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o~ NUCLEAR WINTER: WHERE DO WE STAND?
00,
;‘*: R. P. Turco
N . ,
fqﬂ Four years of research on nuclear w1nte£\has greatly improved
1 our understanding of this complex phenomenonrJ Studies have
0 confirmed the possibility of significant temperature decreases and
f . other severe environmental perturbations following a nuclear war,
##ﬁ with potentially critical implications for human survival.
o Nevertheless, important uncertainties remain to be resolved., The
Bt major issues and their present research status are reviewed.

®pFuel Inventories: Fuel burdens in rural and urban settings
appear to be knqygﬂ;g,u%ﬁhin a factor "2, and are lower than
KT earlier estimates by a factor of 2 or so;

é>Fuel Impactiony The quantities of fuels affected by

it nuclear explosions are sensitive to the scenario adopted; although
(33 definitive targeting analyses are forthcoming, issue§ of targeting
‘;' policy may never be fully resolved and must necessarily remain

N uncertainj .ignition and burning of rubblized fuels, while likely
;;a after a nuglear attack, may be of lower intensity; it is presently
5¢2 understood’ that a major nuclear attack against identified

fjﬁ military/industrial targets would cause extensive collateral

b2 damage’ in urban areas;
il dsSmoke Emission Factor: Burning petroleum, plastics and

A related materials can emit 5% or more of their mass as soot;

K/ recent experiments reveal that the combustion of wood under

o restricted ventilation can convert up to 2% to soot; such emission
o factors imply blacker smoke than has been presumed in most

“1 existing studies;”;soot emission factors for large scale

,i) nuclear-indgggd/0{1 refinery and urban fires are still uncertain,
,¢ but have more likely been underestimated than overestimated;

355 osPlume Heights: Simulations and observations indicate

K initial smoke injection as high as 15 kilometers; soot generated
wh‘ under intense flaming conditions is likely to be injected into the
Q middle and upper troposphere, while smoke produced by lower

; intensity combustion would be deposited in the middle and lower
Gt troposphere;

o o Prompt Scavenging: The immediate rainout of the sooty

7 component of smoke emissions is probably less than 50%, because of
;&f its poor nucleation properties relative to other materials, and

Hn L because of the likely overseeding and reduced precipitation

';* efficiencies of smoke clouds¢ actual scavenging processes remain
o be tested in full-scale giala,SESts;"”_"*“_""ﬂ - . —

o oyMesoscale Dispersion;j-—Observations of large smoke plumes )
dﬁ caused by fire complexes suggest rapid regional dispersion; the ~
Q# role of water vapor in modify@ng soot properties and initiating o
ﬁ% precipitation requires investigation; smoke aging by coagulation
“ and chemical reaction must also be carefully defined in this

regime;
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;ﬂ? o Acu;e_Cllmate Qh;nge; The extent of land su;face cooling
ap! for a specific smoke; injection can presently be estimated to

=ﬁﬁ< within a factor of ”2; the primary unknowns concern the surface
:@h' boundary layer response to a sudden loss of solar energy,

f% including the formation of fogs and inversion layers; critical
?@ changes in precipitation rates may also ocsur, but are currently
ky less well understood;

RSN o~Long-teim Climate Change: Preliminary investigations show
~f‘ important couplings between smoke injections, ocecanic responses,
QS& ice formation and other processes that drive persistent climate
r fluctuations over periods of years; residual stabilized smoke
SW layers could greatly enhance these effects; uncertainty about the
z'* long-term chemical interaction between soot and ozone must be
AN resolved; > ,

g&a oxOther Environmental Effects?¥ Substantial ozone layer

k&_ depletions are expected following 44 nuclear war due to

PY smoke-induced perturbations in atmospheric temperatures,

Wl composition and circulation, but the effect has not been

;‘t quantified; radiological impacts would be severe over large areas
KA. because of local fallout, although global health effects need to
:}ﬁ be more clearly defined; release of chemical toxins leading to
Ve hazardous local pollution of air, soil and water must be

e quantified; -

o o Biological Impacts: The human consequences of nuclear war
3@4‘ as described in the SCOPE Report must be extended and refined;
ﬁs' an organized research program should be developed in the U.S. to
W place the biological conclusions on a firmer analytical

fﬂ& foundation.
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«::. The Defense Nuclear Agency has collected and printed the attached papers
i!;. from the April 7-9 1987 Global Effects review as a service to the community.
a':g 5 The Defense Nuclear Agency takes this opportunity to express its gratitude to
00, the numerous participants in the Global Effects review.

Al

\: The technical papers enclosed include all those which were received by DNA
s,,&. prior to the closing date of 15 May 1987. Where papers are missing their
o place is occupied by the abstract received prior to the meeting.

b

ol The inclusion of a paper in this proceedings does not necessarily imply
d endorsement of the results of the research reported or conclusions which might
;"':: be drawn from that research. It is the opinion of the Defense Nuclear Agency
,::‘: that, while good progress is being made in improving our understanding of

i;. 1 Global Effects, the results to date are tentative and preliminary and should
:,:.l, not be used for planning beyond the planning of future research.
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ATMOSPHERIC HEATING
WITH MIXED SOOT AND WATER CLOUDS

Carl J. Lauer
Gary D. McCartor

Mission Research Corporation
Santa Barbara, California
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CONCLUSIONS

o EFFECTS OF CONDENSED WATER ON ATMOSPHERIC
¥ HEATING BY SOOT CLOUDS WHICH HAVE BEEN
wn SUPPORTED BY NUMERICAL CALCULATIONS

! WARMER EARTH SURFACE TEMPERATURES
n COOLER CLOUD TEMPERATURES
" REDUCTION IN CLOUD RISE

N (THIS MAY OCCUR TO A LESSER EXTENT
" FROM WATER VAPOR)

! ON-GOING WORK WILL EXAMINE THESE EFFECTS OVER
- THE RANGE OF CLOUD DENSITIES OF INTEREST
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Simulation of Coastal Flow Fields
o when the Incident Solar Radiation

f Is Obscured

3 by

Charles R. ./uo[e,nkamp«
) Lawrence Livermore National Laboratory
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5
o
0
ga: SIMULATION OF COASTAL FLOW FIELDS
o)
" WHEN THE INCIDENT SOLAR RADIATION IS OBSCURED*
R
i
L} "
Qi: Charles R. Molenkamp
e
o Lawrence Livermore National Laboratory
.&ﬁ‘ Livermore, CA 94550
o
e
3@::: ABSTRACT
2
e
!}, In the aftermath of a large scale nuclear exchange, smoke from many
L intense fires would be injected into the upper troposphere and stratosphere
o in such amounts that very 1little incident solar radiation would reach the
ry ground. It has been suggested that, in coastal regions, the air over land
w would cool much more rapidly than that over the ocean. In response to this
Qﬁk thermal gradient, a super land breese would form, lifting the moist air
R over the ocean and producing a zone of anomalous persistent precipitation.
l"'!
ﬁh Using an enhanced version of the Colorado State University Mesoscale
Model, the development of coastal flow fields are being simulated during
o periods of extended obscuration of solar energy by completing one normal
.dp diurnal cycle starting at dawn and then extending the simulation for an
s additional 24-48 hours with no incident solar radiation. For these simula-
0] tions two changes have been made to the model. First, a cloud module has
i been added that allows for the formation of a cloud or fog whenever the
N atmosphere is saturated. Second, the longwave cooling module has been
,53 rewritten to improve its accuracy and allow for the effects of clouds.
B
}Qﬂ For a typical west coast situation, with a moderate westerly mean
ﬁ§ flow, the surface layer over land cools a few degrees during the night to a
]§$ temperature where saturation occurs and a thin ground fog forms. This fog
- protects the ground surface from further rapid cooling and grows in height
T as a reasonably well-mixed layer forms over land with a cloud layer at the
Qé top. Over the ocean, moisture is vertically mixed upward into layers that
:{Q are cooling radiatively so a similar cloud forms. With clouds over both
1&& land and sea there are only small thermsl gradients so the hypothesized
?gk precipitation zones do not occur.
::. Simulations for a typical east coast situation are curreantly underway.
o
!:|' »
o
':': ¥
N
fz- *This work was performed under the auspices of the U.S. Department of
}?b Energy by the Lawrence Livermore National Laboratory under Contract W-7405-
pixe Eng-48.
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Approach

iversity

Numerical Simulation Using the Colorado State Un

Mesoscale Model (Pielke, et. al.)

depends on atmospheric stability
- Solar and infrared heating/cooling of surface and

- Surface flux, planetary boundary, and synoptic iayers
- Vertical diffusion in the planetary boundary layer

- Hydrostatic incompressible flow
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atmosphere
- Surface heat budget (land and sea surfaces)
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jon
- 24 hour diurnal cycle starting at dawn (05

izat
- 24 hours with no solar input

e
[ ]
| ]

[

ini

CEXF I @

- Sounding for the Oregon Coast on 23 Aug 72
- 5 m/sec onshore synoptic flow from West

- Sea surface temperature is 289K

Run CSU Model (2D)
- 4 hour i

Initial Conditions

. -
-

Procedure
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saturation
- Condensational heating and evaporative cooling change

the atmospheric temperature (iterative)

vapor plus liquid
- New liquid water variable is the excess water over

- Original water vapor equation retained but represents

e RADIATION (long wave)

MODIFICATIONS TO THE CSU MESOSCALE MODEL
e CLOUDS
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3 POT TEMP, WATER CONTENT AND
X WIND SPEED AT 10:20 ON DAY 2
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::::" Mesoscale Aspects of the Climatic Effects of a Large Nuclear War
)
b
i'j‘ Filippo Giorgi
o
:::Eg:{ National Center for Atmospheric Research
;.::; P.O. Boz $000, Boulder, Colorado 80807
h »
"
;. )
g;;,‘ Most assessments of the climatic consequences of a major miclear conflict have been
i':::‘. made using 1-dimensional (1D) radiative-convective models or 3-dimensional general cir-
:::::; culation models (GCM). In these studies, initial distributions of nuclear smoke and dust
{}g{:ﬁ_ uniform over large scale domains were employed. The assumption was that the thousands
) of smoke and dust plumes generated in the aftermath of the conflict would rapidly merge,
s due to the atmospheric winds, to form a widespread cloud. A few preliminary studies,
::;:. however, have indicated that atmospheric perturbations can be induced by the nuclear
:;:.‘.. aerosols on the mesoscale (10-1000 km), which can strongly affect the aerosol distribu-
:2';::‘ tion and properties. This, in turn, will influence both local or regional “acute” effects
(by perturbing the local meteorology) and long term “chronic” effects (by modifying the
;Z:i:" amount and properties of the injected material). In this study it is proposed to employ a
;::;‘ mesoscale model to investigate behaviour, interactions, and meteorological effects of the
::::‘: aerosol plumes in the first several days (5-10) after the conflict. Results will be compared
:'!:‘::! with GCM predictions of acute climatic effects, and the implications on the initial smoke
distribution and properties to be used in GCM studies will be analyzed. An augmented,
“:' 2D version of the Penn State/NCAR mesoscale model will be initially used. A number of
j;:.ll' physics parameterizations will be added to the current version of the model. These include
:'::' a detailed description of surface physics and radiative transfer, an improved description of
;:3 ': the atmospheric water cycle, and aerosol transport, microphysics, and interactive radia-
tive effects. The sensitivity of the results to model resolution and physical domain, physics
5':6" parameterizations, and aerosol injection scenarios will be examined. Depending on the
::s indications of these 2D simulations the possibility of performing 3D simulations will be
Jih considered.
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MESOSCALE ASPECTS OF THE CLIMATIC EFFECTS OF A
; LARGE NUCLEAR WAR

; MAIN OBJECTIVES

e Study of regional, “acute”, climatic effects of massive
_' aerosol injections from a large nuclear war (5-10 days after
the conflict)

— Prediction of atmospheric perturbations on the
& mesoscale (10-1000 km), and related perturbations of
. surface climatic variables (e.g.. surface temperature)
. — Comparison with general circulation model (GCM)

kY predictions

e Study of the effect of aerosol-induced mesoscale atmo-

spheric perturbations on the aerosol properties and distri-

- . o

bution; implications for inje<tion scenarios used in global

- ‘6“

.. scale studies.
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i MODELING APPROACH

e Penn State/NCAR mesoscale model, version MM4
) (2D version for now)

et — Primitive equations

" - O vertical coordinate

s — Hydrostatic

e — Compressible

; ® Physics included in the current version of the model

— Moisture

o * Cumulus parameterization (Anthes, 1977)

o * Explicit liquid water scheme (Hsie et al., 1984)
3 ~ Boundary layer

* Bulk PBL (Deardorff, 1972)

; * High resolution PBL (Zhang and Anthes, 1982)
o — Radiative transfer (simple parameterization)

o — Ground temperature calculated via an energy balance
5_3 equation (Blackadar, 1979)

e — Horizontal and vertical sub-grid scale eddy diffusion

31
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e ® Model enhancements planned for this study

—.;,'.- — Improve surface physics description

ey — Improve radiative transfer calculations

) - Include simple ice physics parameterization

v - Include aerosol transport, microphysics, and interac-

4 tive radiative effects
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SURFACE PHYSICS MODEL ENHANCEMENTS

e Apply to MM4 the surface physics package developed by

R. Dickinson and collaborators

N |/
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