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e How do we figure out past
climate?

e Digging the dirt: climate records

In rocks and sediments
e Paleoclimates and Pollen Activity

* Tiny clues to massive change: Presenter:
Investigating climate on an Dr. Randy Russell

atomic level Educational Designer
UCAR Office of

Education and Outreach
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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
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Image: Global Warming Art
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Image: NOAA climate database modernization project




Image: UCAR

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 Iayers,
corals, stalactites, and other
places.
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I\/Iodellng Past Cllmate

e 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
Dependent on billions of calculations, cutting-edge models W|th proxy data from

require fast supercomputers like the one above at the NASA

Ames Research Center. the Same tlme periOd.

Image: NASA, Tom Trower




""-"-'F-Hh:’ -‘l'|;E '!’;?1.;::-,.'

= = g B e B W - e o |

T 5t g M e
1. eSSl

- - D o - L= - i, el - 4w - s - p—
. — o _ 3 = =2 —
e e Pl s ] i E e e = EY e e e et R I b

-
N o=

d Past Climate

0.6

l'l-

Global Temperatures 1

0.4} 1F A
+- Annual Average

o |
’ |
— Five Year Average iy
0.2}
T || ﬁj.j; :L_THI'HI cuthe
Pl C '-z:_g__...'LJp ]

L
of X

T
-0.2} T

Four ways:

Temperature Anomaly ("C)

-0.4F 1)

L]
ol

e |nstrumental Record 1880 1900 1920 1940

e Historical Records

e Proxy Records

e Models
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Pamtlng can teII us about past cllmate
Which way of understanding climate is this?

. Instrumental Data
. Historical Data

. Proxy Data

. Model Results

Peter Bruegel the Elder, 1565




Instrumental Data
Historical Data
Proxy Data

Model Results
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UCAR, Climate Discovery Teacher’s Guide







D o
i =

Slimate Records in
Rocks and Sediments

With a classroom activity modeling proxy data




- using the the geologic record:

3
e

Investigate sedimentary rock outcrops and the
fossils within them.

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

Investigate samples of sediment from lake bottoms
that contain pollen.




Example: Sand dunes in arid climates (A) may eventually be breserved
as sandstone rocks with characteristics laminations (B).
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Investigating Rock from the Ocean Floor

-

S | Core samples of the 6cean floor
(below) are drilled with a rig
mounted on the ship (left)
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JOIDES (Joint Oceanographic
Institutions for Deep Earth Sampling)
Resolution Ship, run by the Integrated
Ocean Drilling Program



What tells the sto'ry'of past
climate In the ocean floor?

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

Image: USGS

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:

e Chemistry of the fossils
(Described in next section!)

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




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

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

e Thus, plants living In an area
change as climate changes.

 Knowing conditions that
plants prefer, scientists make
conclusions about past climate
from ancient pollen.
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Activity: Paleoclimates and Pollen

§

Battle Ground § Présent
Lake,
Washington

e 4,500 years ago

Model

sediment 9,500 years ago
column

11,200 years ago

15,000 years ago

20,000 years ago

Thie COMET Program




Pollen Key

Color and Shape

Plant Species

Climatic Charactoristics

Western Hemlock

Principal dominant tree of many lowland, temperate sites.
Requires very moist, temperate conditions for growth.

Douglas Fir

Prefers moderately cool to warm sites. Grows best under
temperate, somewhat moist conditions.

grasses and
sedges

These grasses and sedges are typically found in very cool
alpine/subalpine meadow sites characternzed by very cool
summers, harsh winters, and short growing seasons.

Alder

Widespread throughout the Paci c Northwest, prefers
abundant water and can grow in cool climates.

Grand Fir

Grows in cool climates, but not as cold tolerant as trees
found at higher altitudes.

Engelmann Spruce

Found in cE:Id, usually sub-alpine sites.

Western Cedar

Found only in temperate, very moist climates.

Lodgepole Pine

Found in areas of very cool climates typically growing on
poor soils, often at high altitudes (above 3,500 feet) under
the present climate.

mixed meadow
species

This pollen is from a mixture of plants common to warm
meadowlands. Typically, these species grow in areas of
warm summer temperatures and summer drought.

Oak

Found in warm - temperate sites characterized by dry,
warm summers.

Alpine Sagebrush

Woody, low-growing shrub that's found only at high-
altitude, cold sites.




Data Table

Sediment Layer
Plant species 3
Western Hemlock

Douglas Fir

grasses and sedges

Alder
Grand Fir

Engelmann Spruce
Western Cedar
Lodgepole Pine

mixed meadow species
Oak

Alpine Sagebrush
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Investigating climate on an atomic level
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~ ATale of Two Oxygen Isotopes...

Light Oxygen Heavy Oxygen
Oxygen-16 Oxygen-18

8 neutrons, 8 protons 10 neutrons, 8 protons
Lower mass Greater mass
Very common Less common
(over 99% of oxygen)

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




Temperature

Evaporation: water
molecules with light
oXygen evaporate more
easily.

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

The concentration of 180 in
precipitation decreases
with temperature.




e Cooler temperatures mean
less heavy oxygen is
evaporated from the oceans,
SO...

e Rainwater has lower
proportion of heavy oxygen

e Polar ice has a lower
proportion of heavy oxygen

e (Ocean water has higher
proportion of heavy oxygen




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

e 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




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

e To understand paleoclimate, scientists examine the

ratio of heavy and light oxygen in many ways
Including looking at:

® |[ce sheets
e (Corals and fossils
e The limestone in cave deposits




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.







The ratio of heavy oxygen
(180) to light oxygen (**0) 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.




tapes from --v-'-?'ora

e This x-ray of a coral core shows the change in 180
concentration corresponding to the coral’s growth.
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Oxygen |sotopes (and others)
measured from speleothems

e Speleothems are cave
deposits, limestone
deposited from rain
water and ground water
that gets into the cave.
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Researchers look at
Isotopes of many
elements, including O,
Ca, Mg, Sr, Ba, and P.
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Earth Observatory

Home Image of the Day Feature Articles Mews Matural Mazards Clobal Maps Blagi

Paleoclimatology: the Oxygen Balance

Oxygen is one of the most significant keys to
deciphering past climates. Oxygen comes in heavy and
light varicties, or isciopes, which are useful for
paleoclimate research. Like all elements, oxygen is
made up of a nucleus of protons and newtrons,

surmounded by a cloud of electrons. All oxygen atoms

have 8 protons, but the nucleus might contain 8, 9, or

10 neutrons, “Light” oxygen-16, with 8 protons and 8

neutrons, is the most common isotope found in naune,

followed by much lesser amounis of “heavy™ oxygen-
18, with 8 protons and 10 neutrons.

- ]

The ratio (relative amount) of these two types of
oxvgen in water changes with the climate. By
determining how the ratio of heavy and light oxygen in
marine sediments, ice cores, or fossils is different from
a universally accepted standard, scientisis can leam
s-:uncﬂung about climate chnngcs that have Dccurmd in

Faleaclimalology
Imoduchion
Wiriiten In fhe Eorth
A Record fom tne Deep
The ce Core Record
Chrre Ciose- LD
Expiaining fhe Brdence
Undertandng ihe Pas! 1o
Pradic? e Futues

The Oipigan- 1B botope had on
axira fwo nouiond oo lelalof
10 meutron ond B profond.
compansd 1o The B neutron
ond 8 profont o oMo
axygen atom. The dignty
greotermonof '40—125
porcon! mon Ihan PO roauim
In differentiotion of N soio00d
In tna Borth's ofmosphons angd
Aydeiphern. SSaniEl meonsn
dforonces in ceygen Botope
CORCoNMTon fo revedd Do
cimotel [Rod M owdF fucs
foanmate] [Burroton by
Robort Srrrmon. NASA GIFC)

http://earthobservatory.nasa. gov/ Featu res/ Paleoclimatology OxygenBalance/







Earth Observatory

Home Image of the Day Feature Articles News Natural Hazards Global Maps Blogs

Paleoclimatology: Introduction

by Holi Riebeok - design by Robert Simman - June 28, 2005 | Poleoclimolology
Introducion

“The ponched bowidorns which ore found in the Alpine valioys... A b

occupy af fmes podifions 1o extroordingry hot they excite in o high
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Louis Agassie. Etudes sur les Giocien. 1840, |

A Record from e Desp
The lce Core Record

http://earthobservatory.nasa.gov/Features/Paleoclimatology/
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Welcome Educators! You have
found the Facebook hub for
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Thank you to the sponsors of
tonight's Web Seminar:
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