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:'\BSTR,.\CT 

A methodology for the study of the uir pollution 

potential of un urban ~rea 1s described through the tabula-

c. :1 d :CL n ·tr r ,, t iv e present ·1 t ion 

of the interdependenee of D:11':, eters affecting the concen-

trution of unGes1ra --'e n~terial J_ i:;he :l i r. Topics considered 

are clim·itology, p stca--' g orr:.Lpny; city clirrntes, cultural 

o ·u r ,::~ e 2 :, ~:. IG b i e n. t ~~ i r s l1. r v e y s , 

a.nd da t reduction Application of the 

methodology in u stu C)} L·;e city of Austin provides a 

demonstration of 1 .. ,s Esei'u ness ir ... the collection, 1.n3,lysis, 

and present tion of ti~ Jol~~~io~ data. Many t :1 b 1 es ) figures , 

and maps are inclu~ert to il~ustrate concisely the t,thods 

and results. Airflow 'Li'CHL,1 bu\lci.irg:; is described in the 

~l pp en ci i c e s an ci. s eve n c y re i' ,0 
~· e rJ. c ,~ s 'l. re inc 1 u ci e ci for v e r if i -

cation und further study. 
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I. INTRODUCTION 

Well established interrelationships in the study 

of air pollution parameters are not always easy to apply 

in practice to county, city, town or other geographical 

area because of a lack of quantitative information. The 

objective here is to investigate the interdependent nature 

of several of the most important parameters, list casual 

relationships for easy reference, and suggest sources of 

data which currently exist as a consequence of man's de-

sire to characterize his environment in terms of numbers. 

The methodology, if it may be so termed, will be summar-

ized and then applied to the city of Austin, Texas, to 

demonstrate its usefulness and limitations. 

In broad terms the topics considered will be 

these: climatology, physical geography, city climates, 

cultural characteristics, and pollutant source descrip-

~ . 
~lOD, Of necessity, ambient air surveys must be included 

and it seems useful to suggest methods for reduction and 

presentation of data. 
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II. PARAMETERS AND INTERRELATIONSHIPS 

Local Climatology 

Climate is a composite or generalization of the 

day-to-day weather giving averages, trends, ranges, and 

deviations in such elements as temperature, winds, preci-

pitation, humidity and so ::in. Clirr.a-sic parameters usually 

change gradually with horizontal distance traveled, where-

as weather may change from rainy to sunny within a dis-

tance of a few yards since there is no averaging time 

involved. 

Concentrations of unwanted gases, solids, aero-

sols, smokes, mists, and fumes in the air are directly 

affected by the amount of air available for dilution, the 

mechanisms for mixing within the air, the speed of trans-

port from the source to the receptor, the mechanisms of 

cleansing available, and the mechanisms for chemical-

physical interactions. Source em:ssion levels are also 

dependent on climate, as for example, the need for space 

heating (combustion products) in the winter. General 

meteorological effects on air pollution are given in 

2 



Tableland specific effects are outlined in Table 2. 

Types of inversions are described in Table 3. 

Meteorological data are collected at stations 

all over the world. Local clima0ological data are avail-

able for cities in all fifty s0ates; in Texas nineteen 

cities are represented. Most cities, however, have only 

one weather s~ation which is usually located at the local 

airport, and normally, li~tle er no data are available 

for other par~s of the city. Clima~ological summaries 

usually characterize meteorological data in terms de-

scribed in Table 4. Various techniques have been used 

to manipulate and present num:;ers j_n the most meaningful 

way; some of them will be illustrated later in application 

to the city of Aus0in. 

The prime source of climatological data in the 

United States is the U.S. Department of Ccmmerce, Environ-

mental Science Services Administra0ion, Environ~ental Data 

Service. The state climatologist, as ~he central callee-

tion agent, is the bes~ source for lists of available 

data. The U.S. Geological Survey, water resources divi-

sion, has areal rainfall distributions for some regions 

of the country. The Departmen~ of Commerce also publishes 

3 



monthly climatological data for hundreds of cities 

around the world. 

Physical Geography 

Physical geography plays a role in air pollution 

studies because the physical features of the land affect 

the flow of air over it. Transport and dilution of en-

trained pollutants, therefore, are obviously affected by 

features of the land. 

detail are these: 

The features to be considered in 

1. Topography, including mountains, hills, valleys, 

gorges, plateaus, plains, flats, islands, and 

basins. 

2. Occurrence of water, including lakes, rivers, 

streams. 

3. Surface conditions, including trees, grasses, 

barren ground. 

Effects on Airflows. For ease of application to 

4 

actual situations, the effects of topographic features are 

listed in Tables 5 and 6, those of bodies of water in Table 

7 and those of surface conditions in Table 8. It is 
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important in predicting the effects on air pollution to 

have complete accurate physical descriptions of geo-

graphical features to prevent distortions of scale. Most 

of the important parameters can be collected on a map of 

suitable scale to show the following: 

1. Location (with respect to cultural features); 

2. ~ (length, depth, wi<'ii~h, height, ratio of 

length to width, e}evat"-oIJ above sea level); 

'2'. 
,._) . Orientation (a sixt~en-point compass rose should 

be used); 

4, Shape (vertical fections may be required); 

5. Surface texture (height of trees, grass, rocks, 

height and length ot wa~er waves); 

6. Color, reflectjvi:~Y (use stand&xd colors, percent 

reflectivity); ~nd 

7. Percent s~ (usef,1l for degree of effect to be 

Po~lutants and Airflow. The effects tables 

facilitate the formulation of useful causal relationships 

among pollutant sources, concent::.~atioDs, and 3..ir flows 

such as the following for mountains, hills, valleys, and 

gorges: 



Unexpected appearance of pollutants 

.\.~ o i.11 ~ s., ~- i 3 -~ .~.:.. c _:\. s J_ o c at e d u p w i n d at, 

lower elev tions. 

Diversion. Unex~ec~ed appearance of pollutants 

at shie1cied c,,,vn1villd :Lccatior:s ,iot precl.Lcter:'l from 

prevailing flow. 

e :n -i~ u .r:· :L e ~c· j' c~ \.: R~:.?0r1cei1Gra1~iorJ of dJ..S_{-~ersed 

A i r D 1' a .i. n r; ,~ . 

instead of nnw,c:r·d. oncen~rutions fro2 stagna-

t i on in :· v d a J. 

Dowr1wast1 and ;1:.::1-;.wa~-:_1h,, ~-----·-------··-~~P• ---·-·-- -·--

Appe .s.:ranccc 1.t:! 'Iel ,·1 1.rid. fr·-~ sou:cce lo-

Des~£uLl~ imprL,ed dilution, 

I 
\V t 

in cJ_osed ·::ireulation 

cells or nectrty. 

ce s) . 

,-, :a 
\,c..., 

Ent r r_..:r;iue n 1 

from .--~ u :r c e z 

of pollutants 

tnese 

Channeling. Transport to locations other than 

those predici:;ed from "1:irevs.i1ing" WJ.nd di.rections. 

6 
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High concentrations a~ great distances (relatively) 

because of poor mixing. iiigher long term concentra-

tions because directional dev~ation of wind less 

than a possible 360°. 

Upslope and downslope flow. Entrainment and 

transport to unlikely locations up or downslope by 

convection flow. 

l!.E_a.,nd down-valley flow. Tr~nsport b~ck and 

forth independently of prevailing winds. Possible 

valley entrapmen~ and s~osh effect. High concentra-

tions because of channeling, poor dispersion. 

Shie:.di.ng_. Area prevailing wind direction and 

speed not meaningful causing poor transport and poor 

mixing with outside air. 

Effects of plateaus 7 plains, islands, and basins 

are merely variations from the vasic relationships out-

lined above. The same can be said for effects of surface 

conditions of the land. 

Table 9 some important effects that vege-

tation has on air pol~ution and Ta~le 10 gives effects of 

meteorological conditions on pollen. Common aeroallergens 

are given in Table 11. 



Sources of Data. Information and data about 

features of the land in an urban area may be collected in 

these forms: 

1. U.S. Geological Survey Topographic maps (quad­

rangle maps: 7 1/2-min, 1:24,000, 10 ft. con­

tour interval; L5-min, 1:62,500, 10 ft. contour 

interval) 

2. U.S. Geological Survey shaded relief maps 

8 

3. Aerial photographs: black-and-whice panchromatic, 

color, color infra-red, black-and-white infra-red 

4. Radar maps 

5. Photogrammetric maps (stereo pairs for direct 

viewing) 

6. City pl&nning and highway department maps 

7. Soil conservation and geologic maps of soil 

8. Oblique photographs er the ~ity 

9. On-the-ground survey data 

It is advisable to adjust the scale of all maps 

to be the same to facilitate study of interrelationships. 

Preparation of a set of photo-interpretative keys is use­

ful in working with aerial photographs (Lueder 1959). 

Keys to principal surface fea~ures are available for 
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infra-red photographs, both color and black-and-white 

(Lueder, 1959). Use of t;raLsparent map overlays facili-

tates experimentation wi~h flow for different conditions. 

City Climates 

st.mrr;.·,riz,:::d the mechanisms which 

contribute to ti,e concept of~ city climate as follows: 

l, Natural radiation talance is fisturbed by changes 

in the properties cf ;:;r1,::: underlying E:,urfaces 

(brick, cm,crete, ae.rr,a_1_,:. instea.d of vegetation). 

2. Areas of buildings and canyon-like streets between 

then, change t;ne r1 1tur;_,l :::'low and turbulence of the 

air. 

3. Water vapor balance is upset by the change from 

moist to dry surfaces. 

4, A city '~n1.Lt:o Lc~~t ;_,no. ;Jollutants to the atmosphere. 

A summary of ch~nges produced by ~r~an development is given 

in Table 12. 

lieac. Islancls. ~he dist~rbance of ~he natural 

radiation balan~e along with the generation by man of heat 

gives rise to the formation of heat islands within a city. 
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Temperatures in these islands may measure up to several 

degrees above the adjacent suburban areas. In addition 

larger scale effects can result when convective circula­

tion couples with the tendency toward increased turbulence 

over the city to form a cell of closed circulation above 

the city. Flow of air toward the inner heat island has 

been observed (Pooler, 1963) as has been the so-called 

dust dome from the closed circulation (Munn, 1966; Lowry, 

1967). Table 13 gives the reflectivity of various sur-

faces and Table 14 gives some temperature differences of 

different types of surfaces in mid-morning under the sun. 

Airflow. Airflow within a city is very complex 

because of the different heights, shapes, orientations, 

and densities (areal) of the buildings. One way to make 

comparisons is in terms of the mean wind velocities for 

various types of surfaces. In Table 15 are shown the re-

lationships between undisturbed (gradient) velocity and 

velocity at any height for surfaces varying from open 

country to centers of large cities. At street level it 

is difficult to arrive at any generalized formulation, 

however. Appendix A gives a summary of principles of flow 

around geometric shapes; the important factors influencing 



the flow are these (Maccabee, 1968): 

1. The height and cross-sectional shape of the 

building. 

11 

2. The ratio of height to a cross-section dimension, 

or aspect ratio. 

3. Orientation with respect to the air flow. 

4. Proximity to other structures or topographical 

features. 

5. Secondary variations in body shape due to windows, 

cornices, parapets, penthouses, and so on. 

6. The mean wind velocity profile and turbulence 

characteristics of the wind. 

7. Wind velocity in terms of the Reynolds Number. 

8. Vortex shedding frequency in terms of the Strauhal 

Number. 

Investigators in structural design, airfoil de­

sign, windbreak and shelter belt design, and in gas diffu­

sion around buildings have provided a wealth of information 

in this area (Caborn, 1965; Evans, 1957; Halitsky, 1962, 

1963; Olgyay, 1963; Woodruff, et al., 1955). A review of 

this literature permits formulation of some useful causal 

relationships. 



l ') ,. 

1. Greater gus~iness and presence of eddy cells of 

all sizes provides good mixing when the wind is 

blowing. 

2. Vertical flow up and down is very pronounced at 

windward and downwind faces of a building. 

3. Channeling drastically changes the direction for 

transport of pollutants from that predicted on 

the basis of roof-top wind direction. 

4. Channeling and ven~uri effects can decrease 

gustiness and collapse eddy cells to lower the 

overall mixing potential. 

5. Channeling and ven~uri effects can sweep out 

pollutants quickly, 

6. Downwash can bring pollutants from building tops 

to ground level in high concentrations in large 

closed cells. 

7. Uplifting can occur over close~y spaced buildings 

whose roof tops step upward in the downwind direc-

tion. 

8. With light winds stagnation of air between build-

ings causes an increase in pollutant concentra-

tions. 



13 

9. Direction oC local flow can change drastically 

with a sm&ll cLar,ge in the direction of incident 

flow and can change concentrations by orders of 

magnitude. 

10. Changes in the location of an emitter by a few 

feet can change concentrations by orders of 

magnitude. 

City Plume. Just as a point source is charac-

terized by its plume, so can the areal source of a city 

cause a plume of pollutant material to move downwind from 

Thus rnetecrological factors which may be favor-

able for lowering concentrations in the city may produce 

undesirable levels of pollution in the suburban and rural 

areas downwind. Any complete study should include the 

effects of the city plume. 

Colle~_ti~_££_ Dac;a to Characterize Cj_ty Climate. 

The change in types of radia~ion surfaces can be mapped 

using aerial photographs and photo-interpretative keys 

mentioned earlier. Percent roofs, pavement, trees, grass, 

water, and the like can be determined using a grid system 

to organize the data. 



14 

Heat islands can be mapped by setting up record­

ing thermometers over the city, perhaps supplemented by 

traverses across the city with mobile temperature sensors 

(Wood, 1971). Remote sensing techniques using thermal 

photography (not infra-red film directly) can also be used 

(Colwell, 1968). 

A qualitative view of the dust dome for a city 

is obtainable by oblique aerial photography or by direct 

observation from high altitude. Convection airflow inward 

at ground level can be mapped using a network of anemometers 

and wind vanes (Davidson, 1967). 

Basic geometry of any part of a city for air flow 

studies can be had through photogrammetric techniques. 

Stereo pairs can be viewed directly for qualitative infor­

mation or a topographic map of the city blocks can be made 

to include not only ground contours but roof-top contours. 

Accuracies to within two feet can be plotted with proper 

photography (Barclay, 1971). 

Without photoJrammetry, building heights can be 

estimated and plotted on aerial photomaps to obtain the 

same information. Heights and dimensions are available 

from municipal inspection departments. On-the-ground 



surveys would expose such air channeling features as 

building pedestrian tunnels, transportation tunnels, ele-

vated roadways, and overhan[s. These features appearing 

only from the horizontal vantage point must not be over-

By assuminc; different directions of wind across 

tile rEaps, c;ross aspects of air flow in the city streets 

can be predicted and plotted as flow lines. For a given 

~uildin~ or perhaps block of buildings, predictions can 

be refined only by ground or roof-top observations using 

15 

smoke tracers plus wind vanes and anemometers. Wind tunnel 

tests with models may be required in some instances (Wood-

ruff, et al., 1955). The city plume can be mapped using 

conventional air sampling techniques timed to coincide with 

the desired wind direction. 

Cultural Characteristics 

Cultural characteristics can include the follow-

inc in an air pollution study: 

1. Breakdown of principal occupations of the inhabi­

tants of the city. 

2. Population density. 
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3. Land use, planning, zoning, restrictions, ordi­

nances. 

4. Human activity cycles. 

5. Trar:sportatiou ha\Jjts, existing and planned 

regulations. 

6. Trends. 

?rincipal Occupations. W~at t~e people of a 

cit/ do for a livin' -Ls a direct cndication of (1) types 

of air pollution source[, and a;1ounts, and (2) attitude of 

the population toward air pollution. ?able lG is a cneck 

list of occupational cate ;ories nor allJ encountered. 

Mor(·: is said at.,out sources in a latcc,r section. Attitudes 

of the municipal votin,~ ·population to air pollution abate­

ment depend a great deal on their sources of livelihood. 

Factory workers would be ~ost tolerant, and supporting 

industrJ and services workers also would be, while those 

in ~overnment and education can afford to be less tolerant. 

Population Density. Pollution of the air is a 

problem because the population of a city is affected by it 

in so;-;ie manner. Pollutant concentrations si1ould. as a 

consequence be related to population density in any 



d e t e r rn j_ n at i on o f t u e re s o u r c e s t o c, e u s e d f o r •no n i t o r in g 

an d ab at e n e ::1 1~ • ~ost larse cities are divided into census 

tracts in wnich ti1e population and area are ;nown and 

densities in persons per aC"'re can be shown on a :ap. 

Superposition of ,:,ourC"'e locationc; and a11i1ient qt1alitJ 

data provide the nost useful criteria for ar·tion. 

Land U,3cc Planninp;, Zonin~~L RestrictionEc,. 

Lin .ed to population densit; are land use planning and 

zoninc ordinances which s~ould be effective in controlling 

the location of pollutinJ industries and in restrictin 

the population densities by law. '-1 a p s of the mast e r plan 

and land use restricT,ions sr1ow locations of industrial and 

residential areas. Trends in direction of' ~rowt1L '.'.an 

usually be determined and related to wind patr,r~rns, topog-

r apny, and land features :in 0 eneral. It l
. C' 

0 Ln p or t ant t o 

17 

deter~ine ~ow well master plans and zonin~ laws are adhered 

to in establisnin trends since evidence indicates that 

n u c :1 p 1 an n in and zonin is done after financial conmit-

jndustry or land devel-
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Human Activit~" Cycles. Activity cycles tnat 

are significant in affeccin~ pollution levels include the 

annual cycle the wee~ly cycle. and the daily cycle of 

people, Trend s w h i c 11 are sup e r i :rJ po s e d on s ;1 or t e r c y cl e s 

are also inportant. 

The dominant factor in the annual cycle r0-flr:cts 

tne average te~perature which changes the heating and air 

c on d it ion in g re quire ·n en t s . Winter heating obviously in-

creases the pollutant load from space heating. As heating 

requirements decrease and cause a decrease in pollutant 

emissions, air conditioning, in so:ne locations, creates a 

heavy demand for electrical power generation with its own 

set of emissions. 

The five-day work week cycle often means indus­

trial emissions drop on Saturday and Sunday as do emissions 

from automobiles. Where fireplaces are used for pleasure, 

the weekend brings increased emissions fro~ this source. 

Certainly population densities change dramatically when 

co:nparisons are :nade between, for exa~i1ple 9 a.:n. Friday 

morning and 3 a.m. Saturday mornin~ over a metropolitan 

area. 

The daily cycle sees an overnight change in 

population density, heatin~ and air conditioning required, 
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transportation utilized, and many other parameters. Both 

the annual and daily cycles coincide wi~h climatological 

factors to produce higher emissions at times when the 

atmosphere is least able to dilute them. Thus the fall 

season stagnating anticyclone coincides with increased 

emissions from space heating, and the early mornin~ in-

version coincides with increased emissions from process 

start-ups and automobiles. 

Transportation Habits. Since the internal com-

• bustion engine can be a ~ajor source of air pollutants, 

t:1e automohile traffic of a city snouJd be characterized 

in ter~s of t~e followin~: 

1. '.v1ap of fre~ways, expressways, arteries, streets, 

roads bot~ present and planned. 

c. Vehicle density 'Lap of total cars per unit time 

for all streets boLh present and planned. 

3 . Vehicles ,n i 1 es in spec: if i e d . rid lJ locks . 

4. Average speed and number of stops per mile. 

Motor venicle registration figur~s. 

Aircraft traffic should be described in the 

following terms for both departures and arrivals: 
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1 , rr YD e O f a i r" raft P, n r'. i n e . n U 'i l, e r O f en{:'; i n e S , 

tise of day. 

? . '.fa p of principal f 1 i g ht tr a ,c , s o v e r t , 1 e city . 

3. Flights pcc.r da", wee and year. 

Trends. So:,e inportant trends which shouJ d be 

noted for the city are these: 

1. Rate of population growth. 

2. Chan~es in population density. 

3. Direction of feographical expansion. 

4. Location of new residential and industrial zones. 

5. Aircraft traffic congestion and plans for regional 

airports. 

6. Expansion of a given industry, such as transistor 

~anufacture or ~etal s~elting. 

7 
' . Exhaustion of or discovery of natural resources 

nearby. 

Each city will have its own unique trends driven 

oy clinate, topography, resources, etc, 

Sources of Data. Cultural data discussed here 

can be obtained fro~ the following sources: 

U.S. Census Bureau statistics 



State employ~ent agencies 

Mun i c i p a 1 c i a :i; b e r s o f c o 1u e r <:: e 

Municipal planning depart~cnt.s 

· 1 u n i c i p a 1 and s t at, e t ran s p o rt at i on de p art 1; e n t s 

State notor vehicl2 registration records 

Air~ort ad~inistrations 

Al~anacs, yearbooks, 

Pollutant Source Description 

A co1plete source description includes the 

following: 

1. Location of emitter on a map having a suitable 

grid system. 

2. Nature of emitter such as stack, chimney, door, 

window, skylight, ventilator, and so on with 

height, length, width, dia'Tleter, shape. 

3. Velocity and temperature of gas stream at the 

exit. 

4. Time variation of emissions whether diurnal or 

seasonal, shutdown schedules, start-up ti,nes, 

holiday schedules. 
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5. Types of emission such as particulate or gaseous 

and specifically w:-iether gases, solids, aerosols, 

S:llokes, :llists, fumes, and so on. 
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6. Quantity of emissions such as weight per unit time 

at e:nitter, process input weights such as fuel and 

raw 0·1rterials, or product output. 

7. Abate:r.ent equip ~ent e'lployed. 

The location infor~ation should be easily relat-

2ble to population density, land use patterns, open spaces, 

and greenbelts. and topogra,hic and land surface features 

to facilitate d0ter~in2tion of transport, dilution, and of 

2reas affected. Methods for ~aking e'llission source inven-

tories are given in several Environ:llental Protection Agency 

publications (Guide for . . , AP-76, 1971). 

Types of sources have been categorized in many 

ways. One listing is given in Table 17. Sources of data 

for use in estinating emissions are listed in Table 18. 

E:I1ission factors to be applied to various pollutant gen­

erating processes are given by Duprey in a 1368 version 

of "Co'llpilation of Air Pollutant E:nission Factors"; a 

preli~inary revised edition is now available (McGraw and 

Duprey, 1971 ~. 



Ambient Air Survey 

Ambient air purity for a city should be ex­

pressed in terms which are currently being used by fed­

eral, state, and municipal watchdog organizations. The 

current standards promulgated by the Environmental Pro­

tection Agency are given in Table 19 to illustrate both 

the uni~s used and the definei acceptable levels. 
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For both particulate matter and gaseous material, 

it is best to display average ambient levels on maps of 

the city in the form of isopleths or differently shaded 

areas and to show the peak concentration points by means 

of suitable symbols. Djurnal -ind season[1l roses showing 

concentrations from given wind directions are useful in 

determination of source locations. 

The type of sampling, time routines to use 

(random, continuous, sequential) and the number and loca­

tion of stations have been studied for urban areas by 

Stalker, et al. (1964), 

Data Reduction and Presentation 

Although local climatology, topography, city 

climatology, cultural characteristics and pollutant sources 
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and concentrations are euch characterized by special 

symbols, units, char0s, and diagra~s, it is necessary to 

present all these data in a fashion which (1) permits 

correlation of variables, and (2) breaks down the varia-

bles into manageable parcels, Thus a uniform grid system 

should be developed for the city or perhaps one already 

in existence (voting p~ecinc0s, census tracts) could be 

adoptec. Seldom does an arbi0rary equal-area grid work 

unless the grid blocks are Sffiall and data are computer 

processed. 

In the use of topographic maps, the largest 

practical size should be used to look at airflow. Differ-

ent colored contour intervals make for easy reading of the 

elevation differences and trends. Generous use of trans-

parent overlays is recommended in all stages of reduction 

and presentation of data. Liberal use should be made of 

photographs to illustrate many of the features described 

in local climatology, physical geography, urban climatol­

ogy, and source and survey locations. 

It is best to use maps of the same size if sev-

eral are needed for data presentation. Effects of a scale 

change from map to map are seldom easy to visualize. Be­

cause of practical difficulties with printing and binding, 



maps for reports shouid oG 6 1/2 x 11 inches in size. 

,:nd·-e:..'fect ciaca. It wouJQ ~c expected tha~ each report 

or cl•?t,hiJ_ed i:::...:.~or .:-::.,·1.,_: 

The v:i a~Jss which can be combined for st~dy 

2. Sources, ~ind tirec~ion, Lo ograpny, bodies of 

:::, . Po;n:d t I" Et 1.' ..i. ·""- ,..- :J. :L r f} C Vi ,. 

',J_ <) 

Source u ~1 l ,_1rl 

~p to date uerial yhGto~r~fLs, botn obJ.ique and 

vertica: incide c 

:; 4 
~L 'u 

broadly upon the nature of the sources and the mechanisms 

C) ' C, ..._,' 
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of transport and diffusion between emitter and receptor. 

Climatology generalizes the day today atmospheric condi­

ti ons for a ir flow and mix ing, heating and cleansing, and 

for conditions favorable for chemic al reaction s . Physical 

geography describe s the way in which p ass ive an d act ive 

processes in airfl ow are determined by physical features 

of the land surface , City climatology tells some t hin g 

about man- made effects on air flow and mixing within a 

city while the cultural characteristics, s o clo sely re­

lated, reveal facts about spatial and temporal dist rib u ­

tion of population and pollutant sources as well a s atti­

tudes and trends in the direction of change. 

A methodology for investigating interrelation­

ships has been suggested in the foregoing sections. The 

steps to be followed are these: 

1. Formulate an obj ective. 

2. Decide which parameters h ave to be included to 

meet the objective. 

3. Review and tabulate cause-effect interrelation-

ships among the selected parameters. 

4, Tabulate sources of data and collect data. 

5. Apply the established c au se-effect rules , 

6. State conclusions toward obje ctive and report 

results. 



Application to the city of Austin, Texas, fol­

lows in the next section, 



Meteorologic 
Parameter 

'.-,>-' 

Wind speed ,1Jutu~t 

Wind direction 

Mixing dept 
Air temperature vs altitude 

Air temperature - ground level 

\:ours of sunshine 
Daily solar radiation 

Precipitation amount 

Tnuriderstorm frequency 

Ariticyclone beh8vior 

do~nwiod frcm emitter. 

ond. ~-ts 

"'_ I~--'.:=• ·'"-.. '.l 

, . .:..• 

'"· 

:isc~ 

:' c:c ne ,~<:::it i_ 1~,n 

l~~i r 

G-,~C ;,;'~-:JE1t1)·:i_r1g r.- \~] n;~ [ifJCJ 

\-c.:.n_t_,j J_c1tj_nr~ p( .t,,, 1 ·~J. 



Calm to light winds 

Moderate to strong 
winds 

~irection of wind 

Mixing depth 

Air temperature vs 
altitude 

Air temperature­
ground level 

SPECIFIC EFFECTS OF 

ME'l'EOROi,OJ :;:CAL PARi'u'vIBTERS 

Poor 'lentilation, stagnation: low level 
emitters produce higher ground level 
concentrations; high level emitters may 
disperse f~irly well in light winds. 

Good ventilation, low level emissions 
are moved out. higr1 level emissions may 
cs,,;se higher ground concentrations be­
ccntse oI' -o,c:,Dding of plume earthward. 

Jetermines location of receptors. 
Weather station annual averages often 
mislesdi~cl· Seasonal averages are bet­
ter. snd loca: effects of valleys. 
rive:rs, lakes. and buildings must be 
considered. 

}rester mixing depth means Ligher ca­
paci~y for dilution while lower means 
lc,ss capacity for di lutio~1. 

Greater than dry adiabatic lapse means 
~nstable air and good mixing for bet­
ter dLLution; isothermal lapse means 
meoiocre mixing; i.nversion means stable 
air, poo~ mixing; inversion below. 

atic above means poor mixing at 
wi'.:;hoc1t a "J_id:" j_nversion 

a:of~. s iatic below means good 
mixing a:~ ground. level with a "lid" of 
stable air above causing entrapment and 
furnigation g 

Lc>"\-Jer ·ct?m:perature means greater s·pace 
heating emissions; cold air drainage 
inr~rease.s in::;ensity of ground level 
inversions; higher temperatures in­
crease rlectrical power generation in 
many areas for air co~ditioning. 



Hours of sunshine 

Solar radiation 

Precipitation 

Thunderstorm frequency 

Anticyclone behavior 

30 

rrABLE {__, (Cont. ) 

More sum,hine at ground level means 
greater instubility caused by differen­
tial heating of surfaces and thus bet­
ter mixing. 

Greater solar energy available seasonally 
and latitudenally means more chance for 
formation of photochemical smog. 

~rea~er rainfall removes more pre­
cipi tatton nuclei (pollutants) from 
the atffinspterc, washes out more sus-

ed particulates and gases to ground 
surf0ce, tends to hold down dust parti­
cles -::;o ,3rc_icnd surf2ce; runoff concen­
trates and disposes the material col­
lected. 

Frequent occurrence of extreme mixing 
to great altitudes coupled with rain­
out and washout tends to clean the 
atmosphere; effect may be local except 
fer b:rosd U 1r of frontal storms. 

Moving high-pressure air mass not bad; 
stationary anticyclone causes very 
reduced dilution and transport and 
high pollutant concentrations. 

SOURCE: Meteorological Asnects of Air PoJ.lution., U.S. Dept. of Ii.E.W. 
Training Manual, 196~. 



Radiation inversion 

Advection inversion 

Subsidence inversion 

Evaporation inversion 

SOURCE: Munn, 1966. 

31 

TABLE 3 

TYPES OF DVERSIONS 

Caused by rapid cooling of the land 
surface through loss by radiation 
after sunset. 

Caused by horizontal flow of warm air 
across a cooler surface like a lake. 

Occurring when slowly descending air 
aloft in high pressure areas under­
goes adiabatic warming. 

Caused by rapid cooling from evapora­
tion after a summer rain or over an 
irrigated field. 



Par ameter 

Wind speed 

Wind direction 

Mixing depth 

Air temperature vs 
altitude 

Air t emperature­
ground level 

Hours of sunshine 

Daily s olar r ad i at ion 

Precipitation 

Thunderstorms 

Anticyclones 
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TABLE 4 

CHARACTERIZATION OF 

METEOROLOGICAL DATA 

Characterization 

Diurnal, monthly, annual arithmetic 
mean speed. maximum speed,% calm, 
% occurrence in given spe ed categories. 

% frequency of occurrence at each of 16 
points of the compass,% occurrence in 
speed categories of same compass dir ec ­
tions, wi nd roses combining the two 
parameters. 

Mean mixi ng depth in feet above gr ound 
level; estimated monthly values, pre ­
dicted daily values . 

Lapse rate in degrees/unit alti tude; 
graphical plot of degrees vs altitude . 

Hourly readin gs . diurnal, monthl y , an ­
nual adiabatic mean temperatu r e ; occur­
renc e of maxima, minima, heating degree 
days . 

Monthly and annual mean number of hours 
of sunshine. 

Monthly and annual mean in langleys 
(g - cal/cm2

). 

Monthly and annual mean in inches ; oc­
currence of maxima . minima . 

Number of days of occurrence mont hly . 

Maps of princi pal and secondary tracks ; 
total occurre nces of 4- day + stagnation 
ant icyclones as isopleths on a map . 

SOURCE : Loc al Climatological Data, 1970, Austin, Texas . U.S. Dept . of 
Commerce. 
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EFFEC'rS OF MOU'.\TALJS, ',ILLE, VALLEYS, 

i., iD '.C'R":ES o;; AIR MOVElvfEf.'1T 

Mountains and Hills 

·Gradual uplifting of laterally moving large air masses. 

·Diversion r,f air mass aruu~d a prominent hill in stable conditions 
and light winrJs. 

·Increased wind speeds caused by venturi effect between prominent 
features. 

·wwnslopc 2:u' drainage in calm cool conditions. 

·Convection fhw caus,,d bJ south-slope heating (valley wind). 

·Formation of cold air pools damming. 

·Downwash and backwosh of air on the downwind side. 

,Enhancement of verticc1l air flow (increased turbulence) over small 
hills located on flat plains. 

·Creation of eddy cells and resulting gustiness at sharp discontin­
uities at base or peak. 

·Channeling of winds to cause peculiar prevailing wind directions 
locally. 

,Mean wind prcfile relatively steep. 

Valleys and }orges 

·Chonneling of winds to couse locally prevailing directions. 

· ''.1)slope ancl .bwnsl,•pe air flow caused by differential heating. 

·Cold air drair,agc up or down the valley when prevailing flow is weak. 

· Ir,creased dow,;-vall£>y wind velocj ties causc:d by venturi 0ffect. 

,Shielding frmr: prcv,,ilinr~ flows C'.Jusing sta-;nation. 

·Downwasl: and eddies from crosswinds. 

• Eddy fc'·rmation of size to fill valley cross-section and thus little 
ventilation with fresh DJ.r. 

· Lofting of air mas~; at far side of valley in crosswind. 

SOURCES: Davidson, 1961: Flohn, 1969: Munn. 1966. 



EFfl~C:TS OF PLJl'f'EAUS, PLAINS. FLNI'S, 

ISLJ\inJS, A:.'D BASL'iS o:, AIR MOVEME~IT 

Plateaus 

·Eddies form on the top of the plateau Dt the edgr' facine; tLc· wj nd. 

·Eddies form on the downwind side of tne platcuu but below the level 
of the Dlateau. 

·Lofting of air masses from lower surroundine; area.s. 

·Draining of cold air off to lower elevations. 

Plains and Flats 

·Direction and speeds of flow relatively undisturbed. 

·Seostrophic wind reached at relatively low altitude. 

·Senerally lower turbulence. 

Islands 

·Little of its own effect if of low relief and small compared to the 
body of water. 

·Wind profile essentially thclt over the surrcunding water. 

·Analogous to a hiil or mountain in otherwise flat terrain witL effects 
jependent on topography. 

~?asins 

·Pools of cold air generally form in concave terrain. 

•In~cnsely cola stable air can collect causing an intense local 
inversion condition. 

· Ventilation by wind higi1ly dependent on size and on surrounding 
terrain features. 

SOUR2ES: :Munn. 18(6; Scorer. l::15i:~; -;.eigc'r. 1%5. 
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Lakes 

,Differential heating between land and water can cause daytime flow of 
air from over water onto the adjacent land, and night time flow of 
air from over land out onto the water (sea breeze-land breeze). 

,In stable conditions found in stagnating anticyclones essentially the 
same air mass may move back and forth from over water to over land 
and back from differential heating. 

·i1 lake which is cold compared to the air over it can create a local 
inversion above its surface. Similarly, a warm lake provides condj -
tions conducive to formation of a steam fog. 

,Smoothness of water relative to land can cause shoreline downwash 
and upwash effects on air flow: upwash with onshore flow and down­
wash with offshore flow. 

·Movement of a stable air mass (inversion) from out over a lake to 
back over land can cause an inversion aloft over unstable air below 
as it moves over land. 

·Smooth water surface results in a flatter surface wind profile than 
over most land surfaces. 

Rivers and Streams 

,Most rivers affect air movement as do lakes except the magnitude of 
the effect is much smaller because of the lower mass of water. 

·Movement of water in rivers and streams tends to "wash out" the dif­
ferential heating effects upon which the effects are dependent. 

,Channeling over smooth river surfaces. 

SOURCES: }eiger. 1965; Hewson and Olsson, 1967. 
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TABLE 8 

EFFECTS OF SURFACE CONDITION OF 

LAND ON AIR MOVEMENT 

Trees and Grasses 

·Mean wind profile is affected as by any other obstacle or degree of 
roughness. 

·Increased turbulence above tops of the vegetation caused by their 
roughness. 

·Lower mixing of air within a stand of trees because of lower wind 
velocities to ground level. 

·Local channeling and venturi effects can occur in groves of trees. 

·Blocking or damming of cold air drainage can occur from vegetation. 

·Differential absorption of solar heat between vegetation covered 
surfaces and others gives rjse to vertical air currents and improved 
mixing. 

]3arren Ground 

·Mean wind profile tends to be flatter as over water surfaces but not 
to the same cegree. 

·Little resistance to cold air drainage. 

·Mixing is effective to ground level. 

·Differential absorption of solar heat among different colored sur­
faces gives rise to vertical air currents and improved mixing. 

SOURCES: Jeiger. 1965~ Landsberg. 1958. 
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TABLE~ 

EFFECTS OF VEGETATION 

·Dampens the diurnal and seasonal temperature cycle at ground level. 

·Reduces particulate matter by filtering processes. 

·Reduces particulate matter by not being a source of ground dust. 

·Is a source of particulate matter such as leaf parts, pollen, spores, 
and other aeroallergens. 

·Can be a source of terpenes. carbon dioxide. carbon monoxide, perfumes, 
and so on. 

·Absorbs solar radiation which otherwise reaches ground level. 

·Releases moisture through evapotranspiration. 

•Provides space for dilution of pollutants among buildings. 

·Provides local circulation cells from differential heating with build­
ings. asphalt. etc. 

SOURCES: Munn, 1966; Geiger. 1965; Hill, 1971. 



TABLE 10 

EFFECTS OF METEOROLOGICAL 

CONDITIOli"S OI'i POLLEN 

·Minimum velocity of dry air required to maintain pollen grains air­
borne can be as low as 0.035 miles per hour. 

·Because of the low velocity required to maintain pollen in the air, 
its dispersal may be more dependent on air turbulence than on wind 
velocity. 
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·Release of pollen is at a greater rate on days with 90-100% sun than 
on days with little or no sun. 

·High relative humidity causes a marked decrease in the incidence of 
airborne pollen. 

·'I'he number of pollen grains collected is usually highest from 6: 00 a.m. 
to 12 noon and lowest from 6:00 p.m. to 12 mUnight. 

SOURCE: Shapiro. 19f5. 



Aeroallergens 

Pollens 

Molds 

Danders 

house Dust 

Miscellaneous 
Vegetable fibers 
::ind dusts 

Cosmetics 

Insecticides 

Paints, varnishes. 
and glues 
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TABLE 11 

COMMOif AEROALLERGErJS 

Source 

Wind-pollinated plants, grasses, 
weeds. and trees 

Usually saprophytic, prevalence 
depending upon humidity 

Feathers of chickens, geese, 
ducks; and hair of cats, dogs, 
horses, sheep. cattle, labora­
tory animals, and humans 

A composite of all dusts found 
about the home 

Cotton, kapok, flax, hemp, jute, 
stn,w. castor bean, coffee bean, 
eris root, rye, wheat 

Wave set lotions, talcs, per­
fumes. hair tonics 

Insecticides containing pyre­
tL:r·um as a common ingredient 

Linseed oil and organic solvents 

SOURCE: Finkelstein. 1959. Table l. 
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TABLE 12 

Cl1AW}ES PRODUCED ff{ 

URBAN DEVELOPME'.1!'11 

Atmospheric Parameter Comparison with Rural Area 

Temperature (nights) 

Relative humiclity 

Sunshine duration 

Radiation, total on 
horizontal surface 

Ultraviolet 

ileating needs 

Rainf8ll 

\umber of rainy days 
with small amounts 

Snowfall 

ClourJi;;ess 

'<'og 2.nd low visibility 

Wine\ speeds 

Contami:La1.1ts 

increased 1 ° to 3° C. 

reduced 2-10% 

reduced !:-15% 

reduced 15-207{ 

reduced 10-30% 

reduced 10% 

increase('! !::>-10% 

increased 10% 

reduced,depends on 
latitude 

increased 5-10% 

increased 50-100% 

reduced 10-30% 

solids increased 1000% 
~aseous increased 500-2500% 



Albedo (percent) of various surfaces for total 

Sclar radiation, with diffuse reflection 

Fresr' snow cover 

Dense cloud cover 

Old snow cover 

Clean firm snow 

Lig;:t s2.r1d clur,es. surf 

Slean ier ice 

Dir" firm sncw 

Dirty glacier ice 

Sandy soil 

Meadows and ficl~s 

T}ensely tui ~-t-up srens 

1,·loods 

~ark cultivated sail 

Water surfaces.s~2 

SOLTRCE: ·£iger. 1965. 

60-90 

40-7U 

30-CO 

30-46 

20-50 

20-30 

J_5-40 

15-25 

5-20 

7-lU 

3-10 

4 _l 
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TEMPERATfJRF, DH'FEREi;CES TO 

AIR 'I'EMPERATURE (77°F) ff, CLEAR SUMMER DAY 

Type of Surface Differcnce. ° F 

Soil surface in slmde _j 0 tc, 2 

Leaves of oak t cee /~ 

Short grass blades (sun) t- 11 

Soil surface u 1der short grass i l. to re-
~' 

Gravel path, 1/2 cm llr:pth +- -1 

Concrete walk + 10 to .15 

+ 21 

Iron railir1g - •,:0 
l,() 

Asphalt shi roof f- 30 to 33 

:_1J 

SOUHCE: L,.mdsbcrg. E 1!.::fl. 



WILD VELOCITY V"\RiATIO'., WI'l'li LEIGFT 

·----·--------------·-----~------------------

v 
V }TIAD. E~R.JD Cu , • 

·------· ----
Open country, flat coastal bel~s, 
sma:1 islands in large bodies of 
water, prairie grassland. tundra 

Wooded countryside. , 
towns, outskirts of Jarge cities. 

cc)asti:il belts, 

Centeri3 of lc:irge cities 

n 

0.20 

.J.4J 

900 ft 

130U ft 

14()0 ft 

------·----~-------==--=----_-;:-::::::::::.::::-_--~-------------=-·----- ·---=-------=--=---=-----=--------_c-_-__ -_----·-=-=--= 

?.OlJR~:~: r:inkle, •~ 
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·--- -~--~· -~------·-· ------------------- - ~-·----- ----

Manufacturing 

Nondurable goods 

?ood products 
Tobacco 
Textiles 
Apparel 

Printing 
Chemicals 
Petroleurn n·fining 
Rubber 
Lent her 

Railroad 
Subu::ban highway passenger 
]vk:Jtor freight 
Water transportation 
Air transportation 
Pipeline transportation 

Whole:, ale l 1rarle 

:3Emking 
Cre,ii t agencies 
Security, commodity brokers 
Insl1rc1ncc, 
Real es :;nte, 

Retirement homes and hotels 
Eospitals 
Sanitaria 
Schools for blind, aeaf, retarded 
Institutions for correction 

::)urable goods 

Lumber 
Furniture 
Stone, clay, glass 
Prirc:iry meta1 
Yubricated metal 
Machinery 
Electrical machinery 
MrJt.or vehicles 
()ther transportation 

equipment 
Instruments 

Ccmmuni_cation 

Telephone and telegraph 
Radio, television 

Electrical power, gas, fuel 
oil, sanitary services 

Retail 'rrade 

,Iotels 
Repair 
Personal 
l'unu semen t 
Medical and health 
Legal 
:r,;c1uca1-;ional 

Fedc,ral 
,3tate 
Local 
Military Services 

SOURCE: "National Income by Industry," p. 84, 
1971 Wo;r:ld A1 mar,qc and Book of ?acts 
New York News 
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TABLE 17 

Tfi'ES 0:1:" SOURCES 

-----------~------·~---------·· 

~lectrical puwer genertLLon 

Commercial anc1 j nst:i tutional s_pace heating 

Municipal refuse dis1x)sal 

Commercial refuse disposal 

Open burning of refm,e 

AutomobiJ es, tru,~kf;, bur3r!s. shi 1)s, c;oats, trains, aircraft 

liydrocm,·»on emj_ssie,ns f1·om :fue:!__ hanclling 

Pollens and dusts 

---------------------------

SOlJRCE: Varj_oU"3 Su11rc,:;s. 



SOlJRC~;S OF DNI'A FOR US~; 

Fuel combustion, stationary (type, quantity, location) 
local building, boiler, and other permit records 
local utilities 
ful,l suppliers 
large volume fuel users 
local large? industries 
US Bureau of Census 
US Bureau of Mines 
Fuel associacions 
petroleum marketing associations 
rEtional C,)al Assc,ciation 
J\meri can Pc•tr,)~, urr, Institute 

Combustion of Refuse 
municipal refuse disposal agency 
markets, department stores, hospitals incineration records 
l)ermit files for open burning ( this assumes control) 

Transportation 
municipal transportation departments for vehicle density from 

traffic counting 
sarrK' agency for t:cavel time maps, daily variation in flow, esti -

mates for futu:ce flow 
Compute vehicle-miles city 
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state motor vehicle registration agencies for number of vehicles, 
b:c,,,ahdown by mrxlel yeor 

gasoline sales from oil company wholesalers of gasoline 
nireraft fJ igL-t. io111::; _, t:y--.f)e Clircr~::ft from airline guides or 

from airport c:JJministration; military aircraft from airbase 
autY,ori ty 

Industrial processes 
Use state and local directories of manufacturers, send q_uestion­

.,rtircs, rria}:e vi sjts, 8no a1i1Jly recognized 0rnission factors to 
1,roduc t;ion data 

.~rnss anc!. brush fires: l'irr· clepa:ctrnent c:nd weGther stntion 
records for occurrences, effects. correlation with winds, 
,1 routh, etc. 



11ABIE 18 (Cont. ) 

Pollens: local pollen counts, published indices for cities, 
Americau Acader'.ly of Allergy, Allergy Foundation of America 

Dusts: on-the-ground SLlrvey of coDst::"'uction sites, maps showing 
unpaved streets. regional maps showing open fields, cultivated 
areas: weather scation records of dust transported in from 
great distances 

Miscelluneous 
Sewage Tllants aCT-l s1:rni tary landfills: odors, dusts: records of 

complaints, on-site survey 
Fireplaces: count from aerial oblique pnotographs made of resi­

dential areas on Et sampling b,osis under calm wind conditions 
Backyard burning: smne as for fire~lace 
1-i:C from gasoline bulk handling: site survey 

SOURCE: "'.uicie for Air Pollution Episo6e Avoidance, AP-76, E.P.A., 
1971. 
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TABLE 19 

NATIONAL PRIMARY AIW SECOl'\DARY 

AIR QUALITY STAJYDARDS AS OF MAY 1971 

Primary Secondary 
,AJ.g/m3 ppm )A-g/m3 ppm 

Sulfur dioxidP 

Annual arithmetic mean 80 0.03 co 0,02 

Maximum 24-hour concen-
tration* 365 0,14 260 0.10 

Maximum 3 hour concen-
tration 1300 0.50 

Particulate_ matte.i;:_ 

Annual geometric mean 75 60 

Maximum 24-hour concen-
tration* 260 150 

Carbon monoxide 

Maximum 8-hour concen-
tration 101>1g/ m3 9 10mg/m3 9 

Maximum 1-hour C011CC'l1-

40 rig/rri3 35 3 35 tration* 'c0rn,zjrr1 0 . 

Photoctemical oxidants 

Maximum 1-hour concen-
tration* lGO 0.03 160 0.03 

llydrocarbon ( n @metlwrJ.sl 

Maximum 3-hour concen-
tration* (6-9 a.m.) lf.O J,2( 160 0.24 

1~i tro9~en dioxide 

Ancual ari tl'imetic mean 100 J,J5 100 0.05 

1 Data are corrected to 25° and 1013 mbar ( 1 mbar 100 1i/m2
). 

*~ot to be exceeded more than once per year. 

SOURCE: Federal Re7ister, 3G. 84, Part II. April 30. 1971. 



III. APPLICATION 10 THE CITY OF AUSTIN 

Introduction 

1ro de1no_:1st:.catc the usefulness of t11e foregoing 

methodolOEY, it will be applied to the city of Austin, 

Texas, located in Travis County, From available data for 

Austin the following aspecca of air pollution will be dis­

cussed: 

1. Mixing potential in the air 

2. Direction of movement of air 

3. Cleansing mechanisms in the air-earth system 

4, Effect of cultural characteristics 

5. Sources and amoun~3 of emissions 

6. Ambient air quality 

An indication of ~he degree of both horizontal 

and vertical mixing in A~stin cun be seen in Figure l 

which shows the annual variation by month of average wind 

speed, estimated mean m:i.xir,,;: depth, c0.nci percent of pas-

sible sunshine as well as frequency of inversions by 



season. On the average, the mixing potential is lowest 

in December and January when the percent of possible sun­

shine is a minimum and the average wind speeds are rela-

tively low. It follows that the frequency of inversions 

rises to a high value of 30 tc 35% of total hours. The 

data for Figure 1 appear in Tables 20 through 25. How-
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ever, use of average data fails to provide an insight into 

the specific occurrences of poor mixing conditions on any 

one day in December or January, nor does it express any­

thing about degree of mixing or the spatial variation 

throughout the city. 

Hourly observations of wind speed, and heating 

conditions at the surface plus measurement of lapse condi­

tions quickly reveal mixing conditions for any one day. 

The degree of poor mixing can be expected tote 

worse in the low-lying areas of the city indicated by the 

shaded area below an elevation of 500 f~ in Figure 3, 

Cold air drai~age from the higher elevations all around 

would tend to intensify ~emperature inversions in these 

areas of lower elevation. A limited amount of data shows 

that Lake Austin and Town Lake tend to have temperatures 

which are, on the average, above the 24-hr average air 
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t em pc r a t u r e i n th c m u ri t n s o f D e c c rn fj ( • r :1 n d .J ,l nu a r y ( s e e 

Tables 26 and 27). 'I' h e s e w 'l rm :L ,, k c ~' w o u l d t e n d t o c o u n t e r -

act the drainage effects locally, sine~ the lakes are main 

stream reservoirs (see lake descriptions in Table 28), having 

a w i d t h u s u a 11 y 1 e s s t La r, :; ., :J:; 0 f ·.:: e t . Generally speaking, 

even main stream reservoirs have t~e effect of increasing 

verticnl cir movement be,···use of differential heating from 

water to Jnnd surface. Aiso, t~c r smooth surfaces have 

little braking effect on horizontaJ airflow in a path very 

near the center of the city geographically. 

R e c e n t rn e ,, s u r e m e n t ·3 ( 1'.1 o ,J d , l 9 7 1 ) o f t e rn p e r n t u r e s 

around the city of Austin in ]cte 1970 revealed cold air 

po o 1 s at s ever al 1 o ,.· n t 1. u r1. s , a s s r, c, w n in Figure 11 , ca u s e d 

from air drainage into local sm2ll basins. These spots 

mi t be troublesome becaLse of entrapment of ground level 

em i s s i on s from re f ll s e l1 ,_;_ r r, in g , for exam p 1 e , More will be 

s '.: i d la t e r a b o u t c n t r , , p n; c n t ::if e I8 i s s i o n s • 

Direction of Movement of l',ir 

The percentage freq~ency of ~ind direction for 

each month is shown in Figure 4 for Austin as are the per-

cent of calm periods. There is a prertominance of south to 



c..- 'J 
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south-southeast flow throughout the year so that the an-

nual prevailing wind is southerly as is shown by the wind 

rose in Figure 5. In December northerly winds barely pre-

dominate, however, as the flow in the segment NE to NW 

prevails 36,5% of the time while flow in the segment SE to 

SW occurs 36,0% of the time, Again, these wind directions 

are long time averages and give no indication of direction 

for any one day of the year. 

The larger view of air movement appears in Fig-

ure 6 which shows the principle tracks of anticyclones in 

the winter across the United States. Pacific Maritime, 

Polar Continental, and Arctic Air masses move into the 

Austin area and on to the east and southeast in the period 

from October through April. This large-scale flow is 

responsible for the cool northerly flow over the city, 

while flow from the Gulf of Mexico brings warm and usually 

moist air causing the southerly flow in the warmer months. 

Flow at ground level in the city is affected by 

the topography and the man-made structures, Since prevail-

ing winds are northerly and southerly, the predicted effects 

of channeling are shown for these directions in Figures 7 

and 8 which have been derived from Figure 2, a contour map 



of Austin. Channeling caL be exJected to change the pre-

vailing direction to on0 tangen~ ~c tne flow lines shown. 

The most pronounced effect would be in the shallow gorge 

formed by the Colorado River from about the mouth of Bull 
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Creek to below Tom Miller ~~m. T~is section tends to have 

a funnel-like opening to the south which narrows over Tom 

Miller Dam and the smooth surfuce o~ Lake Austin and termi­

nates in the twisting valley of Bull Creek, or, turns to 

the northwest at that point (see Figure 2 for topography). 

Winds from the south woulJ h~ ~ore affected than those 

from the north as~ conse~uecce ot ~he fun~el shupe. 

Other thc.n loca ~hunnelin~ down creek valleys 

there is no other dominating f0ature. Certainly the sur-

face of the river, wherever it is, bec&use of its 

ness, tends to be a good ~rack for winas. 

I<iOCth-

Inspection of the ver~ical se~tion in a north-

south direction througn ~he c~rter of the city iL Figure 9 

r eve al s that the north··· s c ·,n, 11 f::.. ow s en e 0 u i, t e J~ 1 :Lt t le in the 

way of natural barriers. Souttarly w~nls experience u 

gentle uplifting from the 660 ft ,3_evation south of the 

river to the 8l)C, 

Center. 



Through the use of large topographic maps of 

the city the natural air drainage patterns for the city 

were determined. Figure 10 shows the paths that cold 

dense air tends to follow in its gross movements under 

cool, calm, clear conditions in the months of November, 

December, January, and February. The use of long flow 

lines tends to give the impression that long streams of 

dense air can develop. In reality, because of trees, 

grass, buildings, bridges, and otner hindrances to flow, 
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the movement is local in nature. The slope of most creeks 

in the Austin area is relatively flat thus favoring col-

lection in basins instead of large-scale flow. Variations 

also arise from the change in width of the flood plains of 

the creeks, Differential cooling also affects t~e magni-

tude of flow. 

Radiational ,:ooling of lar~e open fields covered 

with short stubble provides a good source for drainage flow. 

Such areas detected by Woo6 (1971) in his temperature 

measurements included locations on Riverside Drive where 

open fields stj.11 exist and on 45th Street between Lamar 

Blvd. and Guadalupe Street where there are grussy fields 

north of the State Hospital. Other cold spots are shown 

in Figure 11 from Wood's measurements, 
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Lake and land breezes affect airflow only locally 

because of the relatively small size of the lakes and their 

river-like characteristics. Lakes Travis and Decker Lake 

are too far from the city proper to affect airflow. 

Figure 12.) 

(See 

Table 29 which shows elevations of familiar loca-

tions in the city is ~seful for maintaining a proper verti­

cal scale while referring to the flow and drainage maps. 

Man-made structures in the city are the cause of 

complex flow and turbulence. The overall shape of the city 

as it has developed north and south along the Balcones 

Escarpment causes most of the major roadways to be oriented 

roughtly along a north-south direction. Channeling along 

the expressways, arteries, and even city streets is a com-

mon occurrence. Congress Avenue with its opening to the 

south causes a flow of air through the center of the cen-

tral business district. The Expressway has sections at the 

river and at Highway 290 that bear almost true north-south. 

Lamar Blvd., Burnet Rd., Balcones Trail, and Airport Blvd. 

basically run north-south through the city to provide good 

pathways for flow. 

Because the city blocks are not oriented true to 

geographic north, secondary channeling through the 



nominally east-west streets is enhanced. The limited 

number of north-south streets which tee into east-west 

streets causes less east-west flow, however. 

Some general conclusions can be made about the 

channeling by buildings in the city: 

1. Streets running in a northerly-southerly direc­

tion will influence the prevailing flows to move 

along these routes. 

2. Streets moving in an easterly-westerly direction 

will experience a lower but more turbulent chan­

nelled flow. 

3. Distinct departures in wind direction from the 

prevailing flow will exist more in the downtown 

area between 1st and 11th streets and between 

Neches and Guadalupe streets because of the 

greater heights of the structures: 

4. Strong north-south flow can prevail in the un­

cluttered mall from 19th at University Ave. to 

the University Tower, 

5. Similarly, strong east-west flow can prevail in 

the mall from Red River at 23rd across Peace 

Fountain to the Tower. 
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6. Channeling in tje residential areas will not be 

pronounced among the low one-story buildings 

with much of the space filled with trees, 

7. University of Texas campus buildings which are 

close together wit~ many ~rees on the narrow 

57 

separating streets cause local channeling effects 

only, and therefore good mixing at ground level, 

8, Among new large ouildings ~hat affect air flow 

locally are the Cambridge ~ower,Dobie Tower, 

LBJ Library, and the Chevy Chase Building in the 

University of Texas area ~nd on Highway 183 west 

of IH 35. 

Air flow in the immedia~e vicirity of buildings 

follows the patterns ou~lined in Section II of this paper. 

In the downtown area, the air would be very turbulent at 

street level with a modest breeze blowing because of down-

wash, backwash, and the accompanying eddy cells. Appendix 

B details some effects tote expected in a specific area 

of the city near the Federal Building. 
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Cleansing Mechanisms 

For Austin the movement of continental cold air 

masses in the winter months depicted in Figure 6 is effec­

tive in moving out polluted air and replacing it with 

fresh clean air. These air masses seldom stagnate in the 

Austin area as they do in the southeast and northeast 

parts of the country. The map in Figure 13 shows that less 

than two incidents of stagnating anticyclones have occurred 

in the period from 1936 to 1965, Figure 14 shows that 

there has never been a condition of air pollution poten-

tial forecast for the city of Austin. The return flow of 

Gulf of Mexico air after the cold air masses have moved out 

is a complimentary mechanism for statewide ventilation. 

This southerly flow persists in the summertime also. 

Normal rainfall for Austin averages about 2.7 

inches per month (see Table 30). This amount of rainfall 

is not too low to suppress large ground level sources of 

~ust. Thunderstorms with their high vertical and hori-

zontal air flow occur on the average of 40 times per year. 

November, December, and January average only one per 

month, however, while April and May, which already have 



better mixing are high with five and seven per month, 

respectively. Certainly the thunderstorms which do occur 

are effective in cleansing the air through mechanisms of 

dilution, washout, and rainou~. In the winter months 

rainfall is most often caused by warm air over-running 

cold to give rains covering large areas in Texas. 
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Rainfall over the Austin metropolitan area prob­

ably does not vary much from the long term averages re-

corded at the Municipal Airport weather station. Table 31 

shows a comparison for the year 1968 for two locations two 

miles apart within the city where the difference is only 

0,37 in a year with 38 inches. Short term variations can 

be very great, however, for thunderstorm precipitation com­

mon in the April through September period. Correlation of 

rainfall amounts with ground level dust sources could be 

made using Fire Station rainfall records, although this 

study was not made for Austin. 

Some indication of the amount of light-scatter­

ing material in the air over Austin is given in Table 32 

which lists the percent occurrence of visibility in range 

categories from zero to 15 miles and up. Low visibilities 

in the range 1/s to 3/8 miles occur only l,4% of the time. 



R c s t r i c t e r_i v i s i b i 1 i t y i n P. ll s t i r, i s c n u s e d pr i mc:ir i l y by 

fcg in the cooler months and by smoke and haze in stag-

nant conditions. In periods of statewide drouth, it is 

not unusual to have restricted visibility from dust 

transported from far west Texas. Local brush fires dur-

ing dry periods also limit visibility under poor mixing 

conditions. 
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Records of the nature of limited visibilities 

(fog, haze, smoke, dust) are available from Weather Bureau 

records for statistical study. 

Except for the so-called Central Business Dis­

trict of the city (bounded by West Avenue--IH 35 and 

First--Nineteenth Streets), the city has a high percentage 

of vegetation cover. Major concentrations of vegetation 

are shown in Figure 15. The naturaJ vegetation in the 

area west of Balcones Trail north of the river and west 

of South Lamar south of the river is comprised of juniper 

(locally called cedar), live oak, and mesquite with a 

ground cover of short grasses. There are varying densi-

ties of these trees in the area bounded by Lamar Blvd., 

Anderson Lane, Balcones Trail, and the river. Pecan and 

elm can be found in the lower elevations or river terraces 



between the Congress Avenue u~d Montopolis Bridges. The 

map in Figure 15 attempts ~o stow ~he extent of vegeta­

tion in Aus,tj_n. 

Because of the re~a~ively nigh occurrence of 

vegetation throughout the c:ty, mechanisms outline~ in 

the firs~ sec~ion of this ~u~~r (Table 9) play an impor-

tant role in the air quulity for the city. 

Trees, sh:culJs, ,i.nci rasses hll over the city 

are effective in collecting particulate matter which will 

fall to the ground when ~he leaves drop, or, for ever-

greens, will be w::;,,hed -,~u the ground by rainfaJl. 

Local ground level temperatures have a lower 

diurnal and seasonaJ cycle under tree cover, differential 

heating from open to cove~ad areas is enhanced, flow is 

more turbulent through trees, and, as a consequence, mix-
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ing is generally improved. The parks, golf courses, play-

grounds, and cemeteries shown throughout the city in 

Figure 15 not only are not sources of emissions (man-made, 

undesirable) bu~ provide space for dilution. The Cc-1,pitol 

grounds and Pease Park are notable examples of dilution 

reservoirs in tte ceLtral part of the city, along with 

Wooldridge Park between the Courthouse and Library. Camp 



Mabry and Austin Memorial Park (Hancock Blvd.) in the 

north are large areas of vege~ation unbroken by pavement 

and buildings. Numerous other stands of trees could be 

mentioned (see Aerial Maps at ~he City Department of 

Planning) that have a favorable effect upon the quality 

of air in Austin. 

Unfavorable effects of Austin 1 s vegetation in­

clude higher particulate levels in the fall of the year 

when leaves fall and are crushed by automobile traffic, 

higher pollen counts in the period from February through 

October, and higher incidence of leaf disposal by back­

yard burning. 

It is worthwhile mentioning that the effects of 
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vegetation vary with the time of year. The period of leaf 

fall with more particulates and smoke from burning coin­

cides with the late fall stagnating conditions in the 

Austin area. Although live oaks drop their leaves, new 

leaves immediately appear so that the live oaks and juni­

~ers which abound in the area always are, for all practical 

purposes, in leaf with consequent perennial effects. 

Pollen seasons are given below in the discussion of pol­

lutant sources. 



C u l t u ::- n l C h a r n c t c r i s t i c ,; 

Labor Force. The labor force in Austin and 

Travis County is primarily engaged in nonmanufacturing 

pursuits. Figures from the Texas Employment Commission 1 

for the year 1970 show this breakdown for the workforce 

of 132,300 in Travis County: 

Nonman u fcc ct ur i ng 

Government 

Other 

Manui'acturinz; 

Unemployeo 

Agricultural 

42. O°/c 

34.6% 

11.1% 

8.73C/o 

2.34% 

l. 09% 
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These percentAges show that relatively few per-

sons are involved in m nufacturing activities which might 

in some way contribute to the pollution of air in Austin. 

Of those persons in manufacturing, Table 34 that gives 

the complete breakdown of occupations for 1970 shows none 

involved in the primary metal industries and most in-

valved with the manufacture of machinery, transportation 

equipment (including boats), and professional and 

1 Annual Labor Area Work Force Report, 1970, 
Austin, Texas, rev. Jan. 1971, Texas Employment Com­
mission. 
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scientific goods. The locations of many of Austin's in-

dustries are shown in the map of Figure 16. The Directory 

of Texas Manufacturers 2 lists just over 300 organizations 

for Travis County. Only a small number fall into the 

classic industry classif:cd~ion for potential sources of 

air pollution. More will be said about sources in the 

next section. 

It follows from ~he above data that air pollu-

tion is not closely linked with industry in the city of 

Austin and that a low percentage of the working population 

is affected by the economics of air pollution prevention 

in the city. 

Population Density. Population density in 

Austin is mapped in Figure 17 for the year 1968. Highest 

densities are in the University of Texas area where most 

of the 35 to 40 thousand students are housed in dormitories, 

apartments, and a variety of rooming and boarding houses. 

The area north of the river between Interstate 35 and 

Springdale Road and north to 38th Street is next with 

2 Directory of Texas Manufacturers, 1971, Vol. 1, 
Bureau of Business Research, University of Texas, Austin, 
Texas. 



small low-income, one-family dwellings on small lots. 

Although the central business district has a high influx 

and movement of people throughout the daytime hours, the 

density is correctly shown to be low for permanent resi-

dents. Effects of pollutants will be related to popula-

tion density in a later section. More precise data for 

density are given in Table 35 which shows population, 

number of dwelling units, and gross acreage for each 

census tract in the city. Locations of hospitals and 

special schools where persons are living in high density 

conditions on a continuous basis are shown in the map of 

Figure 18. 

Land Use. Land use follows the patterns illus-
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trated on the map of Figure 19 which shows industrial and 

wholesale concentrations and residential areas of the city. 

Although broad geographical boundaries have been specified 

by the city for industrial areas and residential areas, the 

zoning tends to be after the fact, as it is in most cities. 

Zoning changes are relatively easy to make and there are 

no laws specifying upper limits on population density. 

Land developers usually determine the overall character 

of an area based on economic considerations. Industrial 
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concentrations to the north and south mean the potential 

for air pollution effects is increased because of the 

prevailing southerly and northerly winds described 

earlier, 

Population Growth. The trend in population 

growth for Austin is illustrated in Figure 20 (Basic Data, 

City of Austin . ., 1971) which projects a population 

in excess of 600,000 in the year 2000, Figure 21 shows 

that the territorial growth has been primarily to the 

north and south in the years 1969 and 1970 with a mini-

mum of movement to the east. The director of the Austin 

Planning Department forecasts that future growth will be 

50 percent north of 38th Street, 25 percent south of the 

river, and 25 percent as higher density in the middle. 3 

Development is expected in the form of large clusters 

which will each include shopping centers, schools, parks, 

e~c., to the north and south. The trend of north-south 

geographical expansion means that the potential for air 

pollution problems is increased since emissionsgenerally 

3 Richard Lillie, Director, Austin Planning De~ 
partment, in Austin American-Statesman, June 20, 1971. 



will move with prevuiling winds over the entire length 

of the city, incre~sing in level of concentration down-

wind over more parts of the ci~y and thus affecting more 

people. 

Motor Vehicle frans~ortation, Major motor ve-

hicle transportation routes are shown in Figure 22, Mo­

Pac Boulevard which is nrese~tly under construction will 
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carry heavy traffic Lhrou uTeas previously not subjected 

to automobile emissions. T~e planned link from Bee Caves 

Road northeast across Lake Austin at Bull Creek to High-

way 183 will also introduc·e naw source ~atterns into the 

western part of the city. At the present time the heavi-

est traffic densities are on these streets shown in 

Figure 23: 

Interstate Hignway 35 

Lam~r Bouleva~d 

Congress Avenue 

Guadalupe Street 

Burnet Road 

Airport Boulevard 

19th Stree~ 
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Ben White Boulevard (from IH 35 to 

South Lamar) 

Highway 183 (from IH 35 to Burnet Road) 

A May 1968 study of vehicular traffic flow over 

the city 4 provides the basis for emission computations 

which will be described later. The study shows 24-hour 

weekday flow of more than 54,800 vehicles on IH 35 at 

12th Street; 25,290 on Lamar at 19th Street; and 21,280 

on Guadalupe at 23rd Street. A~ these same intersections 

the 1982 traffic flow is expected to be as follows: 

137,700 vehicles on IH 35 at 12th St.; 16 1 800 on Lamar 

Blvd. at 19th Street.; and 46,900 on Guadalupe Street at 

23rd St. The new Mo-Pact Expressway at Windsor Road is 

expected to carry 52,700 vehicles daily in 1982. 5 

The number of motor vehicles registered in 1970 

in Travis County is as follows: 6 

4 Austin's 1968 Vehicular Traffic Flow. By City 
o~ Austin and Texas Highway Department. 

5 Aust:i.n Transporti?.tion Plan~, 1962-1982. City of 
Austin, County of Travis,Texas Highway Dept. 1965. 

6 Basic Data 2 gity of Austin and Travis County, 
1971, Dept, of ?lanring, p. 24, 
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Passenger cars 132,069 

Farm -::;rucks 851 

Motorcyc::_e s 5,076 

Total 162,563 

Thousands of additional cars flow into the city 

from the transient population of colleges, universities, 

and governmental functions. A typical hourly distribu-

tion of person trips is shown in Figure 24. Automobile 

emissions are discussed in a later section, 

Aircraft Traffic. ------ Scheduled airline flighta 

inco and. out 01' -che Austin Municipal A::.rport tctaJ_J:2Q 

25 000 in 1970 and light aircraft accoun~cd for 167,000 

operations to make a total of l92,000 operations where en 

oJe~ation is defined as a landing or a take-off. The 

d~heduled flights as of July 1971 appear iu Table 36 and 

;jLow a total of 64, departures and ar·rivalf; for or..e day 

a mixture of aircraft types. The equipment and num-

~er of flights (one landing and one take-off) may be 

summarized as follows: 

16 flights Douglas DC-9, 3 engines, fan jet. 



9 flights Boeing 727, 3 engines, turbofan 
(fan jet) 

5 flights Convair Turbojet, 2 engines, 
turboprop 

2 flights Beech 99, 2 engines, turboprop 

32 flights Total 

Airlines represented are Braniff International , 

70 

Texas International, Continental Airlines, and Rio Airways. 

Det a iled breakdown of the light airc r aft traffic 

was not available for this study. Information on a ircraft 

traffic at Bergstrom Air F o rce Base wa s also not obtained. 

The reconnaissance aircr a ft, RF-4C Ph a ntom II is operated 

o ut of Bergstrom along with occ a sional four -engine jets 

an d various piston-en g ine a ircraf t . Traffic does not 

compare in magnitude to that a t the Municipal Airport, 

however. 

The number of operations a t the Municipal Airport 

increased by 25.8% from 1960 to 1965 and by 11.2% from 

1965 to 1970. 

Aircraft emis s ions are discussed in a later 

section. Flight tracks over the city are shown in Figure 

23. Larger aircraft an d incre ased traffic in the f uture 



may dictate the abandonment of the existing municipal 

airport location in favor of one more remote from the 

city. 

Sources and Amounts of Emissions 

Potential sources of undesirable emissions in 

Austin are listed in Table 37 and the locations of some 

of the sources are shown in Figure 25. Location of the 
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light industry is shown in Figure 16 and heavily travelled 

streets and principal aircraft tracks are shown in Figure 

21. Major sources of undesirable emissions are these: 

motor vehicles, electric power generating plants, home 

and commercial space heating units, incinerators and open 

burning, building materials processing and construction 

excavation, and natural vegetation. Examples of a quanta­

titive description of some of these sources follow. 

Transportatio~. Using the vehicle counts from 

the May 1968 study described on page 68, the number of 

vehicle miles was computed for eight arbitrarily chosen 

geographical areas of the city. For each street, the 

number of vehicles passing in a 24-hour weekday period 



was multiplied by the miles of street for that number of 

vehicles, The results of summing all elements of vehicle 

miles is shown in Figure 26. With the values of vehicle 

miles travelled, the gross emissions for the areas were 

computed using currently accepted emission factors 

( Mc Gr aw , e t al , , l 9 7 1 ) . Results are tabulated in Table 

38. For comparison purposes, the gross emissions for the 

city were computed for the weekday traffic in 1975 using 

a growth factor of 1.26 based on the projected national 

average growth rate of traffic. 7 Results are tabulated 

in Table 39. Projections were not made by area because 

of the vastly different traffic distribution caused by 

the opening of new expressways and arteries by 1975. 

Due to improved emission controls required in 

1971, even with a projected increase in traffic of 26%, 

carbon monoxide} hydrocarbons} nitrogen oxides, and par-

ticulate matter are estimated to be substantially less 

then than in the year 1968, 

Increased utilization of public transportation 

would decrease vehicle miles and emissions, 

7 control Techniques for CO, NO, RC Emissions 
from Mobile Sources, 1970, E.P.A., AP-66, 
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Aircraft. For the July 1971 scheduled airline 

traffic listed in Table 36, emissions balow 3,500 feet 

are shown in Table 40. Emissions were estimated for light 

piston-type aircraft by assuminc ttat the flight opera-

t ions were evenly distril,u."-,c_'"c1 ov,:r t::-1e year 1970. Results 

are shown in Table 41. It is c:ear from these aircraft 

emission figures that au~omobiles are a far more signifi-

cant source than are airer ft in Austin: more than 98% of 

the total automobile plus aircraft emissions come from 

the automobile. Particulate emissions from scheduled jet 

aircraft can be expected to decrease as a program to in-

s t al 1 "smoke burn e r s " pro gr e s s e ;c:; • 

Sp ace He at i r~E.'> N~tural gas consumption for the 

city of Austin is shown in Table 42 for the years 1967 

through 1970. Residential usage in 1970 constituted 

nearly 42% of the total und practically allot' this gas 

was burned for space heating and water heating if Austin 

follows nation~l trends, Monthly residential 5as con-

sumption for 1969 is plotted in Figure 27 along with num-

ber of degree days per month, Assuming that 90% of the 

gas " b - f " ' h +· 8 consumea was urned or space ~na wa~er eaving, 

8 Figures quoted from American Gas Association 
(Rymer, 1971) give 90% for space and water heating, 7,3% 
for cooking, 1.1% for clothes drying, and 1.6% for gas 
lights, air conditioning, refrigeration, incineration. 



74 

emissions per December day were calculated and are pre-

sented in Table 43. Since commercial and public authority 

usage is primarily in space heating and other combustion 

processes, emissions from these sources must be added to 

the inventory, In the year 1969, commercial-public 

authority consumed 53.5% and residential 41.2% of the 

total, or consumption was in the ratio 1.3 to 1. Assum-

ing that the emission factors used for residential com-

bustion also apply to the 53.5% share, emissions for 

December 1969 are estimated ~o be 1.3 times that for the 

residential usage. These figures are presented in Table 

45 for comparison purposes. 

Power Generation. Gross estimates of emissions 

from natural gas combustion for electric power generation 

are made for the year 1969 using total energy produced 

in kilowatt hours, generating efficiencies, and heating 

values for natural gas. For the year ending October 1, 

1969, energy produced stood at 2.0 trillion KwH. 9 Wood 

(197J) reports efficiencies of 10,400 Btu/kwh at the 

9 From Basic Data About Austin and Travis Count1, 
1971, page 32. 
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Holly Street plant and 13,500 Btu/kwh at the Seaholm 

Plant. Using an average figure of 11,000 Btu/kwh, 

based on the above efficiencies, the heat energy required 

to produce 2,0 trillion kwh is 22 x 1oi2 Btu which, for a 

natural gas heating value of 1000 Btu/cu.ft., means that 

approximately 22 x 10 9 cu.ft, were consumed. Table 44 

shows the emissions from combustion of this quantity of 

natural gas in Austin's power plants. Although daily 

rates are shown for comparison purposes, these latter 

figures should be used with caution since gas consumption 

follows the seasonal variation in electric power demand 

which peaks in the summer months because of the air con­

ditioning load, 

To provide a basis for estimating emissions 

should oil be used instead of natural gas, emission fac­

tors for residual fuel oil in pounds per 1,000 gallons of 

oil burned were converted to pounds per Btu and compared 

to those for natural gas in the same units. For example, 

assuming heating values of 150,000 Btu/gal for oil and 

1,000 Btu/cu.ft. for natural gas, emission factors for 

particulate matter are 53,3 lb and 15 lb per million Btu, 

respectively, for oil and gas. For the same efficiency 
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of conversion to electric power, the oil produces 

53.5/15 of 3,5 times as mucn particulate matter. Ratios 

for most of the materials listed in Table 44 are as fol-

J. ows: 

Nitrogen oxides 1.8 

Carbon Monoxide 0.7 

Pa.rticulate 3.5 

Aldehydes 2.2 

Hydrocarbons o.s 

Sulfur Dioxide 1740 x glO 

These factors show that substantial increases 

can be expected in four of the emissions including the 

emergence of sulfur dioxide as a major pollutant. 

Austin electric generating plants are equipped to burn 

fuel oil, and standby supplies of oil are maintained. 

Incineration. A quantitative evaluation of 

emissions from incineration in the city was not attempted 

because no data were available to describe the number, 

ty:;ies, nnd capacities of incinerators. Without any system 

10s is weight percent sulfur in oil; use a 
value of 2% for estimates. 



for registration or inspection in the municipal building 

inspection department, no basic records are available, 

The municipal air pollution control agency is currently 
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(March 1972) compiling a list of incinerators. In Austin, 

incinerators are used for solid waste disposal by super­

market chain stores, discount stores, hospitals, schools, 

department stores, and other miscelJaneous institutions. 

One auto-burning incinerator is in operation (see Figure 

2 5) . Home fireplaces number in the thousands in the city 

where they are used primarily for pleasure on weekend days 

in November, December, and January. Burning of construe-

tion and land clearing debris, though permitted, is sub­

ject to control on the basis of the hazard or nuisance 

created. Open burning is not practiced or permitted at 

municipal and county refuse disposal sites. In summary, 

incineration is a persistent source of emissions in Aus­

tin but no data are available to characterize the emis-

s ions. 

Hydrocarbons. Hydrocarbon emissions from the 

handling of gasoline can be expected at the bulk storage 

facilities concentrated in the southeastern part of the 

city near the intersection of Springdale Road and Airport 
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Boulevard. Similar emissions from tillin~ of service 

station tanks and filling of automobile tanks occur at 

the more than four hundred gasoline service stations. 

Information on throughput was not available for computa-

tion of evaporative losses. ~mission factors range from 

12 pounds per 1,000 gallons of throughput for filling 

automobile tanks and service station tanks having splash 

fill to 7 pounds for submerged fill of station tanks. 

Odors, By inspection of Figure 25 which shows 

the location of sanitary landfills and wastewater treat­

ment plants, it is apparent that the Walnut Creek and 

Govalle treatment plants are located away from densely 

populated areas and also that the prevailing north-south 

air flow disperses odors over essentially unpopulated 

area. Furthermore, substantial population growth to the 

east and southeast is not expected. The Williamson Creek 

plant, although remotely located now, is in the path of 

the growth southward and is situated along the axis of 

the city coincident with the direction of the prevailing 

southerly winds. Through improved land use planning and 

continued good plant operation, the wastewater treatment 



plants can be only insignificant sources of undesirable 

emissions. 

Sanitary landfills located in the north and 

south of the city share a location situation similar to 

that of the Williamson Creek wastewuter treatment plant. 

These landfill sites will be filled and abandoned and 

cease to be sources of odor as the city spreads nearer to 

them. Distance is now sufficient for dilution to prevent 

effects on large numbers of people. The county and pri-

vately operated landfills north of Highway 290 and east 

of Ed Bluestein Boulevard are not in the path of the 

city 1 s expansion, odors from them are dispersed over 

sparsely populated areas, and they can be closed when 

growth of the city encroaches upon them. 

Except for an occasional accidental episode in 

a small chemical pilot plan~ or plastics fabricating 

plant, noxious emmissions from these industries are non­

existent in Austin. 
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Fugitive Dusts. Dusts from building material 

processing, excavations, and unpaved roads are usually a 

problem when wind speed is sufficient to lift loose ma-

terial into the air. No quantitative description is at-

tempted here except to show in Table 45 that, although 

the miles of unpaved streets in Austin have been diminsh-

ing in number, the figure stood at 170 miles in 1970. 

Figures from the Texas Business Review 11 show 

that Austin ranked third in total building authorized in 

Texas in 1971 1 behind Houston and Dallas. Construction 

permits issued in January 1972 in Travis County (Austin 

SMSA) are an indication of the magnitude of construction 

planned in Austin. These permits show that 266 one-family 

dwelling units, 56 two-family units, and 341 apartment-

building units are authorized. A large percentage of 

these building sites will be associated with excavation 

and other dust-producing activities. 

Pollen. Little data are available to describe 

pollen concentrations in Austin. Practicing doctors of 

11 Texas Business Review, XLVI, 2, Feb, 1972, 
p, 31 and XLVI, 3, March 1972, p, 62. 



allergy detect types of pollen on sticky slides to assist 

in patient diagnosis. Pollen seasons in Austin are given 

in Table 46. The Allergy Foundation of America publishes 

a ragweed pollen index. The index figure is based on 

three factors which directly affect individual pollen ex­

posure: length of season, maximum aerial concentration of 

pollen, and total pollen catch on test slides throughout 

the season. Although Austin is not represented on the 
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list, the following cities and index numbers can be given: 

Big Spring, 5; El Paso, 15; San Antonio, 16; Brownsville, 

24; Corpus Christi, 30; and Galveston, 36, Dallas is 

highest with 115. Since popular shade trees are sources 

of pollen in Austin, it is unlikely that levels of emissions 

will diminish in the near future. Juniper (cedar) covers 

vast areas to the west and east of the city making this 

source unmanageable also. 

The emissions from automobiles, aircraft, and 

natural gas combustion are summarized in Table 45. Except 

for motor vehicle emissions which are the most significant, 

ranking of the other sources depends upon the pollutant 

being considered. Natural gas combustion ranks high as a 

source of nitrogen oxides and particulate, and ranks low 



as a source of sulfur oxides. Particulate from aircraft 

is of the same order of magnitude ~s the other sources. 

The effects of all sources of emission is reflected in 

ambient air data presented in the next section. 

Ambient Air Quality in Austin, Texas 

Pollutant concentrations in the air of Austin 

are presented in Tables 48 through 53. Except for the 

radioactivity levels, the data were derived from that re­

ported by the Texas Air Pollution Control Services of the 

Texas State Department of Health, Examination of the data 

reveals that formulation of accurate generalizations about 

gaseous pollutants is difficult because of lack of several 

years of continuous data. The small geographic coverage 

of both gaseous and particulate samples also makes dis-

cussion hazardous at best. Nevertheless, an attempt is 

made in Table 54 to summarize the data, to compare it to 

Federal standards, and to characterize the ambient air 

quality relative to each pollutant. On the whole, air 

quality is good in Austin except for high ozone levels 

reported in the year 1971 at the one sampling site utilized. 
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Low incidence of persisting air stagnation conditions 

usually precludes development of generalized poor quality 

although night-time and early morning inversions do occur 

( see Table 25). Poor mixing over the period of a few 

early morning hours occasionally causes the formation of 

photochemical smog, but inversion breakup occurs con-

sistently by mid-morninE. Although data are not available 

for reactive hydrocarbons, it can be said that these mate-

rials exist and possibly in undesirable quantities because 

of the emissions from automobiles (see Tables 38 and 39). 

Radioactivity in Austin 1 s air is characterized 

in Tables 52 and 53 in terms of plutonium in the suspended 

particulate and gross beta radioactivity in the surface 

air, respectively, Using maximum permissible concentra-

tions for radionuclides in air for occupational exposure 

for a lGB-hour week, 12 the plutonium 239 activity reported 

falls well under the acceptable concentration, rrhe gross 

beta radioactivity also falls below MPC values for un-

identified radionuclides in air. (Note that the above 

determinations are not entirely accurate in principle 

12 See Radiological Health Handbook, 1970 revised 
edition, pp, 206-209, 



H4 

since the radiatiort dose rehching the critical organ from 

suspended particulate matter depends on size of particles, 

solubility at lung surfaces, etc. 

conservative, however.) 

Summary 

The comparisons are 

The quality of the air and what affects it in 

Austin may be summarized as follows: 

1. Mixing and ventilation are cood except for periods 

in the months of December and January. 

2. There are no serious topographic channelling or 

stagnation problems. 

3. Lakes on the Colorado River have only a local ef-

feet on air movement. 

4 . Low-lyin regions near the river and the creeks 

are susceptiLle to co~d air drainhge stagnation. 

o. Numerous trees and ~rassy areas serve as dilution 

and collection mechanisms but add pollens to the 

~ir. 

6. There are few large industrial emission sources. 

7. Industry locations north and south of the city 

are unfavorable because prevailing north-south 



air flows transport pollutants to the popula-

ti on. 

8. The elliptical shape of the city causes con-

centration of pollutants along its long axis 

which is coincident with ~revailing wind direc-

+- • vlOns. 

9. There is complex channelling in areas of tall 

buildings and along the interregional highway 

with its two levels now under construction. 

10. Principal emission sources are automobiles, 

natural gas combustion, incineration, excava-

tions, and unpaved streets, and vegetation. 

11. The ambient air condition is good with occasional 

periods of air stagnation and pollutant buildup. 

12. Persons are affected by s.sokes, odors, ,,.nd ciustc 

at all times of the year at various locu.tions in 

the city. 

13. The attitude of the people toward air pollution 

abatement is good. 



Recommendations 

For a more nearly complete study of the air 

pollution potential in Austin, steps should be taken to 

octain a more nearly complete and more accurate emissions 

inventory. 

emissions. 

Data are needed on incinerators and their 

Time variation of emissions is needed for 

automobiles and natural gas combustion, both on a daily 

and seasonal basis. Ambient air data are needed for more 

locations in the city for all pollutants of interest, and 

more data are needed on the amounts of reactive hydro-

carbons. 
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Studies should be made for future emission levels 

from all existing sources using best estimates of popula-

tion growth and shifting patterns of culture. City plan-

ners should be made more aware of the effects of clima-

tology and physical geography upon the air pollution po­

tential in order to optimize longrange land-use planning 

in the city. Large-size versions should be made of many 

of the maps appearing in this thesis and transparent over­

lays should be made to facilitate planning and studies, 

A rural location for monitoring ambient air quality should 



be established nearby for control or reference purposes. 

Periodic updating of emissions and ambient air 

quality data should be planned for and implemented. 

87 



IV. CONCLUSIONS 

A method for study of the air pollution poten­

tial of an urban area has been outlined in terms of per­

tinent parameters in air pollution technology, sources 

for data and background information, and methods of ef-
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fective presentation. When applied to the city of Austin, 

the method has provided a series of efficient and effec­

tive checklists in the collection, analysis, and presen-

tation of data. The details of information gathering 

have been demonstrated by the Austin study and deficien-

cies in certain data have been discovered. Use of an 

example city has shown that the methodology is directly 

applicable to a real live urban area. 
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TABLE 20 

WINDS, AUSTIN, TEXAS 

Fastest mile 

Mean Speed Prevailing Speed Direction Year 
Direction 

Jan. 9.8 s 47 N 1962 
Feb. 10.2 C' u 57 Ii'. 1947 
March 11.0 s 44 w 1957 
April 10.8 SSE 44 NE 1957 
May 10.1 SSE 47 NE 1946 
June 9.6 s 49 SE 1956 

July 8.6 s 43 SE 1969 
Aug. 8.3 s 53 NW 1969 
Serlt. 8.0 s 45 rm 1961 
Od. 8.2 s 47 J\TW 1967 
;Jov. 9.1 s 48 NW 1951 
Dec. 9.2 s 49 NW 1956 

Year 9.4 s 57 N Feb. 
1947 

SOURCE: Local Climatological Data, 1970, Austin, Texas. 
U.S. Dept. of Commerce 



TABLE 21 

MEAN NUMBER OF HOURS OF SUNSHINE 

1931-60 Austin, Texas 

January 148 
February 152 
March 207 
April 221 
May 266 
June 302 
July 331 
August 320 
September 261 
October 242 
Tfovember 180 
December 160 

Annual 2790 

SOURCE: ational Climatology Atlas of lJ. S. , 1963. Sheet for Mean 
Total Hours of Sunshine, Monthly, Annual, U.S. Dept. of 
Commerce. 
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TABLE 22 

PERCENT POSSIBLE SUNSHINE 

Austin, Texas 

January 48 
February 51 
March 54 
April 53 
May 58 
June 70 
July 78 
August 77 
September 69 
October 67 
November 58 
December 51 

Annual Mean 62% 

SOURCE: Local Climatological Data. 1970. Austin, Texas. 
U.S. Dept. of Commerce. 



TABLE 23 

MEAN DAILY SOLAR RADIATION 

II\' L.A.t''Jc}LEYS FOR SA.t"J AIJTONI O, '11EXAS 

(:fot available for Austin, Texas) 

January 279 
February 247 
March 417 
April 445 
May 541 
June 612 
July G39 
August 585 
September 493 
October 398 
November 295 
December 256 

Annual Mean 442 

1 Langley 1 Gm Cal 
Cm2 

SOURCE: Ifational Climatology Atlas of U.S., 1963, Sheet for Mean 
Daily Solar Radiation, Monthly and Annual. U.S. Dept. of 
Commerce. 



TABLE 24 

ESTIMATED MEAN MAXIMUM MIXING 

Depths (Feet Above Surface) 

Austin, Texas 

December 1800 
January 1570 
February 2530 
March 3120 
April 3770 
May 4170 
June 4920 
July 5910 
August 6230 
September 4820 
October 3770 
November 2690 

SOURCE: Weather Bureau State Climatologist. E.S.S.A., 
Austin. Texas. 
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FREQUENCY OF INVERs101,;s Mm/ OR 

ISOTHERMAL LAYERS DASED BELOW 500 FT. 

(% of Total rours). Austin, Texas 

December 30-35 
January 30-35 
February 30-35 
March 20 
April 20 
May 20 
June 10-15 
July 10-15 
August 10-15 
September 25-30 
October 25-30 
lVovembe r 25-30 

SOURCE: Weather Bureau State Climatologist. E.S.S.A. 
Austin. Texas 



TABLE 2r 

AVERAGE SURFACE POOL TE'MPERNI'URES FOR LAKES 

TRL\,_VIS Aim AUSTI': VS. AVERA~E AIR TEMPERATURE. ° F 

Lake Travjs Lake Travis Lake Austin 
:vlontil Year Air Pool Tail Race Pool 

Decemb,~r 1914 51.l 57,2 W,,.r·m 54,7 5,1, 3 Warm 
( I 43, I t2. '64) 
January 1SG3 48.7 ~,5. 7 1tlarm 53,7 Wurm 
February 1965 51.7 5'/. 7 Warm 53, ·; Warm 

March 1~)44 66.0 62.7 Cold 59.5 64.0 Cold 
April 1963 71, 4 62,2 Co lei 63,8 Cold 
May 1965 G6.5 G3.2 Cold 72. 5 Cold 

June 191J !, 83.3 Pi4.2 Tv-Iarrn (36. 5 "i '.i. il CuJd 
July 1~'(13 85.6 81. 7 Col cl 75.G Colcl 
August 1965 c33, 6 79. ;:; Cold 72.C Colc1 

September l~J44 68.9 78,7 Warm 73,3 73.1 Warm 
October lSG:3 73,2 76,5 Warm 74.5 Warm 
I;ovember 19E5 70. ,1 72.5 Warm 72.1 Warm 

12-Mo. 1944 6.--, A 
I • ~ 70,7 Warm 63,5 66.7 Cold 

Avg, 1963 69,7 69.3 Cole: 69,7 Same 
1965 68,l 68, 4 Warm 64,9 Cold 

SO.JR;E: For Air, Local Climatological Data, 1970~ Austin, Texas, 
lT. s. Dept, of Commerce. 
For Lakes. ICRA Bi-montl Temperriture Data, Lakes 'l'ravis 
and Austin. 
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TABLE: 27 

·roWi'J Li\KE POOL SURFACE 

TEMPERJ1TU.RES VS. AVErnN~E AIR TEMPERATURE , ° F 

Date Town Lake Pool 

March 15. 19E8 57.3 59.6 Warm 

May 3. 1%8 74 ,, 
I - • {_, 68.9 Cold 

July 10, 1961::l tJ2. 2 82.0 Cold 

August 2, 1968 84.1 87,2 Warm 

ovember 1. 1968 55.8 90.5 Warm 

January 27, 196S 53.6 79.4 Warm 

SOURCE: Fruh and Davis , EHE 69-07, CRWR 40, March 1969. 



normal Surface 
Elevation 

Maximum Surface 
Elevation 

Surface I\rea -
1:ormal 

Surface Area -
Maximum 

Capacity -
Iformal 

Length by River 
Chrnrnel Miles 

Maximum Lake 
Width 

'J1ABLE 28 

P1-~SICAL DESCRIPTIOL OF LAKES 

I.N AUSTH:' ·rnxAs i\REl, 

Lake 'Travis Lake !s.ustin Town Lake 

GBl.l 

71'±,l 

lfJ,930ac. 

29,0l3ac. 

1,172,000 
ac,ft, 

492.8 

l:c92 ,8 

l,830ac. 

l,830ac. 

21,JJO 
ac.ft. 

f3. 5 mi, 20.25 mi. 

ll,500ft, l,3J0ft, 

428.9 

5.5mi. l 

2, OOOft. l 

Location of Max- -1 I'l.i. UIJ -1 m:L. up 
from dam 

2,000ft. up 
imum Width from ,Jam from dam 

flete~1tion Time 80 to 1800 Main stream Main stream 
days3 reservoir reservoir 

JeptL 18J:rt. 2 10- 50ft. 30ft. Max. 

Decker Lake 

555.0 

l,300ac. 

l,300ac. 

33,940 
ac.ft, 

Not on river 

5,600 to 6.800 
ft. 

400ft. up from 
dam 

65ft. at dam 

:<OTES: Luke Austin and Town Lake 2re main stream reservoirs. 

97 

Dec}(er Lake level is maintained by pumping from Colorado River 
below Town Lake. 

1Scaled from a map. 

2 In old river channel, with surface at 681. 

3 Fruh el aJ_, 1969 , . 



TJ\llLE 
98 

J\r3SOLUrE ET JW ATIOJ\S J\.i\D t'~LEVA~ 1IONS 

RELA'I'IVE TO SURFACE OF TOWN LAK}~, AUSTIN, TEXAS AREA 

Location 

Town Lake Surfacc, 
Barton Springs Pool 
Webbervil:;_e Rd, at 

Walnut Cref'k(Bridge 
approach) 

Govalle Playgro1Jncl 
Lamar St. 8t 19th St. 

Lak2 Austin Surface 
East Riverside Drive 

at Ben 1tfr1itfc Blvd, 
Travis State School 
North End, Main Runway, 

Bergstro;1 AFB 
C8pi tol (}rounds 

Manor Rd. at Eci 13:;_uestein 
Decker Lake Surf.·Jce 
Univ. of Texas, near tower 
Austin State School 
Municipal Ain)ort 

Austi:1 State :,osDi tal 
Ber: Wl1ite mvcl. c:t HI 35 
\ortb,,1est Pool 
Be:1 White llvd. at 290W 
Balcones Dr, at Spicewood 

Surings Rd. 

Lake Travis llway 
Lamar Blvd, ut . 183 
Mcunt 3onnell_ 
Mount Barker 
;\cirti-1 !iiJh, Dr, at M.esa Dr. 

Bee Caves Rd. at Loop 361) 
Mount Lay-son 
Cut Iviountcir~ 
Jollyville Viatc:·au (Ewv. 2222, 

Mile east of ?WY. G2J) 

River below Longhorn Dam 

Absolute 
T~lc0 vation 

44 0 

4-50 
450 
"~BO 

193 

530 
.'=30 

541 
545 

550 

5S 1 

60\J 
615 

G'.50 
650 
(:if, 0 
7()() 

760 
7:JO 

900 

9JO 
920 
920 

lOGJ 

400 

Elev. Above 
'I'own Lukr: 

() 

11 

21 
21 
51 

101 
101 

112 
liG 

121 
12C 
1(37 
171 
l8G 

251 
27]_ 

22,l 

'.~85 
331 
351 
411 
471 

471 
4 ~)]_ 
,i91 

631 

0C' l., •. ) 

SOURC.8: U.S. Dept of Interior Geological Survey Topographic Maps, 7.5 
min. Series~ 1966. Austin East, West. Montopolis. Oak Hill. 
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Nov. 2.12 7,91 1946 T 1970 3,98 1946 T 2-.0 1959 1,0 1959 1 
Dec. 2.53 5,91 1944 T 195U 4.02 1953 'T1 T 1963 rr 19E3 1 

Oct Jul Oct Jan Jan 
Year 32.58 12.31 1960 O,OJ 1962 7,22 1960 1.2 7.0 1944 7.0 1944 40 

-------~--------, 

bD 
0 

i:c-, 

>-., 
> 
CD 
(]) 
~ 

29 
4 
3 
2 
1 
l 

* 

* 
* 
l 
2 
2 
4 

23 

SOURCE: L::ic:al_Climatological Date, 1970, Austin, 'I'exas. U.S. De~t. of Commerce. 

H 
;::l 
0 
~I~ 

00 

9 
73 
7l 
n 
78 
80 
70 

71 
70 
78 
73 
75 
74 

74 

Relative 
Humidity 

H H 
;::l ;::l 
0 0 

,--e.-, -a 

06 12 

9 c 
J 

78 60 
79 57 
79 55 
83 ~o 

0v 

[37 59 
[l[J 54 

e.c ·'18 
84 48 
86 56 
82 52 
81 55 
80 59 

83 55 

H 
;::l 
0 --~ 

18 

9 
57 
52 
49 
55 
57 
52 

42 
42 
55 
53 
57 
58 

52 

w 
w 
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TABLE 31 

RAINFALL AT AIRPORT VS, AREA AEOVE 

38th ST, Hi WALLER CREEK WATER SiiED, rncFI;;s, 1%8. AUSTIN, 'fEXAS 

Month 

January 
February 
March 
April 
May 
June 

July 
August 
September 
October 
1,:ovember 
December 

Yesr 

Airport 

7,94 
1,64 
2.09 
1.87 
8. 75 
3.10 

3.11 
J. 74 
3,42 
J,60 
4.91 
~ 

38. "!? 

Above 38th 

8,37 
1.63 
2.77 
2.49 
6,68 
2,90 

2,90 
0,77 
2. 98 
0.58 
5.59 
0 69 

38.35 

St. 

Note: Locations 
are approximately 
2 miles apart, 

SOURCE: Local Clirnstological Data. 1970. Austin, '11exas, U.S. Dept. of 
Commerce~ Robbins. W.D .. Annual Compilation ancl Analysis of 
Eydrologic Data for Urban Studies in the Austin, Texas Metro­
politan Area. 1969. U.S. Dept. of Interior. 
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TAi3LE 32 

A~;mJJ\.L VISIBILrrY' AUSTIN' TEXAS 

Visibility, % of 
miles Time 

0 to 1/s 0.7 
3/16 to 3/8 0.7 
1/2 to 3/4 0.5 
3 to f:' 5.1 
7 to 15 and 

up 90 2 

100% 

SOlJRCE: Summary of Ilourly Observations, Austin, Texas, 1951-60, U.S. 
Department of Commerce, 82-41, 
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TABLE 33 

TEMPERATURE, AUSTE<;, TEXAS 

Temperature 

, ormal Extremes 
liormal 
heating 

Daily Daily Record Record days 
Month maximum minimum Mor:tr ly hi3:hest Year lowest Year (Base 65°) 

,Tan. G0.3 40.5 50. 4 Sf 1963 12 1963 4&J 
?eb. 64.0 43.5 53.8 87 1962 22 l9G7 3;::5 
Mar. 70.G 48.7 5ci -, 

v • I 96 1%7 23 l9G2 2:C:3 
Apr. '78. 0 57.3 67.7 98 1963 35 1970 50 
May 85. 2 0 t (1 

l..> ~. '- 75. l 99 1967 47 1970 0 
June 92.0 71. 1 81.9 lC)O 1967 53 1970 0 

~July 95.1 73. ~· 84,5 103 l96Sc 6L1 1970 0 
Aug. :cl;';. 6 73.7 84. 7 105 1969 61 1967 0 
Sep. 89. 7 68.5 79.l 102 1963 47 1967 0 
Oct. 81.9 59.5 70.7 95 1963 39 1970 31 
;:ov. 69.6 L1 '7 C1 

-'-I• .. ,1 58.8 89 1963 27 1966 225 
Dec. C2.8 42.( 52. ·: 84 1966 21 1966 388 

Aug J2Tl 
Yl,ar 78.7 57. ·.- 68.3 105 l '.JGS 12 1963 J 711 

SOiJRCF:: Local Clima1.,ological Data, 1970, Austin, Texas, iJ. s' Depart-
ment of Commerce. 



Civilian Work Force 

Unemployment 

Employment 'I1otal 

Manufacturing 
uurable Goods 

FOR THF Yf~AR 1970--AJ\iJUJ\L /\V1rnN}F: 

Ordnance and AccEcssories 
Lumber and Wooc:i Products 
Furniture and Fixtures 
Stone. Clay and Glass Products 
Primary Metal Industries 
Fabricated Metal Industries 
Machinery. Transportation Eq_uipment, 

and Professional and Scientific Goods 
F.lectrical Machinery, Equipment, and Supplies 
Other 

~on-durable Goods 

Food and Kindred Products 
Textile Mill Products 
Apparel and Other Finished Textiles 
Paper and Allied Products 
Printing, Publishing, and Allied Industries 
Chemicals and Allied Products 
Petroleum Refining and Related Industries 
Rubber and Miscellaneous Plastic Products 
Leather and Leather Products 
Other 

: 1:c,~,-Ma!1ufact uring 

Agriculture. Forestry, Fisheries 
Mini:1g 
Contract Construction 
Transportation, Communication and Utilities 

1 () :'J 

132,300 

3,10'.J 

12:\200 

11, 550 
7,250 

0 
200 
900 
GOO 

0 
400 

4,050 
700 
400 

4,300 

l,900 

l, 700 
400 

150 

200 

55,503 

100 
200 

8,150 
3,150 



TABLE 31\ (Cc))lt.) 

Transportation and Allied Services 
Communication 

W'nolesale 'rrade 
Retail 'l'rade 
Finm1ce. Insurance. Real Estate 
Business and Personnel Services 
Medical and Professional Services 

}overnment 

Federal 
State and Local 

Other Employme:?nt 
Agricultural 

I O I\ 

1,350 
1, 9;=-~/) 

3,PJO 
19 ,UOCi 

5, 700 
8 ,40() 

C, '! 50 

48. 80() 

6 ,250 
::52 ,5:::,0 

14,850 
1,450 

SOURCE: Jt11nual Labor Area Work Force Re-port, 1970, Austin, Texas. 
rev, Jan, 1971, Texas Employment Commission, 
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POPULATION, DWELLING UNITS, 

ACREAGE, AND DENSITY OF CENSUS TRACTS 

Austin: April 1, 1968 

Census Dwelling '}ross Density., 
'I'ract Population Unitsl AcrecJ.ge Persons/acre 

1 7, 741 2. 652 2.195 3.5 
2 l3 .183 3 ,837 1,486 8.9 
3 13. 785 5 ,846 2.306 6,0 
4 10,324 3.988 957 10,8 
5 4,375 1.948 320 13.7 
6 16,859 3.211 579 29.l 
7 3 -·~o • 1:::,..., 2.124 400 9. 4 
8 17,022 4.975 1,338 1;~. 7 
9 12.008 3.097 979 12.3 

10 6.416 1,653 595 10. (', 
H 3,486 1.855 621 5.6 
12 3, 977 l .?01 625 6. 4 

13 18 ,835 5,827 2 ,398 7.9 
14 5,434 2 .256 871 6.2 
15 20,451 7 ,062 2,841 7.2 
16 22.139 7,048 2,724 8,1 
17 5.673 2,603 1.4 702 3.9 
18 14-, 156 5,990 3,289 4 . 3 
19 2.275 816 8033 2.8 
20 6 .899 2,209 1,513 ~ G • 0 

21 24.814 8,367 4,479 5.5 
2:,2 1,490 390 7344 2,0 
23 6, 773 2_,Gl4 1,555 4 . 4 
", c·± 5,452 2.385 858 6 4 

TOTAL 247,605 84.454 35,701 6.9 

lAs of I:ecember 31, 1968. 

2 Does not include City Park and Lake Austin frontage west of 
Dry Creek. 

3 Does not include Lake Austin frontage north of Tom Miller 
Dam. 

4 Does not include Decker Lake or Travis State School. 

SOURCE: Reported in Basic Data, City of Austin and 1rrayis County, 1971. 
p. 43. 
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TABLE 36 

HOURLY SCEEDUIED AIRLINE OPERATIONS 

AUSTIN, TEXAS 

July, 1971 

Time Departures Arrivals Total 

6-7 a.m. DC-9: 1 
727: 1 2 

7-8 DC-9: 3 DC-9: 2 
727: 1 6 

8-9 DC-9: 1 DC-9: 1 
99: 1 727: 2 

99: 1 6 

9-10 727: 1 727: 1 2 

lJ-11 727: 1 T.J.: 1 
DC-9: l DC-9: 2 
T.J.: l 727: 1 7 

ll-12noon DC-9: l 1 

12-1 727: 1 1 

1 ') 
- L, 727: l DC-9: 2 

T.J.: 1 T.J.: 1 5 

2-3 DC-9: 2 DC-9: l 3 

3-4 DC-9: l DC-S: 1 
727: 1 3 

4-5 DC-9: 3 DC-9: 1 
727: l ca. l v J. 

qa. 
v ,J. l 7 

5-6 DC-9: 1 1 

6-7 T.J.: 1 DC-9: ' J_ 

727: 1 
T.J.: 1 4 
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TABLE 36 (Cont,) 

Time Departures Arrivals Total 

7-8 DC-9: 2 DC-9: 1 
727: 2 727: 2 7 

8-0 'l',J,: l T,J,: 2 3 

DC-9: 1 DC-9: 1 
T,J,: l 3 

lJ-11 727: 1 727: l 
DC-9: 1 DC-9: 1 4 

E-12 0 

Operations 64 

Aircraft Type Key: 

DC-9: Douglas, 2 engines, fan jet, Pratt & Whitney JT-8D 
engine. 

727 Boeing, 3 engines, turbofan ( fan jet), Pratt & Whitney 
JT-8D engine. 

T. ,J. : Convair, 2 engines. turboprop. General Motors Allison 
501-D13, 

99 Beech, 2 engines. turboprop, 

SOURCE: Airline schedules from Austin Chamber of Commerce, 
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n; AUS~'n J TF.XAS 

Source Emission 

Automobiles 

Aircraft 

Electric Power Generation 
i~atural '.}as 
Oil (standby only) 

Space ~eating - Natural Gas 

Incineration 

Furniture factories 
Department stores 
Supermarkets 
Institutions 
Auto salvage 
Construction debris 
Landclearing debris 
Backyard 
l!ome fireplaces 

Bulk .~asoline Handling 
~asnline Service Stations 

Wastewater Treatment Plants 
Sanitary Landfill 

Indus tr,; 
Chemical plants 

batching plants 
Building matcri2ls nlants 
(Stone, sand. cutting, 

polishing) 
Feed and milling nlants 
Food processing plants 
Ready-mix concrete plants 
Lime plants 
Building excavations 
Sandblasting of masonry 

buildings 
Unpaved roads 
Vegetation 

SOURCE: Various sources. 

CO, H.C., NO , SO , lead. aldel:Jydes, x x 
ParticulDtc 

co, ]: .c .. aldphydcs. particulatP 

NOx. SOx. aldehydes, particulate 
SOx, l'<Ox. J,.C .. CO, aldehydes. partic­

ulate 

NOx, SOx, CO, particulate 

CO, particulate, NQ:, , organic acids 
(acetic). S~, H.C. (hexane). alde­
hydes, ammonia 

H. ('.. 
il.C. 

Odors, bacteria 
Odors. methane. dusts 

Various gases. particulates 
Particulate, dusts, water vapor 
Dusts 

Dusts 
Odors 
Dusts 
Dusts 
Dusts 

Dusts. silicci particles 
Dusts 
Pollens. leaf parts, spores 



TABLE 38 

ESTIM.Nr1m AUTOMOBILF. EMISSIOl\S FOR 

J\U?,'f1L. TEXM; I!: YEAR 1968, WimKDJ\Y TRAFFIC DENSI'I1Y 

Emis-
sion 

Area 1 2 3 4 5 6 7 8 Factor 
(See F'ig. 26) lb/1000 

v-m 

Thousands of 
Vehicle Miles/Day 164 536 414 193 209 433 296 104 2,329 

'l1otal 
Lb/Day 

Carbon Monoxide (co) 36,100 ns. ocn 91,UOO 42,400 46, :)00 95, 50Cl 65,200 22,900 5]?,000 22~ 
lb/day 

l1ydrocarbons 6, 750 22, mo 17,050 7,940 8,600 17,900 12,200 4,280 96, OOCJ 41.2 
lb/day 

Ia trogen Oxides (NC:::,) 3, r>'D 10,600 8,170 3.810 4,130 8,57) 5 ,850 2 ,05J 46, 2 1J,J J ~:'. s 
lb/day 

Sulfur Oxides ( SC2 ) 65 213 164 76 83 172 118 41 925 ,zc~,, 
'v1 • CO._/ r 

lb/day 

Particulate Matter 108 578 273 127 138 286 195 68 1,54:J J, 661 
lb/day 

Aldehydes 130 425 328 153 166 244 235 82 l .S50 ]. 794 
lb/day 

Orl=£anic Acids (A +-. \ Cec,lCJ 4: 153 119 55 6(' u 124 85 30 665 0,286 
lb/day 

T'.mission factors are 2dapted from Mcr}raw. iI .J .. R. L. Duprey. Compilat:;_on of P.ir Pollutsnt Emissi')n 
factors. Preliminary document. E.P.A .. Research Triangle P2rk .. :;,c,. April l~'7l, p, c:Ji. 

,--, 
0 
w 



TABLE 39 

ESTIMATED AUTOMOBILE EMISSIOIJS FOR 

AUS'rIN, TEXAS IN YEAR 197 5, WEEKDAY 'TRAFFIC DENSITY 

Thousands of 
Vehicle Miles/Day 2,935l 

Carbon Monoxide (co) 388,000 lb/day 

Eydrocarbons 49,400 lb/day 

J,i trogen Oxides (N~) 45,400 lb/day 

Sulfur Oxides (s~) 1,165 lb/day 

Particulate Matter 645 lb/day 

l\ldehydes 2.330 lb/day 

Orgnnic Acids (Acetic) 839 lb/day 

110 

Emission2 

Factor 
1b/1000v-m 

132.3 

16.8 

15.4 

0.397 

0.220 

0.794 

0.286 

lBased on Projected National Average Growth Rate of 1.26 
x 1968 Year Vehicle Mileage. 

2 From McGraw et al. 1971, p. 24. 



TABLE 40 

AIRCRAFT EMISSIONS, POUNDS PER DAY, AUSTIN, TEXAS 

,JULY 1971, SCHEDULED AIRLINES ONLY 

111 

Emission DC-9 and 727 Turbojet Total, lb/day 

Particulates 

co 

HC - controlled 

l~ - uncontrolled 

so 
x 

NO 
x 

Aldehydes 

415 

940 

175 

2,950 

120 

415 

30 

60 

20 

30 

10 

50 

2 

475 

960 

175 

2,980 

130 

465 

32 

Using Emission factors from McGraw et al, 1971, p. 32. 
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TABLE 41 

ESTIMATED EMISSIONS FROM LIGHT AIRCRAFT, POillIDS 

PER DAY, AUSTIN, TEXAS, YEAR 1970 

For 167,000 operations or 83,500 landing-takeoff cycles or 228 cycles 
per day for a 365 day year. 

Particulates 
co 
HC 
so 
NOx 
AL1ehydes 

45 
2,740 

so 
450 

45 
20 

Using Emission factors from McGraw et al, 1971, p. 32. 
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TABLE 42 

NATURAL GAS CONSlJMPI'ION 

AUSTIN, TEXAS, 1967- 70 

Year Residential Commercial Industrial Public Auth. 

(MCF - thousands of cubic feet) 

1967 4,647,000 2,244,000 589. 400 4,170,000 

1968 5.619,000 2,788,000 671, 600 4,453,000 

1969 5,683.000 2.938,000 630,000 4, 582, 000 

1970 6,183,000 3,216.500 538.200 4,881,000 

1970 41. 7% 21. 7% 3.6% 33.0% 

Source: l-iosford. 1971. 
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TABLE 43 

ESTIMATED EMISSIONS FROM 

COMBUSTION OF NATURAL GAS FOR RESIDENTIAL 

SPACE HEATING, DF.CEMBER 1969, AUSTIN, TEXAS 

December 1969 Residential Consumptionl 723 million cu. ft. 

9J% Used for Space Heating or Water 
:-:eating 650.7 million cu. ft. 

Converted to Daily Consumption (-!-31) 

Emissions2 

:':i trogen Oxides (TJ00) 
Carbon Monoxide (CO) 
Particulate Matter 
Aldehydes (HCl!O) 
Eydrocarbons as CH4 
Sulfur dioxide3 

Organics 

li1osford, 1971. 

20.99 million cu. ft. 

lb/day 

1,050 
420 
398 
210 
168 

12 
21 

2 Emission factors from McGraw et al, 1971, p. 11. 

3 Assuming sulfur content of 2000 grains/million cubic feet. 



TABLE 44 

ESTIMATED EMISSIONS FROM 

COMBUSTION OF NATURAL GAS FOR ELECTRIC 

POWER GENERATION, YEAR 1969, AUSTIN, TEXASl 

Emissions2 

1,;i trogen oxides (N~) 

Carbon monoxide (co) 

Particulate matter 

Aldehydes (ECHO) 

rocarbons as CH
4 

Sulfur dioxide 4 

Organics 

tons/year 

3,190 

4 4 

165 

33 

440 

G,6 

44 

115 

lb/day3 

17,905 

24,1 

905 

181 

2 ,410 

36.2 

241 

1Year ending October 1, 1969; all plants, producing 2 X 109 

kwh/yr, 

2 Emission factors from McGraw et al, 1971, p, 11. 

3 To be used with caution since generating level varies 
seasonally. 

4 Assuming sulfur content of 2000 grains/million cubic feet, 



Tl\BLF 4;'; 

COMP.ARISO'.J OF' SI'J-lHFICJ\L;T EMISSION SOURCES 

_AUSTE:, 'I1EXAS - !\LL FIGURES IN POUNDS PER DAYl 

------------ ·~---· 
-----'-- -----------------------"----------- -

-{ear l96i3 
Weekday 
Traffic 

Year 1975 
Weekday 
Traffic 

---.------------·---·- -~--------------------

Carbon monoxide 512.000 338,000 

Hydrocarbons 9C,000 49 ,400 

l';i trogen oxides 46, 200 45,400 

Sulfur oxides 925 1.165 

Aldehydes 1,850 2,330 

Organic acids 665 839 

Particulate 1.540 645 

=========---:_:-_-_··-------==--=-=--===--

Dec 1969 
July 1971 1970 Residential 
Scheduled Light Space 
Aircraft Jdrcraft Jleating 

960 2,740 420 

175 90 163 

465 45 1,050 

130 450 ]" _G 

32 ~:o 210 

21 

475 45 398 

-------------------- --

Dec 19G9 
Commercial Year 1969 
Public Auth Electric 

Space Power 
Heating Generation 

545 24 

213 2,410 

1,365 17,500 

15 36 

2)3 181 

27 241 

518 905 

--·------------------

lsee tables 38,39,40,41,43 and 44 and the text for important qualifying i,1formation before 
using these figures. 

f-.J 
f-.J 
(Y) 
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TABLE 46 

UNPAVED ROAD MILEAGE, AUSTIN. TEXAS 

1960 1965 1970 
Total Street Miles 690 774 934 

Unpaved Miles 310 201 170 

% 44.9% 25.9% rn.2% 

Paved Miles 380 573 764 
% 55.1% 74.1% 81.9% 

SOURCE: Basic Data for City of Austin and Travis County, 1971, p. 29. 



TABLE 47 

POLLE:J SEASONS IN AUSTIN, TEXAS 

Spring 

Summer-Fall 

Fall 

December-February 

Pecan, oak, Spring elm, cotton­
wood, sycamore, hazelberry, 

Bermuda grass, Johnson grass, 

Ragweed, marshelder. Fall elm. 

Juniper (commonly called c~dar) 

SOlffiCES: Allergy Foundation of America, 1966; King, 1972, 

118 
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TABLE 48 

POLLUTAT\1T CONCE?ITRATIONS 

CITY OF AUSTIN, JUNE 1967 

FROM 27 SAMPLING SITES 

Pollutant Rangel Meanl Remarks 

Particulate 21-236 56(Geo) 97% Samples <125 

Sulphates 

Nitrates 

Benzine Soluble 
Fraction 

Lead 

SQ, 

I1C (total) 

Aldehydes 

Ozone 

1. 7-18 5.4 

0.2-3.0 1.3 

1.0-11.3 3.3 

<0.1-1.3 0.3 

<0.05ppm 

<0.005ppm 

<0.02ppm 

5ppm 3ppm 

0.002-0.006ppm 

<O.Olppm 

lMicrograms per cubic meter unless noted. 

SOURCE: Air Quality Survey of Austin, Texas, June 1967. Report by 
Texas State Department of riealth. February 1969. 



120 

TABLE 49 

DUSTFALL, CITY OF AUSTIN, 1970 

July Aug Sep Oct Nov Dec 

2.1 5.7 5.2 12.0 6.3 5.1 in tons/sq.mi/mo. 

SOURCE: Annual Report, 1970, Texas Air Sampling Network, Texas 
Department of Health, Air Control Section. 



'11ABLE 50 

:FOLLUI'ANT COI\CENTRATIONS, CITY OF AUSTIN 

1961-1970, (Micrograms per Cubic Meter) 

-------------------~~- -·----- ---------------------- -~--- - ---

Pollutant 1961 1962 1963 1964 19G5 

Yearly Avg. 76 146 122 94 81 
Quarterly Avg 

Suspended l 
Particulate 2 

3 
4 

Yearly Avg. 5.4 5.5 5,5 6.2 5.6 
Quarterly Avg. 

Benzine Soluble- 1 
Organic 2 

3 
4 

Yearly Avg. 
Qµarterly Avg. 

l Sulfate 
2 
3 
4 

Yearly Avg. 
Quarterly Avg, 

Nitrate l 
2 
3 
4 

1966 

97 

5.8 

1 ~y;7 19613 1962 

103 69 5,1 ~' 

E:7 46 --
61 51 --
65 48 c: 'Z 

92 71 ~ 

5.5 5.6 4 r 
• G ~.= 

5.2 4.2 
5.0 3,4 r 

- . --= 

6.7 3,0 'Z. ;::::: 
~.~ 

5.3 6.3 (::. ~ -. 

4.5 5.5 E, --1 

4.1 Le -; - . ' - .. 
- -- 12.6 :f.3 
7,1 2.5 L c - . -
2.2 2.3 ") c: 

'--. ~ 

2.5 2.1 r : / 

2.2 3.2 l, ::__ 

3.0 ~ 0 --- - . ~ 
2,8 2,0 :,6 
2.4 0,3 ' ' '-' • -= 

f-' 

·-



---- ----~-- ------- -----

Pollutant 

Lead 

Yearly Avg, 
Quarterly Avg, 

1 
2 
3 
4 

1951 1962 

TABLE 50 (Cont, ) 

1963 1964 1965 1966 1967 1968 1969 l'"'~" ;:;! I u 

2,0 1,2 0,3 

1.4 1.7 ,J. 3 
0.3 G,c 

2.6 0,8 "! L 
v. -

2,1 1,8 2. ::_ 

SOURCE: Annual Report 1970.Texas Air Sampling Net Work, Texas State Dept. of Health,Air Control Section. 

~ 
N 
N 



l?. 3 

POL,LU1J'MJT CONCJ<:ilTRNl 1IO'::c; 

CITY OF AUSTIN, r'EAR 1-971 

Location 

Interval 

30° 17 'oo "r,. Lat. 
97° 44 1 1JO "W Lomr 
G/21/71 to.9/3J7;1 

No. of Sumples 173~.J 

Sampling Continuous 1-hour 

Location 

Interval 

30°16'00 Lat, 
97°44'00"W. Long. 
s/23/71 to 9/28/71 

Tfo. of Samples 229 

Sampling Continuous 1-hour 

Location 

Interval 

;fo. of Samples 

Sampling 

Location 

Interval 
;,:o. of Samples 
Sampling 

Location 

Interval 
7;0. of Samples 
Sampling 

30° 18 '50 ":,]. Lat. 
97°42'50"W. Long. 
7/20/71 to 9/29/71 

23 

three-day 

30°20'00"N. Lat. 
97° 45 I 20 ''w. Long. 
6/20/71 to 9/30/71 
2,134 

Continuous 1-hr. 

30° 18 '50"N. Lat. 
97° 42 I 50 "w. Long. 
1/ 5/71 to 11/16/71 
30 
24-hr. samples 

Pollutant: Carbon Monoxide 

I 3 fo,~;uJts: Max lhr. 9.8f1e; m 

Max. llhr. 4.::'.> 
Arith. Mc mi 1. :J 
Std. D2v. 1.3 
Geo. Std. D2v. 23. 4,~ 

Pollutant: 

Results: 

Carbon Monoxide 

Max, 1 hr. 13.2 
Max. 8 hr . 4- • 7 

Arith. Mean 2,3 
Std. Dev. 1. 7 
Geo.Std.Dev. 2.47 

Pollutant: Neb 

Results: Max. 24hr. 178µg/m3 

Ari tJ1. Mean 69 
Est.Ann.Mean 78 
Std.Dev. 38.4 
Seo.Std.Dev. 1.9 

Po:lutant: Ozone 
Results: Max, 1-hr 293µg/m3 

Arith. Mean 50 
Std. Dev. 39 
Geo.Std.Dev. 2.89 

Pollutant: Particulate 
Results: 24-hr. max.116µg/m3 

Ari th.Mean 62 
Std. Dev. 21 
Geo. Mean 59 
Geo.Std.Dev. 1.4 

SOURCE: Texas Implementation Plan, Jan, 28, :;_972, Texas State Department 
of Health, Air Pollution Control Services. 
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TABLE 52 

PLUTONIUM IN AIRBORNE 

PARTICULATES, AUSTfiJ, TEXAS, YEAR 1970, a Ci/m3 

(a Ci is attocurie or 10-lB Ci) 

Plutonium-238 Plutonium-239 

Jc.in-March 
April-June 
July-Sept 
Oct-Dec 

7 
11 

G 
Ho Sample 

SOURCE: Radiological Eealth Data and Reports. 12, 3 and _§_, 

42 
110 

73 
No Sample 



Jw;uary 1971 
February 1971 

12 ti 

TABLE 53 

GROSS BETA RADIOACTIVITY HJ 

SURFACE AIR, AUSTIN, TEXAS 

,T3nuary-February, 1S·71 

(p Ci is picocurie or 10- 12 Ci) 

No. Samples 
Gross beta radioactivity 
(5-hour field estimate) 

l 
5 

Max 
2 
2 

pCi/m3 

Min 

1 

Avg 
2 
2 

SOURCE: Radiological Heal th Data and Reports, 12, 5 and .§_. 
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Pc:illutant Standards 
-----------·---- Prirt!.§IT_ __ Secondari __ _Aus..tJJ:l. Leve Le, _________ _ _ __ Relativ,:;: fir Qpali ty _______ _ 

Suspended 
particulate 

Sulfur dioxide 
( 802) 

Carbon monoxid 
(co) 

Nitrogen dioxide 
(n~) 

Ozone ( 03) 

Benzene soluble 
fraction 

Sulfate 

Nitrate 

Lead 

Jiydrocarbons 

Dustfall 

75 

80 

10 

100 

160 

None 

None 

1:one 

None 

lGO 
(non­

methane) 

1-ione 

SOURCE: Tables 19, 48-51, 
• 

f(_) 

60 

lG 

J_()J 

160 

lione 

None 

!1Jone 

Hone 

160 
(non­

metlu:rne) 

:fone 

54 to 146 

Less than 15:) 
( thr,2shold) 

!±. 3 and 4 _ 7 

78 

293 

4. '.::: to 6. 2 

1-=,2 "GO (:_4_ 

2. 0 to 2. 5 

0.8 to 2_0 

~o data avail­
able 

2.1 to 12 tons/ 
sq.mi./month 

·------~--·~------" --~------

Ace le for .fears 19(E;- 7u J ear] ier y22r:::: ..,..""'.::::..: ........ 

No sulfur dioxide froblem unless power -;:ls~~:::: ~se 
high-suJfur fuel oil in place of natur2l ~as. 

".10od except hi concentrations can be .exce ~"'.: 2:::. 
roadways in peak traffic hours. 

Acceptable out emissions from 2utomobiles s:--.:::. -;:-.::wer 
plants are substantial. 

Not acceptable based on maximum 1 hr. cc~cen:~s:icn: 
low incidence of stagnation condjtions lesse~s ;r.::b. 

Inu icates low level of organic material i:; : _;s:ie:~'.ied 
particulate. 

Indicates low degree of corrosiveness. 

Indicates low degree of corrosiveness. 

Relatively low but higher concentr2tions cs~ ~e 

expected on roadways in peak traffic hours. 

June 1967 data for total hydrocarbons and 2::::.2:~yd<2s 
indicates relatively low concentrations a~ :~e time. 

Relatively clean j_f averagr:c urban value is co:--,si<::ier­
ed to be in 30 to 50 range. 

'----' 
[\) 
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Figure 2. Topographic Ma p of Austin, Texas, Contour Interval 100 Feet; 
Scale 111 = 2 Mil es 

ADAPTED FROM: U.S. Dept . of Interior Geol og1 cal Su rvey Topographic Map, 
NH 14-6. 
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Figure 3. Area Below 500 ft. Contour, City of Austin 

ADAPTED FROM: U.S.G.S. Map NH 14-6, Austin, Texas 1954. 
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Figure 4. Monthly Wind Roses, Austin, Texas, 1951-1960 

SOURCE: Summary of Hourly Observations, Austin, Texas, 
1951-60, U.S. Dept. of Comr.1erce, 82-41. 
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Figure 7. North Wind Chan neli ng by Topography , Austin, Texas 
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Figure 8. South Wind Channeling by Topography, Austin, Texas 



Figure 9. Section through Austin, Texas North-South Vertical 
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Figure 11. Measured Cold and Warm Areas, Austin, Texas 
10:00-12:00 Midnight Aug-Dec 1970 
l..J warm 
C cold 
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SOURCE: Wood, J. L. Nocturnal Heat Island in Austin, Texas, U.T. Austin, 
Thesis, May 1971. 
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Figure 12. Austin Area Map 
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Figure 13. Stagnating Anticyclones--Total Number of Stagnation Cases (4 or more days), 
1936-1965. 
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Figure 15. Areas of Natural Tree Cover, 
City Owned 

Parks & Parkways 2100 ac. 
Golf Courses 382 ac. 
Playgrounds 222 ac. 
Cemeteries 300 ac. 
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Austin, Texas 
Areal Covera5e-Dec. 1970 
Land 41,00 ac. 90.4% 
Water 4,900 ac. 9.6% 
Total 52,000 ac 

SOURCE: Aerial Maps and City of Austin Planning Dept. 
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Figure 16. Location of Austin Industry 

SOURCE: Austin Chamber of Commerce . 
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Population D . Aust· · ens1ty for 
,n ,n 1968 

Figure 17. 

SOURCE: Basic Data for . 
Austin and T ~1ty of 
1971, p. 43.rav1s County, 
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Figure 18. Dense Population Centers in Austin 

• Hospitals 
c State Schools 
o Colleges and Universities 

20 + Nursing, Convalescent Rest and Retirement Homes are not shown. 
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Figure 19 

Industrial C • 
Resident iai ommercial Whol ' esa 1 e 

ADAPTED FROM: Use Dist · net Map , City of 
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Use Patterns in Austin 

Austin M , arch 1971. 
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Figure 20. Population GrmJth for Austin and Travis County 

SOURCE: 1960 and ·1970 Data from U.S. Census; City and County Forecasts by 
Planning Department, City of Austin for Highland Lakes System, 
Comprehensive Wastewater Study: 1970-1990. State Forecasts by 
Texas Research League. Reported in Basic Data for City of Austin 
and Travis County, 1971, p. 7. 
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Figure 21. Territorial Growth for Austin 
Acreage Annexed by Direction from Jan. l, 1969 to Jan. l, 1971. 

ADAPTED FROM: Basic Data, City of Austin and Travis Coun ty, 1971, p. 5. 
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Figure 23. Heavy Traf fic Streets and Aircraft Tra cks for Austin 

-Traffic 
-- Aircraft 

TRAFFIC MAP ADAPTED FROM: Vehicu l ar Traffic Flow, 1968, City of Austin. 
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Figure 24. Hourly Distribution of Internal Person Trips, Austin, Texas, 
Fall of 1962 

SOURCE: Austin Metropolitan Area Transportation Study, Origin Destination 
Survey, 1962, p. 51. 
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Figure 25. Some Emission Sources in Austin 

ABP Asphalt Batching Plant 
ASP Auto Salvage Plant 
BGH Bulk Gasoline Handling 
BMP Building Material Processing; Stone, etc. 
EPG Electric Power Generating Station 

PCP Pilot Chemical Plant 
RMC Readymix Concrete Plant 
SLF Sanitary Landfill 
vJWT vias tewater Treatment Pl ant 
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Figure 26. Average Weekday Vehicle Miles Travelled Per Day, April-May 1968 

Areas arbitrarily chosen. See Table 38 for emissions. 
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Figure 27. Monthly Residential Natural Gas Consumption and Degree Days 
(65 deg.F Base) for Austin, Texas for Year 1969 

SOURCE: Hosford, 1971: Local Climatological Data, Austin, Texas, 1970, 
U.S. Department of Commerce 
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Figure 28. Thirty-day Average Suspended Particulate Matter, µg/m3, June 1967, 
Austin, Texas 

SOURCE: Air Quality Survey of Austin, June 1967. 
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APPENDIX A 

AIR FLOW AROUND SHAPES 

Secondary airflow arises from the interaction 

of primary flow or geostrophic winds with obstacles in 

the path of flow, or with surface irregularities in the 

air-earth interface, 

Secondary airflow is an important consideration 

in air pollution work because pollutant concentration 

levels depend directly upon flow and mixing in the vicinity 

of the source. Airflow may result in the unexpected ap­

pearance in space and time of unusually high or low levels 

of pollutants, 

Halitsky (1962) has made low-speed wind tunnel 

measurements around basic shapes using smoke to show 

streamlines in laminar flow. Figure 1 shows the stream 

flow patterns that can be expected around most shapes en-

countered in structures, The flow into and out of an 

orifice shown in the bottom two sketches of Figure Al is 

from Scorer 1 s informative book entitled Natural Aero-

dynamics, Figure A2 shows streamlines for several varia-

tions in edge and corner configurations that aid further 



in the prediction of flow around buildings. 

These figures lead to the generalization that 

flow around obstacles is accompanied by (1) creation of 

flows in directions greatly different from the approach­

ing flow, and (2) the generation of closed cells of 

circulation called eddy cells or vortices. 

Classic laminar flow around a building block 

is shown in Figure A3 adapted from illustrations by 

Smith (1968) and Munn (1966). rt can be seen that the 

l!.J7 

entire cube is enveloped in the cavity of closed circu­

lation except for the windward side which may have its 

own small cavity. The cavity is characterized by (1) the 

reversed direction of flow at ground level, (2) the re­

duced pressure relative to the undisturbed flow, and 

(3) the surface of separation at which little flow oc­

curs perpendicular to the surface. 

Low-speed wind tunnel work done by Evans (1957) 

with a wide variety of building shapes and sizes provides 

a wealth of information on airflow around buildings. 

Figure A4 reproduces six flow diagrams from the more than 

one hundred reported by Evans. These sketches provide a 

glimpse into the complexity of airflow in showing the 
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effect of height, roof shape, length, bottom channelling, 

and orientation. Evans provides a table of downwind 

eddy dimensions as a function of building length, type, 

and roof pitch. Some eddy dimensions are shown in Fig­

ure A4 to illustrate the scale of secondary flow. 
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l©)t///7 
7777?7 

Adaoted from Halitsky, 1962. 

Adapterl fro~ Scorer, 1958. 

Figure Al. Flow Around Basic Shapes 



160 
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>l so· 

Adapted from Halitsky, 1962 

Figure A2. Flow at Edges and Corners 
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~rake 

Cavity 

Side 

Top 

Figure A3. Flow Around a Building 

Adapted from Smith, 1968 and Munn, 1966. 
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Adapted from Evans, 1957. 

2~ 
4 

Figure ~4. Typical Flow with Cavity Dimensions 
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APPENDIX B 

AIRFLOW KEAR THE FEDERAL BUILDING, 

AUSTIN, TEXAS 

Flow around downtown buildings is illustrated 

in Figures Bl and B2 for the region near the Post Office 

and Federal Building. From a point south of the Inter-

state Highway 35 Bridge whose elevation is approximately 

equal to that of the street-level of the Post Office and 

Federal Building, the 9th Street Post Office tunnel can 

be seen along with practically all floors of the Federal 

Building. These buildings therefore have a long un-

obstructed run-up for a southerly wind. The flow lines 

of both figures are but a mere saggestion of actual flow 

and serve to emphasize the complexity of the secondary 

airflow patterns in an urban area. 
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