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Introduction

Climate models are an excellent test bed to examine low frequency but
high impact events and scenarios

Learn new things about the climate system

Could uncover subtle model problems

We will focus on 3 extremely large forcings:
1. Sulfate aerosol loading from a super-eruption
2. Black carbon aerosol from massive fires initiated by nuclear conflict

3. Unrestrained increase in CFCs - World Avoided
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Model Configuration and Sulfate Properties

Work done in Collaboration with Alan Robock, Gera Stenchikov, and Drew Shindell
We use the NASA GISS ModelE AOGCM

- 4°x5° horizontal resolution and 23 vertical levels in atmosphere 13 in ocean
- We ran a 30-yr control run and each volcanic run was 10 years

- Toba Super-eruption 74,000 years ago

- 0.67 to 18 Gt of SO, converts by OH into H,SO, (injected from 24-32 km)
- 33 to 900 times larger than Pinatubo in June 1991 and injected over 7 days

Properties of Sulfate Aerosol in Visible Band

Size varies but an average aerosol has a 0.5 ym effective radius
2.62 m2/g mass extinction coefficient
1 single scattering albedo

0 m?/g mass absorption coefficient in visible but there is some absorption
in Near-IR and Longwave



NASA GISS ModelE, 6 Gt of SO, or about 300x Pinatubo
Toba Zonal Mean Visible Optical Depth
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Temperature Anomaly (°C)

Change in Global Temperature and Precipitation
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Mass (Gt) Temperature Anomaly (C)
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Superrotational Winds on Venus

Images over 4 Earth Days

Time it takes for superrotational
winds to circle Venus
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Did Toba Induce Equatorial Superrotation on Earth?

Simulations using GISS ModelE produce equatorial superrotation shortly
after the Toba eruption and are maintained for a couple years.
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SO, Loading (Mt)

Sulfate Loading and Equatorial Superrotation

« All 3 scenarios produce similar peak winds
* But the length of time superrotation is maintained differs

* Suggest some critical loading necessary for maintaining this feature (~500 Mt)
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Massive Fires from Nuclear War

» Crutzen and Birks, 1982 - first to point out massive fires
would produce smoke that would change climate.

» Turco et al., 1983 - 1-D climate model predicting massive
cooling from the resulting smoke - coined the term nuclear
winter.

- Aleksandrov and Stenchikov, 1983 - first 3-D GCM of the
climate impacts.

* A number of studies were conducted 1983-1985 some with
results suggesting the original studies had overestimated
the climate impacts.

* A few in the late 80s but very little since.

» But first we examine a regional nuclear conflict scenario



What would be the consequences of a regional nuclear
war using 100 15-kt (Hiroshima-size) weapons?

Work done in Collaboration with Alan Robock, Gera Stenchikov, and Brian Toon

This would be only 0.03% in explosive yield of the current world arsenal.

We use the NASA GISS ModelE AOGCM

- 4°x5° horizontal resolution and 23 vertical levels in atmosphere 13 in
ocean

- 5 Tg of black carbon into the 300-150 mb layer (upper troposphere) over
1 grid box at 30°N, 70°E on May 15

- These are from estimates in Toon et al. 2007

- 30-yr control run

- 3-member ensemble for 10 yr

- BC optical properties - MEC 9 m?/g and MAC 6.21 mé/g
SSA 0.31 and 0.1 ym radius
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Daily mass loading of a few example cases - passive tracer is removed

with e-folding time of 2 months

Jan. case has less lofting but only reduces lifetimes by about 20%
The rest of the figures correspond to the blue line (5 Tg UT May 15)

Very large changes in the surface SW radiation would occur with the
largest anomalies over the mid-latitudes during the summer in the

respective hemispheres.
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Global temperatures decrease 1.25°C for 2-3 years and after 10 years still -0.5°C
Precipitation decreases about 10% globally

Change in Global Temperature and Precipitation
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Heating of the stratosphere through the absorption of SW radiation would
exceed 30-50°C for a couple years.

In the low to
mid troposphere
cooling of about
1°C occurs for
about 4 years.

Strong heating
of the tropical
tropopause cold
point will allow a
significant
increase in
stratospheric
water vapor.

Large ozone
losses
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Ozone column (DU)

Ozone depletion 3 years after 5 Tg soot injection
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Ozone depletion is large and long-lasting at all latitudes
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Change in SAT (°C) JJA Year 1

JJA Surface Air
Temperature Changes

Cooling is largest over
landmasses up to 3-4°C

Warming over high mountain
ranges from the black carbon
aerosol
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Change in Precipitation (mm/day) JJA Year 1

Large changes in precipitation ™
are likely this example shows
JJA about 1year after

injection.
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What would be the consequences of a full-scale nuclear war using
the entire global arsenal?

This would be the same as the standard nuclear winter scenario of 20
years ago, and would produce 150 Tg of smoke, put into the
atmosphere in the midlatitudes of the Northern Hemisphere.

We again use the NASA GISS ModelE AOGCM.

- 150 Tg of smoke into the 300-150 mb layer (upper troposphere)
over the US and Russia starting on May 15

- Also, a 50 Tg of smoke case was simulated
- 30-yr control run
- 110-yr calculation for each case

- BC optical properties - MEC 5.5 m?/g and MAC 2 m?/g
SSA 0.64 and 0.1 ym radius
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Temperature Anomaly (°C)

Change in Global Temperature and Precipitation
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Chonge in SAT (°C) DJF Year 0-1
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Change in Precipitation (mm/day) JJA Year 1
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The World Avoided
What would have happened to our
atmosphere if CFCs had not been regulated?

Work done in collaboration with Paul Newman and others in Code 614

Why do a simulation like this?

Accountability: Scientists predicted massive ozone losses, actions were
taken, and losses were mitigated. Do the state-of-the-art models
justify the claimed large losses?

Provides a reasonable baseline for assessing the impact of international
agreements on ozone, UV impacts, and climate change

Gives an indication of unforeseen impacts on atmosphere of large ozone
losses

Provides an extreme condition test for the models - pushing to an
extreme oftentimes uncovers subtle problems



Chlorine Catalytic Destruction

Ozone Destruction Cycle 1

Oxygen molecule (O2) Chlorine atom (ClI) Ozone (03
V \f
|o Sk [ Chiorne CI " o3 Ozone
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Oxygen atom (O) Chlorine monoxide (CIO) Oxygen molecule (Oy)
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We use the NASA Goddard Earth Observing System (GEOS) Chemistry
Climate Model (CCM)

- 2°x2.5° horizontal resolution and 72 vertical levels

- Used NMR74 scenario which is a 3% per yr increase in halogens
- Interactive Stratospheric Chemistry

- Simulation run from 1974 to 2075

Halogen Scenarios
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Total Ozone (DU)

Total Ozone, 90°S-90°N, Annual Avg.
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Total Ozone (DU)

October, 70°S-90°S
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Tropical Collapse of Lower Stratospheric Ozone

Polar-type stratospheric chemistry starts to occur in the tropics.

In the mid 2050s tropical lower stratospheric ozone drops to near zero.
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Very Large Increase in Ultraviolet Radiation Reaching the Surface

Sunburn could occur within minutes of exposure

35:I'l'llllllilil'lll:

30 Midlatitudes (30°-50°N)
. July 2, noon conditions

25 |

20 _ world avoided

UV index

15}
1 0 o Very High

50 Mo
1980

reference future 1

Extreme

fixed ClI

2000 2020 2040 2060



Summary

Extreme forcings of the Climate System can be useful on several levels

*Learn new things about the climate system

Strat. H,O increase and eq. superrotation from Super Eruptions
Strong self lofting of BC from massive fires in a Nuclear Conflict
Possible tropical ozone collapse from high CFC's in the World Avoided

* Revisiting older problems with new more comprehensive models
Nuclear Winter

*To test paths not taken because of some action for accountability
World Avoided
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