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How do we figure out 
past climate? 



The Instrumental Record

People have been 
collecting weather records 
using quantitative 
instruments for about for 
about 140 years.

Temperature, wind speed, 
precipitation

Weather room, Image courtesy of NOAA



Instrumental Temperature Record

Image: Global Warming Art



Records from 
journals and 
other 
documents that 
describe 
weather and 
unusual events 
like droughts, 
harsh winters,  
crop harvests, 
etc.

Image: NOAA  climate database modernization project

Historical Records



Proxy Records

Proxy records are indirect 
evidence of climate change.

They help us understand 
what climate was like 
before the time of recorded 
human history.

These include natural 
records of climatic 
conditions preserved in 
tree rings, ice cores, 
sediment and rock layers, 
corals, stalactites, and other 
places.

Image: UCAR



Modeling Past Climate

Climate models, 
usually used to predict 
future climate, can be 
run backwards to 
estimate what climate 
was like in the past. 

To check a model of 
past climate, the model 
results are compared 
with proxy data from 
the same time period.

Dependent on billions of calculations, cutting-edge 
models require fast supercomputers like the one 
above at the NASA Ames Research Center. 

Image: NASA, Tom Trower



Review: Ways to Understand Past Climate

Four ways:

Instrumental Record

Historical Records

Proxy Records

Models



Painting can tell us about past climate. 
Which way of understanding climate is this?

A. Instrumental Data
B. Historical Data
C. Proxy Data
D. Model Results

Peter Bruegel the Elder, 1565



Tree rings tell us about past climate. 
Which way of understanding climate is this?

A. Instrumental Data
B. Historical Data
C. Proxy Data
D. Model Results

UCAR, Climate Discovery Teacher’s Guide



Let’s Pause 
Two 

Minutes for 
Questions



Climate Records in 
Rocks and Sediments
With a classroom activity modeling proxy data



Three ways to interpret past climate 
using the the geologic record:

1. Investigate sedimentary rock outcrops and the 
fossils within them.

2. Investigate samples of rock from the ocean floor 
and the millions of tiny fossils within them.

3. Investigate samples of sediment from lake bottoms 
that contain pollen.



#1. 
Investigating Sedimentary Rock Outcrops

Example: Sand dunes in arid climates (A) may eventually be preserved 
as sandstone rocks with characteristics laminations (B).
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A swamp (A) can 
become a coal 
deposit (B) under 
certain conditions
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#2 
Investigating Rock from the Ocean Floor

Core samples of the ocean floor 
(below) are drilled with a rig 
mounted on the ship (left)

JOIDES (Joint Oceanographic 
Institutions for Deep Earth Sampling) 
Resolution Ship, run by the Integrated 
Ocean Drilling Program

Images:IODP



What tells the story of past 
climate in the ocean floor?

Within an ocean core are millions of 
tiny fossils (microfossils).

Each year, microfossil skeletons and 
minerals build up layers. The layers 
eventually become rock.

Scientists infer temperature based on: 
• Chemistry of the fossils    
(Described in next section!) 

• Size of the fossil populations 
(Generally, larger populations 
occur with a warm climate.)

A planktic foraminifera, one of several 
microfossils, used to reconstruct mid-Pliocene 
paleoclimate. 
Image: USGS



#3 
Investigating Sediments from Lake Bottoms

Sediment 
accumulates on 
the bottom of 
lakes over time 
forming layers. 
Most recent 
layer is at the top 
of the stack (at 
the bottom of the 
lake water.)

Photos: 
Above – USGS
Right - Tom Kleindinst, Woods 
Hole Oceanographic Institution 



Pollen records from lake sediment cores 
tell the climate story for the local area.

• Plants are distributed across 
the land based on temperature 
and precipitation.

• Thus, plants living in an area 
change as climate changes. 

• Knowing conditions that 
plants prefer, scientists make 
conclusions about past climate 
from ancient pollen.

Oak Ridge Laboratory



Plants and Climate

Which picture is from a hot and dry climate?

A B C



Activity: Paleoclimates and Pollen
Students analyze a model of pollen in sediment samples to 
determine the type of vegetation and the likely past climate.

Materials for each small group:
• Sample “sediment” layers
• Pie pan or paper plate
• Student handout & “pollen” key

http://www.windows.ucar.edu/tour/link=/teacher_resources/teach_pollen.html



Students get a key to the “pollen” 
used in the model.



Students identify the “pollen” 
in five sediment layers.



Students describe how the 
environment has changed over time.

Maine Department of Conservation

Layer #5: 20,000 to 15,000 years ago
The landscape resembled tundra, 
with alpine grasses and sedges, low 
shrubs, and a few cold-tolerant trees.

Washington State Parks

Layer #1: 4,500 years ago to present
The land is covered with extensive 
coniferous forests, full of hemlock 
and western red cedar.
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Tiny clues to massive change
Investigating climate on an atomic level



A Tale of Two Oxygen Isotopes…

… their different mass means they are not evenly 
distributed in the atmosphere and hydrosphere. 

Heavy Oxygen
Oxygen-18

10 neutrons, 8 protons
Greater mass
Less common

Light Oxygen
Oxygen-16

8 neutrons, 8 protons
Lower mass

Very common
(over 99% of oxygen)



Processes of the water cycle are 
affected by these oxygen isotopes 

Evaporation: water 
molecules with light 
oxygen evaporate more 
easily. 

Condensation: water 
vapor molecules with 
heavy oxygen condense 
more easily.

The concentration of 18O in 
precipitation decreases 
with temperature.

As temperature goes up, so does the 
amount of 18O in  precipitation.
NASA graph adapted from Jouzel et. al., 1994  

Low Oxygen-18

High Oxygen-18



During cold, glacial times…

Cooler temperatures mean 
less heavy oxygen is 
evaporated from the oceans, 
so…

Rainwater has lower 
proportion of heavy oxygen
Polar ice has a lower 
proportion of heavy oxygen
Ocean water has higher 
proportion of heavy oxygen 

Field Museum, Chicago



During warm, interglacial times…

Warmer temperatures mean 
more heavy oxygen is 
evaporated from the oceans.

Rainwater has a higher 
proportion of heavy oxygen
Polar ice has a higher 
proportion of heavy oxygen
Ocean water has lower 
proportion of heavy oxygen 

Trent Valley Paleolithic Project, 2006



Differences in Oxygen Isotope 
Concentrations Reveal Past Climates

The ratio of these two types of oxygen in water 
changes with the climate. 

To understand paleoclimate, scientists examine the 
ratio of heavy and light oxygen in many ways 
including looking at:

Ice sheets
Corals and fossils
The limestone in cave deposits



Oxygen isotopes measured from ice cores

Ice sheets contain a record 
of hundreds of thousands 
of years of past climate, 
trapped in the ancient 
snow. 

Scientists recover this 
climate history by drilling 
cores in the ice, some of 
them over 3,500 meters 
(11,000 feet) deep. 

GISP2 drill site, Greenland
Photo Credits:Michael Morrison , GISP2 SMO, University of New Hampshire



Ice core being extruded 
from the drill. 
(Photo by Lonnie Thompson, The 
Ohio State University)

19 cm of an ice core 
showing annual layers 
illuminated from below 
by a fiber optic source. 
There are 11 years in 
this sample. Arrows 
indicate summers.
(NOAA)



Oxygen isotopes measured from corals

• The ratio of heavy oxygen 
(18O) to light oxygen (16O) in a 
coral skeleton is determined 
by sea surface temperature at 
the time when it formed.

• Corals with annual growth 
rings combine an oxygen-
isotope record with precise 
dating.

Extracting core with hydraulic drill on coral colony
(Credits:Maris Kazmers SharkSong Photography, Okemos, Michigan)



Oxygen Isotopes from Coral Layers

This x-ray of a coral core shows the change in 18O 
concentration corresponding to the coral’s growth.

NASA figure by Robert Simmon, based on data provided by Cole et. al. 
2000, archived at the World Data Center for Paleoclimatology



Oxygen isotopes (and others) 
measured from speleothems

Speleothems are cave 
deposits, limestone 
deposited from rain 
water and ground water 
that gets into the cave.

Researchers look at 
isotopes of many 
elements, including O, 
Ca, Mg, Sr, Ba, and P.

Speleothem from Niedzwiedzia cave in the 
Sudeti Mountains, Poland
Courtesy of Dr. James Baldini



Learn more!
NASA Earth Observatory 

Paleoclimatology: The Oxygen Balance

http://earthobservatory.nasa.gov/Features/Paleoclimatology_OxygenBalance/
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http://earthobservatory.nasa.gov/Features/Paleoclimatology/



Climate and Global Change on
Windows to the Universe

Windows
Budburst

CD courses

http://www.windows.ucar.edu



Climate Discovery

A series of online professional development courses for middle and high 
school educators 

CD 501 – Introduction to Climate Change

CD 502 – Earth System Science: A Climate Change Perspective 

CD 503 – Understanding Climate Change Today 

http://ecourses.ncar.ucar.edu



Join the conversation on Facebook!



Thanks!

Lisa Gardiner
egardine@ucar.edu
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