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A b s t r a c t 

Recent results of model studies and sensitivity tests ha"c shown the degree to which 

the intensity and duration of "nuclear winter" depends on the mass of soot and dust sus

pended, its optical properties, its vertical distribution in the atmosphere, and the residence 

time. The soot from urban fires is viewed as evolving during its dispersion from the early 

fire induced plumes, :.o cloud sciile systems, to the mesoscalc and larger systems. Micro-

physical processes are perceived as operating within those systems in a mnnner to enhance 

removal from the troposphere, mid to alter the vertical distribution of the soot or its sub

sequent, aging or evolving aerosoi. Relevant observations and studies of these processes 

arc presented and discussed. Critical inputs to the climate simulation models may well be 

altered significantly by these process effects, many of which are in need of better definition. 

Appropriate research needs to be initiated to address and better define these microphysi-

cal/mesoscale processes of potential importance in the altered atmospheric system after a 

major nuclear exchange. 

I n t r o d u c t i o n 

The previous speakers have left, perhaps, the most difficult part of the problem of 

nuclear winter assessments to the last. My colleagues have reported their salient progress 

since summer 1383. Indeed, they have discussed the current learning process in which we 

are all involved, the improved physics of the climatic models, and the very recent model 

sensitivity tests (Cess, 1984). The picture that is currently emerging, which is not uncom

mon for global environmental assessments in their early stages, is that during this learning 
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process the spectrum of the assessments widens, or the band of predicted impacts expands. 

And so it is with the nuclear winter issue. The previous piosentations (see papers by Cess; 

MacCracken, and Penner of this proceedings) indicate that the intensity of the climatic 

consequence of massive soot injections into the atmosphere depends critically on the mass 

of soot injected, its height and distribution, and the optical properties. With suitable but 

reasonable parameter variations the climatic consequences include both a slight warming or 

a dramatic cooling, or both nuclear summer and nuclear winter. It is entirely possible that 

the microphysical/mcsoscate processes, yet to be suitably incorporated in the assessment 

as attested by the previous speakers1 caveats, contribute to these parameter variations. 

Ideally, the emissions from the large urban fires should be followed in its transport 

through the fire-induced plume, through the capping cloud system created in the upper 

part of the plume, and consider the early interaction of the soot with the water in its liquid 

and vapor phases. Beyond this early interaction and later in time, there arc potcntinl 

interactions with cloud scale, and mesoscale systems. At each of these sctles the evolving 

aerosol can be scavenged or pnrtially scavenged, and the aerosol can be transformed by 

interaction with water. These processes, relatively poorly represented in assessments at 

this time, could be operative on a time scale of 1 to 14 days, roughly the time scale 

indicated by current assessments for the development of cooling of the surface layer of air. 

The early climate simulations of nuclear winter assumed that the soot from the mas

sive fires relevant for the climatic impacts was elemental carbon and lacked affinity for 

water. However, the field measurements of Radkc (1982) suggests that forest fires emis

sions contain many CCN (cloud condensation nuclei) or particles that can be transformed 

or modified by interaction with water; further, the "black rains" following the Nagasaki 

event attest, to the scavengability of carbon aerosols from massive urban fires. It is hard 

to imagi-.e that pure elemental carbon particles would be generated from urban fires with

out the host of materials present in or entrained into the fires that will contaminate the 

surface of the aerosol (e.g. sulfates, etc.). Therefore, it is pertinent to consider some 
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of the interactions from the plume scale to the mesoscale that, could well operate in the 

post-exchange atmosphere to reduce the amount of soot remaining airborne to perturb the 

climate-system. 

The early investigators of nuclear winter as well as scientists studying the nature of 

Martian dust storms perceived that the post-nuclear-exchange atmosphere might have a 

dramatically different hydrological cycle than the one existing in our normal atmosphere. 

The principal characteristic—the strong heating of the upper troposphere coupled with sur

face cooling creating a stable stratified atmosphere—was seen as a suppressor of convection 

and the formation of associated convective cloud systems. Professor Golitsyn projected 

the following: That one must expect a strong slowing down of the cleansing of aerosols 

from the earth's atmosphere, and a substantial altering and weakening of the hydrologicul 

cycle. Golitsyn gave five reasons for this projection: A warmer atmosphere would have 

a lower relative humidity; increased static stability; decreased eddy exchange of moisture 

from the underlying surface; the large aerosol loading would lead to competition between 

the aerosol particles for water: and the warm oceans would produce monsoon circulations 

of the dry winter type. In many respects this is a very reasonable projection: but on the 

other hand, Professor Golitsyn went on to state the "of course, many details, especially 

during the first month of nuclear winter are unclear, and furthermore more work is nec

essary with a number of general circulation models with adequate temporal and spatial 

resolution." 

It is precisely these details, particularly of the first several days, that may indeed alter 

the amount and the critical parameters of particle size and the optical properties of the 

residual soot remaining to create the climate impact. If as much as ninety percent of lofted 

soot were to be removed by plume-scale, cloud, or mesoscale processes the nuclear winter 

impact would be vastly modified- New research directions beyond climatic simulation are 

required to resolve the issues. In this paper we consider some significant clues, evidence, 
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and experimental results hearing on the scavenging processes relevant to individual plumes 

and soot-water interactions at several days. 

Reflecting on the climatic simulations of nuclear winter, what processes could operate 

to make the soot s„ay up longer? The following phenomena can be postulated to increase 

the residence time of the soot; the stable stratification of the lower atmosphere, and its 

suppression of convection over continents, as previously discussed. The second is the ' 

upward mixing of the soot in the upper atmosphere by dcstabilization of the atmosphere 

above the absorbing aerosol layer or by photophoretic effects on the particles. In addition, 

the competition among the aerosol particles entering the condensation process could cause 

the particles to come down less slowly than assumed by normal scavenging. 

On the other hand, the processes that could operate to decrease the residence time 

include the hydrolyzation of smoke in the boundary layer either due to the diurnal cooling 

of earth's surface, or the transport of cold air masses off the continent and over the warm 

ocean surfaces. In either of these cases the hydrolyzcd aerosol can change particle size either 

due to swelling or due to the flux of water vapor to the surface of the particle. Hanel (1982) 

has actually published results of measurements over Europe where the aerosol deposition I 
I velocity increased by a factor of 10 to 20 due to hvdrolvzation at high humidities. Hence, ! 
f 

the residence time in the boundary layer for hydrolyzcd smoke would be very short. Cold 

air masses transported offshore would see warm surface temperatures underneath it and | 

will have accelerated upward transport of water and sensible heat, convection and in those | 
i 

cases we should have accelerated removal. In addition, there may be increased baroclinic [ 

instability along the coast due to increased temperature gradients; weather systems could . i 

perhaps be i':onger th&n in the normal atmosphere and enhanced scavenging could occur ' 

in the first several says after the exchange. 

And finally, the patchiness of the soot that has been referred to in the discussions £ 

can lead to cold columns of air under the patchs of soot. If these patches are small in 

horizontal scale at early times, they can induce subsidence and cause the flow of the smoke 
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to lower elevations and into the boundary layer or setup compensating rising columns 

of air adjacent to the patches. These rising columns can enhance cloud formation and 

precipitation. So, there is a rationale for the patchincss to set up mesoscalc systems in the 

altered atmosphere after nuclear exchange. 

A very brief word is required about the all important subject of scavenging; classical 

microphysics has examined the many single processes by which aerosol particles can be 

attached to cloud water droplets, or to rain drops. For submicron particles—those with 

long residence times— their effective removal seems to require in-cloud processes known as 

"rainout," and probably multistage processes in which the aerosol attaches to cloud water 

or is nucleated, the small droplet grows quickly, and thereby becomes much more readily 

scavenged by accretion to the rain drops. 

Professor Pruppacher of West Germany, in the most recent simulations reported this 

summer (1984), concluded that a two stage process is probably removing most of the air 

pollution from our atmosphere. The two stage process proceeds as follows. The material is 

entrained into the cloud; the aerosol is selectively nucleated in an active zone t.l the bottom 

or side of the cloud. In about two minutes, the nucleated aerosol particle is surrounded 

by water and its diameter is approximately 10 microns. The aerosol particle is now in a 

condition (or size) when ircmoval by the rain is rapid. This work which includes other in-

rloud processes shows tht^t in the absence of over-population by aerosols, the air pollution 

is effectively removed, by cue-cloud encounter in that between 46 and 96% of the material 

is scavenged. So, the norma' atmosphere is a very effective scavenger on the cloud scale. 

Now a brief visit to Nagasaki. Over five years ago we suspected the self-induced rainout 

could be important. By self-induced rainout, we mean that the atmosphere is thermally 

perturbed by the creation of a warm bubble (produced by the detonation), the warm 

bubble can rise creating a convective system, and the convective system can rain relatively 

quickly. If the.-e is aerosol contained in the initial bubble, and the aerosol can be dispersed 

through the convective cloud system tjuring its development, then partial removal of the 
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aerosol occurs in the rain stage of the cloud. This we have termed "self-induced rainout." 

We have, in fact, numerically simulated the self-induced rainout phenomena—known as 

the "black-rain" of Nagasaki—on the computer using a convective cloud model with n 

suitable microphysical submodel (Molenkamp, 1979). The simulation depicts the creation 

of the warm bubble; its initial rise and toriodal formation; the entrainment of atmospheric 

moisture; and the formation of a liquid water cloud when the temperatures dropped. Rain 

started forming at 6 minutes within the cloud structure; and radioactivity appeared at the 

ground on the rain drops relatively soon thereafter. The rain from that man-made cloud 

system lasted for approximately 40 minutes in this numerical simulation. Figure 1 shows 

the calculated close rate pattern at H + 1 hr, assuming a wind of 5 meters per second in 

the troposphere. 
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Figure 1. Radiation dose rate contours on the ground one hour after detonation, assuming 
a 5 m/s wind. Contour levels are in rads per hour. 

The hot spot of the deposition pattern is approximately 4 kms downwind and the 

width of the pattern is approximately 3 kms. The topology of this computed pattern and 

the observed pattern observed at 60 days observed at 60 days 'Figure 2) are very similar. 

The intensity of the patterns are very different due to their different times (H + I) 

versus 60 days. The measured dose rate lines are not in agreement with those calculated 

because a typhoon and other sequences of heavy rain subsequently occurred that weathered 

the pattern prior to measurement. But the position of the hot spot, the fission product 
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Figure 2. Isodose contours evaluated in milliroentgens per hour for October 3-7, 1945, at 
Nagasaki. 

nature of the hot spot, the width of the hot spot and its general shape confirmed that 

the model probably performed reasonably well. The calculated doses were consistent with 

the biological daina~j to the citizens of Nagasaki who were reported to have been in the 

black rain. So Nagasaki tells us three things; self-induced rainout can indeed occur, that 

radioactivity can be scavenged by such processes, and the soot from the city was scav

enged by the rain system. Further, the fires probably stimulated the rain which occurred 

during the rest of the day. Now was it raining at the time of the detonation at Nagasaki? 

The answer is no. The sky condition was scattered cumulus with no rain showers within 

some distance of Nagasaki. The simulated self-induced rainout deposited about 3% of 

the device fission products on the ground in the wet-deposition pattern; the remainder 

(97%) was "processed" by the cloud and presumably appeared in delayed fallout. Other 

subsequent self-induced rainout simulations performed for various yields, seasons, and ther

mal/moisture stratifications suggest that up to 25% or so of fission products (submicron 

for free airburst) are scavengable by this means. 
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Professor John Hallett of the University of Nevada has observed and photographed 

many thermal plumes from mountain forest fires or prescribed (controlled) burns in Cal

ifornia. These plumes frequently display a "capping cloud" in the upper reaches of the 

plume, and some have been observed to create thunderstorms in the summer season. There 

is an emerging consensus opinion that the massive fires (ignited by nuclear exchange in 

summer) will predominately have capping clouds (Radke, private communication, 1084). 

Photographic evidence from Hallett's experience suggests the following: 

1. The upper part of the capping smoke shows no discoloration by smoke; the upper 

reaches are mainly fine droplets. 

2. The smoke plume is entrained in the base of capping cloud and exits from the 

downwind lower-side or base of cloud. 

3. The exiting or detrained smoke moves downwind from the cloud, at a much lower 

altitude than the top of the "capping cloud." The effective injection height of 

the detrained smoke is much lower than the cloud top, and is much closer to the 

capping cloud base. 

It should be noted (Radke, 1982) that the capping cloud is a microphysical proccsser 

for smoke (or soot). In general, some smoke (soot) could be rainout or scavenged; some 

can be collected on liquid water, aggregated on evaporation, and hence transformed; some, 

the interstitial aerosol, may change only slightly due to interactions with supersaturation 

fields or coagulation. 

So, in general, when the smoke emerges from the capping cloud it has been changed. 

And it has been preconditioned for interaction with other scales of systems, for example the 

cloud scale convective systems of the atmosphere. Based on the evidence of Radke (1982), 

the aerosols which have been changed or transformed may have a particle size distribution 

whose mean size has been shifted to a factor of 2 or 3, which makes the aerosols very much 

more scavengable. That which has not been transformed can also be entrained into newly 

encountered clouds and be thereby altered. So the aerosol components that exist after the 
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first, cloud encounter—the droplet-aggregated, ».nd the altered interstitial, can be changed 

again at the second interaction, and that can be repeated time and again, until the air 

parcel is of suitable size to enter the mesoscale. Mcsoscale systems couM, of course, be 

numerically simulated with the microphysical conditions along the trajectory determining 

the nature of aerosol components entering the mesoscale simulations. Intellectually this 

is the scheme, and so far the scheme has yet to be implemented; the climate models 

have yet to include this kind of sophistication in the inputs. Dr. Hal Brode (private 

communication,1984) has said that "the quality of the output from the climate models 

depends strategically on the quality of the input." So far the input includes none of these 

above processes. The mcKOKcnle system, the r.onvective scale systems, and the capping 

clouds cur change the mass of soot remaining aloft; they can change the distribution; they 

can change the residence time. Our discussion here illustrates the many interactions of 

the soot or the smoke long before it is converted into a planetary scale absorbing layer of 

uniform quality. 

Now pertaining to some observations made by others: the research organization of 

EDF (France) has performed experiments of artificial or man-made convection generated 

by burning propane in which the heat source is the order of 1,000 10,000 megawatts. The 

series of experiments documented the height of the fire induced cloud, the formation of 

liquid water, the formation of the rain, and the confirmation of seif-induced rainout. In 

roughly 10% of the cases, self-induced rainout was observed. In three campaigns EDF 

performed 40 experiments; their experiments fall into 4 classes. 

Class 1. There is no capping cloud. 

Class 2. There is an isolated capping cloud. 

Class 3. The capping cloud is surrounded by scattered clouds in the area. 

Class 4. The capping cloud is embedded in the natural cloud structure. 

A study of these classes in the experimental series shows that over France in summer 

there is ~75% probability that a capping cloud will be produced by a large fire. Urban 
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fires will be much hotter than the range of the EDF experiments, so the statistics relevant 

to large urban fires should shift towards a greater frequency of capping clouds. The EDF 

experience supports Radke's (1084) statement that large urban fires in summer should 

be characterized by capping clouds, in which case important interactions the aerosol and 

water would be the rule and not the exception for input to larger scale processes. 

And so the new directions of research indicate that there is an obvious and serious 

need for focused research on plume, cloud, and mesoscale processes for the removal or 

microphysical conditioning, or reconditioning of the fire produced aerosols. The lire pro

duced horosols and whether they are going to behave as described depends intimately on 

the chemistry of their surfaces which is n subject which must he given more attention. We 

know, as previously mentioned, that smooth spheres (1/lOth micron diameter) of elemen

tal rarbon does not have much infinity for water. But it is dillicult to imagine that the 

urban fires are going to produce pure carbon alone. Impurities will probably exist; some 

impurities will be on the surface; impurities will change the affinity for water. Within the 

plume above the combustion zone the number density is about 10 1 0 particles per cc. Sev

eral minutes later when the aerosol enters the capping cloud the number density is about 

106/particles per cc. The aerosol entering the capping cloud will be small agglomerates 

they may not have ideal spherical surfaces; they may have very uneven surfaces. ' 

And so as 1 visited Moscow last week (August 1984) I commented to Vladimir Alck-

sandrov that we have to look at the present microphysical uncertainties with a great deal 

of care and seriousness; and further, that the pathway to wisdom starts with an increment 

of doubt. I wish to create in your minds an increment of doubt about the status of nuclear 

winter research to date. That doubt is echoed elsewhere. Freeman Dyson states, "Nuclear 

winter depends on a tenuous web of assumptions." Professor Brode states, "The quality of 

' Tnese projections of the complexity of soot particles has been borne out by laboratory 

scale experiments/measurements of the past year sponsored at Desert Research Institute, 

Reno, Nevada. 
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nuclear .'inter assessment depend* on the quality input.1! to the climate model." Professor 

Golitsyn wrote, "Many details, especially during the first month ai-e still unclear." And so 

we arc in a Icarninf; process; new directions of nuclcer winter research are needed. For the 

indefinite future, the mutuality of our uncertainties that we share as scientists in regard 

to global effects will in fact turn out to contribute to the shield of deterrence, caution, and 

doubt. The mutual understanding of the many uncertainties end the limitations of the 

models used in assessments may strangely contribute to global stability. 

Aeknowledgeuioiits 

This work was performed under the auspices of the U S. Department of Energy by the 

Lawrence Livetnore National laboratory under Contract W-7405-Eng-48. 

11 

• 



R e f e r e n c e s 

Brode, H., Private Communication, 1084. 

Cess, Robert D., "Sensitivity Studies using a General Circulation Model," paper presented 
at the 1984 International Seminar on Nuclear War, Erice, Sicily. 

Golitsyn, G. S. and A. S. Ginsburg, "Comparative Estimates of the Climatic Consequences 
of Martian Dust Storms and Possible Nuclear War," paper presented at the Conference 
on The World After Nuclear War, October 31-November 1, 1983. 

Hallett, John, Private Communication, 1984. 
Hanel, G., "Influence of Relative Humidity on Aerosol Deposition by Sedimentation," 

Atmospheric Environment, Vol. 16, No. 11, pp. 2703-2706,1982. 

MacCracken, M. C. and John J. Walton, "The Effects of Interactive Transport and Scav
enging of Smoke on the Calculated Temperature Change Resulting from Large Amounts 
of Smoke," UCRL-91446 prepared for the Proceedings of the 1084 International Semi
nar on Nuclear War, Erice, Sicily. 

Molenkamp, C. R., "An Introduction to Self-Induc.ed Rainout," UCRL-526C9, February 
1979. 

Penner, Joyce E. and L. C. Haselman, Jr., "Smoke Inputs to Climate Models Optical Prop
erties and Height Distribution for Nuclear Winter Studies," UCRL-92523, prepared for 
the Proceedings of the 1984 International Seminar on Nuclear War, Erice, Sicily. 

Pruppacher, H., "A Model to Include the Microphysics of Pollution Scavenging in Cloud 
Dynamic Modelling," (Abstract) UCLA Seminar, Summer 1983. 

Radke, L. f., "Preliminary Measurements of the Size Distribution of Cloud Interstitial 
Aerosol," 4*h International Conference on Precipitation Scavenging, Dry Deposition 
and Resuspension, 1982. 

Radke, L. F., Private Communication, 1984. 

DISCLAIMER 

This report was prepared as an account of work sponsc-cd by an agency of the United Slates 
Government Neither the United States Government nrr any agency thereof, nor any or their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, 'product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 4 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily stale or reflect these of the 
United States Government or any agency thereof. 


