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THE CORAL RECORDS SHOW:

1) recent trend towards warmer, wetter conditions
2) intensification of ENSO

lie outside the range of recent natural variability.
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THE CORAL RECORDS SHOW:

1) recent trend towards warmer, wetter conditions
2) intensification of ENSO

lie outside the range of recent natural variability.

Likely an indication of future climate trends in region.

FOUR OPTIONS

1) use less energy
2) shift to low-carbon energy
3) take CO, out of the sky

4) geo-engineer our planet’s energy balance
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B August ocean temperature change (‘C) Cooling ll>8 BMeé-8 Ma-6 W2-4 H0-2
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TABLE 13-1  Approximate Volumes of Ice and Amounts of Water Stored in Glacial Ice Sheets Shown by Lowering
of Sea Level beneafh Today's Level

Sea level
Excess ice volume

Ice sheet Location (million km?) Amount (m) Change (m)*
Laurentide East-central Canada 2534t 72-100 50-70
Cordilleran Western North America 1.8 5 3.5
Greenland Greenland 2.6% 7 5
Britain England, Scotland, Ireland 0.8 2 1.5
Scandinavian Northern Europe 73 21 15
Barents/Kara Shelf north of Eurasia 6.9 20 14
East Antarctic Eastern Antarctica +3.3§ 9 6
West Antarctic Western Antarctica +6.5§ 18 13
Others Various 1.2 3 2

All ice sheets 55-64 155-183 109-129

*Net sea level changes are 30% smaller than the volumes of seawater removed from the ocean
because ocean bedrock rises when the weight of water is removed.

1The higher estimate shown is for a thick ice sheet like that in the CLIMAP maximum reconstruction;
the lower estimate is for a thin ice sheet.

FPresent-day volume of ice on Greenland is 3 million knt*.

SPresent-day volumte of ice on Antarctica is 29 million ki’

Souree: Adapted from G. H. Denton and I: . Hughes, The Last Great lee Sheets

(New York: Jobn Wiley, 1981).
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4/17/17



N

Equator

| Arid
m Semiarid
Winds

Equator

South tropic

A Sand dunes active today

B Sand dunes active at glacial maximum

Specify ;
boundary conditions |
for climate model i

| Run simulation of |
| atmosphere and/or ocean

Analyze . T ———
climate data Compare with Independent
output geologic data

from simulation

D Spruce pollen (%)

B Annual temperature (*C)

E Oak pollen (%)

4/17/17



Spruce pollen

o s00 1000 1500
Annual precipitation (mm)

Prairie pollen Sakcpolleny
500 1000 1500 0 500 1000 1500
Annual precipitation (mm)

Soawm
cud aldhg
s,

Mean uly temperature C)

Distribution of spruce pollen

B Glacial, observed C Glacial, simulated

W< 1% 1-5% Ms5-20% H>20%

A Modern, observed

with climate model

Use climate output
(temperature, precipitation)
to narrow the range of possible
vegetation types in grid boxes

2 Run biome model
allowing remaining vegetation
to compete for resources
(light, water, nutrients)

Define dominant vegetation type
in each model grid box

Compare biome model vegetation
with pollen evidence

Minnesota lake sediment core 14C ages
0’ (years)
. -— 1660
27
E 4
£ ' ~—5450
S
£ 6
=
2 4 -~—7,120
20 ~10,230
. -13,270
0 20 40 60 0 20 40 60 0 20 40
Spruce pollen Oak pollen Prairie pollen
(%) (%)
1 Run simulation

4/17/17



4/17/17

A Sea surface
temperature
o)

B Glacial winters

[]seaice = Surface winds B Ice rafting

[ ] Ice sheets i ot stream (mg/em?2/1000 yrs)




1000 - 1500

1000 - 1500 years 500 - 1000 years.
1000 years

120°W 160"
A C age of modern decp water
Age of
slacial desp water
afmost twice modern
(675 years)

70 years)

Depeh )

2
Latiude

B Modern circulation of desp Adantic water

Distribution of elm pollen

A Glacial, observed B Glacial, simulated
M<1% 1-2% M2-5% M>5%

A Modern vegetation
Ol ice real forest Mediterranean scrub
1 Tundraand ® Deciduous Prairie-steppe

i conifer forest

B Glacial vegetation

-
~ Permafrost
and tundra

Mixed
with grass and forest

30° Forest

A Glacial maximum (observed)
60" 120° 180"E
T T T T
Sea ice

Ice sheet

B Glacial maximum (model)

4/17/17



Winter sea ice
(glacial; cLimar)

Winter sea ice
(modern)

?

radiation

Regional Regional
cooling cooling

Ice

4/17/17



B Indian Ocean

A Atlantic Ocean

N
.

Glacial plankton vs plankton today
(Percent difference)
B> 50 El25-50 WE10-25 Mi<10

C Pacific Ocean

Glacial temperature

change (°C)

+2

-2

-4

F oy W

@
|
= CLIMAP
® Alkenones
=)
10° 0° 10°

Latitude
(Tropical Indian Ocean)

20°

Elevation (km)
AN WA ®

Forest

Andes today Last glaciation

4/17/17

10



