Exercise: From Earth’s Orbit to Climate Archives


Earth’s climate is influenced by slow variations in its orbit around the Sun. Changes in eccentricity, obliquity, and precession alter the seasonal and latitudinal distribution of incoming solar radiation (insolation). These changes affect ice sheets, sea level, ocean circulation, monsoons, tides, and the signals recorded in marine sediments and ice cores. Your task is to investigate how a change in Earth’s orbit can ultimately leave a signature in geological archives.
Part 1 – The Three Orbital Parameters (20%)
a) Explain the difference between eccentricity, obliquity, and precession. Draw a sketch illustrating each parameter.

b) Complete the table:

Parameter | Main Period(s) | Primary Climate Effect
Eccentricity | ? | ?
Obliquity | ? | ?
Precession | ? | ?
Part 2 – Summer Insolation (20%)
Approximately 9000 years ago, Earth’s tilt was slightly larger than today and Northern Hemisphere summer occurred closer to perihelion.

a) Would summer insolation at 65°N have been higher or lower than today? Explain.
b) Why is 65°N often considered a key latitude in theories of ice ages?
c) Estimate qualitatively whether snow surviving summer would become more or less likely.
Part 3 – Ice Sheets and Sea Level (20%)
Assume that stronger Northern Hemisphere summers persist for several thousand years.

a) What happens to summer snow cover, continental ice sheets, and global sea level?
b) Sketch a causal chain linking Insolation → Ice Sheets → Sea Level.
c) Explain why changes in ice-sheet volume can be much slower than changes in insolation.
Part 4 – Ocean Circulation, Tides and Climate (20%)
Large ice sheets melt and release freshwater into the North Atlantic.

a) How could freshwater influence the Atlantic Meridional Overturning Circulation (AMOC)?
b) What climatic impacts might occur in Europe?
c) Would such changes be expected to occur immediately or with a delay? Explain.
d) Explain how sea-level rise can modify tides in shallow coastal seas.
e) Why are tides important for sediment transport and the geological record?
Part 5 – Reading the Archives (20%)
Ice Core:
- What information can be reconstructed from oxygen isotopes (δ18O)?
- What information can be reconstructed from methane concentration?
- What information can be reconstructed from trapped air bubbles?

Marine Sediment Core:
- What information can be reconstructed from foraminifera assemblages?
- What information can be reconstructed from alkenones?
- What information can be reconstructed from ice-rafted debris?

Synthesis:
Which archive would best record atmospheric greenhouse gases, ocean temperature, ice-sheet discharge, and abrupt climate change?
Final Challenge 
Construct a single diagram connecting:

Orbit → Insolation → Ice Sheets → Sea Level → Ocean Circulation → Climate

Indicate where evidence can be found in:
- Ice cores
- Marine sediments

Identify at least two positive and two negative feedbacks.
Learning Goal
After completing this exercise, students should be able to explain how a small change in Earth’s orbit can propagate through the climate system and become recorded in paleoclimate archives thousands of years later.
