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Base your answers to questions 1 through 5 on the information below and on your knowledge of Earth and 
Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth and 
Space Sciences. Be sure to record your multiple choice questions on a separate answer sheet provided. Record 
your answers for the constructed response questions in your test booklet.

Our Sun – A Star
The Hertzsprung-Russell (H-R) diagram was developed from star charts

by two scientists in different countries independently of each other in 1911.
It classifi ed stars based on their surface temperatures, observable color, and
magnitude. Absolute magnitude is a measurement of how bright a star would
appear if all stars are the same distance from Earth. The brighter the star, the
lower the absolute magnitude value.

1 Our Sun is classifi ed as a spectral class G star with a surface temperature between 5000 to 
6000 K and an absolute magnitude of about fi ve. Based on this information, complete the H-R 
diagram model by placing one X to indicate where the Sun is located. Also, identify the relative 
temperature and relative absolute magnitude of the Sun as it transitions to a red giant.   [1]
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The model below shows the layers of the Sun and information about some 
features of each layer.

Convective Zone 
Rapid heating of plasma creates 
currents of heated and cooled gas

Chromosphere 
Layer above the photosphere 

where the density of plasma 
drops dramatically

Photosphere 
The visible ‘surface’ of the Sun

Transition Region 
Thin, irregular layer that 

separates the relatively cool 
chromosphere from the much 

hotter corona

Radiative Zone
Energy created in the core diffuses 
slowly through the plasma

Core
Where the Sun generates its 
energy via thermonuclear reactions
Corona
The Sun’s outer atmosphere, which 
extends millions of kilometers into 
outer space
Coronal Mass Ejection
Vast eruption of billions of tonnes of 
plasma and accompanying 
magnetic fields from the Sun’s 
corona

Model of Sun’s Layers

(Not drawn to scale)

 2 Based on the information in the model, which list of fi ve of the Sun’s layers are in the correct 
sequence to allow energy generated by fusion to eventually reach the Sun’s surface as radiation?

(1) core → chromosphere → photosphere → transition region → corona

(2) core → radiative zone → transition region → photosphere → corona

(3) core → photosphere → corona → transition region → chromosphere

(4) core → radiative zone → convective zone → photosphere → chromosphere
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The model below represents the orbits of celestial bodies around our Sun. 
The inset model shows some information about the region of the solar system 
inside the orbit of Jupiter.

Mercury
Venus

Earth
Mars

Asteroid Belt

Pluto

Uranus

Saturn
Jupiter

Neptune

Jupiter

Mars

Asteroid 
Belt

Earth
Sun

Mercury

Venus

(Not drawn to scale)

Sun

Inset Model

Our Solar System Model
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 3 The table below shows the eccentricity of the orbits of Mercury and Venus around the Sun.

Planet Eccentricity

Mercury 0.206

Venus 0.007

Place a check mark () in the boxes to indicate the two statements that are correctly 
predicted by Kepler’s Laws.   [1]

Venus orbits the Sun at a constant speed.

Mercury travels faster in its orbit when it is closer to the Sun.

Venus’s orbit is less elliptical than Mercury’s orbit.

The orbital speeds of both planets are affected by their masses.

Unlike Venus, the eccentricity of Mercury’s orbit prevents Mercury
from having a moon.

 4 Based on the Our Solar System Model, if a new planet was identifi ed that orbited the Sun at an 
average orbital distance greater than that of Mercury but less than that of Venus, the average 
speed of this planet would be

(1) greater than the average speed of Mercury, but less than the average speed of Venus
(2) less than the average speed of Mercury, but greater than the average speed of Venus
(3) greater than the average speed of Venus, but less than the average speed of Earth
(4) less than the average speed of Venus, but greater than the average speed of Earth
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An observer on Earth sees phases of the Moon, but the Moon isn’t the only 
solar system body to exhibit phases. Venus also has observable phases as viewed 
from Earth. Venus’s orbit around the Sun is approximately 225 Earth days.

The photograph below shows a Moon phase and Venus viewed with unaided 
eyes in the night sky. The inset box shows Venus observed using a telescope. Both 
the Moon and Venus are in crescent phase.

Moon

Observed Phases of the Moon and Venus

Venus

 5 Using Our Solar System Model, construct an explanation for why an observer on Earth can see 
a cycle of phases for the planet Venus. In the spaces below, write the terms for choices A, B, and 
C that correctly complete the passage.   [1]

Choices A: Choices B: Choices C:
● inside ● closer to ● Moon
● outside ● farther from ● Sun

Venus orbits the Sun, circling       A       Earth’s orbit in about 225 Earth days. This
means that Venus is sometimes      B      Earth, while at other times it is positioned on 
the other side of the      C      . It is this change in relative positions of Venus that causes
an observer on Earth to see phases of Venus.

Choice A:

Choice B:

Choice C:
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Base your answers to questions 6 through 10 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

Modeling Earth Systems to Understand Global Climate
The geologic record shows a long history of climate fl uctuations as a result 

of many different factors. Climate scientists study models of Earth’s motions, 
ocean currents, plate tectonic movement, and atmospheric composition to better 
understand energy fl ow into and out of Earth’s systems.

Obliquity, the tilt of Earth’s axis relative to the Sun, has a direct impact on 
Earth’s climate. Earth’s obliquity changes on a cycle that takes place over a period 
of 41,000 years. The obliquity is currently decreasing and will reach its minimum 
value of 22.1° in approximately 9800 years.

Energy from
the Sun

Current
tilt

(23.5°)

No tilt
(0°)

24.5°

24.5°

22.1°

22.1°

Maximum and Minimum Angles of Obliquity

(Not drawn to scale)
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 6 During winter, which statement best describes the amount of energy Earth’s northern 
hemisphere will receive and the impact on global ice formation when the obliquity is 22.1°, 
compared to Earth’s present obliquity?

(1) Earth’s northern hemisphere will receive less energy, and less ice will form in polar 
regions.

(2) Earth’s northern hemisphere will receive less energy, and more ice will form in polar 
regions.

(3) Earth’s northern hemisphere will receive more energy, and less ice will form in polar 
regions.

(4) Earth’s northern hemisphere will receive more energy, and more ice will form in polar 
regions.

Another factor climate scientists have identifi ed that contributes to changes in 
energy fl ow in Earth systems is ocean current circulation.

The model, Diagram 1, and Diagram 2 show some information about 
circulation patterns in ocean currents. Points X and Y are locations on Earth’s 
surface.
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 7 Which statement most accurately describes the infl uence of melting glaciers at X on the strength 
of Earth’s ocean currents?

(1) More fresh water is added to the oceans, causing the currents to become deeper.
(2) More fresh water is added to the oceans, causing the currents to weaken.
(3) More fresh water is added to the oceans, causing the water in the currents to

become denser.
(4) More fresh water is added to the oceans, causing the water in the currents to

become warmer.

 8 Which statement most accurately describes the infl uence of present surface ocean currents on 
the climate at location Y?

(1) Location Y experiences warmer air temperatures with more precipitation.
(2) Location Y experiences warmer air temperatures with less precipitation.
(3) Location Y experiences cooler air temperatures with more precipitation.
(4) Location Y experiences cooler air temperatures with less precipitation.

Since the Industrial Revolution, deposition of dark particles such as dust, dirt, 
and rock in glacial ice (contaminated snow) have caused glaciers to darken. This 
has led to feedbacks that have caused changes to other Earth systems.

Contaminated
snow (old)

Old snow
(clean)

Incoming sunlight

100%

Fresh snow
(clean)

Ground

90%

Key

Sunlight reflected
Sunlight absorbed

Percent of Sunlight Reflected and Absorbed by Different Glacial Surfaces

Contaminated
snow (fresh) Ground

70%

60%

15%

30%
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Yearly and Cumulative Ice Loss for 37 Glaciers
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 9 Which model correctly represents the feedbacks that occur when dark surfaces are exposed in 
glacial areas and cause changes to one or more Earth systems?

( 1 )

Increased 
glacial ice

Increase in dark 
surface area
on glaciers

Decreased 
glacial melting

Increased absorption
of energy from 
Earth surface

( 2 )

Increased 
glacial melting

Increased 
glacial ice

Increase in dark 
surface area
on glaciers

Increased absorption
of energy on 
Earth surface

( 3 )

( 4 )

Decreased 
glacial ice

Increase in dark 
surface area
on glaciers

Decreased 
glacial melting

Increased absorption
of energy from 
Earth surface

Increased 
glacial melting

Decreased 
glacial ice

Increase in dark
surface area
on glaciers

Increased absorption
of energy on
Earth surface
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Computer-based global climate models are helpful tools for collecting data 
on projected future climate conditions. These models use various scenarios, or 
possibilities, that assume different human-based decisions on how we address 
greenhouse gas emissions.

The graph below shows future greenhouse gas concentrations for four 
different greenhouse gas emission scenarios measured in parts per million (ppm).
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The graph below shows some information about global surface air temperature 
changes. These models are compared to the average global surface air temperature 
between the years 1986 to 2005, indicated as 0.0°C.
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 10 Identify the numerical values for the projected concentration of greenhouse gases
(CO2 equivalent) and for the approximate future change to global surface temperature for
the year 2100 using scenario B emissions.   [1]

Projected CO2 equivalent in 2100:    ppm

Projected global surface temperature change:        °C
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Base your answers to questions 11 through 15 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

The Carbon Cycle
The global carbon cycle refers to the movement of the element carbon 

through different storage places, or reservoirs, on Earth. Carbon moves through 
these reservoirs at different rates. Most carbon near Earth’s surface cycles fairly 
quickly. Carbon in the atmosphere recycles in about three to fi ve years, while 
plants recycle carbon in about 50 years. The carbon found in soil and fossil 
reservoirs is recycled, on average, in about 3000 to 5000 years.

The carbon cycle has two parts. The “fast cycle” involves the biological 
processes of photosynthesis and decomposition. The “slow cycle” involves the 
time it takes for soil (inorganic) carbon to form from the weathering of rocks and 
soil.

Wildfi re events contribute to the carbon cycle. In 2020, megafi res released 
an estimated 107 million metric tons of carbon dioxide into the atmosphere – 
equivalent to the amount released by about 23 million cars.

The model below shows some information about Earth’s systems and the 
carbon cycle.

Atmosphere

(Burning forest)

Biomass carbon

(Living forest)

Human induced
CO2 released

Carbon
stored in 

fossil fuels

Na
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C
O

2

Model of Effects of Forest Fires
and Burning Fossil Fuels on the Carbon Cycle
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The model below represents how carbon levels change depending on what is 
happening with the trees in a forest.

Forest Carbon

Forest 
Carbon
Level

Carbon release
(fire)

Below ground carbon
(in roots & soil) is about 50%

of forest carbon

Carbon release
(decomposition) 

& storage in 
dead trees

Carbon uptake
& storage 

(re-growth)

Carbon uptake
& storage 
(growth)

 11 Explain the process that the trees in a forest use to make energy for food and describe how this 
process is responsible for a decrease in atmospheric carbon dioxide levels.   [1]
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The model below shows the movement of carbon (arrows) through the four 
Earth spheres. The numbers indicate the amount of carbon naturally added 
or removed from the spheres in gigatons (GT) per year. The numbers in bold 
indicate the amount of carbon added or removed by human activity. Numbers in 
parentheses (  ) are amounts of stored carbon.

Fossil carbon (10,000)

Soil carbon
(2300)

Atmosphere
(800)

Microbial respiration 
& decomposition

Respiration & 
decomposition

Human
emissionsPlant

respiration

Photosynthesis

120 + 3

90 + 2 90

2

60

60

9

Photosynthesis

Ocean sediments

Sediments with iron (6000)

Air-sea gas 
exchange

Surface
ocean (1000)

Deep ocean 
(37,000)

Plant 
biomass

(550)

Model of Fast Carbon Cycle

 12 Which statement correctly identifi es the quantitative cycling of carbon between two of Earth’s
spheres as a result of natural processes and human activities?

(1) Fossil carbon releases 2300 GT, while microbial respiration and decomposition
absorb 60 GT.

(2) The deep ocean stores 36,000 more GT of carbon than is released by air-sea
gas exchange.

(3) Human emissions add nine times more carbon to the atmosphere than plant
respiration, which is the same amount released to the atmosphere by microbial
respiration and decomposition.

(4) The amount of carbon that leaves the atmosphere and is absorbed by the ocean
is 92 GT, which is the same amount that is released by the oceans back into
the atmosphere and absorbed by ocean sediments.

 13 Which explanation describes how climate change from increased atmospheric carbon dioxide
has infl uenced human activity?

(1) Humans have increased the replanting of trees in areas burned by wildfi res in order 
to decrease the amount of local atmospheric carbon dioxide.

(2) Humans have increased the burning of fossil fuels in order to decrease the amount 
of carbon dioxide in the atmosphere.

(3) Humans have moved to cooler climate regions to adjust to a warming climate.
(4) Humans have decreased the number of dead trees in the forest by using them as fuel.
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In Earth’s past, the carbon cycle has changed due to changes in climate that 
resulted from several different factors. Changes in the Sun’s energy, the amount 
of marine organisms that remove carbon dioxide from the atmosphere, and uplift 
of major mountain chains have all contributed to variations in CO2.

Ice-core data provides a record of atmospheric carbon dioxide (measured 
from air trapped in the ice in parts per million (ppm)) and of Antarctic surface 
temperature changes over the last 800,000 years, as shown in the graphs below.
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 14 Which claim correctly summarizes the data in the graphs that a change to one Earth system 
caused a change to another Earth system?

(1) Increasing atmospheric CO2 levels caused the Antarctic surface temperature to
decrease over the same time period.

(2) Variations in atmospheric CO2 levels did not affect the surface temperature in
Antarctica over the last 800,000 years.

(3) Decreasing atmospheric CO2 levels caused Antarctic surface temperatures to
also decrease over the same time period.

(4) Atmospheric CO2 levels stayed the same, causing Antarctic surface temperatures
to also stay the same over the last 800,000 years.
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 15 Using the rate of regional climate change in Antarctica for the last 40,000 years, make an 
evidence-based forecast of how much Antarctic temperatures are predicted to change in the 
next 40,000 years. Describe a specifi c associated impact to one Earth system as a result of this 
temperature change.   [1]

        °C in next 40,000 years

Associated impact:
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Base your answers to questions 16 through 20 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

Stars and the Big Bang
Our Sun is a 4.6 billion-year-old yellow dwarf star. It was formed either 

from matter produced during the Big Bang or from matter released when large 
stars reached supernova and exploded. This matter, in the form of hydrogen, 
contracted into a denser gas cloud due to gravity. The temperature at this cloud’s 
core increased, allowing for the fusion of two hydrogen nuclei into one helium 
nucleus. The mass of this helium nucleus is slightly less than the mass of the 
hydrogen nuclei. This difference in mass is the source of the star’s energy.

The model below shows some information about the life cycles of different 
stars.

High-Mass Stars (Massive Blue Stars)

Model of Life Cycles of Different Stars

Gas and 
dust cloud

Gas and 
dust cloud

Gas and 
dust cloud

Red Dwarf 
Wolf 359

Red Dwarf 
Wolf 359

Our Sun 
today

Sun expands 
and cools

Star expands 
and cools

Star 
explodes

Sun sheds 
outer layers

Red Giant 
Aldebaran

Planetary 
Nebula

White Dwarf 
Sirius B

Massive 
Blue Star 

Spica

Red 
Supergiant 
Betelgeuse Supernova

Black Hole
Millions of 

years

Billions of 
years

Trillions of 
years

Neutron Star

Medium-Mass Stars (Our Sun)

Low-Mass Stars (Red Dwarfs)

 16 Identify the factor that determines the lifespan of the Sun and other stars.   [1]
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The table below shows some information about different types of stars. Solar 
mass is the mass of the star compared to the Sun.

Star Solar Mass

less than 30 million

10 million

9 billion

6.4 billion

0.23 billion

4.1 trillion

Spica

Betelgeuse

Sun

Sirius B

1.16

0.98

0.09

Aldebaran

Wolf 359

Distance from Sun (light years) Approximate Lifespan (yr)

16.5

10.3 260.9

548

0

65

8.6

7.86

1.0

 17 A student created a data table containing information on how stars synthesize common
elements through nucleosynthesis. Which row of data correctly identifi es all the characteristics 
for that star?

Row Star Name

Sun medium mass

high mass

medium mass

high mass

4.6 billion

0.23 billion

6.4 billion

4.1 trillion

(1)

(2)

(3)

(4)

Sirius B

Aldebaran

Wolf 359

Nucleosynthesis Mass Lifespan (yr)

hydrogen heliumchanges directly to

carbon oxygenchanges directly to

helium carbonchanges directly to

hydrogen carbonchanges directly to
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Sunspots are areas where the magnetic fi eld is about 2500 times stronger 
than Earth’s magnetic fi eld. Because of this strong magnetic fi eld, the magnetic 
pressure increases and the Sun’s surrounding atmospheric pressure decreases. 
This lowers the temperature relative to surrounding areas because it inhibits the 
fl ow of new super-hot gas (plasma) to the surface. 

Sunspots occur in pairs because they have magnetic fi elds pointing in opposite 
directions. However, from 1645 to 1715 there was nearly zero sunspot activity. 
This time period is referred to as the Maunder Minimum. Some scientists also 
called this time period on Earth “The Little Ice Age”.

The graph below shows some information about sunspot frequency.
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 18 Using information from the passage and the graph, place a check mark () in three boxes to 
identify the statements that accurately describe sunspots.   [1]

A decrease in the number of sunspots is inferred to decrease
Earth’s temperatures.

The number of sunspots changes each year, occurring in
approximately 11-year cycles.

An increase in solar output is associated with a decrease in
the number of sunspots.

The average number of sunspots appearing each year has
decreased steadily since 1950.

Sunspots are regions of cooler temperatures on the surface
of the Sun.
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In the 1920s, Edwin Hubble studied the motion of galaxies. He 
found a relationship between a galaxy’s velocity as measured from Earth
(recessional velocity) and the galaxy’s distance from Earth. This relationship
is known as Hubble’s Law. This law has implications for understanding how
the universe has changed since the Big Bang.

The graph below shows data on several galaxies’ distances from Earth in 
megaparsecs (Mpc) and their recessional velocities.
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The Relationship Between Galaxy’s Distance from Earth and Recessional 
Velocity graph shows that the recessional velocity of a galaxy      A      as the galaxy’s 
distance from Earth increases. This is evidence for the      B      of the universe and 
suggests that the universe initially was      C      at the time of the Big Bang. As a 
result, this data suggests that the universe is changing at      D      rate.

 19 Which table below correctly identifi es the missing words and phrases labeled A, B, C, and D in 
the passage above?

( 1 )

A increases proportionally
expansion
compacted
an accelerated

B
C
D

( 2 )

A increases non-proportionally
expansion
inflated
a constant

B
C
D   

( 3 )

A increases proportionally
expansion
inflated
a decreasing

B
C
D

( 4 )

A increases non-proportionally
expansion
compacted
an accelerated

B
C
D

Particles were created as a result of the Big Bang. The fi rst particles were 
subatomic particles like the protons, neutrons, and nuclei of lighter elements 
such as hydrogen, helium, lithium, and beryllium. The graph below shows some 
information about these particles, the temperature of the universe at the time 
they were created, and the amount of time after the Big Bang that they were 
created.
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 20 Based on information from the Relationship Between Relative Amount of Different Particles and
Temperature of the Universe After the Big Bang Over Time graph, which table correctly identifi es 
the composition of matter in the universe as evidence for the Big Bang theory?

from 10-100
seconds

H and He
decreased

increased, then
decreased

From Beginning
of Big Bang

from 1000 -10,000
seconds

protons and
neutrons decreased

decreased, then
increased

Particles Present Temperature (K)

From Beginning
of Big Bang Particles Present Temperature (K)

( 1 )

From Beginning
of Big Bang

from 100-1000
seconds

H increased, then decreased while
He increased, then remained constant decreased

Particles Present Temperature (K)
( 2 )

( 3 )

From Beginning
of Big Bang

after 10,000 seconds Be and Li remained constant remained constant

Particles Present Temperature (K)
( 4 )
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Base your answers to questions 21 through 25 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

New York State’s Hudson River
New York State’s Hudson River watershed covers almost 1340 square miles 

and includes three different watersheds: Mohawk River, Hudson River Estuary, 
and Upper Hudson River watersheds. The Hudson River fl ows south for almost 
325 miles from the Adirondacks to New York City. The 153-mile-section from 
Troy to New York Harbor in New York City is a tidal estuary. Here, fresh water 
fl owing south down the river meets salt water pushing in from the Atlantic Ocean. 
The leading edge of sea water entering the estuary is called the salt front. The 
salt front moves with the tides, the weather, and the seasons. When there is heavy 
rain, more fresh water fl ows into the Hudson River. Cities and towns that take 
their drinking water from the Hudson River carefully track the salt front as it 
affects the quality of drinking water.
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Newburgh
Poughkeepsie

Peekskill
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Piermont

Yonkers

New York

Schenectady
TroyAlbany

Kingston

Utica Saratoga Springs

Hudson River Watersheds

Est uary

Adirondack 
Region

0 10 20 30 405
Miles

N

Hudson River Watersheds
Upper Hudson River Watershed
Hudson River Estuary Watershed
Mohawk River Watershed

21 Describe how heavy rain events along the Hudson River would affect the location of the
salt front.   [1]
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The location of the salt front is measured in HRM (Hudson River Mile) units. 
Hudson River Mile 0 is at the southern tip of Manhattan in New York City.

The tables below show some information about the salinity along the Hudson 
River for several locations north of New York City on two different dates. Salinity 
is measured in milligrams of chloride per liter of water (mg/L), and the salt front 
is located where salinity is 100 mg/L.

Hudson River Salinity: October 6, 2004

Location
New
York
City

Yonkers Piermont Bear Mt. Cold
Spring Ulster

Salinity
(mg/L) 1805 1162 300 50 47 34

HRM 7 18 25 46 55 97

Hudson River Salinity: October 12, 2006

Location
New 
York
City

Yonkers Piermont Verplanck Cold
Spring Poughkeepsie Ulster

Salinity
(mg/L) 7362 4041 3177 830 50 30 64

HRM 7 18 25 41 55 76 97

 22 A student makes a claim that the location of the salt front is constantly changing due to weather 
conditions. Which table below supports the student’s claim by correctly identifying the two 
locations between which the salt front was located on October 6, 2004, and October 12, 2006?

October 6, 2004 Piermont and Bear Mountain
Poughkeepsie and UlsterOctober 12, 2006

( 1 )

October 6, 2004 Piermont and Bear Mountain
Verplanck and Cold SpringOctober 12, 2006

( 2 )

October 6, 2004 Yonkers and Piermont
Verplanck and Cold SpringOctober 12, 2006

( 3 )

October 6, 2004 New York City and Yonkers
Yonkers and PiermontOctober 12, 2006

( 4 )
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An advancing salt front along the Hudson River can affect the quality of 
drinking water for communities such as Poughkeepsie, which use fresh water 
from the river as a source of drinking water. For this reason, two different 
environmental groups carefully monitor the salt front in the river.

Since over 10 million people in New York State rely on the Hudson River 
for clean drinking water, both environmental groups have developed a plan to 
evaluate salt front advancement and to prevent the salt from entering the drinking 
water intakes.

This $400,000 plan has a budget to monitor and evaluate salt front advancement 
over the next 35 years. This budget has two components summarized below:

• Allocate $250,000 to predict salt front location from 2025–2075
using stream and river fl ow data.

• Allocate $150,000 to develop a proactive action plan to maintain
safe drinking water for several water treatment plants.

 23 Based on evidence in the plan developed by the environmental groups, which explanation 
correctly describes how the availability of fresh water will infl uence communities along the 
Hudson River?

(1) Cities along the Hudson River will need to spend considerable amounts of money
to fi nd alternative drinking water sources as the salinity decreases over the next
50 years.

(2) Cities along the Hudson River will need to spend $400,000 to monitor the salt front
over the next 50 years.

(3) Communities that use the Hudson River for drinking water will spend $400,000
to monitor salinity and develop plans to purify water if necessary at water
treatment plants.

(4) Communities that use the Hudson River for drinking water will need to spend 
$150,000 to predict whether the salt front will affect their drinking water.
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The location of the salt front and its effect on drinking water quality is not the 
only issue facing residents along the Hudson River.

Between 1947 and 1977, industries that manufactured substances used in 
fi re prevention and oil insulators, called PCBs (polychlorinated biphenyls), were 
found to be toxic to humans and life in the river. By then, the industry, located 
north of Albany, had dumped an estimated 1.3 million pounds of PCBs into the 
river. Once in the river, the chemicals mixed with sediments on the river bottom 
and along the shorelines. The removal of a dam in the upper Hudson in 1973 
further released large amounts of contaminated sediments.

In 1984, the Environmental Protection Agency (EPA) classifi ed a 200-mile 
stretch of the river as a federal Superfund site that required the removal of the 
PCBs from the river sediment. A 40-mile stretch north of Albany was termed 
as a “hot spot” where PCB contaminated sediment was removed by dredging 
between 2009 and 2015. The model below shows some information on PCBs in 
the Hudson River.
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Salt front
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Island Pool
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Falls Fort

Edward

Industrial Facilities

1973 dam
removed

Federal
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PCB
contaminated sediment

New
York
City

Upper Hudson with
40 miles of “hot spots”

Lower Hudson Tidal Estuary

Hudson River PCB Superfund Site: 200-Mile Stretch
200 miles

(Not drawn to scale)
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Eating contaminated fi sh is the single greatest human exposure to PCBs. 
The PCBs in the upper Hudson River have been present for 70 years and have 
accumulated in fi sh.

The EPA issued an advisory to not eat fi sh taken from the upper Hudson 
River. In 2002, the EPA adopted targets of PCB concentrations in fi sh to be 
reached by 2020 and 2031. The graph below shows PCB concentrations of fi sh 
taken from the upper Hudson River and these targets.
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 24 Based on the model and graph, which would be the next logical solution that would cause the 
greatest decrease in PCB levels in fi sh in the Hudson River?

(1) Do nothing and let the river naturally remove the PCBs into the Atlantic Ocean.
(2) Dredge additional areas that still have PCBs in sediment to permanently remove 

pollutants from the river.
(3) Build another large dam where the dam was removed to capture most PCBs before the

contaminated sediment moves downstream.
(4) Breed larger fi sh that can remove PCBs from the water and sediments.

 25 Explain how the graph supports the claim that dredging of the Hudson River has only been 
partially effective at reducing PCB levels in fi sh, compared to EPA targets.   [1]



Earth & Space Sciences – June ’25 [29] [OVER]

Base your answers to questions 26 through 30 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

The Origin of Our Solar System
The Sun and eight planets in the Solar System formed at the same time. 

Evidence of their formation can be found throughout the Solar System. Scientists 
have used data from planets, meteorites, and Earth to determine how the Solar 
System formed and its early history. The data table below lists some information 
for the eight planets.

Solar System Data

Type of Planet Name Number of Moons

Terrestrial planets

Mercury 0
Venus 0
Earth 1
Mars 2

Jovian planets

Jupiter 80 (approx.)
Saturn 83 (approx.)
Uranus 24

Neptune 14

 26 Which statement best describes the differences between terrestrial planets and Jovian planets 
in the solar system as a result of the early history of their formation?

(1) Terrestrial planets have longer periods of revolution and fewer moons than
Jovian planets.

(2) Terrestrial planets have greater densities and longer periods of revolution than
Jovian planets.

(3) Terrestrial planets have larger diameters and are closer to the Sun than
Jovian planets.

(4) Terrestrial planets have smaller diameters and greater densities than Jovian planets.

 27 Which value would be the most accurate prediction for the period of revolution for Saturn?

(1) 5358 Earth days (3) 23,560 Earth days

(2) 10,759 Earth days (4) 28,286 Earth days
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Meteorites on Earth have been helpful in reconstructing the history of our 
solar system and our planet. Samples taken from meteorites have been age dated 
using absolute dating techniques that measure the amount of Uranium-238 
compared to the amount of its decay product in samples found on Earth. The 
graph below shows some information about Uranium-238.
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 28 A sample of a meteorite was tested and found to contain 50% Uranium-238. Use evidence 
from the graph to make a claim about how the radiometric dating of meteorites can be used to 
construct an account about when Earth formed.   [1]
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Throughout Earth’s history, meteorites have created impact craters on 
continental and ocean crust surfaces. However, of the approximately 200 craters 
confi rmed on Earth’s surface, only about 20 are located within ocean crust. This 
is surprising since approximately 70% of Earth’s surface is covered in water. It is 
suggested by scientists that the movement of Earth’s plates may play a role in the 
lack of evidence of impact craters observed on ocean crust.

The approximate rates of movement of oceanic and continental crust are 
indicated on the model in cm/yr. Two impact craters are labeled.
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 29 Which statement most accurately identifi es why evidence of impact crater A will most likely not 
be preserved for as long as impact crater B?

(1) Impact crater A is located on faster moving ocean crust and will be destroyed
by subduction.

(2) Impact crater A is located on a slower moving plate and will be subducted before
impact crater B.

(3) Impact crater A will be destroyed by hot molten rock at the mid-ocean ridge.
(4) Impact crater A will be destroyed by eruptions from the nearby volcanic arc.
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Earth’s systems do not operate independently. For instance, changes in 
the ocean’s temperature can infl uence atmospheric temperatures. A similar 
coevolutionary process occurred in Earth’s early history when oxygen levels were 
transitioning from Earth’s ocean to the atmosphere.

The model below shows some information about Earth’s ocean and atmosphere.
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 30 Identify the process that caused the oxygen levels in Earth’s oceans and atmosphere to change. 
Then, construct an argument, based on evidence, that describes how oxygen levels changed 
in Earth’s oceans and atmosphere and how these changes led to a coevolution of life on two
Earth spheres.   [1]

Process:

Argument with evidence:
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Base your answers to questions 31 through 35 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

Mining and Use of Lithium
Lithium is a highly reactive alkali metal that is used in the manufacturing 

of lubricants, pharmaceuticals, glass, and rechargeable batteries. The demand 
for lithium has grown because lithium is often used in modern electronics like 
phones, laptops, and electric cars. When in operation, a battery electric vehicle 
produces zero tailpipe emissions.

The infographic below summarizes the average amount of emissions, 
measured in tons of carbon dioxide (tCO2e) associated with the manufacturing 
and use of three different types of vehicles during their lifetime.

12
tCO2e

Life Cycle Emissions
Associated with Production

and Use of Different Types of Vehicles

Hybrid
Electric
Vehicle

Battery
Electric
Vehicle

Internal
Combustion

Engine Vehicle

1

1

2 2

26
tCO2e

9
tCO2e

9
tCO2e

10
tCO2e

13
tCO2e

32
tCO2e

24
tCO2e

41
tCO2e

48
tCO2e

57
tCO2e

5
tCO2e

Battery
Manufacturing

Vehicle
Manufacturing

Fuel/Electricity
Production

Tailpipe
Emissions

Maintenance

Total

 31 Identify the type of vehicle from the infographic that has the smallest negative impact on the 
environment. Justify your response by providing evidence from the infographic.   [1]

Type of vehicle:

Evidence:
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The data table below summarizes originally proposed toll rates for motorists 
entering New York City by Port Authority bridges and tunnels from New Jersey. 
Vehicles eligible for the Green Pass Discount include plug-in hybrid electric 
vehicles and battery electric vehicles.

Class Vehicle Type

Bridge and Tunnel Tolls for Motorists
Entering New York City from New Jersey

Toll
Off-peak Hours

Eastbound toll
only

1

7

Vehicles with two axles and 
single rear wheels
(includes two axle recreational 
vehicles with single rear wheels 
and no additional axles in tow)

Green Pass
Eligible low-emission class 1 vehicles

Green Pass
Eligible low-emission class 7 vehicles

Class 1 or 11 (Including Class 
1 Recreational Vehicles)
with Trailer
(minimum three single wheel 
axles)

$12.75

$24.25
Additional axles

$11.50 each

$9.25
Additional axles

$11.50 each
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 32 Vehicles entering New York City add pollutants to the air in a congested urban area. Describe 
the economic benefi t to motorists who drive class 1 and class 7 vehicles during off-peak hours 
that qualify for the Green Pass toll rate. Also, discuss how the wants and needs of society are 
affected by the Port Authority toll plan.   [1]

Economic benefi t:

Wants and needs of society:
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Lithium is currently sourced from surface mines or underground brine 
reservoirs. Lithium ore extracted from open pit mines is dried in fossil fuel 
burning kilns. The underground reservoir brine method uses evaporating ponds 
and solar energy to collect lithium from brine water having a high concentration 
of various salts. The table below shows some information related to these two 
mining methods.

Mining Methods
Mine Reservoir Brine Method

Emission of Carbon Dioxide
(per 1000 kg of lithium) 15,000 kg 5000 kg

Use of Water
(per 1000 kg of lithium) 170 m3 469 m3

Use of Land
(per 1000 kg of lithium) 464 m2 3124 m2

 33 Which table below correctly summarizes the benefi ts of extracting lithium by mining or the 
reservoir brine method?

( 3 )

( 4 )

( 1 )

Benefits

lower emission
of CO2

less use
of water
less use
of land

Mining Reservoir
Brine Method Benefits

lower emission
of CO2

less use
of water
less use
of land

Mining Reservoir
Brine Method

Benefits

lower emission
of CO2

less use
of water
less use
of land

Mining Reservoir
Brine MethodBenefits

lower emission
of CO2

less use
of water
less use
of land

Mining Reservoir
Brine Method

( 2 )
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Lithium production has impacts on land use in the Atacama region of 
Chile. The photograph shows solar evaporation ponds at a brine extraction and 
processing facility.

Brine Extraction Facility

The graph below shows some information about lithium.
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 34 Which statement correctly identifi es the changes to the lithosphere that were needed for 
reservoir brine lithium extraction in Chile between 1995 and 2022?

(1) The amount of land surface needed for evaporation ponds increased at a consistent 
rate from 2005 to 2010.

(2) The amount of land surface needed for evaporation ponds was lowest in
1995 and greatest in 2015.

(3) The amount of land surface needed for evaporation ponds increased between
2015 and 2022.

(4) The amount of land surface needed for evaporation ponds only decreased from
2010 to 2015.
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The Andean fl amingo, a bird native to wetlands in the Atacama region of Chile 
and other locations where lithium deposits occur, is listed as a vulnerable species. 
The model below shows some information about the reservoir brine method. The 
graph shows projected changes from 2020 to 2060 in Atacama wetland areas due 
to lithium mining.
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 35 Which statement correctly identifi es how the processing and management of saline brine for
lithium production in the Atacama region of Chile negatively impacts the Andean fl amingo habitat?

(1) Pumping of brine from solar evaporation ponds adds brine to wetlands.
(2) Pumping of brine from saline aquifers reduces water that would be available for wetlands.
(3) Evaporation of water from saline aquifers reduces water that would be available for

wetlands.
(4) Evaporation of water from solar evaporation ponds adds water to wetlands.
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Base your answers to questions 36 through 40 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

Ghost Forests
“Ghost forest” is a term used to describe a group of dead trees or tree stumps 

that remain standing. Ghost forests often form due to environmental change or 
natural disasters that impact coastal forests. As sea level changes, the invading 
seawater can advance and overtake the fresh water that many tree species in 
coastal forests need to exist. This salty water slowly poisons living trees, leaving 
dead and dying timber. Ghost forests can be found in almost every coastal state 
in the United States. 

Coastal forests serve as effi cient carbon sinks, collecting and storing 
atmospheric carbon. They are critical for maintaining water quality as they 
naturally fi lter, cool, and slow the movement of groundwater and streams. Coastal 
forests protect against erosion, buffer storm surges, provide wildlife habitats, and 
ensure water quality and quantity. As saltwater intrusion intensifi es, the supply 
of coastal wood needed by the timber industry will also shrink, harming the 
economy of rural areas that depend on it. 

Coastal Ghost Forest
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The graphs below show some information about global temperature, CO2, 
and sea level. An anomaly is a change from an expected value. An anomaly value 
of 0 represents no change from the historical average.
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 36 In addition to increased carbon dioxide emissions, which row in the table below correctly 
describes the factors and their effect on coastal fl ooding in areas where ghost forest land cover 
has increased from 1920 to 2020?

Row Total Change in
Temperature Anomaly

Total Global Sea
Level Anomaly

Coastal
Flooding

(1) 20.9°C 70 mm decreased
(2) 20.9°C 195 mm decreased
(3) 0.9°C 195 mm increased
(4) 0.9°C 70 mm increased
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The infographic below shows the predicted development of a ghost forest in a 
coastal area near a residence from the year 2020 to 2100. Brackish water is a mix 
of fresh and salty water.
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37 Based on the infographic, identify one natural resource that will be affected by the rise in sea 
level, and construct an explanation about how the change in the availability of this resource will 
affect human activity.   [1] 

Natural resource:

Effect on human activity:
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 38 A student makes the claim that the amount of living forest acreage will decrease as the amount 
of ghost forest acreage increases in the coastal area near this residence. Which associated impact 
to an Earth system will most likely occur?

(1) The increase in wetland area will decrease local humidity.
(2) The loss of ground vegetation will cause an increase in water runoff and soil erosion.
(3) As high tide water levels increase, the local climate will cool due to more solar energy 

being refl ected.
(4) New species that live on dead and decaying wood in ghost forests will increase the 

biodiversity of the ecosystem.

The model below shows the effects of subsidence in the creation of ghost 
forests as a result of an earthquake that occurred on January 26, 1700, along the 
west coast of the United States.
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 39 Use the model to compare the temporal scale of land subsidence associated with the earthquake 
to the temporal scale of land subsidence associated with the development of a ghost forest.   [1]

Temporal scale of land subsidence associated with an earthquake:

Temporal scale of land subsidence associated with the development of a ghost forest:
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Six proposed solutions for reducing the expansion of ghost forests are below.

Proposed Solutions

1. Fortify seawalls with concrete

2. Use sand and soil to create dunes with grasses along the coast

3. Limit development along coastal wetlands

4. Install sand fencing to reduce loss of sand from wind erosion

5. Preserve and restore the biodiversity of vegetation in tidal areas

6. Install tall rock walls and other artifi cial breakwaters

 40 Which three proposed solutions reduce the expansion of ghost forests and would most likely 
be accomplished with minimal environmental impact and maximum aesthetic value to local 
residents?

(1) 1, 3, 4 (3) 2, 5, 6

(2) 1, 4, 6 (4) 2, 3, 5
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Base your answers to questions 41 through 45 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

Human Impact on Earth
Global human population has increased dramatically in the last 50 years, which 

has increasingly stressed Earth’s natural resources. This has created challenges in 
the management of those natural resources while also creating opportunities to 
fi nd solutions to those challenges.

The EN-ROADS simulator is an online tool that allows users to manipulate 
variables in order to see their effects on climate change. A student used this 
simulator to estimate the global temperature change by the year 2100 if no 
changes to current conditions were made and if changes from current conditions 
were made.

The graphs show the results of the simulations. Simulation 1 shows the 
possible outcome of greenhouse gas net emissions and the associated atmospheric 
global temperature change under current conditions. Simulation 2 shows the 
possible outcome of greenhouse gas net emissions and the associated atmospheric 
global temperature change due to a different set of computer input conditions.
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 41 Based on the information from Simulation 1 and Simulation 2, which row in the table below 
correctly matches both a method of managing natural resources and the resulting effect on 
human population, greenhouse gases in the atmosphere, and biodiversity beginning in 2020?

Row Method of Managing
Natural Resources

Eff ect on Human
Population

Amount of Greenhouse
Gases in Atmosphere

Eff ect on
Biodiversity

(1) replanting forests positive decrease positive
(2) replanting forests positive no change negative
(3) decreasing deforestation positive no change positive
(4) decreasing deforestation positive decrease negative
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The graphs below show some information about different types of fossil fuels.

Global Fuel Consumption in Terawatt Hours (TWh)
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 42 Based on the information in both graphs, which statement correctly identifi es the relationship 
between the management of fossil fuels since 1950 and the future sustainability of these 
resources?

(1) The yearly consumption of fossil fuels has increased by more than six times and the 
production of some types of these resources is not sustainable beyond the year 2150.

(2) The yearly consumption of fossil fuels has increased by more than ten times and the 
production of some types of these resources is sustainable beyond the year 2170.

(3) The yearly consumption of fossil fuels has doubled and the production of some types 
of these resources is sustainable for the next 30 years.

(4) The yearly consumption of fossil fuels has tripled and the production of some types 
of these resources is not sustainable for the next 30 years.
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The table below shows some information about arable land from 1961 to 2016. 
Arable land is land that can be used for growing crops and supporting livestock.

World Arable Land per Person 1961 to 2016

Year Hectares of Arable Land per Person
(1 hectare = 2.47 acres)

1961 0.36
1972 0.3
1983 0.26
1994 0.25
2005 0.21
2016 0.19

43 Based on the graphs and table, which statement correctly provides evidence to support the 
claim that increased consumption of fossil fuels caused a change in the amount of world arable 
land per person?

(1) Atmospheric temperature increased, which increased soil evaporation and increased 
the amount of arable land.

(2) Atmospheric temperature increased, which decreased soil evaporation and decreased 
the amount of arable land.

(3) Atmospheric temperature increased, which decreased soil evaporation and increased 
the amount of arable land.

(4) Atmospheric temperature increased, which increased soil evaporation and decreased 
the amount of arable land.
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The Cheetah Conservation Fund (CCF) is a non-profi t organization that is 
working to ensure the survival of the cheetah and its habitat in Namibia, Africa. 
The central part of this African country was once a mixed woodland savannah. 
However, overgrazing by livestock (cattle raised for meat), hunting of elephants 
and rhinos, and removal of mature trees has changed the landscape to be 
dominated by thornbushes. This restricts the ability of animals in this habitat to 
hunt. CCF harvests these thornbushes to make Bushblok, a miniature log which 
can be used as a biomass fuel source.

44 Describe how the manufacturing of Bushblok logs addresses a problem in Namibia. Explain 
how these logs benefi t the cheetah population and reduce the impact of human activity on 
cheetah habitat in Namibia.   [1]

Problem:

Benefi t:

45 Increasing the use of biomass is one of many actions that the CCF is taking to reduce the rate 
of climate change. Which additional solution, if increased, could be used along with biomass as 
another renewable energy source?

(1) drilling for oil (3) use of solar panels

(2) mining of natural gas (4) burning woodland trees
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Base your answers to questions 46 through 50 on the information below and on your knowledge of Earth 
and Space Sciences. Some questions may require the use of the 2024 Edition Reference Tables for Earth 
and Space Sciences.

Tectonics of the Hawaiian Islands
The Hawaiian Islands are situated near the center of the Pacifi c Plate and are 

volcanic peaks representing a history of volcanic eruptions. The island of Hawaii 
is over a hotspot, where a magma source in the mantle pushes upward to Earth’s 
surface creating active volcanoes. The island of Hawaii itself is still being formed 
by ongoing volcanic activity at Mauna Loa and Kilauea volcanoes, both of which 
are currently situated over the hotspot. Loihi, an undersea volcano, also sits above 
the hotspot and will likely become the next Hawaiian island. The other islands in 
the chain are extinct volcanoes.

The maps show some information about the Hawaiian islands. Varying ages 
of bedrock on many of the islands are indicated in millions of years. The model 
shows three stages of island formation over a mantle hotspot.
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 46 Which table correctly pairs the Earth process with the surface feature that created the
Hawaiian Islands chain?

( 1 )

Earth Process
sinking magma mid-ocean ridge

Surface Feature Earth Process
tectonic uplift volcanoes

Surface Feature

( 2 )

( 3 )

( 4 )

Earth Process
rising magma volcanoes

Surface Feature Earth Process
tectonic subduction oceanic trench

Surface Feature

 47 A student makes a claim that the motion of the Pacifi c Plate can be used to determine
the pattern of ages of the Hawaiian Islands. Use evidence from the maps to describe the 
relationship between the pattern in the ages of the islands and the compass direction that the 
Pacifi c Plate is moving.   [1]

Pattern in ages:

Compass direction of movement:
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The Relationship Between Distance from Hotspot and 
Age of Hawaiian Islands
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Two samples of ocean crust were collected between some of the Hawaiian 
Islands. Data for samples X and Y is shown below.

Sample Approximate Age (y) Approximate Distance (km)

X 500,000 90
Y 2,750,000 275

 48 Between which islands were the samples collected?

(1) X – between Hawaii and Maui  (3) X – between Hawaii and Maui
Y – between Oahu and Kauai   Y – between Maui and Oahu

(2) X – between Oahu and Kauai  (4) X – between Maui and Oahu
Y – between Hawaii and Maui   Y – between Hawaii and Maui
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The models below show the geologic history of the formation of present-day Maui.

Molokai

MauiLanai

Kahoolawe

Evolution of “Big Maui”

Evolution of Maui from “Big Maui”
1.2 million years ago 0.8 million years ago1.0 million years ago 0.6 million years ago

0.4 million years agoRecent
(0 million years) 0.2 million years ago

Land above sea level

Land below sea level

Key

 49 Based on the models, which table correctly identifi es the spatial change, the temporal change, 
and one possible surface process that contributed to the evolution of Big Maui?   [1]

( 1 )
Spatial Change

1 large island to 4
separated islands 1.2 billion years sea level rise

Surface Feature Surface Process

( 2 )
Spatial Change

4 separated islands
to 1 large island 4.2 million years deposition along

shorelines

Surface Feature Surface Process

( 3 )
Spatial Change

1 large island to 4
separated islands 1.2 million years sinking of

landmass

Surface Feature Surface Process

( 4 )
Spatial Change

4 separated islands
to 1 large island 4.2 billion years sea level drop

Surface Feature Surface Process
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The photographs below show some shoreline locations on the island of Maui. 
Human development along the shoreline has impacted coastal regions. Scientists 
designed solutions to reduce this impact.

Photograph 1: Shoreline Location 1

Photograph 2: Shoreline Location 2

Sandbags



Earth & Space Sciences – June ’25 [55] 

Photograph 3: Shoreline Location 3 
Along Coastal Highway

Seawall

 50 Identify the geoscience problem being addressed in the photographs. Describe how the solutions 
shown in photograph 2 or photograph 3 reduce the impact of human development on natural 
geoscience processes that occur in coastal regions.   [1]

Geoscience problem:

How solutions reduce impact:
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