterns that occur over North America.

Figure 1. Effects of Changes in Sea Surface Conditions in Equatorial Pacific Ocean
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Figure 2. Polar Jet Stream and Climate Conditions in North America
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2.	Respond to parts A, B, C, D, E, F, G, H, I, and J.
A.	Identify the sea surface condition for the eastern equatorial area of the Pacific Ocean 

illustrated in Figure 1.
B.	 Based on the information in Figure 1, identify the climate phenomenon associated with the 

sea surface conditions shown in the equatorial area of the Pacific Ocean.
C.	 Based on the information in Figure 2, describe a difference in climate patterns between the 

regions A and B.
D.	Increases in regional precipitation can lead to increased flooding in certain locations. 

Describe one reason why there is an increased risk of flooding in urban areas during 
extended periods of precipitation.

E.	 Propose a realistic solution a city could implement to decrease the risk of flooding in urban 
areas.

F.	 Justify the solution proposed in part E by providing an additional advantage other than a 
reduction in the risk of flooding.

G.	Terrestrial biomes are primarily determined by temperature and precipitation patterns. 
Describe one difference between the climate of a temperate seasonal forest and that of a 
savanna.

H.	Droughts are one environmental problem that can affect the frequency and severity of forest 
fires. Identify the ecological process that occurs following a forest fire that leaves the soil 
intact.

I.	 Describe one way burning forests contribute to atmospheric pollution.
J.	 Describe one sustainable forestry practice that could be used to reduce the occurrence or 

severity of forest fires.
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3.	Respond to parts A, B, C, D, E, F, and G.
A.	One major environmental problem is air pollution. Air pollution can come from natural or 

anthropogenic sources. Motor vehicles can be a source of particulate matter (PM) and other 
pollutants.
Identify an anthropogenic source of particulate matter, other than from motor vehicles.

B.	 One way to reduce pollutants associated with motor vehicles is to use a vapor recovery 
nozzle. Describe one way a vapor recovery nozzle is used to reduce atmospheric pollution.

C.	 Acid rain is another air pollutant linked to motor vehicles. Over the past few years, there 
has been an increase in the number of people working from home, so fewer people are 
commuting to work in their personal vehicles.
Explain how a decrease in the number of people commuting to work in their personal 
vehicles could lead to a reduction in acid rain.

D.	The average gas mileage for a small gasoline-powered sport utility vehicle (SUV) is 22 miles 
per gallon (mpg) in the city. The average gas mileage for a small hybrid SUV is 36 mpg in the 
city. One commuter sells their gasoline-powered SUV and replaces it with a hybrid SUV.
Calculate the percent change in gas mileage between the gasoline-powered SUV and the 
hybrid SUV based on the data provided. Show your work.

E.	 Both the gasoline-powered SUV and the hybrid SUV have 14-gallon gas tanks. As stated in 
part D, the average gas mileage for a small gasoline-powered sport utility vehicle (SUV) is 22 
miles per gallon (mpg) in the city. The average gas mileage for a small hybrid SUV is 36 mpg 
in the city.
Calculate how many more miles the owner can drive in the hybrid SUV in the city than they 
could have driven in the gasoline-powered SUV. Show your work.

F.	 In addition to vehicles, buildings such as schools often have high energy consumption. The 
primary sources of energy use in many buildings are heating, cooling, and lighting.
Propose a realistic solution that schools could implement to decrease energy use for heating 
and cooling, other than a reduction in the amount of time the school building is occupied.

G.	The school plans to upgrade its lighting to save money and reduce both its electricity use 
and its ecological footprint. The sustainability committee proposes that the school reduce its 
electricity use by switching to energy-efficient light-emitting diode (LED) bulbs. The school 
building uses .2 8 10

4
×  bulbs. The LED bulbs would each use 0.0085 kilowatts per hour. Each 

bulb would be used for an average of 2,340 hours per year.
Calculate the energy use in the school building in kilowatts per year using LED light bulbs. 
Show your work.

STOP
END OF EXAM
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2. The diagram shows the movement of one adult manatee over a 12-hour period across an active shipping 
channel during the winter. Manatees are large, aquatic, herbivorous mammals that primarily eat seagrass. 
Manatees can travel several miles to graze. Manatees mature slowly, have low biotic potential, and inhabit 
warm coastal waters. They cannot survive in water below 20°C for extended periods of time. 

Satellite Track and Water Temperature Log of the Movement of One Adult 
Manatee Over a 12-Hour Period 

(a) Based on the information in the diagram, identify the temperature range of the water through which the 
majority of the adult manatee’s daily movement occurs. 

(b) Large groups of manatees are often observed in shallow waters near the waste water released by the 
electrical power plant during the winter. Based on the information in the diagram, identify a characteristic 
of the power plant waste water that would attract the manatees. 

(c) Based on the information in the diagram, describe a potential negative impact of the waste water released 
by the power plant on other aquatic species. 

(d) Seagrass beds have declined significantly over the last several years. In 2021 manatee mortality was three 
times higher than the previous five-year average. 

(i) Describe a characteristic of the manatees that increases their vulnerability to the recent decline of 
seagrasses. 

(ii) Describe the change in energy flow through the trophic levels that occurs when there is a significant 
loss of seagrasses. 
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(e) Research has shown increased nutrient and sediment runoff can cause seagrass beds to decline. 

(i) Propose a solution to reduce nutrient or sediment pollution in an estuary that is surrounded by urban 
development. 

(ii) Justify the solution proposed in part (e)(i) by providing an additional advantage of reduced nutrients 
in an estuary, other than one related to manatees. 

Urban areas have a heavy dependence on automobiles and often experience photochemical smog. 

(f) Describe how summertime weather conditions can increase the frequency of photochemical smog. 

(g) Identify one ecological problem that results from exposure to photochemical smog. 

A potential solution to reduce photochemical smog in urban areas with high automobile traffic is to replace 
gasoline-powered cars with cars powered by hydrogen fuel cells. 

(h) Describe a potential disadvantage of using hydrogen fuel cells to power automobiles. 

Begin your response to this question at the top of a new page in the separate Free Response booklet 
and fill in the appropriate circle at the top of each page to indicate the question number. 
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