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ABSTRACT 

HAZE DISTRIBUTIONS IN THE TROPOSPHERE 

This study examined horizontal and ver t i ca l haze distributions 

in the troposphere and their possible relationships with the air m a s s 

present, surface features present, precipitation, convection, time, 

and temperature. Inherent in this approach is the investigation of 

transport propert ies of haze. Haze data taken f r o m aircraft were 

c lass i f i ed and coded using the above parameters . Average values 

for each c lass were obtained. 

F r o m results of this study it was concluded that precipitation, 

convection and subsidence played a m a j o r ro le in descr ibing haze d i s -

tributions and transport p r o c e s s e s . Temperature was found to be of 

l e s s e r importance in the troposphere . 
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Chapter I 

INTRODUCTION 

A e r o s o l s or particulate matter in the atmosphere are significant 

factors in understanding many physical and chemica l p r o c e s s e s that 

o c cur at or above the earth 's sur face . P r o b l e m s in understanding the 

circulation, turbulence, cloud physics , air pollution and radiation 

could be s impli f ied if the whole concept of aeroso l s in the atmosphere 

was better known. The prob lems are related to both large and smal l 

sca le features. Unfortunately, little work has been done on aeroso l 

development and distribution in the atmosphere. This is pr imar i ly 

due to the diversity in the nature of aeroso l s . M o r e o v e r , aeroso l 

activity in the troposphere has had very m e a g e r exploration, part icu-

lar ly in the larger ranges. 

In this paper, severa l features of natural a e r o s o l (haze) d i s t r i -

bution in the troposphere are investigated. The long range study under 

which the investigation reported here was one facet, was to examine 

the e f fec ts of haze on long and short wave radiation transfer . When 

this is known, questions on radiation and heat budget of the earth 

may be then answered. By using an empir i ca l approach certain r e l a -

tionships shall be examined to evaluate bas ic transport tendencies of 

haze. The pr imary object ives are to answer the following questions: 

1) Is there a d i f ference between aeroso l pro f i l es in mar i t ime 

and continental air m a s s e s ? 

2) What is the urban versus rural influence on partic le count 

in the ver t i ca l ? 

3) Does precipitation influence particle count in the ver t i ca l ? 

4) What is the convection influence on partic le count in the 

ver t i ca l ? 

5) How much horizontal variation exists in aeroso l d istr ibu-

tions ? 
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6) What are the time considerat ions on a e r o s o l distributions ? 

7) How much does temperature influence the vert i ca l structure 

of haze ? 
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2. 2 Sources and composi t ion of haze. 

To appreciate the importance of a e r o s o l s in the atmosphere as 

to dif ferent physical and chemica l charac ter i s t i c s , one must look at 

source regions, the composi t ion and the p r o c e s s e s whereby the 

mater ia l is transported throughout the atmosphere . The sources f or 

part ic les greater than 0. 2 μ are: 

a) Sea salt nuclei . Over the ocean surface sea salt nuclei are 

f o rmed by the bubble bursting mechanism, Kientzler, et al. (1954) and 

are transferred direct ly into the atmosphere . 

b) Natural f i res . Though not a c o m m o n occurance , natural 

f i r es contributed significantly to the a e r o s o l population (Cadle, 1966). 

These natural f i r e s are a very non-steady state phenomenon. 

c) Wind blown dust or soi l . Surface winds are very important 

tools by which so i l part ic les are transported f r o m the continent to the 

atmosphere. 

d) Terpene - l ike and other hydrocarbons . Went (1960) estimated 
n 

that 17 x 10 tons per year of terpene- l ike and other hydrocarbons are 

re leased to the atmosphere by f o res ts and decomposi t ion of organic 

material . 

e) Volcanoes . Throughout history vo lcanoes have been known 

to have caused large d e c r e a s e s in visibi l ity due to the number of par -

t ic les transported to the atmosphere. Volcanic eruption is not a 

c o m m o n happening, but does contribute to the atmospheric m e m b e r -

ship. 

f) Spores and bacteria. These organisms are also important 

constituents in the atmosphere. They are f o rmed on a continental 

surface and are transported upward by wind action. 

g) Chemical react ions . Many chemica l react ions between 

gases take place in the atmosphere to produce aeroso l s . This is 

then a source f or a e r o s o l s that originates in the atmosphere itself . 

h) Activity of man. Man contributes significantly to the 
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aeroso l content of the atmosphere. Combustion of natural mater ia ls 

is largely responsible for reduction in visibi l i ty in urban areas. 

The m a j o r source of large nuclei to the atmosphere is the c o n -

tinents. There is a much smal ler contribution f r om the ocean sur face 

Giant nuclei a lso have a general component f rom the continent, but 

they have a larger contribution for the ocean in the f orm of sea salt 

nuclei. 

The main sources of aeroso l s can be divided subsequently into 

three c l a s s e s according to Kuroiwa (1953): 

1) sea salt 
2) combustion 
3) so i l mater ia ls 

Again the important ro le of the continental surface can be recognized . 

F r o m the source regions one can direct ly infer the composit ion 

of the part ic les . Sea salt, as the term indicates, is assumed as a 

f irst approximation to contain the same composi t ion as the sea. The 

m a j o r constituent is NaCl which gives large quantities of the chlor ide 

ion for chemical analysis. It is a mistake, though, to use C1" as the 

single c r i t er ia for identification of mar i t ime air. As documented by 

Junge (1956) there are a greater number of large Cl~ part ic les over 

the continents than over a mar i t ime situation. 

On continents natural f i r es put forth carbon and carbon c o m -

pounds into the atmosphere. Soil products dominated by s i l icates and 

carbonates, are injected into the atmosphere by the wind mechanism. 

Organic substances are part of the composi t ion of the atmosphere due 

to terpenes and bacter ia type products. The organic nature of the 

atmosphere is a complex problem. The exact composit ion of the 

atmosphere due to vo lcanoes is still not known, but there is sufficient 

evidence to identify the presence of surfur and sulfur compounds. 

Compounds of nitrogen, carbon, and sulfur result f rom the activities 

of man. Many of these compounds interact in the atmosphere to f orm 

aeroso l s . Thus, it may be concluded that the atmosphere is a very 
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"mixed suspension" containing sea salt to organic compounds to 

quartz. 

F r o m the above a natural c lass i f i cat ion of particulate substances 

in the atmosphere would be: 

1) Inorganic, water soluble (25%) 
2) Organic, water insoluble (15%) 
3) Inorganic, water insoluble (60%) 

The percentages in parenthesis are very crude est imates given by 

Junge of the composi t ion of a e r o s o l s (1967). F r o m this we can see 

the number of the s i l i ceous and carbon compounds in the atmosphere . 

In addition, the danger of depicting the atmospheric composit ional 

mater ia l by means of rain water analysis is evidenced. The presence 

of water both in vapor and liquid f r om in the atmosphere af fects the 

above percentages substantially. 

Fig . 2. 2 .1 shows the analysis for four dif ferent chemica l species 

S 0 4 " ~ , NH 4 " , N 0 3 " , and CI" in the s ize range 0. 08 \l to 0. 8 n . It 

may be seen that all quantities dec rease with increasing mar i t ime 

influence. Even the value f or chloride fo l lows this general rule. Fig. 

2. 2. 2 given the same compar i sons as Fig. 2. 2 .1 except part ic les w e r e 

co l lected f rom a cascade impactor in the s ize range 0. 8 to 8. 0 |jl . 

Here SO4"" , NH^+, and NOg~ again dec rease with increase mar i t ime 

influence, but the chlor ide ion increases . The sulfate ion s e e m s to 

be the most dominant over the continent for both s ize ranges. 

Another aspect examined is the chemica l composi t ion contrast 

of urban and rural areas . Chambers et al. (1955) made a study of 

urban-rural chemical composi t ion for ae roso l s greater than 0. 3 |i . 

The results, Tables 2 . 2 . 1 and 2 . 2 . 2 show total values of the urban 

areas to be about 2 to 3 t imes that of the rural areas . Many insoluble 

constituents were noted in this analysis. Soluble N03 _ ^ and S04~^ 

w e r e found i i only smal l quantities. It is interesting to note the art i -

f i c ia l Pb and values are higher for urban areas , but the d i f ference 

is not as great as one might expect. 
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Fig. 2 . 2 . 1 

Survey of he average chemica l composit ion of large part ic les 
arranged according to air m a s s (after Junge, 1963). 
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Fig. 2 . 2 . 2 

Survey of the average chemica l composi t ion of giant part ic les 
arranged according to air m a s s (after Junge, 1963). 
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2. 3 A e r o s c l Transport P r o c e s s e s 

The mechanisms by which aeroso l s are moved through the 

atmosphere from one place to another are very complex and not 

thoroughly understood. The bas ic t roposphere ic aeroso l cyc l e can be 

evaluated f r om a knowledge of s ources using Mason ' s c lass i f i cat ion of 

a e r o s o l producing mechanisms (1962). This c lass i f i cat ion is based on 

(1) condensation and deposition of vapor; (2) chemica l react ions; (3) 

mechanica l c isruption and dispersal ; (4) coagulation. A e r o s o l s are 

injected into the atmosphere f rom the surface by a number of dif ferent 

p r o c e s s e s . The most important of these are: 

a) Bursting bubbles. Salt part ic les f r om the ocean are f ormed 

by bubbles that burst at the surface . There results f r om this action a 

jet - l ike ef fect with the smal ler part ic les tossed upward to mix with 

the atmosph? re. 

b) Wind. It is obvious to anyone caught in one that a dust 

s torm results in the accumulation of many so i l part ic les in the air . 

Wind mechanical ly disrupts soi l mater ia l and c a r r i e s it above the 

surface . In the mid-lat itudes wind general increases with height in 

the troposphere . This provides a means by which part ic les can be 

sustained in a mixed state for great periods of t ime. Many authors 

have examined the influence of wind on sea -sa l t concentration over 

the ocean and have shown the greater the wind f o r c e s the greater the 

production of sea -sa l t concentrations in the atmosphere . 

c) Ccnvection. Convective action of the atmosphere can p r o -

duce strong vertical currents which wil l transfer part ic les f rom the 

l ower l eve l s to higher leve ls . The vertical extent of these updrafts 

is l imited by heating and terrain e f fec ts and is usually signified by 

the cloud tops. Convection has a m a j o r e f fect on part ic les already 

existing in the atmosphere and tends to transfer them upward to higher 

leve ls . 

d) Condensation and deposition of vapor. Warm combustion 
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products and l ighter - than-air gases are readily distributed upward in 

the atmosphere. Once placed in the atmosphere they coo l and combine 

with condensation nuclei to f orm a e r o s o l s . 

It is n e c e s s a r y that there be p r o c e s s e s where aeroso l s are 

removed f rom the atmosphere if the atmosphere is not to b e c o m e a 

solid ' ae roso l ' . The pr imary mechanisms by which aeroso l part ic les 

are returned to the surface are: 

a) Sedimentation. The f o r c e of gravity acts upon part ic les and 

removes the n f r om the atmosphere at essential ly their terminal v e l o -

city. The terminal veloc ity of part ic les falling f ree ly through still air 

can be approximated for drops l e s s than 20 μ by: 

u - 1. 2 x 10® r 2 c m / s e c 

when u is the terminal veloc ity and r is the radius of the partic le . It 

may be seen that, f o r part ic les l e s s than 1 |JL d iameter, u= 3 xlO -^ c m / s e c 

This would i id icate that gravity is not an important factor for part ic les 

l e s s than 1μ. . The earth is, there fore , a sink only f or giant part ic les . 

This can be illustrated also by consider ing the res idence t ime (T ) of a 

troposphe ric aeros l . By eliminating eddy diffusion considerat ions 

and assuming a vert i ca l constant a e r o s o l layer up to a given height 

(H), T can be determined by: 

T = H/u 

where u is the terminal velocity . F o r H= 5 km 15, 000') and using 

Stokes Law ihe Table 2 .3 .1 . can be designed. F r o m this table, the 

fact is ev ide i ced that part ic les l|x diameter and smal ler are not influ-

enced greatly by sedimentation. 

b) Precipitation influences. These consist of rainout and wash-

out p r o c e s s e s , whereby aeroso l s are taken up by rain water in the 

cloud and be LOW the cloud, respect ive ly . Rainout can be charac te r i -

zed by: 

K- = c- e / L 

where c is the concentration of a particular constituent in air, K^ its 
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T A B L E 2 .3 .1 . 

Fal l Ve loc i ty and Res idence T i m e of A e r o s o l P a r t i c l e s 

T f o r Height H = 5 km 

Part i c l e radius, r .1 
1. 0 2. 0 4. 0 6. 0 8. 0 10. 0 15. 0 20. 0 

Fall ve loc i ty , c m / s e c 1. 2x10 " 4 1. 2x10 " 2 4. 8x10-2 . 19 . 53 . 77 1. 2 2. 7 CO 

t , days 47000 470 118 30 10 6. 5 4. 7 2. 1 1. 2 
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concentration in cloud water, e the rainout e f f i c iency , and L liquid 

water content of cloud. It may be shown that rainout e f f i c i enc ies are 

highest f o r part ic les l a rger than 0. 4 |JL diameter. The quantity c appears 

to be dependent on the amount (type) and the history of the rainfall , c 

is higher for situations of frequent showers . A l s o c is l ower during 

stratus shower activity rather than thunderstorms. Georg i i and Weber 

(1960) showed that concentrations were approximately doubled in rain-

falls that fol lowed dry spel ls than those of wet per iods . 

Washout is a function of cloud base level , evaporation, s ize of 

falling drops and frequency of falling rain drops. Junge (1963) c a l c u -

lated that the fraction of aeroso l removed by washout f r om the a tmos -

phere was only 4%. (Using average conditions on a per day basis ) . 

This value is f o r aeroso l m a s s e s with s i zes larger than 4|x diameter . 

F o r particles, of l e s s than 4|JL d iameter the fract ion is smal ler because 

washout is l e s s e f fect ive on smal ler part ic les . Junge's calculat ions 

are based on only average conditions which m a y not re f l ec t large a c c u -

mulations of rainfall over time. Even considering rainout and washout 

together, it would appear that any appreciable remova l of aeroso l s 

must be a result of long term ef fects . Junge (1963) found that the r e s i -

dence time of ae roso l s due to the combined e f fects of rainout and wash-

out ranged f rom two to twenty four days for average conditions and for 

aeroso l s greater than 4|JL diameter. This range in accordance with 

present data is acceptable in the l ower troposphere . 

c) Impaction with the earth. Par t i c l e s are removed f rom the 

atmosphere after they come in contact with the surface of the earth or 

large structures stationary on the surface . There is a ser ious lack of 

quantitative information about this removal p r o c e s s . The s ize of part i -

c l e s , t erra in and vegetation are factors which must be considered. The 

m o r e i rregular the surface the greater the impaction e f fect wil l be. 

d) SubSidence. Just as vert ica l motions c a r r y aeroso l s away 

f rom the surface (convection) vert i ca l movements bring aeroso l s 
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toward the surface by subsidence. Subsidence is not a d irect r e m o v -

al p ro cess , but is a mechanism for redistributing a e r o s o l s in the 

atmosphere. Subsidence prevents vert ica l mixing and l imits the v e r -

t ical extent of haze layers . An example of this p r o c e s s is the subs i -

dence aloft above cloud base in the t rop ics which is a result of the 

general c irculation of the region. This e f fect tends to keep most 

aeroso l s below the trade wind inversion. 

When discussing aeroso l production and removal p r o c e s s e s two 

important considerations, coagulation and diffusion must be included. 

Coagulation is the p r o c e s s whereby smal l part ic les agglomerate togeth-

er to f o r m larger part ic les . Coagulation is, there fore , dependent 

upon the number of ' e f f ic ient ' co l l i s ions between part ic les to produce 

the agglomeration. The number of co l l i s ions is in turn related to the 

energy of the system. 

In the atmosphere, coagulation is important because of i ts ' ro le 

in the ' aeroso l c y c l e ' . As small part ic les coagulate they b e c o m e 

larger part ic les . Larger part ic les are m o r e susceptible to the r e m o v -

al p r o c e s s e s This places a l imit on the l ower end of the aeroso l s ize 

spectrum. The ef fect of coagulation on aeroso l s is seen dramatical ly 

when observing volume changes f rom Aitkin nuclei to large part ic les 

in which there is an influx or movement of part ic les f r o m Aitkin to 

large part ic les . 

The p r o c e s s of diffusion is used to explain smal l sca le part icu-

late distribution in the atmosphere. Basica l ly diffusion is a function 

of temperature and is manifested by eddy currents . As part ic les d i f -

fuse through the atmosphere the control l ing factors must be the num-

b e r density of part ic les and the character of the smal l eddies. 

Diffusion plays a very important ro le in coagulation. The di f fu-

sive elements of a particulate cloud essential ly determines the extent 

of coagulation. The rate of coagulation must, there fore , be c o n s i d e r -

ed in discussing the product ion-removal p r o c e s s e s . 
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The productive p r o c e s s e s are balanced against the removal 

p r o c e s s e s to obtain a steady state approximation. A descript ion of 

the vert ica l distribution of ae roso l s may be attempted by considering 

this f i rst approximation. The diurnal variation of Aitken and large 

part ic les may be explained partially on this bas is , with the change in 

temperature being the foca l point. The steady state can also be used, 

again as a f i rs t approximation, to explain the decrease in aeroso l 

concentration with height for part ic les greater than 2 fx . The eddy-

dif fusion-sedimentation equilibrium is the tool used here. F o r s m a l l -

e r part ic les the steady state is not a valid assumption; rather, coagu-

lation and washout seem to dominate the system. 

A basic picture of how aeroso l s move in the vert i ca l dimension 

has been presented. It is assumed here that aeroso l s tend to follow 

the general c irculation patterns on the large scale horizontal plane. 

In the horizontal, diffusion and coagulation again play dominant ro les . 

Many questions are yet to be answered concerning the nature and 

movements of ae roso l s in the atmosphere. 
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Chapter III 

METHOD OF AEROSOL MEASUREMENT 

3.1 A e r o s o l Counting and Sampling 

Over the past years there has been an increased amount of 

interest in measuring and descr ib ing the aeroso l content of the a t m o s -

phere. This is the result of the fact that aeroso l parameters have a 

large contribution in prob lems in radiation transfer , air pollution and 

other aspects, of atmospheric physics and chemistry . As a result, 

there has bee n a number of dif ferent aeroso l counters and samplers 

designed. 

Although the l iterature contains r e f e r e n c e s to many such instru-

ments , the lack of good representative data f o r the total spectrum of 

aeroso l part ic les f r om the surface and troposphere pers i s ts . One of 

the main prob lems here ar i ses f rom the wide variabil ity of aeroso l 

s i zes and composit ion. In addition, most counters are capable of 

register ing only in a l imited interval of the aeroso l spectrum. The 

techniques of co l lect ion and counting of a given sample have not been 

fully developed. The adaptability of the instrument to take airborne 

data and to ef f ic iently and quickly count the part ic les are ser ious 

prob lems. 

A e r o s o l counters are of four dif ferent types: 

a) Sedimentation col lect ion. Sedimentation methods are accom-

plished by either condensation of part ic les in a supersaturated a tmos -

phere (Aitker, 1923), or by deposition of part ic les on a surface by 

means of an e lectr i ca l , thermal or gravitational field (Fletcher , 1960). 

These methods are appropriate only if there is a high concentration 

of part ic les in the volume or if the part ic les have high terminal v e l o -

c i t ies . The technique used in these methods is pr imar i ly a c compl i sh -

ed by counting by eye f rom a photograph made of a slide (May, 194 5) 

or f rom an ulttramicroscope (Whytlaw-Gray, 1936). 



18 

b) Filtration col lect ion. Filtration methods have b e c o m e m o r e 

sophisticated with recent advances in technology. In this method 

a e r o s o l s are co l lected by forc ing air through a f i l ter or a s e r i e s of 

f i l ters ; and the counting done by the autoradiographic method (Leary , 

1951) or a m i c r o s c o p e (Silverman, 1941). This method is, of course , 

not useful for co l lect ion of vol it i le part ic les , liquid part ic les , large 

concentrations or s ize analysis of part ic les . 

c) Impaction or Impingment co l lect ion. By forc ing air toward 

a perpendicular surface one can s ize d iscr iminate between part ic les 

and can co l lec t them on this surface . The part ic les can also be 

directed through a curved path producing the same ef fect . There are 

a number of these impactors . A c r i t i ca l review of these was made by 

Green and Lane (1964). Counting is usually done by photographic o r 

m i c r o s c o p i c analysis. 

d) Photoe lec tr i c counting. Po l lack and Nolan (1946) and others 

have developed an instantaneous photoelectr ic method of counting par -

t i c les which Is based on measur ing the light attenuation of the super -

saturation fog produced in the Aitken counter descr ibed ear l ier . 

Optical techniques have been developed for counters such as the Bausch 

and L o m b (Martens, 1966) where the attenuation of light through an 

isokinetic flew of ae roso l s is measured . Counting is dependent upon 

the scattering propert ies and the s ize distribution of the part ic les . 

A m o r e detailed descr ipt ion of the above instruments can be 

found in r e f e rences Green (1964), F letcher (1960), Junge (1963) and 

Walton (1952). 

3. 2 The Bausch and Lomb Dust Counter 

F o r the purposes of this study an instrument was required 

which could: 

a) Count aeroso l s in the s ize range 0. 3 p. and greater (more 

spec i f i ca l ly , 0. 3 p. -10. 0 fx ). A co l lect ion of ae roso l s for chemica l 

analysis o r a sensitive s ize distribution analysis was not important 
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for the object ives of our studies. 

b) Take airborne data at dif ferent altitudes. 

c) Prov ide instantaneous results f or in-fl ight interpretation. 

The instrument must present the data in a f o rm for quick and ef f ic ient 

analysis. 

To satisfy these requirements the Bausch and Lomb Dust Counter, 

mode l 40-1 was selected. 

The Bausch and Lomb Dust Counter 40-1 as stated above, o p e r -

ates on the principle of counting part ic les photoelectr ical ly . Perhaps 

a better descr ipt ion of the B & L (Bausch and Lomb Dust Counter 40-1) 

is that it is an e l e c t ro - opt i ca l a e r o s o l counter. The e f fects of light 

scattering or light adsorption on atmospheric part ic les are measured 

e lectr ica l ly . This instrument is capable of measuring part ic les in 

dif ferent s ize ranges of: _> 0. 3|j., _> 0. 5 ^ , _> 1. Ojj. , _>2. Op. ,_> 3. 0 jjl , 

> 5. 0(j. and _> 10. 0 p. diameter. Concentrations f r om 0 to 10® particles 

per cubic foot are detectable with this instrument. The size of the 

instrument is approximately 12" x 12" x 19" and weighs 23 pounds. It 

requires an operating power of about 250 watts. This instrument is, 

therefore , very sat is factory f or use in a light airplane. 

The Bausch and Lomb Dust Counter is based on the principle of 

near - f o rward scattering of light through a flow of a e r o s o l part ic les . 

Forward scattering gives the m o r e intense signal than right angle or 

back scatter ing and the intensity if l e s s dependent on the re fract ive 

index of the part ic les than in the other direct ions . Fig. 3 . 2 . 1 illus -

trates the optics of the system. Direct forward light is trapped in 

the cone. Al l light that is scattered in a solid angle 15° to 60° in the 

forward direct ion is detected. The shape of the part ic les has l e s s 

influence on the light co l lected scattered a c r o s s this range of d i r e c -

tion than f rom co l lect ions made uni-direct ional ly . The volume in 

which the air sample is co l lec ted and analyzed is only 0. 5 m m l Thus, 

the probability is very high (99. 97%) that not m o r e than one particle 



Fig . 3. 2. 1. 

Optical system of the Bausch and L o m b Dust 
Counter, 40-1 (a f ter Martens , 1966) 
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will be measured at any given time. This volume (view volume) is 

constructed at the point where the flow of the aeroso ] sample and the 

beam of light intersect . 

The e lec tronics of the Dust Counter are based on the fact that 

different s ize part ic les in the view volume wil l scatter a constant 

light beam source at different intensities. These intensities are 

detected by a. photomultiplier (Fig. 3. 2. 2) and converted to pulses of 

e l ec t r i ca l current. The pulses are passed through one of eight 

selected loac r es i s t o r s to get the des ired partic le s ize range. After 

the pulse is amplif ied it is passed to a threshold detector (pulse height 

discr iminator) and then is directed to a calibrated m e t e r or to an 

e lec t r i ca l output to an external r e c o r d e r . 

The air sampling design of the B & L Counter is another unique 

feature of this instrument. A diagram of the sampling system is 

shown in Fig. 3 . 2 . 3 . The smal l volume of air to be sampled is 

drawn through a tube into the view volume by a positive displacement 

air pump with the flow produced regulated by a b y - p a s s valve. Muf f l ers 

are installed to minimize noise. In the c losed loop a large volume of 

c lean air is c irculated to flush out the system and create laminar f low. 

This operation prevents aeroso l build-up in the instrument and e l imin-

ates turbulence in the view volume. 

To insure accurate operation the Dust Counter must be ca l i b ra -

ted periodical ly . It is cal ibrated by passing a sample of m i c r o s c o p i c 

polystyrene latex spheres of a known concentration and size by the 

view volume. 

3. 3 Other A e r o s o l Sampling Dev ices 

The Bausch and Lomb Dust Counter 40-1 sat is f ies the requ i re -

ment of this study. F o r reader information a br ie f descript ion of 

other popular samples and counters i s included. 

a) Goetz A e r o s o l Spectrometer ultracentrifuge. The Goetz 

Spectrometer (Goetz, 1960) co l lec ts part ic les in the s ize range of 



Fig. 3. 2. 2 

E l e c t r o n i c s flow diagram of the Bausch and Lomb 
Dust Counter, 40-1 (after Martens , 1966) 



Fig . 3 . 2 . 3 

A i r sampling sys tem of the Bausch and L o m b Dust 
Counter, 40-1 (after Martens, 1966) 
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0. 03|jl to 3. 0 |jl d iameter . The instrument operates on the pr inc ip le 

of centr i fuging a s m a l l sample of a ir and co l l ec t ing the par t i c l es which 

have deposited on a c h r o m e - p l a t e d fo i l . The par t i c l es are deposit ied 

accord ing to their s i z e s due to the re lat ionship between a p a r t i c l e ' s 

s i ze and its t ermina l ve loc i ty . A photograph is taken o v e r port ions 

of the fo i l and can be analyzed b y m e a n s of a p l a n a r - s c a n n e r ( G e r b e r , 

1967). The pLanar-scanner opt ica l ly and automatical ly counts par t i -

c l e s in a photograph. The Goetz u l tracentr i fuge is an adequate method 

of co l l ec t ing p a r t i c l e s ; although it i s not v e r y e f f i c ient f o r low c o n c e n -

tration counts and e r r o r s due to o r i f i c e l o s s and the n o n - s p h e r i c a l 

nature of s o m e a e r o s o l s do o c c u r . The instrument and the counting 

dev i ce are not suitable f o r a i rborne m e a s u r e m e n t s b e c a u s e of its s i ze . 

b) May Cascade Impactor . The May Cascade Impactor (May, 

1945) is a s e r i e s of f o r c e i m p a c t o r s which have d i f ferent s i ze j e ts in 

front of them to change the flow of a given air sample that is drawn 

into the instrument (Fig . 3. 3.1). The s m a l l e r and l ighter par t i c l e s 

fo l low the flow m o r e readi ly . This produced a spec t rum of par t i c l e s 

on the d i f ferent i m p a c t o r s (B]_, B 2 , B3 and B 4 ) that can be analyzed by 

opt ical methods . This instrument d o e s not c o l l e c t part i c le by s i ze but 

by m a s s . (This statement is true f o r m o s t impact ion instruments) . 

The a e r o s o l s i ze range c l a i m e d for the May s y s t e m is 0. 7 p. to 15 p. . 

d iameter . The e f f i c i e n c y of this interval , however , is somewhat v a r i -

able due to the inability of the j e ts to prov ide f o r the whole range. 

This sys tem was intended p r i m a r i l y f o r l iquid par t i c l e s and s o m e 

e r r o r s are inherent f or sol id a e r o s o l s . Deviat ions f r o m isokinect i c 

flow can a l so produce e r r o r s . 

c) T o r g e s o n - S t e r n I m p a c t o r - f l i t e r sys tem. A schemat i c 

d iagram of the T o r g e s o n - S t e r n I m p a c t o r - f i l t e r is shown in Fig . 3. 3. 2. 

This dev i ce c o n s i s t s of a two -s tage i m p a c t o r and a back -up f i l ter f o r 

co l l e c t i on and fract ionation of par t i c l e s . The range of a e r o s o l s i z e s 

is 0 . 1 m- to 4. 0 h- . The e f f i c i e n c y in this range is good with s o m e 
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Fig. 3. 3.1 

Diagram of the May Cascade Impactor (after Green, 1964) 
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Fig. 3. 3. 2 

Diagram of the Torgeson-Stern Impactor - f i l ter system 
(after Torgenson, 1966) 
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l imitations at 0.1 (jl and in the 1. 0 jjl to 3. 0 [iband where there are gaps 

in the total spectrum of s i zes . The counting or other analysis of the 

part ic les co l lec ted can be accompl ished by optical techniques. These 

can be most tedious and time consumming since the measurements of 

the impactors and the f i l ter both must be made. This instrument is 

wel l adapted to airborne operation. 

The system employs the use of a pump to produce isokinetic 

flow and a IPC-1478 f i l ter . The impactor stage construction was based 

on two assumptions: adiabatic flow in impactor nozz les , and isothermal 

flow between stages. 

d) Po l lack-Nolan Photoe lectr i c Counter. As indicated above, 

the photoelectric counter is based on the concept of light attenuation of 

a supersaturated fog produced f r o m part ic les . This method, developed 

by Pol lack and Nolan (1946), d i f fers f rom the Bausch and Lomb system 

in that a l a rger volume of air is analyzed and the attenuation is a func-

tion of all part ic les acting together; while the Bausch and Lomb Dust 

Counter concentrates on the optical propert ies of single part ic les in 

a smal l volume. Fig. 3. 3. 3 i l lustrates the photoelectr ic counter. The 

nature of the Pol lack-Nolan counter is related to the ability of the part i -

c l e s to act as condensation nuclei, and there fore can measure p r i m a r -

ily condensation nuclei . 

It can be seen that each of these instruments could produce 

dif ferent answers to the same questions depending on the use and inter -

pretation of each. 
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Fig. 3. 3. 3 

Diagram of the Pol lack-Nolan Photoe lectr ic 
Counter (after Fletcher, 1960) 
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Chapter IV 

DATA COLLECTION & PROCESSING 

4.1 Data Source 

The aeroso l measurements w e r e obtained using a Bausch & Lomb 

Dust Counter' mounted on a P iper Twin Comanche, a Convair 990 and a 

Douglas C 54. 

In 19(56 f l ights were assoc iated with the NASA Convair 990 

Meteoro log i ca l Flight I program. In the time period May 27 to June 17, 

1966 Colorado State University flew 19 support m i s s i o n s for the NASA 

flights in a Twin Comanche a ircraft . In 13 of these flights aeroso l data 

were taken by the Bausch and Lomb Dust Counter. A lmost all the data 

(one exception) w e r e recorded in the late morning to late afternoon 

portion of the; day. These flights were made pr imar i ly in the general 

San F r a n c i s c o oceanic , coastal , and inland area with few flights in the 

South Atlantic coastal region in the vicinity of Charleston and Atlanta. 

In 196 7 f l ights were assoc ia ted with the Line Islands Pro je c t . 

F r o m Apr i l 6 to Apr i l 16, 1967 Colorado State University flew 6 flights 

in the vicinity of Christmas Island in the tropica l Pac i f i c . A irborne 

aeroso l measurements were taken in the W o o d ' s Hole Oceanographic. 

Institution Douglas C-54 a ircraft . Temperature data for t imes c o r r e s -

ponding to the aeroso l data were a result of the radiosonde network on 

Christmas Island. These data were taken during all hours of the day-

light. 

In 1967 f l ights were assoc iated with NASA Convair 990 

Meteoro log i ca l Flight II program. F r o m May 5 to June 8, 1967 C o l o -

rado State University participated in the NASA 990 program and c o l -

lected a e r o s o l and temperature data on the Convair 990 for 39 flights 

(26 vert ical and 13 level flights). These flights concentrated in the 

regions of San F r a n c i s c o and Dallas, Texas . Most of these flights 

were taken in the after noon hours. 
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In 19 37 f l ights w e r e made through western United States, 

central United States and western Canada. A e r o s o l and temperature 

data w e r e cc l l ec ted aboard a P iper Twin Comanche a ircraf t f o r ver t i -

cal pro f i l es for 23 flights. Flights w e r e flown over urban and rural 

areas cover ing western and central United States and Canada. These 

flights took place in the late morning or afternoon. These flights wi l l 

be re fered tc> as the "Comanche Fl ights" . 

In 19 38 f l ights w e r e assoc iated with NASA Convair 990 Meteo -

ro log ica l Flight III program. During the t ime period June 5 to June 21, 

1968 Colorado State University participated in NASA Convair 990 p r o -

gram (Meteoro log ica l Flight III). A e r o s o l and temperature m e a s u r e -

ments were taken on board in the Convair 990 for 20 vert i ca l prof i le 

flights. Al l flights were flown in the late mornings and afternoons. 

These flights: were made general ly over the state of Cali fornia and 

the l ower Miss i ss ipp i R iver Valley. 

4. 2 How data was taken for each flight 

a) 19156 CV990 Flights (Twin Comanche) . Data for these flights 

were taken at presc r ibed leve ls in the atmosphere f r o m 500 to 2000 

foot intervals. The data were recorded by means of the me.ter instal l -

ed on the Bausch and Lomb instrument. 

b) 19(57 Line Islands Flights. The data for these flights w e r e 

co l lected in the same way as the 1966 CV990 Flights. 1000 foot inter-

vals were used exclusively . 

c) 19(57 CV990 Flights. Data for these flights were taken 

according to time but not any spec i f ied altitude. Again, the record ing 

device was the meter on the Dust Counter. Each reading of the Bausch 

and Lomb was accompanied by a spec i f i c t ime. A l s o r e c o r d s w e r e 

kept on board the plane of altitude versus time. 

d) Comanche Flights. Data for these flights were recorded on 

magnetic tape which was analysed by computer . The vert i ca l pro f i les 

were obtained by flying at speci f ied leve ls in the atmosphere (every 
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500 foot intervals) f o r approximately 2 minutes per level . This p e r -

mitted a num ber of dif ferent readings f o r each level . 

4. 3 P r o c e s s i n g of data 

F o r the purpose of c lass i f i cat ion of dif ferent divis ions (or sets) 

based on various cr iteria , all data within a set was summarized by 

averaging. Since the data were not homogeneous with height, a method 

was developed to summarize all data into standard height leve ls . This 

was done by constructing 1000 foot intervals throughout the troposphere 

and assigning the haze measurements in that interval to the mid-po int 

of the interval. A l l data were analysed in this manner, except the 

Comanche data which separated it by 500 foot intervals. 

T o further descr ibe the nature of these sets, the range of values 

and the standard deviation, cr= ^ ~Y w a s computed for each 
N 

level . Both averages and standard deviations were obtained by means 

of a s imple computer program. 

Since all l eve ls do not have the same number of observat ions 

averaged, tables are included indicating the number of observat ions 

used for each average. 

Accumulative values of each average prof i le w e r e calculated by 

summing up the 1000 foot intervals every 5000 feet to the top of the 

prof i le to obtain total amount of haze in the atmosphere. 

a) 196 6 CV990 and Line Island Flights. These data provided 

vert ica l pro f i l es of ae roso l s and temperature at leve ls in the a t m o s -

phere up to 18, 000' ms l . The temperature data for the Line Islands 

area was analysed by interpolating the Christmas Island radiosonde 

data. 

b) 196 7 CV990 Flights. A e r o s o l and temperature data produced 

pro f i l es of vert i ca l parameters as a function of time which can be 

height interpreted up to 3 5, 000' ms l . 

c) Comanche Flights. The average of the points for each leve l 

was obtained and plotted as a function of the fixed leve ls . This 
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permitted graphing of vert ical pro f i l es up to 15, 000' ms l . 

d) 1938 CV990 Flights. Data for these flights were taken at 

three second intervals. Vert i ca l pro f i les were obtained by averaging 

data over thirty seconds and plotted with respect to height for the 

mean time over that 30 second time interval. The maximum height 

for these pro f i l es is 3 5, 000' ms l . 

e) 19 58 CV990 Flights. These data were also recorded on 

magnetic tape. The altitudes were related to time as for CV990 

Flights in 19 37. 
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Chapter V 

METHOD OF ANALYSIS 

5.1 Purpose of analysis 

By evaluating the data through the p r o c e s s of division and c l a s s i -

f ication discrimination of the main pr inc iples of a e r o s o l distribution 

and transportation in the troposphere is poss ib le . This approach is 

the one use in solving the questions asked in Chapter I. 

Junge (1963) found a substantial d i f ference between the partic le 

count f or a mar i t ime (oceanic) air m a s s and a continental air m a s s 

(at least 10%). Then, wi l l the air m a s s source (mari t ime or continen-

tal) contribute significantly to the number of haze part ic les over a 

given locat ion? 

Another contributing factor could be the surface propert ies of 

the location in question. The surface propert ies can be related to 

either human activity (populated and non-populated regions) or g e o -

graphy (land and ocean areas) . Then the question asked would be: 

Does the surface contribution to the atmosphere significantly influence 

the haze count in the troposphere direct ly above a reg ion? 

The e f fec ts of precipitation rain-out and wash-out on a e r o s o l 

(haze) amount is a problem that has not been adequately surveyed. Do 

unusual instances of precipitation (or no precipitat ion) alter haze 

counts below cloud l a y e r ? 

Another synoptic parameter is the e f fect of convect ive activity 

on haze where vert i ca l wind and temperature var iables change quickly. 

Can convect ive motion appreciably change the vert i ca l structure and 

numerical count of haze par t i c l e s ? 

The above questions dwell in the dimension of the vert ical , but 

variations in the horizontal plane are also important. Questions of 

aeroso l transport would be eas ier to answer if these variations could 

be found and understood. Then by deductive elaboration, one asks: 
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prof i les were c lass i f ied according to what surface area the major i ty 

of the flight covered . Al l border l ine c a s e s w e r e c lass i f i ed urban to 

retain as much homogeneity as poss ib le . 

c) Classi f icat ion of data with respec t to precipitation influen-

ces . The nature of the precipitation relationship is d iscussed only in 

general and extreme value terms for aeroso l situations resulting 

f r om recent periods of no precipitation versus recent per iods of s i z e -

able amounts: of precipitation. The precipitation c l imatology of each 

of f ive sets of a e r o s o l data were examined. Flights f r o m the ends of 

the "precipitation spec t ra " were compared . 

Data were obtained on flights where there had been no p r e c i p i -

tation reported in that area (nearest station) at least six days pr ior to 

flight date. These data were compared to where there was at least 

0. 2 inch of precipitation in the last 48 hours and at least 0. 4 inch 

rain in the last seven days. 

d) Classi f icat ion of data with respect to influence of convect ion. 

Weather assoc iated with frontal systems is normal ly convect ive in 

nature. There fore , if there has been a frontal system in the area in 

the last 24 hcurs as observed by the daily weather maps or by a loca l 

observer then aeroso l data obtained w e r e designated as a set f o r c o m -

parison with the rest of the data. 

e) Classi f icat ion of data with respect to horizontal variabil ity. 

The c lass i f i cat ion of horizontal data was not as r igorous and was 

organized according to altitude. Four basic l eve l s ( sur face , 4 0 0 0 ' m s l , 

1000' m s l , and 3 500' msl ) were se lected f o r study. Representative 

c a s e s were u;sed for these levels . 

f) Classi f icat ion of data with respect to time and place. As 

indicated ear l ier pr imary data separation was: (1) 1966 CV990 Flights, 

(2) 1967 Line Island Flights, (3) 1967 CV990 Flights, (4) 1967 Coman-

che Flights, And (5) 1968 CV990 Flights. The synoptic situations 

varied with each. 
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Temperature data w e r e not c lass i f i ed but individual case studies 

were examined. 
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Chapter VI 

RESULTS 

6.1 A i r m a s s source compar ison 

Fig. 6. 1.1 i l lustrates average haze pro f i l es f rom all data f rom 

mairt ime air and all data f r o m continental air . Table 6.1.1 shows 

the average number of values used in Fig. 6 .1.1 f or each point in the 

interval s fc to 15, 000' m s l and in the interval 15, 500' m s l to 3 5, 000' 

m s l , and the average standard deviation f o r each of these intervals. 

The continen:al prof i le does not decrease with altitude up to 17, 000' 

ms l . The mari t ime data started at a higher value at the surface but 

decreased with height. There is for both mar i t ime and continental 

data, at the upper levels , m o r e variation for the thousand foot inter -

vals (this is espec ia l ly noticeable in the continental prof i le above 

15, 000' ms l ) . Fig. 6.1. 2 depicts the corresponding temperature p r o -

f i les for the ;otal mar i t ime and continental data. It is interesting to 

notice the s imilar i ty in the two pro f i l es . Noticeable features are: 

(1) the smal l inversion at the surface f o r mar i t ime air, (2) the inver -

sion situatior. starting at 14, 000 feet f or both sets (the inversion is 

particularly strong for continental air) (3) the inversion at 21, 000 

feet for both cases (4) the strong inversion at 24, 000 feet f or the 

mari t ime data. In Fig. 6 .1 .3 total aeroso l accumulation is plotted. 

The most striking feature is the intersection of the two curves at 

approximately 20, 000' ms l . There are m o r e haze part ic les in the 

whole troposphere for a continental air m a s s than for a mar i t ime air 

m a s s , however , in the lower half of the troposphere there are m o r e 

part ic les in a mar i t ime source . 

To examine mar i t ime air direct ly over an ocean surface the 

Line Island prof i les were examined in detail (Fig. 6.1. 4 and Table 

6.1. 2). This extreme mar i t ime situation had a high surface aeroso l 

count which decreased rapidly up to 14, 000' ms l . During the flights 
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Fig. 6.1.1 

Average haze prof i les for mar i t ime and 
continental air m a s s e s . 
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Fig. 6. 1. 2 

Average temperature prof i les for mar i t ime 
and continental air m a s s e s . 
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Fig. 6. 1. 3 
Average total accumulations for- mari t ime and 

continental air masses . 
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Fig. 6. 1. 4 

Average haze prof i le for tropical Pac i f i c 
air mass . 
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Table 6.1. 2 

Same as Table 6.1. 6 excpet f or points 
plotted in Fig. 6.1. 4 

Line Islands 
Average no. 
of points 

s fc 0 -15 ,000 ' 4 

15-35, 000' 0 

Average standard 
deviation 

sfc 0 -15 ,000 ' 59 

15-3 5, 000' 0 



45 

an observer noted that, in many of the instances, there was an appar-

ent trade wind inversion between 4, 000 and 5, 000' ms l . This feature 

does not appear at least not sharply, though, on the temperature p r o -

f i le (Fig. 6. .. 5). 

The arct ic region is another area where c l ear ly distinguishable 

air m a s s e s are present. The average data pro f i l es f o r severa l flights 

taken in 1967 over Alaska are shown in F igs . 6.1. 6 and 6. 1. 7 and 

Table 6.1. 3. The arct ic prof i le (Fig. 6.1. 6) is character ized by very 

low particle counts and quite a decrease in count with altitude. The 

temperature prof i le (Fig. 6.1. 7) indicates co ld air and is marked by 

a strong inversion at 9, 000 feet and severa l smal l e r inversions . Fig. 

6.1. 8 permits a compar ison of aeroso l accumulations pro f i l es f or 

Alaska and the tropica l ocean. 

6. 2 Surface influences 

a) Land versus ocean. To investigate the e f fect of sur face 

influence on total haze amount and its distribution, a compar i son 

between land and ocean pro f i l es was done. This compar i son was not 

based on the air m a s s present but rather on the nature of the under-

lying surface . F igs . 6. 2.1, 6. 2. 2 and 6. 2. 3 shows the results of this 

analysis. Teble 6. 2.1 g ives the standard deviation and average num-

ber of observations that were used in Fig. 6. 2.1. The total land a e r o -

so l prof i le has many m o r e data points that does the oceanic . The 

number of part ic les is greater for oceanic areas below 16, 000' m s l 

than for land areas. The average land prof i le g ives a smoother p r o -

file and does not decrease with altitude as rapidly. The average t e m -

perature prof i le shows a strong inversion at the surface over the ocean. 

The pro f i les are both i rregular except f o r the land prof i le section 

below 14, 000' m s l . The total accumulation curve (Fig. 6. 2. 3) shows 

a substantial dif ference between the two cases ; the total ocean curve 

has the same shape as the mari t ime curve but is almost double the 

total haze amount at 3 5, 000 feet. 
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Fig. 6. 1. 6 

Average haze prof i le for Alaskan air mass . 
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Fig. 6. 1. 7 

Average temperature profi le for 
Alaskan air mass . 
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Table 6.1. 3 

Same as Table 6.1.1 except for points plotted 
in Fig. 6.1. 6 

Alaska 
Average no. of 

points s f c 0 -7500 ' 8 

75-35, 000' 2 

Average standard 
deviation s fc 0 - 7 500' 6 

7 5-3 5, 000' . 5 
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Fig. 6 .1 .8 
Average total accumulations for tropical 

Pac i f i c and Alaskan air m a s s e s . 
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Fig. 6 .2 . 1 

Average haze prof i les over ocean 
and land surfaces . 
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Fig. 6. 2. 2 

Average temperature prof i les over ocean and 
land sur faces . 



54 

Fig. 6 . 2 . 3 

Average total accumulations over ocean and 
land surfaces . 



b) Urban versus Rural. The surface contribution to a e r o s o l 

populations f r o m average rural and urban pro f i l es is shown in Figs . 

6. 2. 4, 6. 2. 5 and 6. 2. 6. Table 6. 2. 2 g ives the appropriate values 

for Fig. 6. 2. 4. An interesting feature of average haze part ic les of 

both groups is shown in Fig. 6. 2. 4 where both pro f i l es do not show 

any significant d i f f erences below 20, 000 feet. In this region they both 

decrease with height. Above 20, 000' m s l the rural area haze decrease;s 

with increasing height, while the urban area haze does not show this 

trend. 

The temperature prof i le of these two sets is shown in Fig. 6. 2. 5. 

Extremely in eresting is the s imilar i ty of the two f rom 3, 000' m s l to 

16, 000 'msl . Above 15, 0 0 0 ' m s l the average temperatures are m o r e 

i rregular wit i the urban prof i le being somewhat w a r m e r . The large 

temperature invers ions f rom the surface to 3, 000' m s l and at 14, 000' 

m s l of the urban average data is a lso noted. 

The total aeroso l accumulations over the urban and rural areas 

is illustrated in Fig. 6. 2. 6. At the lower leve ls the urban areas 

appears to have a few m o r e part ic les than the rural area. This d i f f e -

rence increases at upper levels . The increase of part ic les with 

height appears m o r e constant over the average urban area. 

6. 3 Ef fect of precipitation of haze 
The precipitation c l a s s e s mentioned previously were analysed 

and are depicted in Figs . 6. 3.1, 6. 3. 2 and 6. 3. 3. Table 6. 3 .1 g ives 
the average values f or each level for this compar ison . In Fig. 6. 3. 1 
t h e r e is a marked di f ference noted between these two pro f i l es in the 
region from the surface to 15, 000' ms l ; the recent precipitation haze 

prof i le increases with height and the no recent precipitation haze p r o -

file de c reases with height. Above 15, 000' m s l the recent precipitation 

data set is errat i c . Although based on only a smal l sample, it does 

seem to decrease slightly and to be c l o se to those average values of 

the no recent rain set. The d i f ference in the two pro f i les below 

15, 000' m s l is l e ss at 15, 000' m s l than in the lower levels . 



56 

Fig. 6. 2. 4 

Average haze pro f i les over urban and rural 
areas. 
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Table 6. 2. 2 

Same as Table 6.1.1 except for points plotted 
in Fig. 6. 2. 5. 

Urban Rural 
Average no. of 
points 

s fc -15 ,000 ' 21 29 

15-35, 000' 

Average standard 
deviation 

sfc -15, 000' 115 86 

15-3 5,000' 58 17 
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Fig. 6 . 2 . 5 

Average temperature pro f i les over urban 
and rural areas . 
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TOTAL NUMBER OF PARTICLES > .3/i. DIAMETER x I0 3 /FT. 3 

Fig. 6. 2. 6 

Average total accumulations over urban 
and rural areas. 
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NUMBER OF PARTICLES > 3 fj. DIAMETER x I 0 3 / F T . 3 

Fig. 6 . 3 . 1 

Average haze pro f i l es associated with recent 
precipitation and no recent precipitation. 
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Table 6. 3. 1 

Same as Table 6.1.1 except for points plotted 
in Fig. 6 . 3 . 1 

Recent Ppt No Recent Ppt 
Average no. of 
points 

sfc -15, 000' 15 14 

15-3 5, 000' 2 5 

Average standard 
deviation 

sfc -15, 000 ' 40 13 5 

15-35, 000' 19 52 
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The temperature pro f i l es in Fig. 6. 3. 2 further indicate the 

contrast of these two situations. The recent precipitation set was 

significantly c o o l e r than the set in which it had not rained f o r at least 

six days. The latter situation is character ized by two strong inver -

sions, one in the lower leve ls and one at 14, 000' ms l . Around 13, 000' 

m s l the recent precipitation temperature prof i le d e c r e a s e s very sub-

stantially with height. This is the same height region where the part i -

c le counts were the same. 

The total accumulation in Fig. 6. 3. 3 shows the i rregular shape 

of the recent precipitation curve and the great d i f ference in total 

amount of haze part ic les for the troposphere . 

Further examination of the two c a s e s revealed that almost all 

of the data used for the recent precipitation c l a s s were data taken on 

1967 CV990 Flights and almost all the data c lass i f i ed as no recent 

precipitation resulted f rom the 1968 CV990 Flights. Assuming no 

instrumental or sampling e r r o r s , the l ikely compar i son to make is 

between the average pro f i les for each set of data and the precipitation 

c l imatology for each set of data. Fig. 6. 3.4, 6. 3. 5, 6. 3. 6, 6. 3. 7 

accompanied by Table 6. 3. 2 explore this possible connection. The 

Line Island and Alaskan data were eliminated f rom consideration due 

to poor precipitation data. Also , it must be r e m e m b e r e d that the 

CV990 data for 1968 used_> 0. 5 \i rather than J> 0. 3 y. s ized part ic les . 

This will of course tend to make the values smal ler than they actually 

are when compared t o _ . 3 ^ range. Fig. 6. 3. 4 shows the average 

prof i les for each particular set of data. There is a large variation 

between these pro f i l es somet imes exceeding two o rders of magnitude. 

The data decrease with altitude with the 1967 Comanche and 1967 

CV990 values decreas ing l e s s than the others. The 1967 Comanche 

and 1966 CV990 data seem to have l e s s variation in the l ower leve ls 

than the other two. 

Fig. 6. 3. 5 is the total accumulation for land values during the 
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TEMPERATURE °C 

Fig. 6 . 3 . 2 

Average temperature pro f i les associated with 
recent precipitation and no recent precipitation. 
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TOTAL NUMBER OF PARTICLES -2. .3 fj. DIAMETER x I 0 3 / F T . 3 

Fig. 6 . 3 . 3 

Average total accumulations associated with recent 
precipitation and no recent precipitation. 
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Fig. 6. 3. 4 

Average haze prof i les analysed according to year. 
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Fig. 6. 3. 5 
Average land accumulations for 1966, 1967 and 1968 

taken from CV990 observations. 
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three dif ferent CV990 flights . There is quite a d i f ference between 

these values f r om the surface to the top. 

The temperatures shown in Fig. 6. 3. 6 indicate that the average 

air m a s s in the 1967 data was general ly c o o l e r than the other flights. 

A lso , the 1967 data were m o r e errat ic than the other data with many 

small inversion steps. The inversion at the surface is character is t i c 

in all the prof i les . 

The total accumulations (Fig. 6. 3. 7) again illustrate how much 

the haze counts can dif fer f rom time to t ime. The order of increasing 

accumulation should be noted. The total amount of haze in a vert i ca l 

column extending the length of the troposphere would vary enormously 

f rom 1967 to 1968 during the t imes the flights were taken. 

Be fore proceeding further, we should d iscuss the s ignif icance 

of the standard deviation. In Table 6 . 3 . 2 a s imple test was made to 
2 2 

ascertain whether cr-̂  = CT 2 ( u s i n £ a l a t e s t ) It was found that only 

the 1967 CV990 data did not conform to any s ignif icance level . But in 

examining the situation further it was found that the standard deviation 

m i r r o r s the magnitude of the haze count. Due to the fact that the 

lower end is l imited to z e r o the lower counts wil l probably have lower 

a and vice versa . Then the importance of a has been minimized. 

F o r a compar ison the average number of days since rain pr ior 

to flight,the average precipitation for this date, and the average 

amount of precipitation for the week preceding the flight were c a l c u -

lated for four cases . The results are l isted in Table 6 .3 . 3. It is 

seen that 1967 was the wettest period fol lowed by 1967 Comanche, 1966 

and 1968 in order . For example at San Franc isco , May and June 1967 

was character ized by below normal precipitation and average tempera-

tures (almost drought conditions prevailed) . At San Franc i s co in 

June 1968 0. 86 inch of rain was recorded , 0. 75 inch above normal 

and Dallas recorded 1. 76 inches, 1. 48 inches below normal . July and 

August months in 1967 were somewhat below normal precipitation for 
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TEMPERATURE °C 

Fig. 6 . 3 . 6 

Average temperature pro f i les analysed according 
to year . 
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Fig. 6 . 3 . 7 

Average total accumulations analysed according 
to year . 
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Table 6. 3. 2 

Same as Table 6.1.1 except for points 
plotted in Fig. 6 . 3 . 4 . 

Canadian 1966 1967 1968 
Average no. 
of points 

s f c -15, 000 ' 19 6 18 10 

15-3 5,000 ' 0 

Average standard 
deviation 

sfc -15, 000 ' 82 200 15 136 

15-35, 000' 0 26 9 62 
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Table 6. 3. 3 

Precipitation summary for year ly haze analysis. 

average days average amount on average ppt in 

1966-CV 990 3. 8 T .10 

1967-CV 990 2.1 . 38 . 90 

196 7 -Comanche 3. 0 . 10 . 24 

1968-CV 990 5.4 T .06 
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the general western United States. And June 1968 for San F r a n c i s c o 

had a total rainfall of a t race (0.11 inch below normal) . Thus it i s 

seen that the 1967 data was obtained during a period of unusual rainfall 

conditions ( r e c o r d setting precipitation amounts) and the 1968 data was 

obtained during unusually dry conditions. 

A study of the haze pattern over Dallas, Texas during seven 

consecutative days permits further evaluation of the e f fect of p r e c i p i -

tation on haze. Figs . 6. 3. 8 and 6. 3.9 i l lustrate Dallas pro f i les . The 

f irst day, June 1, 1967, fol lowed three days f o r which the total amount 

of precipitation recorded was 2.15 inches. On June 1, there was a 

trace of rain with high humidity (75-85% RH). On the following days 

a warming trend o c c u r r e d with no precipitation recorded . The p r o -

f i les in Fig. 6. 3. 8 exhibit a confusing situation except in the interval 

5, 000 to 10, 000 feet where there is an o rder corresponding to the 

o rder of days (except for June 1 where there was high humidity and a 

frontal passage with convection). On June 6 the upper troposphere 

had much larger aeroso l concentrations than the previous days. In 

these pro f i les the shift of almost an o r d e r of magnitude may be noticed 

over time span of one week. The temperatures (Fig. 6. 3. 9) a lso 

show a warming trend. 

During the 1968 CV990 flights there was one situation showing a 

precipitation ef fect . An aeroso l prof i le was obtained over Tulsa, 

Oklahoma on June 12, one day after it had rained (0. 2 inch). Two 

days later, with no recorded precipitation in the area, another prof i le 

was taken over Tulsa. Figs. 6. 3.10, 6. 3.11 show that the recent 

precipitation situation has l e s s haze and a corresponding c o o l e r t e m -

perature prof i le . 

6. 4 Influence of a Frontal Passage on haze 

If it is assumed that frontal sys tems produce the greatest c o n -

vective situation in summer , then by examination of the haze be fore 

and after a frontal system passage, it is possible to determine the 
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Fig. 6. 3. 8 

Haze pro f i les taken over Dallas, Texas associated with 
varying time periods since last precipitation. 
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Fig. 6.3.11 
Corresponding temperature profiles for Fig. 6. 3. 9. 
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Fig. 6 .3 .10 
Haze pro f i les taken over Tulsa, Oklahoma during 

the 1968 CV990 Flights. 
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Fig. 6.3.11 
Corresponding temperature profiles for Fig. 6. 3. 9. 
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extent of the vert ical updrafts on haze populations. The Comanche 

flights o f fer the best example of this s ince they were 11 own during 

July and August over the Continental region of the United States. Six 

flights out of the twenty three were found to be made immediately p r e -

ceding a front or after the front had passed (but not longer than 24 

hours). The results are depicted in F igs . 6. 4 .1 and 6. 4. 2 and Table 

6. 4 .1 f or comparison with the total Comanche data. It is seen that 

the situation of m o r e convect ive activity has produced a prof i le quite 

vert ical in structure and with substantially l e ss than the average 

aeroso l s . 

6. 5 Horizontal variability of haze 

Fig. 6. 5.1 shows horizontal haze distribution at se lected heights. 

The aeroso l concentrations match those of the vert i ca l pro f i l es . The 

time scale for the data in a,b and c is much shorter than for the data 

in d (11 minutes for 1 hour). The large variabil ity of a e r o s o l c o n c e n -

tration in Fig. 6. 5. 1 indicates many dif ferent parameters at work in 

the lower levels . For the flight at 32, 000 feet the counts are smal ler . 

The values at the surface range f rom 50 to 200 xlO 3 part ic les per 

cubic feet, the values at 4000' m s l range f rom 8 . 0 - 2 5 , the values at 

10, 000' m s l range from 1. 5 -9 . 0 and the values at 32, 000' m s l range 

from 0. 7 - 2 . 3 . A prof i le taken through the minimum (or maximum) 

values could give a misleading picture of total haze concentration. 

6. 6 Influence of time considerations on haze 

Figs . 6. 3. 4, 6. 3. 5 and 6. 3. 6 indicted the wide range of values 

observed between average annual haze amounts. There s e e m s to be 

no rea l t ime relationship, though, between the dif ferent years . There 

was no short term increase in the haze counts due to an assumed 

increase in man-made pollutants into the atmosphere. Precipitation 

timing and amount may explain much of this variability. The synoptic 

situations seems to be the m a j o r influence with time related variables 

being of l e s s e r importance. 
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Fig. 6 . 4 . 1 

Average haze pro f i les f or Comanche data associated 
with convect ive activity and total Comanche data. 
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Table 6. 4. 1 

Same as Table 6.1. 1 except f or points plotted 
in Fig. 6 .4 .1 . 

Canadian Frontal 
Average no. 
of points 19 5 

Average standard 
deviation 

32 19 
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Fig. 6. 4. 2 

Corresponding average total accumulations for 
Fig. 6 . 4 . 1 
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NUMBER OF PARTICLES » Z / u . DIAMETER X I 0 3 / F T . 3 

Fig. 6 . 5 . 1 

Horizontal variation of haze: a) surface (taxiing), b) 4000 
feet, c) 10000 feet, d) 3 5000 feet (note the dif ferent time 
scale) . This data was taken June 1-3, 1967 over Texas. 



6. 7 Influence of temperature on vert ical structure 

The question of whether haze part ic les decrease with height can 

be answered s imply by observing the pro f i l es . In the general case , 

concentrations do decrease with height, but the decrease is not great 

and there are instances where there is no decrease ( for example 

Figs . 6. 3. 4, 6. 4. 1). This decrease general ly extends throughout the 

entire troposphere. 

The influence of temperature has been br ie f ly touched on p r e -

viously. In many of the pro f i les a significant haze layer can be 

associated with a strong temperature inversion ( for example in the 

no -recent -prec ip i tat ion case at 15, 000' ms l , Fig . 6. 3 .4 ) . But also 

there are c a s e s where this is not the cause . 

To further examine the temperature-haze corre lat ion two c o n -

secutive days of midday and late afternoon flights w e r e analysed. 

These are shown in Figs . 6. 7.1, 6. 7. 2, 6. 7. 3 & 6. 7. 4. Fig. 6. 7. 1 

shows the haze variability along the prof i le taken at noon. It is quite 

d iss imi lar to one taken five hours later . The temperature curves 

(Fig. 6. 7. 2) also show d i f ferences in structure. The relationship of 

temperature change to particle count change is not found. Only that 

the two haze pro f i l es d i f fer in structure can be ascertained. Fig. 

6. 7. 3 shows how the prof i le has changed nineteen hours later. No 

precipitation was recorded during this period. The shape of this 

haze prof i le is l e ss variable than the one for the previous day and a 

strong layer above 2 5, 000' m s l is noted. A l so the temperature p r o -

file (Fig. 6. 7. 4) for one o ' c l o c k is very s imi lar to the one for noon 

the previous day. The late afternoon prof i le for June 21 is very 

s imi lar to the 1 PM prof i le . The temperature prof i le shows s o m e -

what c o o l e r air at all l eve ls and general ly fo l lows the ear l i e r pro f i le . 

Junge (1963) found that particle counts for Aitken part ic les 

above a certain level in the troposphere (the exchange layer where 

there is a general temperature discontinuity) became constant with 
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NUMBER OF PARTICLES > 3/u. DIAMETER X I 0 3 / F T ? 

Fig. 6. 7.1 

Haze pro f i l es measured near San Jose, Cali fornia at 
noon and at 5:00 P M on June 20, 1968 in conjunction 

with the CV990 flights. 
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TEMPERATURE °C 

Fig. 6. 7. 2 

Corresponding temperature pro f i l es f or Fig. 6. 7.1. 
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NUMBER OF P A R T I C L E S - ^ D I A M E T E R X I 0 3 / F T . 3 

Fig. 6. 7. 3 

Haze pro f i l es measured near San Jose, Cali fornia at 
1:00 P M and at 6:00 PM on June 21, 1968 in conjunction 

with CV990 flights. 
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Fig. 6. 7. 4 

Corresponding temperature pro f i les for Fig. 6. 7. 3. 



87 

height. He reasoned that the distribution of large part ic les must c o n -

f o r m to the same pattern since remova l and production p r o c e s s e s do 

not vary appreciably between the two. 

This e f fect , if present, would be very diff icult to detect using 

average pro f i l es . Individual pro f i les were examined to investigate 

this hypothesis for large (> 0. 3 |jl ) part ic les . F igs . 6. 3. 7 & 6. 3. 8 

shows 6 individual pro f i l es over Dallas, Texas . F o r the w a r m e r days 

the above e f fect was observed between 5, 000 and 10, 000' m s l . A haze 

layer was found associated with the temperature inversion. On the 

c o o l e r days the same temperature structure was not present nor was 

there a constant haze layer . 

F igures 6. 3. 9 & 6. 3.10 showed individual pro f i l e s for severa l 

1968 CV990 flights. The prof i le for June 14 indicated no definite haze 

layer between 5, 000 to 15, 000 feet but the temperature prof i le indic -

ated a strong inversion was present. Figs . 6. 7.1, 6. 7. 2, 6 . 7 . 3 & 

6. 7. 4 again indicate instances where a temperature corre lat ion can -

not be ascertained. 

F igs . 6. 7. 5 & 6. 7. 6 shows the average of the Alaskan pro f i l es 

measured in 1967 and one winter time prof i le taken over South Dakota 

in November 1968. 

The c o o l e r air m a s s e s of the Alaskan and winter continental 

U.S. show a marked decrease in partic le concentration (between 

10, 000 and 15, 000 feet for Alaskan average and above 15, 000 feet for 

the winter U. S. case ) . The temperature pro f i l es re f l ec t this situation 

to some extent. It is admittedly r isky to c ompare average pro f i l es 

with one single prof i le , but is done here to show the e f fect of the 

exchange layer on haze distribution. 

6. 8 E r r o r analysis 

Examination of the great variation which exists between the 

different sets of data leads to the question on e r r o r . How accurate 

is the data? The f irst source of possible e r r o r could be the Bausch 
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Fig. 6. 7. 5 

Winter and average Alaskan haze prof i les . 
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TEMPERATURE °C 

Fig. 6. 7. 6 

Winter and average Alaskan temperature pro f i les . 
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and Lomb instrument. The general design of the Bausch and Lomb 

tends to keep human e r r o r s to a minimum, but there are two very 

cr it ical areas that must be constantly checked: calibration and How 

rate. After each set of flights the instrument was calibrated and 

found to be very sensitive to smal l calibration changes. Obvious ly , 

the instrument must be calibrated exactly the same be fore each set of 

flights or ser ious e r r o r s will occur . Attempts were made to do this. 

The rate of flow of partic les into the instrument is c ruc ia l to 

the measurement accuracy . On some c a s e s the flow meter was not 

operating properly and some e r r o r may have occurred , but this was 

a small exception. Overall , this e r r o r was nearly eliminated by 

c l ose control of the flow meter . 

Another group of possible e r r o r s were sampling e r r o r s . The 

data was taken in two different a ircraft which traveled at quite d i f f e -

rent speeds (100 and 250 knots I . A . S . ) . The e f fect of a ircraf t speed 

on the sampling is not known exactly, but the data evaluation indicated 

little d i f ference between 100 and 2 50 knots for sampling purposes . 

Another possible e r r o r is that the a ircra f t pro f i les were not taken 

vert ical ly but as descents and ascents. This e r r o r , however, is 

small if haze concentrations in the atmosphere can be considered as 

large horizontal sheets. Indications are that this is an acceptable 

approximation. 

The final source of possible e r r o r was the method used to p r o -

c e s s the data. The averaging p r o c e s s somet imes averages out the 

essence of a problem. Small structure features were lost by a v e r -

aging aeroso l s within 1000 foot intervals. Even by allowing for m a x i -

mum e r r o r here, the total e r r o r will still be negligible since it is 

the overal l haze structure which is being analysed and not a smal l 

section of it. The c lassi f icat ion of data dictates that there be homo-

geneity among the c lasses and that each c lass must be exhaustive and 

exclusive. We have seen that this is not always the case and some 



91 

data must be cons idered border l ine c a s e s . This is a problem that 

cannot be avoided, however, by using only average values this e r r o r 

wi l l be minimized. 

Another problem resulting f r om the reduction of data is the 

change in scale for the 1968 990 flights f r o m . 3|J. and greater to . 5|JL 

and greater . This does indeed eliminate a great number of part ic les 

f rom consideration. If the approximate percentage d i f ference of the 

two s i zes is known, however, it is poss ib le to evaluate d i f f erences in 

data sets. During the 1966 CV990 flights > 0 . ae roso l s were m e a -

sured. These particle counts averaged 70-90% smal ler than theJ^O.SiJ. 

counts. Fig. 6. 8.1 i l lustrates this d i f ference . During the Line 

Islands flights the same measurements were taken and the2*0. 5|a. 

counts averaged 80% smal ler . Thus, pro f i l e s containing 1968 data 

could be smal ler than thej>0. 3|jl part ic les by at least a factor of f ive . 

In this study 87 flights were analysed. Many of the e r r o r s l isted 

above were minimized by the sample s ize . E r r o r s of s ignif icance are 

the calibration of the Bausch and Lomb and speed of the a ircraft . 

These need m o r e study be fore they can be evaluated complete ly . 

6. 9 Comparisons with other investigators 

As indicated ear l ier , there has been very little r e s e a r c h on the 

vert ical distribution of aeroso l s inthe s ize range 0, 2[l - 2. 0[jl d iameter 

in the troposphere . Junge (1963) inferred that vert ica l distributions of 

all s ize ranges would have many s imi lar propert ies . Fig. 6. 9. 1 shows 

the findings of Wigand (1919) and Weickmann (1955) for vert ica l d i s t r i -

bution of Aitken nuclei. Wigand used data f rom 15 ballon flights and 

Weickmann used data f rom 12 a ircra f t flights. The most obvious f ea -

ture of both analyses is the decrease in haze concentration with 

altitude approximately on the order of 103/20, 000 feet. Fig. 6. 9.1 

i l lustrates that the removal p r o c e s s e s are m o r e dominant than the 

e f fect of vert ical mixing in the lower leve ls . Another significant 

feature of Weickmann's work is the non-l inearity of the curve. This 
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Fig. 6 . 8 . 1 

Haze pro f i les forJ> 0. 3|i and_>_ 0. 5 pi part ic les for 
Sunset Intersection, California;. June 15, 1966. 
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Fig. 6. 9.1 

Average vert ica l distribution of Aitken part ic les 
(Weickmann and Wigand). 
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is due to the layering character i s t i cs of aeroso l s in the atmosphere . 

Weickmann showed that the tops of the aeroso l layer were marked by 

a sharp decrease in concentration even though the layer itself may 

not have had a high concentration. 

'Fig. 6. 9. 2 shows the vertical distribution of ae roso l s measured 

by a number of dif ferent investigators. The pro f i l es are for large 

part ic les . It may be observed that the amount of decrease versus 

altitude is in the order of 10^ for large part ic les . The wintertime 

situation, when the removal p r o c e s s e s are m o r e dominant and the 

synoptic situation has l e s s vert ica l motion upward, shows a stronger 

decrease than in the summer situation. Penndorf and Sredentopt 

(Junge, 1963) using attenuation of so lar radiation and zenith sky l u m -

inance measurement , respect ive ly , found a constant vert ica l prof i le 

above 4 - 5 km. Junge (1963) descr ibed their results as being indica-

tive of the aeroso l distribution at this altitude. He cons iders the 

4 - 5 km value as the upper boundary for the continental exchange layer 

and noted that the atmosphere is well mixed except for a sharp 

decrease in the exchange layer . A two-dimensional model indicating 

non-steady state conditions was used to explain this phenomenon with 

the interaction of mar i t ime and continental air being the foca l point. 

This method infers that the vert ical concentration of part ic les de -

c r e a s e s only slowly as one proceeds inland f rom a west coast of a 

mid latitude continent because eddy diffusion increases as one goes 

inland. In this way, eddy diffusion is shown to be direct ly related to 

vert ical mixing. 

A comparison of the vertical distribution of sea -sa l t part ic les 

in the_2l M̂- diameter range is appropriate. Fig. 6. 9. 3 shows the 

results of Woodcock (1953) measured in the trade winds area and by 

Byers et al. (1955) for measurements made in Illinois. The prof i le 

in the trade winds shows a marked decrease at the trade wind inver-

sion, while the Illinois prof i le exhibits the ef fect of convection over 
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Fig. 6. 9. 2 
Average vertical distribution of natural aeroso l part ic les over 
Central Europe in relative number concentrations. A l l curves 
r e f e r to large part ic les . Curve a, 12 summer flights. Curve 
b, 8 winter flights, (Siedentopt). Curve c , 18 flights, impactor 
(Rossmann). Curve d, calculated curves f r om observations on 
the attenuation of so lar radiation (Krug, Penndorf ) . Curve e, 
calculated curve f rom zenith sky luminance measurements ob -
tained on 18 flights (Siedentopt). (after Junge). 
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Fig. 6. 9. 3 

Vert i ca l distributionof the number of sea - sa l t part ic les having 
a dry radius _>_ 3JJL . The curves marked W are measured by 
Woodcock (1953) in regions of the trade winds; the portion of 
the curve between the ocean surface and the measured values 
around 0. 5 km is assumed. The curves marked B are given 
by Byers et al. (1955). Curve B]̂  is an average of 3 soundings 
made in Illinois. Curves B2 are average concentrations for 4 
overland flights southward f rom Chicago, (after Junge) 
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Fig. 6. 9. 4 

Average haze pro f i les for Comanche data associated with 
convective activity and tropical Pac i f i c air m a s s . 
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land. Fig. 6. 9 .4 c o m p a r e s the average tropical Pac i f i c sounding 

with the frontal convect ive pro f i l es of the Comanche data. It may be 

noticed here that a great deal of s imilar i ty ex ists between Fig . 6 . 9 . 3 

and Fig. 6. 9. 4. This further indicates that e r r o r s ources for this 

p r o c e s s are minimal . 
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Chapter VII 

CONCLUSIONS 

The results presented in the last chapter can be used to answer 

the questions proposed in Chapter I. 

a) Does the air m a s s source contribute significantly to the 

number of haze part ic les over a given locat ion? The air m a s s source 

does not appear to contribute to the haze in the l ower l eve l s of the t r o -

posphere over the continents. This fact indicates that an air m a s s is 

rapidly modi f ied as it enters a particular area. It is feasible that the 

continent, being the dominant haze source region, contro ls the haze 

population even over adjacent coastal waters . Junge (1954) found that 

a wind blowing onto a coastal region did not e f fect counts appreciably. 

There is an overf low f r om the continental source in the l ower l eve l s 

into mari t ime source regions. This indicates either horizontal mixing 

on a large scale without the necessary wind mechanism or that haze is 

removed quickly in the l ower leve ls f r o m the atmosphere (small t ) 

Haze amounts in the upper levels show the influence of the m a r i -

time air and vert ica l mixing as the air m a s s b e c o m e s m o r e continental 

Also , f o r the warm season of year there is general ly m o r e subsidence 

in the upper layers over the ocean than over land;more convect ion over 

land than over oceans. This tends to produce a decrease in haze f o r 

mar i t ime air and gives a relatively constant concentration for c o n -

tinental air. Since the upper leve ls are further removed f r om the 

main source region (continent), upper leve l air m a s s e s are l e s s s u s -

ceptible to modif icat ion by the source as a function of time and thus 

re f l ec t the nature of the air m a s s source region. The total a c cumu-

lation is greater over the continents because the atmosphere r e c e i v e s 

a l a rger contribution f r om the surface . 

Analysis of haze in the air m a s s e s of the t rop ics and the arct ic 
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gave a dif ferent perspect ive to the problem. The trop ics are charac -

ter ized by subsidence above cloud leve l with the strongest winds in 

the lower troposphere . The air m a s s source has charac ter i s t i c s 

s imi lar to air that has stagnated over the area would have, since the 

aeroso l source region (the ocean) is the same for both cases . 

The coo l air in Alaska exhibits a s imi lar but m o r e complex 

ef fect . As a haze source the arct ic is l e s s e f fect ive than continental 

areas at l ower latitudes due to snow and ice c o v e r and the absence of 

human activities. 

It is diff icult to say, therefore , that a mar i t ime air m a s s wil l 

produce a haze population that is l e s s than that f r om a continent. F r o m 

a given lower tropospheric haze prof i le for the mid- lat i tudes it is not 

possible to predict the air m a s s source . But when the surface haze 

source region is not as active, the air m a s s source can contribute in 

the development of the haze prof i le . A full tropospheric prof i le 

could provide m o r e information on air m a s s source . This is done 

by examining the upper leve ls f or mar i t ime or continental charac te r -

ist ics . 

b) Does the type of surface significantly influence the haze 

direct ly above a region ? It was indicated ear l ier that the haze source 

region (continent) was an important feature in haze distribution in the 

lower levels . Upon examination of the land versus ocean and the 

urban versus rural distribution, however, no great d i f f erences 

between the vert ica l components were found. This could be due to; 

(1) the way in which the data was taken, (2) the large background c o n -

centration of haze, or (3) the fact that haze part ic les mixed rapidly 

in both the horizontal and vert ical . Results presented here favors 

number three. Either haze m o v e s m o r e in the horizontal than the 

vert ica l or removal p r o c e s s e s are extremely eff ic ient the lower 

levels . This is a lso compatible with the answer to the f i rst question. 

c) Do unusual instances of precipitation (or no precipitation) 
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alter haze counts signif icantly? In reviewing the above results it 

must be r e m e m b e r e d tha the no -recent -prec ip i tat ion data contained 

many 1968 990 Flight data consisting of particles_> 0. 5yonly. A def in-

ite corre lat ion was found between precipitation and haze amounts both 

on large scale and smal l s ca les . Precipitat ion also af fects surface 

propert ies of the earth which in turn reduces the e f fect iveness of the 

surface as a haze producer . Any prolonged period of drought wil l 

produce haze environments that are m o r e dependent on other factors . 

To d iscuss precipitation as an important aspect of haze remova l in an 

isolated sense (i. e. without precipitation history) is not poss ib le . 

F r o m our results precipitation appears to be an ef f ic ient means of 

removal of haze part ic les f rom the atmosphere. 

d) Does convect ive activity influence vert ica l haze counts? 

This question of the ef fect of a frontal system on haze distribution 

revealed some expected results . The strong convect ive activity 

ahead of a front l i fts many surface part ic les into the l ower troposphere 

In addition convection activity results in precipitation. There fore , the 

haze concentration in the vicinity of a front may be expected to be 

nearly constant with the height up to the cloud level due to convect ion 

and be l e s s than average due to precipitation. 

e) How much horizontal variation ex i s t s in haze distr ibutions? 

F r o m the data presented it may be concluded that haze layers b e c o m e 

somewhat m o r e uniform and stable in the upper troposphere although 

strong evidence for this is lacking due to incompleteness of data. The 

great vert ical variation in the distribution haze below 10, 000'md showed 

that the ' layering ' e f fect of haze is not as dominant a feature as may 

have been expected. While the vert ica l pro f i l es indicated horizontal 

layering of aeroso ls , and while these l ayers are visible to the human 

eye (they are certainly homogeneous with respect to haze concentra-

tion), the concentration of part ic les within a layer varied by a factor 

of four. The non-uniform vert ical diffusion mechanism has a definite 
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role in producing non-uniform horizontal layers . Thus, this vert ical 

mixing property ' e rodes ' the horizontal layers . 

f) "What are the time considerat ions on aeroso l distr ibutions? 

While there are d i f f erences in the data between years there is no 

significant time increase of haze populations to suggest that haze is 

building up in concentration over the t ime period of 3 years . Given 

the 1966 data, 1967 data and 1968 data it would be diff icult to predict 

what an average 1969 haze prof i le would be. 

g) What is the e f fect of temperature on the vert i ca l structure 

of haze? Temperature and gradients are the bas is for diffusion in 

the atmosphere and,therefore, temperature gradients have been 

assumed to control the nature of distribution of haze. In this study 

temperature was found to play only a minor ro le compared to the 

transport p r o c e s s e s resulting f rom precipitation and convection. A 

large temperature inversion l imits vert i ca l motion and acts as an 

aeroso l trap . An aeroso l must be present, however, and there must 

be sufficient vert ica l motion f rom below to get part ic les to the inver -

sion for this to take place. It cannot be assumed that an inversion 

will always produce a haze layer. 

The Aitken nuclei exchange layer d iscussed by Junge was not 

found, nor was the temperature discontinuity a stable feature. The 

exchange layer of the tropopause could produce the same results , but 

was not explored here. The diurnal fluctuation of temperature with-

in the troposphere did produce diurnal horizontal fluctuations of haze. 

The role of temperature in haze production and distribution needs 

further research . 

F r o m the works of other authors the expected shape was a s s u m -

ed to be exponential and the decrease v e r y rapid since removal process-

es are more dominant than production p r o c e s s e s in the upper troposphere 

Results of this study indicated that the decrease was generally small . 

This may be related to the fact that the measurements were obtained 
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in late spring and summer with warming at the surface . Par t i c l e s 

> 0. 3|a diameter are bel ieved to behave dif ferently than Aitken part i -

c l es . 

In conclusion, haze part ic les w e r e found to have many s imi lar 

propert ies to other sized part ic les , but there are d i f f erences that 

affect the transport of these aeroso l s . The p r o c e s s e s of prec ip i ta -

tion, convection, and subsidence play dominant ro les in transport 

of haze. The haze transport ' c y c l e ' is in rapid flux, mainly in the 

horizontal but with a relatively strong vert ica l component. The 

trop ics and the arct ic represent the s implest mode ls for haze study 

because all p r o c e s s e s are c l ear ly defined. The mid-latitude contin-

ents serve as a m o r e complex situation due to the variabil ity of the 

synoptic situation and the diversity of the continental haze source . 
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