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A STUDY OF AIR POLLUTION POTENTIALITY 
Il~ THE WILLAMETTE VALLEY 

CHAPTER I 

INTRODUCTION 

Thi is an exploratorr study of the air pollution 

potentiality 1n the W1llaraette Valley aud• as eueh. it is 
\ 

1ntended to indicate premising clirections for futttre re

search as well as to report the re1ults of aeve~l at

tempts to elar1fy the relationships between factors ha1'1ng 

to do with this potentiality. 

In orde~ to evaluate the a1:r pollution potentiality 

of a region, it would appear necessary for one to know the 

meteorological and topograph1oal factors related to air 

pollut1cn and the natu~e ot theee ~elat1onsh1ps. Assuming 

a source of pollutants and. a coutant em1saion rate, the 

level o~ contamination 1s relatecl to the volume of a1~ in 

which the p&llutants a~e conttned and to their d1spe~s1on 

w1th1n that volume. Those meteorological and topographi

cal factors which afteot movement or 41apers.1on ot pol

lutants, either horizontally or Yert1oal.ly 1 ax-e or1t1cal 

to air pollution. 

The horizontal movement and d1apers1on ot pollutants 

http:Yert1oal.ly
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ls affected by wind velocity (4• p.4). In general. their 

concentration 1s 1nvet-sely pl'oport1onal to the wind &peed 

and may be independent of the wtnd dlreotion (5. p.46). 

However, the use of the vecto:r quantity, wind velocity, is 

necessary for a study of horizontal d1spe:reion in areas 

wh1cb experience fttequent o,. d1ul"'llal change · in wind di

rection. Such change are usually due to ,land-sea b:reezee, 

mouuta1n...valley winds, or other locally induced winds (S. 
p. ,e) . In these cases, the daily average wind speed may 

be relatively h1gh but the magnitude ot the reaulta.n.t dailY 

wind vector may reveal a relat1'f'elr low ttemoval or pol

lutants. The concept or wind Yeloc1ty as representing a 

~omb1nat1on of magnitude and 41reot1on aeema to have been 

41sregaried in several air pollution studies (8, p.12-13J 

2 t p . ,5}. 

Vertical dispersion of pollutants 1s di~eotly affected 

by the thermal structure or the low•r atmosphere (?, p.5

1,) . The temperature lapse rate ot a layer ot air 1s an 

1nd1cat1on of its stability. Stability is inversely pro

portional to the steepness of the lapse rate, thus a tem

perature inversion 1n41catee a b1gbl;y stable layer of air . 

An unstable layer or a1r will a14 tbe vertical d1apera1on 

of pollutants. whil e a stable l ayer will htnder it . Other 

meteorological parameters such a• hum1d1ty and prec1p1ta

t1on may have some affect on the coneentrat1on of 



pollutants (1, vol.1, p. 21-:32) . 

Topggraphioll Factors 

The topog!"aphic l factors wh1oh afteet air pollution 

may do so in aeveral ways. Mountain r-anges y provide 

barriers which limit horizontal dispersion (14, p.,;) . 

Valleys may channel sir flow, thereby concentrating pol· 

lutants (10, p.J4). Both of these interrelated topographi

cal ettects involve the phya1cal restrictions of pollutanta 

Topography and geography mar atteot the horizontal 

dispersion or pollutants through locally induced winds. 

As noted above, 1n those areas affected by local winds , the 

wind diurnal cycle frequently reduces the net distance 

that pollutants are cartl'1e4 during a given period ot time. 

An additional effect ot topography on air pollution 

is that related to the vertical dispersion ot pollutants . 

The dra1nage or cool air into valleys 1 re ult 1n a 

"lake" of cold air and a thermal b lt above the lake. Th1a 

is one of the ways 1n which the thermal stratification 

most conducive to the accumulation of pollutants. ~ 

temperature inversions. occurs (6, p.195-210). 

The role of the atmosphere and topography 1n ai:r pol

lution may b _ summarised 1n the following manner. In 

order tor a high level or pollution to occur. there must 

be a pollutant source. With a eourc , eith r low 
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horizontal dispersion beoau•e of low average w1nd Yelocity, 

or reduced vertical dispersion because of atmospheric 

stab111t1 could oauee an increase 1n tbe concentration ot 

pollutants. 

The Willamette Valley, which extends into the State 

of' Oregon .in a southerly d1reetion t'rom the Columbia B1veP, 

covers an area of' approximately ?r200 square miles . It 1s 

bordered on the west by the Oregon Coast Range, whose 

ridge crests average about 3,000 feet. On tbe east it is 

bordered by the Cascade Bange, whose crests average about 

s,ooo feet. To the south, the W1llamette Valley gradually 

r1sea to the Siskiyou Mountains , but tor the purposes of 

this study the southern end or the Valley will be consid

ered to be the Calapoo7a Mountaius 1 a group of hills ex

tendtng across the Valley just south of Eugene . Because 

1n the north the Valley experiences complex w1nd now 

patter:na asaoe1ated with the Columbia River Gorge, the 

Portland area is excluded fro this study. From th1s 

physical 4escr1pt1on1 it may be seen that the W1llamett 

Valley has major topographical restrictions on the hori

zontal d1spers1on of pollutants 1n three directions. 



s 

Presg.t Stc•StYI pf Aa,r Polluta.au 1n the .wa.•}J!utte Va1loy 

The Willamette Valley does not have frequent occur

rences ot the eye-1rr1tat1ng, eorroaive smog so often 

associated w1th the Loa Angeles Basin. There have been 

1ud1Yid 1 occur~enee of tb1s, yet they seem to be the 

exception rather than the rule (3) . For the most part, 

the only ev1denoe• of pollution 1n the Valley aa a whole 

are occasional Y1sib1l1ty reductions because of smoke . 

These occurrences become quite frequent during the fall . 

http:Polluta.au
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CHAPTER II 

DATA SOURCES AND AVAILABLE DATA 

The data ources tor an air pollution study may be 

divided into two gr-oupst those which provide direct meas

urements of air pollutants, and thoae which provide meas

urement of meteorological parameters. Of these two groups 

ot data, the latter 1a much more accessible. As will be 

shown, there is a need for additional eaeurement of pol

lutants 1n the Willamette Valley. 

PollutQDt Mtaeurementa 

The National Air Sampling Network, operated under the 

direction of the start or the Robert A. Taft Sanitary 

Engineering Center of the u. s. Depart ent of Health , Edu

cation and Welfare1 haa been a source cf a1r pellution 

measurements made on a random basis at various locations 

throughout the country tor several years (1 1 vol.l, p.l). 

At present, the measurement• are ot suspended particulate 

matter made by means of high volume air samplers (1 1 vol.1, 

p.l). Pollutant ooncentrat1one are expressed in !oro

grams of particulates per oub1e met r of air (21). These 

data are available from the Taft Center for 70 urban sta

tions on a biennial basis (22). Additional particulate 

data may be obtained through local or state h lth or air 
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pollution aut.horit1ea . 

The direct meaeurements ot pollut1o~ ueed in this 

study consist of 11 NASN obaerT&t1ona made 1n Eugene at 

the tan County Court Houae on a random basis between 

February 4, and June 20, 1961, (21), and 19 observations 

made by the Oregon State S n1tary Authority 1n Salem at 

the Marion County Court Houee between September 13, and 

ovember 21 1961• 1n conjunction with one of their sam

pling programs (15) . The Salem data are not random. 

There are some additional data , available from the Oregon 

State Sanitary Authority• wh1oh were taken near suspected 

pollutant aouroea . The 1nclua1on of theae data was judged 

to be or little value for two reasons• 1) the number of 

days on wh1oh particulate observations were made would 

not have been 1ncreaaed, aud 2) 1t was felt that the data 

would not be representative of the Willamette Valley. 

That particulate matter is not the only type of pol

lutant 1s recogn1eed by the writer, as is the problem of 

atte pttng to oomb1ne two different data sourcea into one 

sample • 

The Weather Bureau ma1nta1ns a large number of sur

face obaerv tion at tiona wh1oh take hourly observat1ona 

throughout the eountry. Thes records re readily 
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va1lable at the stat1ons. Use of the station recorda, 

as rule, require• that the individual travel to the 

station and extract the dea1red tntormation hi~aelf. Aa 

an alternative to this, the Weather Bureau compiles and 

publishes cl1matolog1oal data on a monthly bas18 for many 

stations (20, p.11). Among the various meteorological 

param tera, visibility or the nature or obstruction& to 

v1sib111ty may provide a substitute tor the direct meas

urement or particulate matter. 

In the W1llamette Valley, local eli atolog1cal data 

are aTa1lable tor both Salem and Eugene. In this study, 

the Weather Bureau station recorda tor Salem and Eugene 

(271 28) were used in add1t1oa to the published data (2)J 

241 2_5). 

Salem 1a one ot the Weather Bureau stations taking 

rawineonde obaervationa. _From theae obaervat1ons• the 

thermal structure ot the air above the surface may be 

estimated. In addition, information about the moisture 

distribution and wind velocity at various levels above 

the surface may be obtatned. These data are published in 

Part II of the Daily Ser1ea ot the Synoptic Weather Mapa 

(26). 
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CHAPTER III 

RESULTS 

In order to examtne the a1r pollution potentiality 

of th Willamette Valley. it e.ppears d sir bl to deter

min the relationships o.t var1oua meteorological para

meter to the levels of pollution at the t1 e of this 

study. A tabulation ot the available particulate air pol

lution data and seveNl meteo!"'log1eal param te:r · l touttd 

in Table 1. 

Moteg;rolggical Parameters ansj Part1culatt l)ata 

The first relationship to be examined 1 that between 

wind and. particulate pollutants. This relationship 1s 

shown 1n Figure 1, where average wind speed, in miles per 

hour, ie the abao1ssa and average particulate count, ex

pressed in m1oro~ms of part1culat a per cubic meter ot 

air, is the ordinate. The data from Salem are represented 

1n thi• t1gure, as 1n the remainder of the figUres using 

particulate data, by dota. Eugene data are represented 

by x•s. Each particulate ob er-vat1on waa taken betweon 

noou one day (to be called the "first day") and noon the 

next day (to be called the "eeoon4 day")• and is listed 

under the date of the "second day". The avet>age w1:n4 

epeed used 1s the average tor the two days covered by 
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Table 1. Average particulate polluta11t count and 
assorted meteorologlca~ variables f'or .11 days at 

EUgene and 19 4aya at Salem 1n 1961. 

Date TR1 s2 v3 pc4 K.S 

Eugene 
2- 4 
2-19 ,_ 2 

18 
11 
12 

6.6 
16.8 
8.1 

40 
z:g 

13.,, 
.51 

no 
no 
no 

)-16 

t~4 
4...)0 
5-11 
5-21 
6- 8 

14 
16 
27 
18 
15 
28 
21 

8.1 
10.4 .s.s
a.l
7·
9.6 
9.8 

45 
)5
29 

'~40 
40 

61 
4)

1.:36 
~g 

102 
69 

no 
110 
yea 
no 
no 
no 
no 

6-20 :30 10.1 27 120 no 

Salem 
9-14 
9-15 
9-19 
9-20 
9•21 
9-22 
9-26 
9-27 
9-26 
9-29
9-;o

10- 1 
10- 2 

'10-10
10- s 
10-)1 
11- 1 
11· 2 

40 
14 

~I 

~ 
34
'224 
28 
21 

~i
4'42
'014 
19 

~-5 . •$ 
4.7 
6.2 
,S.6 
~-7
•l4~ 

7.1 
7.0 
l•7.a 
4.7 
4.0,.8
.2 

4.0 
6.1 
8.9 

87 
12 
)0 
45 so 
20 
48 
37 
)0 
)2 
55 
20 
65 
~4 
13 
16 
16 
60 

142 
112 

8'11 
71 

112 
85 

1.52 
101 
92 
1)
81 
75 

1)1
1)0
124 
16,5 
118 
84 

no 
yes 
yes 
no 
no 
yes 
no 
no 
no 
nG 
no,... 
no 
:no 
yes 
yes 
yea 
yea 
no 

l. Temperature range 1n. degreea Fahrenhe1t. 
2. Average wind apee4 in m1lea per ho~. 

The aum ot 1600 PST and oaoo PST T1a1bil1ty 1n miles. 
Average particulate count 1n m1oromms per cubic meter. .s.': Occurrence of smoke reducing v1a1b l1ty to lese than 
eeven miles. 



•• 

• • • 

11 

r1l 
E3 
a1 160 
J... 
Ill) 
0 
J... -140 
0 

oro! 
E3J... 

oro! 120 
~111 

oro! 
~ 

.PO 100 
§J...
OCD 
U.P 80 

Q) 
CDE3 
.p 
~C) 60 

r-lor-4 
::1.0 
0::1 

oro! C) 40 
.p 
J...J.e 
a1G> p..p. 20 

• 
• 

•
• 

• 
IC• 

• I( 

• 
:· • 

• • • IC 
J(.. 

)( "' 
Jl.)( 

J& 

0 .5 10 15 

Average Wind Speed In Miles Per Hour 

Figure 1. Relationship between particulate 
count and average wind speed in the 
Willamette Valley, as indicated by obser
vations from Eugene (x•s) and from Salem 
(dots) on selected days in 1961. 
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eac.h obae~t1on. The loss of precision in the u·ae or 

such averages , as well as the p~oblems inherent 1n the 

use or wind speed• are recognized by the writer as noted 

1n Chapter I . There appears to be an inverse curvilinear 

relationship . Markee obtained a similar relationship be

tweel1 optic&~ dens1t7 1 used .as an expresslOll of p&l't1c

ulate concentration, and wind speed (1), p. S1). No 

further consideration will be given to this relationship 

at this point ror reasons which will become clear 1n the 

section on the seasonal variation or pollution. 

The relationship between temperature range and 

particulate count is the next to be examined. Th18 rela

tionship 1s shown in Figure 2. Tempenture range 1n 

degrees Fahrenheit is represented along the bsc1ssat 

particulate count 1a .• agailt., .represented along the ot-41

nate. The temperature J"ange fop eaoh observation 1s the 

range during the time of the observ t1on• the range be

tween the maximum temperature on the afternoon of the 

"first day" and the minimum temperature on the morning of 

the "second day" . There appears to be a d1reet relat1on

eh1p between tempetsture range and putieulate count . 

Relationships between other meteorological parameters 

and particulate count did not produce as promising resulta 

as those above. This 1s not to eat that these relation

ships should be disregarded 1n future atud1es 1 tor a1r 
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Figure 2. Relationship between diurnal 
temperature range and particulate count 
in the Willamette Valley, as indicated 
by observations from Eugene (x•s) and 
from Salem (dots) on selected days in 
1961. 
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pollution t yet to b gathered may produce better 

result than we~e 1"ou.nd 1n these oomp r1 ons. Among the 

parameter...pollut1on r lat1onsh1ps which ehould be pursued 

turther are wind velocity (combined peed and direction) 

and pollutants, and pree1p1tat1on (both quantity and 

periods of occurrence) and pollutants. 

The relationships between eteorolog1eal visibility, 

v1 1b1lity obstruction by smoke and particulate count were 

examined 1n order to determine 1f either might be u8ed 111 

place of p&l"ticulate data. 

In Figure :3. the sum of the vi 1b111ty at 1600 PST on 

the "f1ret day~ and at 0800 PST on the "second day" 1• 

plotted on the abac1saa. and the particulate eount on the 

ordinate. The.re is a wide scatter of the points 1n th1 

eoattergram1 although there is sugg stion of the 1nverse 

relationship whioh would be expected. The scatter is 

doubtless increased by a number of types of errao:r, For 

example. the v1s1bll1ty values used in thia study are 

v1aual estimates made by manr Weather Bureau observers . 

Thus, the difference between a vieib111ty of 15 and 25 

mile mar often be only a d1f1'erenoe between observers. 

In addition, meteorological parameters such as fog and 

precipitation reduce v1s.1b111ty. 
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Arrangement of the 30 particulate sample• in order 

or ascending pa~t1c\llate count (Table 2) ahowe an 

increased tendency tor smoke occurrence as the part1culate 

count increases. Accorcl1ng to the Weather Bureau Ma;pMfAl 

ot SQrtiOO 0bBenaj<10AI (Circular N) • when v1s1b111ty 1·t 

reduo d to lese than 7 nt1le•·• the obscuring phenomena mutt 

be recorded (12, p.:),B). Thus1 • oke which reduoea v1a1

b111ty to lesa than 7 miles 18 the occurrence apec1tie4 

1n Table 2. As smoke 1a a visual determination, 1t 11 

subject to being atfeoted by other meteorological para

meters. S oke may be listed a an obstruction to visibil

ity 1n conjunetion with tor or precipitation when the eame 

amount of smoke alone would .not be auff1o1ent to reduce 

the v1a1b1lity to less than ? miles. 

Even with the 41tf1oult1ea mentioned, the writer 

feels that the occurrenee ot a oke is a useful gW.de by 

which to d1st1ngu1ah daya having pollut1on above aome 

minimum level. This minimum level, 1n the Willarttette 

Valley, appears to be somewhere above ao micrograms of 

particulate matter per cubic meter of air. It ia not nec

essary• however, to establish the exact level for the pur

poses or this study. Although smoke 1s doubtleas not the 

only air pollutant present, and may not e"ten be a lll&jor 

pollutant 1n terms of harmtul e:ftects, days with smoke 

will hereafter be C01181dered to be days with "high 
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Table 2. Average particulate count arranged 1n aacend1ug 
numer1ce.l order w1th aeeooiated occurrences o.t emoke and 

•alues ot an index o~ 1nTera1on persistence. 

Particulate 
CoUDt 

~g
4'51 
55 
61 
69 
71.,, 
7'
7S 
81 

g~
85 
92 

101 
102 
112 
112 
114 
118 
120 
124 
1)0
131 
1~6
1 2 
1.52 
165 

SJDoke 

no 
no 
no 
no 
no 
110 
no 
no 
no 
no 
no 
yes 
yea 
no 
no 
no 
no 
no 
yes 
yes 
no 
yes 
no 
yes 
yes 
no 
yes 
no 
no 
rea 

Inversion 
Pera1stence 

0 
1 
2 
0 

12 ' 1.5 
10 

0 
1.5 

·11 

15 
1.5 
15 

1.5 ' 13 
5 

21 

9 
1.5 
21 -
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pollution". 

Tberroal Structure g;d lit£1cu1ate Qata 

Hav1ug examined the relationships between air pol

lution and v r1oua meteorolog1osl parame.ters available 

from surface obs nations, and having arrived at the con

oltts1on that smoke is a eat1efaetory and readily -obtain• 

able indicator of ah1gh pollution•, the relationship 

between the oocu~rence ot emoke and the the l :etruoture 

of th atmosphere will now be examined. In xam11l&t1on 

of the , thermal structure, an arb1tra17 dec1a1on was made 

to consider only the atmoaphere b low aso m1ll1bars. The 

choice of 850 m1111bars was made because 1t 1s pprox1

mately the height of the 1"1dge create ot the Cascades. and, 

also, because it 1a a mandatory level tor rawinsonde obser

vations. The dars 1n the ; year period f~m JU17• 19561 

to June. 1961, were divided into two groupe& thole having 

a temperatuN ·1nver ion based below 8_50 m1111ba~S, atld 

those not hav1ng eu.oh au inversion (26). The criterion 

tor the ex1etenoe of an 1nvers1on is a lapse rate leas 

than isothermal. 

B+no;1al Re4at1onah1p o( Smoke and Inverl1ons 

In Append1o 8 1 through 4 appear · tabulat1ons ot the 

5 years or mol'lling 1nvers1on occurrence& at Salem and S 
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years of smoke occurrences at both Salem and Eug ne, The 

assumption has been de that the one rawinson obser

vation t Salem ·will be repr-e entat1ve o"f eottd1t1ons 

throughout the Will ette Valley. 

The correlation or smoke ooourrences at Sale and 

1nvere1on' as eetabl1ehed by uae of a ch1 square test (11, 

p.390-446), 1a found in Table 3. The similarly estab

lished correlation between the occurrence of smoke in 

Eugene and 1nvera1ona 1a round in Table 4. These tables 

show that there ia a connection between the occurrence of 

inversions and smoke which 1s statiet1oally significant 

1n both cities. The large number of occurrences of inver

sions without smoke, in both cases, 1nd1catea the proba

bility of complicating tactora. Normally , a binomial dia

tribution with thie degree of correlation has high r 1 

tive frequencies 1n diagol'lal quarters. The uature ot the 

complicating factors will be diacuased in the section on 

the seasonal variation of pollution. 

In the remainder of tb1s thes1a, the stat1•t1cal teat 

cited above has been used in eatabl1ab1ng correlations 

between various pairs of variables. 

Relatiqnahlp gt Po+lut1qn apd Ii!tt•ion PeroiatfQQt 

Having establiehed the above correlations, th writer 

decided to explore this relationship further. In order to 
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Table :3. The relationship between the occurrence 
o~ a oke and the occurrence of inversions at Salem. 

July 1956 - June 1961 

INVERSIQliSMOKE ' Yes No Total 

Yes 27) 18 291 

No 105:3 480 153) 

Total 1)26 498 1824 

Chi Square: 104.6 

(Needed for s1g:n1f1cance at o.,; o/o level 
with 1 degree ot freedom• ?.88) 

Table 4. The relationship between the occurrence 
of smoke and the occurr nee ot 1nvera1ona at Bugene.

July 1956 - June 1961 

INVEB§IO§SMOKE Yes No Total 

Yea 5:39 72 611 

No 787 426 121:3 

Total 1326 498 1824 

Chi Square• 109.4 

(Needed ~or s1gn1f1canoe at 0,5 o/o level 
w1tb l degree of treedomt 7.88) 
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ehange the simple binomial var1able 1 tnve~s1on ( "yes" or 

-no•), into a "continuous• variable, a weight ing system 

was arbitrarily adopt ed assuming that the longer the dura

tion of an 1nversion1 the higher the level of pollution. 

The weighting system 1s as followst 8 points were given 

for an 1nversion on the morning of the "second day" ot the 

obse~vation, 6 pointe to~ one on the afternoon of the 

"first day", 4 points tor one on the orning of the 8 first 

day", 2 pointa for an inveraio~ the morning before the 

beginntng of the observation, and 1 point for an 1nvere1on 

on the morning two daya before the beginning of the obser

vation. In this portion of the etudy, particulate count 

was again used to Pepreaent pollution. 

As no inversion data are aT.ailable to the writer 

after September, 1961, only 22 ot the )O observations in 

'l1able 2 were used. The variation or particulate count 

with the arbitrary index or inversion persistence is pre

sented in Figure 4. Pollution seems to be directly pro

portional to tnvera1on persistence. 

Thua tar, only the preaenoe and persistence of an 

inv-ersion have been considered in characterizing thermal 

structure. There are a number of other character1at1cs of 

inversions which might have an affect upon the 
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concentration of pollutauta.. Among tlleee al'et tbe height 

of the ba e of the 1nvers1on1 the temperatur d1~ferenee 

between the top and the bottom or the 1uvers1ou, and the 

lapse rate through the 1nTers1on. Stanford Res reh 

Inst1tut developed an expre sion combining these charae• 

ter1st1c for use 1n studies at Loa Angeles (18,· p,24?}. 

The expression, called. the Inver ion Index,, 1sa 

I.. A e2 
3 + Z:,e AZ 

where I 1s the Inversion Index, A6 is the difference 1n 

potential temperature betweec the top and the hotto of 

the 1n"ers1on 1n degrees Kel.v1n, .1 Z 18 th~ thiokne e ot 

the inversion 1u hundreds of m ters. and Za 1s th height 

ot th base of the inversion 1n hundred of eters. The 

) 1 added to the denominator ae a "leakage taotor* t o 

account for possible dispersion of pollutants through the 

inversion. Inversions wh1oh had bas s lees than 1$0 meten 

were assigned an arbitrary base of 150 eters to keep the 

Inversion Index from becoming extre ely large (19,. p.27

33) . The criterion for 1nvera1on remains tb same as 

above . Days having no inversion were arbitrarily assigned 

an Invere1on Index of o. 
Using this e p1r1eal device, the Inversion Ind1ees 

fo:r Salem morning rawinsonde observations from July , 1960, 

through June, 1961 1 were calculated. This year was chosen 

... 
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because plotted soundings were readily aTa1lable at the 

Atmosphertc Science Branc.b of the Science Research 

Inat1tute 1 Oregon State Un1v-en1ty. The results of these 

calculations are tabulated 1n Appendix 4. 

Using the Inversion Indices and the occurrence of 

smoke at Salem and Eugene, the correlation between. the . 

three was examined. The results of this examinat1on are 

presen~ed 1n Tables .S and 6. For both c1tiea the'J'ie 11. a 

atat1st1cally aignitleant relationship between Inversion 

Indices and the frequency or smoke occurrences. 

The validity of using an lnvel'tion Index cileslgned.. tor 

the Los Angeles Basin 1n the W1llamette Valley 1s open to 

some question. It was doubted by the writer at the outset 

ot this study., but 1t 1e at present accepted on the basis 

ot the above results ae being uaetul a:nd,. at least, par

tially valid. 

On a chance that the occurrence ot smoke might be 

related to the height of the base ot the 1nvere1on alone, 

correlations between emoke at Salem, smoke at Eugene and 

the height ot the 1nvere1on base were made. The heights 

ot the bases of 1nve:rs1ona were a:rb1t:rar1ly divided into 

' groupac surtace to 950 millibars. 949 to 900 millibars, 

and 899 to SSO millibars. ~he resalta of tb1e comparison 

are tound 1n Tablee 1 and a. Only at Eugene 18 there a 

a1gn1f1cant re1at1onsh1p between smoke and the height ot 
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Table ;. 'fhe relationship between Invers1Gn Index 
and the occurrence of smoke restriot~ng v1s1b111ty 

to leas than seven 1les at Salem~ 
July 1960 - June 1961 

SMOKE 
INVEBSION 

INDEX 
Yes No Total 

0 109 111 

~ 2.0 2:3 92 115 

2.1 to 4.,0 17 36 53 

4.1 to 6.0 9 17 26 

6.1 to s.o 1:3 18 

a.t to 10.0 4 10 14 

Above 10.0 7 20 27 

Total 67 297 ,64 

Chi Squaret 34.9 

(Needed tor 1,gn1f1cance at o~; o/o level 
with 6 degrees of freedom: 18.5.5) 
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Table 6-. The relat1onsh1p between Inversion Index 
and the ocourrenoe of smoke rest~1ot1ng v1 1b111ty 

to less than seven mileo at Eugene , 
July 1960 - June 1961 

SMOKE 
INVEBSIOli 

INDEX 
Yes No '.rotal 

0 17 94 111 

~ 2 . 0 41 74 11.5 

2.1 to 4. o 23 JO .53 

4.1 to 6. 0 12 14 26 

6. 1 to S. O 12 6 18 

8.1 to 10.0 10 4 14 

Above 10 . 0 16 11 27 

Total 131 23J ,64 

Chi Squa.r • 46 .. 0 

(Need !'or s1gn1f1canoe at o.s o/o 1 vel 
with 6 degrees of freedoma 18•5.5) 
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Table 7. The relatiouship between the height of the 
inversion base and the occurrence of smoke at Salem. 

July 1960 - June 1961 

I NVERSION 
BASE Yes 

Sit'fQKE 
No Total 

Surface to 950 
949 to 900 

60 

' 
171 

15 
2)1

18 
899 to 850 ' 3 6 

'l'ota.l 66 189 255 

Chi Squarec 1.86 

(Needed for s1gniticance at S o/o level 
with 2 degrees of freedomt S.99} 

Table 8. The relat1onahip between the height of the 
inversion base and the occurrence of smoke at Eugene. 

July 1960 - June 1961 

I NVERSION SMOKE 
BASE Yes No Total 

Surface to 950 10? 124 231 
949 to 900 
S99 to 850 

) 
3 

l.S 
3 

18 
6 

Total 11) 142 25.5 

Chi Squaret 6.06 

(Needed for significance at S o/o leYel 
with 2 degrees of freedoms 5.99) 
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the base ot an 1nvereiou. E-.cm then, . the s1gn1t1cance of 

the relationship 11 at a much lower level than the rela

tionship between amoke and Inversion Index. Theee reaulta 

would tend to tndicate that the intensity ot the 1nvera1on 

must be eons1deMd 1n addition to the height of its base. 

When compiling the data for th1s study~ the writer 

gained the impression that po1lut1on 1n the W1llamette 

Valley is highly seasonal 1n nature. This aeaaoMl var1... 

at1on may be due to a d1N'erenoe 1n particulate em1e.s1ou 

:rates, to a difference in meteorological conditione, or to 

both. In order to determine which of these altel'llat1vea 

1s most likely, the alPeady established. correlation be

tween smoke and 1nvere1ona may be ua d to reduce the 

effect ot changing meteorological conditions by consider. 

ing only day1 having 1nvere1ona. In Figure ; , the fre

quency of inversion 4aya having smoke occurrences during 

a month is plotted by monthe. The data used in th1s 

figure are trom the 5 year period• July• 1956. to June, 

19tH, and are fount in Appendices 1 through 4. The vari

ations among the monthly frequencies ot emoke occurrences 

1n Figur~ 5 may be assumed largely due to changing partic

ulate em1sai?n rates. In no month, on the average, dO$& 

the percentage of inversion day having smoke occurrences 
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Figure 5. Annual variation o~ the number of days with smoke 
restricting visibility relative to the number of days with a 
morning inversion ln the Wlllamette Valley. July. 1956 
June, 1961. 
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reach 100 percentt thus; a lack ot 1nvers1ona does not 

seem to be the 11 ittng factor tn months bavtng a low 

smoke frequency. 

A clear picture ot the seasonal trend 1n smoke may 

also be seen in Figure s. There seem to be two quite 

distinct aeaaonat one a •moky season, September through 

Januarya and an "ott" eeasc>n, February through August. 

March was treated a• anomalous tor t . o reasons e 1) only 

S years of data ar repreaented, and 2) March, 1960, had 

a disproportionate number of smoke occurrences. Recogni

tion of th1s anomaly is denoted 1n Figure S by the dotted 

portions of tbe trend line. 

Figure S d.oea not d1st1ngu1ah between those months 

having a high frequency of 1nvera1on oocurre11oe and thole 

having a low frequency ot tnvere1on oeeurrence. To show 

the etfeet of var1ationa in the frequency of inversion 

ooourrence, Figure 6 1a presented. In Figure 6, the per

centage frequency or 1nvera1on8 for each month 1s shown 

along w1th the percentage trequency of smoke occurrences 

for each month. '!'he month ha"11ng the highest frequency 

or inver.e1ons 1 July. baa one ot the lowest frequencies ot 

smoke occurr-ence. On the other hand• October, having a 

lower rrequenoy of 1nvere1ons, has the highest :frequency 

ot smoke occurrences. Thia indicates that the eeaaonal 

variation of pollution ma7, to a large degree, be 
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accounted for by seasonal changes 1n the particulate em1a... 

a1on rate 1n the Willamette Valley. 

If a s1gn1f1cant portion of the seasonal variation ot 

pollution is due to tbe variation ot em1as1on rates, then1 

given the pollution aourees es1st11lg at the time of the 

study, the meteorological concU.tiona which cause oectU"... 

rences of restricted v1s1b1l1ty due to smoke during the 

.,ott" season will n.eceesarilJ be more restrictive than 

those required during the smoky season. For th1a reason, 

1t does not seem to the write~ that the data from the two 

seasons abou14 be mixed. Theretore,. each of the contin

gency tables preeented thus far is Hpee.ted., with dUe 

regard taken fof! the seasonal var1at1on of em1tUt1on rates. 

The binomial d1atr1but1Qn of smoke and 1nvere1ons 

for Salem, originally pre1ented tn Table 3, is repeated 

for the "ott" season 1n Table 9, and tor the smokf season 

in Table 10. It will be noted that there 1a a large dit.. 

f'erence 1n the value of' chi aquare between th seasons 

although the relat1onah1p 1s e1gn1f1oant 1n both seasons 

at the o.s percent level. Th1e difference is probably 

caused by a low number of smoke days, due to a lower pol

lutant emission rate, during the "oft" season. 

The same data for EUgene, or1g1nally found 1n Table 4. 

are t reat .d by seaaona 1n Tables 11 and 12. 

The relationship between Inversion Index end the 



Table 9· The relationship between the occurrence 
Gt moke and the oecurrenoe of inversions at Salem 

during the •off" season. 
July 1956 - June 1961 

INJERSIOli SMOKB Yes 
I No I 

Total 

Yea 4,; 6 51 
No 688 )20 1008 

Tot 1 7:33 326 1059 

Chi Square• 9.6 

(Needed tor s1gn1t1canoe at 0.5 o/o level 
with 1 degree or fH doma ?.88) 

Table 10. The relationship between the occurrence 
of smoke and the ooo\lrrence or 1nv rsions at Salem 

dUJ"ing the smoky aeaeon.. 
July 1956 - June 1961 

INVER§IONSHOKE Yes No Total 

Yes 228 12 240 

No )65 160 525 
Total 59) 172 765 

Chi Sqttare t· 61.4 

(Needed for e1gn1f1eanoe at o.s o/o leTel 
w1th 1 degree of freedoms ?.88) 



Tabl 11. The relat1onsh1p between the occurrence 
ot a oke and the oeourr nee of' inversions at Eugene

during the ..off" season. 
July 1956 - June 1961 

INVE)iS!O,NSMOKE Ye No 

Yes 168 38 

No S65 288 

Total 1:r3 326 

Total 

206 

8.$) 

1059 

Chi Squaret 19.1 

(Needed tor s1gn1f1canoe at o 5 o/o level 
with 1 degree of freedomJ 711 88) 

Tab1e 12. The relationship between the occurrence 
ot smoke an.d the occurrence ot 1lrver ions at Eugene

during the smoky sea on, 
July 1956 - June 1961 

.INVJmSION SMOKE Yes No Total 

y 8 371 34 40.5 

No 222 138 360 

Tot 1 59) 172 ?6S 

Chi Squarea 92.6 

(Needed tor a1gnit1canoe a.t o.,; o/o 1 vel 
w1 th 1 degree or freedom't 7. 88) 



occurrence ot smoke at Salem, Table S,, 1 treated again 

1n Tables 13 end 14. It is felt that the laek of s1gn1t1.... 

canoe 1n Table 1' is caused by a low pa~t1culate, e 1ss1on 

rate during the "off" season. Sa~em, as oompatted lfith 

Eugene, ha very little smoke during the "oft" season. 

The relationship betwe$n Inversion Index and smoke at 

Eugene, Table 6, 1a treated by seasons 1n Table 15 and 

16. 

When the relat1onah1p or smoke to height of tnve~ ion 

ba e, .Ta.bles 7 and 8, is treated by eeasona, ,all distri

butions are found 1n81gn1f1cant, as shown 1n Tables 17 

through 20. 

It may be seen 1n Table 1 that the part1oulat data 

from Eugene were gathered dut'1ng the "off'" season wbil& 

that from Sal.em came from the smoky seasoll, Thus, 1£ the 

data are considered by s1te~ they are also considered by 

season. In Figures 1 ana a. the distribution of partie· 

u.late matter' with :relation to temperature range is thown 

~or Salem and Eugene. respectively. In Figures 9 and 10, 

the distribution ot particulate matter with re peot to 

average wind speed ie similarly shown. 

Smoke as a ftmctiQA ot Temperatw:t Bang &U InxttiAPD Index 

Considering the scattergrams tn Figures 7 through 10• 

the highest degree of correlation seems to be between 



Table 13. The relationship between Inversion Index 
and the occurrence of smoke restricting v1s1b111ty 

to less than seven miles at Salem 
during the uoff" season. 
July 1960 - June 1961 

SMOKE 
INVERSION 

INDEX 
Yes No Total 

0 

~ 2 .• 0 

2,1 to 4.o 

4.1 to 6.0 

6.1 to s.o 

8.1 to 10.0 

Above 10.0 

'l'otal 

1 ?5 

1 67 

2 24 

2 1) 

0 7 

0 6 

1 12 

7 204 

76 

68 

26 

15 

7 

6 

1' 
211 

Chi Square; 8.) 

(Needed for s1gnif1oanee t S o/o level 
with 6 degrees of freedom& 12.59) 



Table 14. The relationship between Inversion Index 
and the occurrence ot smoke restr1ot1ng v1s1b111ty 

to less than seven m1les at Salem 
during the smoky season-. 

July 1960 - June 1961 

SJfiOKE 
I NVERSION 

INDEX 
Yes No Total 

0 1 34 35 

~ 2.0 22 2.5 47 

2. 1 to 4,.o 15 12 27 

4.1 to 6.0 7 4 11 

6.1 to a.o 6 11 

8.1 to 10.0 4 4 8 

Above 10 . 0 6 14 

Total 60 93 l.S3 

Cb1 Square• 28.8 

(Needed tor signit1canoe at o.s o/o level 
w1th 6 degPees of freedomt 18.§5) 



Table 1,5,. The relationship between Inversion Index 
and the occurrence of smoke restricting v1s1b1l1ty 

to less than seven miles at Eugene 
during the .,off" season. 
July 1960 - June 1961 

Chi Square: 12.6 

(Nee ed for s1gn1f1oance at 5 o/o level 
w th 6 degrees of freedom: 12 • .59) 



Table 16. The relationship between Inversion Index 
and the oceurrenee of smoke restr1et1ng v1s1b111ty 

to less than seven miles at Eugene
dur1llg the smoky se son, 
July 1960 - June 1961 

SMOKE 
I~TVEBSION 

INDEX 
Yes No Total 

,,0 7 28 

~ 2.0 25 .22 4? 

2,1 to 4.o 19 a 27 

4.1 to 6,0 10 1 11 

6.1 to s_o 8 11 

8 1 to 10~0 7 1 8 

Above 10.0 1) 1 14 

Total 89 64 153 

Ch1 Squares 3'9. o 

(Needed for e1gn1f1canoe at o.; o/o level 
with 6 degrees of freedomt 18,SS) 
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Table 17 . The relat1onah1p between the height ot the 
tnvera1on base and the occurrence or smoke at Salem 

during the "off'" season. 
July 1960 - June 1961 

INVERSION SMOg 
BASE YeiJ No Total 

Surface to 9.50 
949 to 900 

5 
1 

117 
11 

122 
12 

899 to 850 0 1 1 

Total 6 129 t:ls 

Ch1 Squar~u 0 

(Needed for s1gn1t1cance at S o/o level 
with 2 degrees of freedoms .;. 99) 

Table 18. The relationship between the height of the 
1nvera1on base and the OCC\U"'rence of smoke at Salem 

durtng the smoky season. 
July 1960 - June 1961 

INVERSION SMOKE 
BASE Yes No Total 

Sttrface to 9.50 
949 to 900 
899 to 850 

5S 
2 
:3 

54 
4 
2 

109 
6 
s 

Total 60 60 120 

Ch1 Square& 1.02 

(Needed tor s1gn1f1eance at S o/o level 
with 2 degree• or rreedom1 5. 99) 
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Table 19. The relationship between the he1ght of the 
inversion baee and the occurrence or smoke at Eugene

during the "ott" season 
July 1960 - June 1961 

INVERSION §!!9D... i " t

BASE Yes No Total 

Surface to 950 
949 to 900 

)1 
0 

91 
12 

122 
12 

899 to s.so 0 1 1 

Total '1 104 1).5 

Cbi Squarec 4.42 

(Needed for s1g.n1ticanoe at S o/o level 
with 2 degrees of freedom• s.99) 

Table 20. The relationship between the hei_ght ot the 
inversion base and the occurre-nce or s oke at Eugene

during the a oky season. 
July 1960 - June 1961 

INVERSION §M~M
BASE Ies No Total 

Surface to 950 
949 to 900 

76 

' 
:3, 

' 
109 

6 
899 to 8.50 :3 2 s 

Tot 1 82 )8 120 

Ch1 Squa:ret 1.05 

(Needed tor 1gn1t1oance at S o/o level 
w1th 2 degrees of freedonu S. 99) 
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temperature range and particulate count at Eugene 4ur1ng 

the ,.ott" aeason, Figure a. Thus, 1n view ot Tables 1) 

through 16, 1t wae thought by the writer that an obJect

ive aid tor the dete~1nat1on or da.ys having high pol

lution m1ght be developed ueblg temperature :ra:nge and 

Inversion Index. As a basis tor a test of this poss1b11

i ty• random samples of days were drawn from the 5 years, 

Ju1y, 19$6, to June, 1961• 1n auch a way that 20 wex-e 

selected randOmly trom the 155 January d.aya,. 20 tt-om the 

141 February days, and eo on. These samples are tabu.lated 

1n Appendix S• For each day• the temperature range was 

obtained :f':rom the publ1ehed ol1matolog1oal data (2); 24), 

and the Inversion Index Mas calculated using the published 

soundings at Salem (26). A tabulation of these data may 

also be found 1n Appendix 5· 
The reeults ot this attempt to relate amoke1 and thus 

pollution, and a combination ot these tw meteorological 

tar1ablea are preaented 1n Figu.ree 11 through 14. In each 

of these tiguree• days having an ooot.trrenoe of l1m1teet 

v1s1b1l1ty dtte to smoke are denoted by x•st days without 

such conditions as-e represented by dote. Discouragingly~ 

these figure• do not seem to provide anr reliable basis 

tor d1fterent1e.t1ng between days having high poll~t1on and 

those with low pol:tut1on. Furthermore; the writer feels 

that 1t 1s very likely that no other s1m1lar treatment of 
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comparable complexity and involving different variables 

would provide a reliable basis tor such a d1v1s1on. 



so 
CHAPTER IV 

DISCUSSION 

Judging from the results of Tables 9 through 12, the 

occurrence of smoke at either Sale or Eugene 18 nearly 

always accompanied by an 1uvel'"s1on with a base below 8§0 

millibars. From th1a 1 it baa been interred that a day 

with auoh an 1nTera1on condition ia pot nt1ally a day with 

high pollution. Whether the potentiality ie realized or 

not depends upon the particulate em18e1<Jn rate. Those 

days with high potentiality which also tall in a period 

with a high emission rate are likely to experience a high 

level of pollution. The ourTe of' averag monthly inver

sion frequencies shown 1n Figure 6 may, then, be taken to 

be the approximate monthly Yariation 1n the air pollution 

potentiality of the W1llamette Valley. The potentiality 

is lowest in Maroh and highest 1n July. Only in the 

months of February through Kay 1a the potentiality lower 

than 70 percent. In these onths the potentiality is 

approximately 60 percent. 

Using the reduction of Y1aib111ty to leas than 7 miles 

due to smoke aa the criterion tor a day having a high 

level of pollution, the frequency ot inversion days having 

no smoke occurrences may be oone1dere4 to be a measure of 

unrealized pollution potentiality. This un~al1zed 
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potentiality 1a the d1:f:fere.nce between 100 percent .and 

the smoke :frequency 1n Figure s. It 1s greateet during 

the montbe of May, June an4 July nd 18 least during 

October. 

C11matQlti¥ of Pa•tn~ A~t {'ollutign 1n kb• Wl).lamet~t YaJ.).e;r 

One aepeet of the climatology of the present air 

pollution 1n the Willamette Valley has already been intro

duced tn the section on seasonal variation 1n Chapter III. 

It will be recalled that, on the basis of Figures 5 and 6, 

air pollution in the W111amette Valley has been 41v1ded 

into two seasons. It will also be recalled that there 1a 

a atat1at1cally e1gn1f1oant correlation between the 

Invere1on Index and the occurrence ot smoke on a given 

day (Tables 13 through 16). 

With the above in m1nd1 Flgurea 15 and 16 were drawn. 

These figures are graphical displays of the uta contained 

tn Tables 13 through 16. In both or these tigures, the 

percentage or days falling within a given Invera1on Index 

range and having 1moke occurrences ia plotted agatn.t the 

m1d-po1nt of the. Inven1o:n Index range.. Usl!Jg the curvee 

in tbeae t1gurea, the probability or amoke on a g1Y«n day 

may readily be eat1mate4 it the InYer81on Index tor the 

morning sounding and the time ot year are known. Loo.king 

at P1gur 16. tor example, it will be eeen that on a aay 
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'' 
durlng the smoky sea on for which an Inversion Index of 

1..6 i calculated at Salem, there would be about a 60 

percent probab111ty of a smoke occurrence 1l\ Eugene. This 

prooes 1 indio ted by the dotted l1ne 1n Figure 16. 

In Salem during the smoky season, the probability of 

smoke oocurrenees rise& f:rom near o with no inversion to 

near 40 p ro nt with an Inv r 1on Index of 1 and levels 

off just bov SG p rcent w1th Inversion Indices abov '• 

This indicates that on days with Inversion Indices of 

3 or above, the e 1saion rate of particulate pollutants 

domtoates the role of the thermal structure of the atmos

phere. That 11, only substantial ucreaae 111 em1as1on 

rate would be likely to produo a marked 1ncreaee ~n the 

probability of a smoke occurrence. 

During the "off" season at Salem, the emission rate 

aeems to be aueh that there 1a little likelihood of smoke 

occurrence• t any t1me. Dur1ug the ..off" aeaaon at 

Eugene. the probab111ty of s oke occurrences begins to 

r1ae abruptly when the Inversion Index becomes greater 

than 6. Above this point, the structure of 1nvers1one 

becomes auff1e1ently restrictive to 1norea.se the probab11· 

1ty of smoke. 1,he shape of the "ott• season curve 1n 

Figure 16 was drawn by eye to conform to the data from 

the original 1 year sample, tnd1oated by triangles, and 

data from the S year random sample, indicated by open 

http:1norea.se
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eirelee. 

The writer f els that the stages in the realization 

of pollution potentiality are shown 1n the e two figures. 

The "off" season curve tor Salem shows a relatively pol

lution-tree cond.1t1on. As the em1se1on rate ot pollutants 

1norea es, the shape ot the curve becomes like that tor 

the ..orr• sea ou at Eugene . Aa the 1n.oreaee 1n em1s ion 

r te continues, the rising portion of the ourv movea to 

the left and the top of the ourve becomes higher.. Thus• 

the "oft" season at Eugene progresses to the s oky eea on 

at Salem, wh1eh 1 1n tum, progreaaea to the moky aeason 

at Eugene. An 1nereQae in particulate emission r. t a 

should move any of these curves up and to the lett. 

Having shown the relationship between the ooour·rence 

of smoke and Inversion Index (F1gurea 1.5 and 16), the 

writer feels that a frequency 4iatr1but1on or Inversion 

Indices would be of 1nt$rest. In Figure 17, the :rrequenoy 

of Inversion Indices for the period from July• 1960, 

through June, 1961, 1 presented without regard to season. 

S1m1lar relationah1pa for the two aeaeons described could 

be derived tro Appendix 4. 

Togethe.r w1th Figures S and 6, Figures 1.5~ 16, and 

17 may be considered to be a rudimentary climatology of 

pre1ent a1r pollution in the Willa ette Valley. 
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Beya.n and H1lst reported that the particulate count 

sampled randomly at a atngle location follows a log.normal 

distribution (1, vo1.2, P•3-4). As a matter or tnterest. 

to the writer, th particulate data used ln this atudy 

were plotted on log-nol"mal coordinates (Figure 18) to ••• 

1t they followed the reported distribution. The resulte 

show an approximate log-normal d1atr1but1on even though 

the Salem data were not gathered on a random basi • 

Throughout the thea1•• reference has been made to 

high levels o~ pollution, smoke, as oppoe&d to low levels 

of pollution. These, ot cot.tl'ae, are only relat1v& degrees 

ot pollution. The highest particulate count dealt with 

here, 165 micrograms per cub1o mete~, 18 below the 200 

micrograms per eubio meter considered to be the threshold 

of a high level of pollution by the u.s. Public Health 

Service (9). Thus, in 1961• 1t may be coneluded, condi

tions of pollutant em1ae1on and atmospheric stagnation 

are such as to produce periods at pollution at or near 

levels 4es1gnated by respone1ble ageuciee aa pot·emt1all.y 

harmful and serious enough to .ar•ant correoti•e aot1ona 

being taken. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

As r sult of tb1 study, the writer feels the 

following conolua1ou. are tenable• 

1. There is a det1n1te potentiality tor a1r pol~ 

lution in the Willamette Valley. 

2. There ia a h1gbly significant poa1t1ve correla

tion between the occurrence of temperature inversions with 

baeea below 850 millibars and the concentration of pol

lutants as represented by the occurrence of emoke which 

reduces the v1a1b111ty to lees than 7 miles. 

). The Inversion Index developed tor the Los Angeles 

Baain may be used to advantage in the Villamette Valley aa 

a single parameter combining the height of the base of an 

1nvera1on and the tntenaity or the tnveraion 1n air pol

lution studies. 

.... At the present t1me, there ia a marke4 seasonal 

variation of alr pollution as 1n41eated by the occurrence 

of smoke. Thla 1a due, in large part, te a seasonal vari

ation 1n the emission rate ot particulate pollutants in 

the W1llamette Valley. 

5. At the present time. the level ot pollution at 

Eugene is generally higher than the leTel of pollution at 

Salem. 
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6. It is unlikely that any simple combination ot 

meteorological variables will provide a reliable baaia 

for distinguishing between daya having high levels ot 

pollution and days having low levels of pollutton. 

As a :result of this study, the following recommen

dations are offered by the writer to anyone who may be 

interested 1n undertaking turther research 1n tb1a area• 

1. Additional resea~h 11 needed to dete:rm·Lne the 

et'tect of w1nd velootty and precipitation on air pollution 

1n the Willamette Valley. 

2. It would be desirable to use shorter sampling 

per1ode than the 24 hour per1o4a used in th1e atu4y 1n 

taking. future pollutant meaaurements. 

), The major pollutant sources in the Wtllamette 

Valley should be inventoried• and tbelr relative emission 

rates should be determined ·during representative periods 

ot the year. 
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APPENDIX 1 

Oocur:renoes of Plorn1ng Inversiona W1th 
Bases Below s;o M1111bars at Salem 

July 1956 - J une 1960 

July 

1 
2 

5 
6 ' 
b 
9 

10 
11 
12 

t1~· 
15 
16 
17 
18 
19 
20 
21 

:l
22 

25 
26 
27 
28 
29 
30 
31 

1956 

yes 
yes 
no 
yes 
no 
yes 
yes 
yes 
yes 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yea
yeB 
yes 
yes 
yea 
yes 
yes 
yes 
yea 
yes 
yes 

1957 

yea 
yes 
yes 
yes 
yes 
no 
yes 
yes 
no 
yes 
no 
yes 
yes 
no 
no 
yes 
yea 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
ye.s 
no 
yea 
yes 
yes 
nG 
no 

19S8 

yea 
yea 
yes 
rea 
yea
ye• 
yes 
yes 
yes 
yes 
yes 
yes 
yea 
yes 
yea 
yes 
yes 
yes 
yes 
yes 
yea 
yes 
yee 
yes 
yes 
yes 
yes 
yes 
yea 
yet 
yea 

1959 

yes 
no 
yes 
yes 
no 
yes 
no 
yes 
yes 
yes 
yes 
yea 
yes 
yea 
yes 
yes 
yes 
yes 
yes 
yea 

1es 
yes, 
188 .. 
yes 
yes 
yes 
yes 
yea 
yea 
yea 
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APPENDIX 1 (continued) 

August 1956 1957 1958 1958 

1 no yes yes yes 
2 no yea yes yes 

~ no yes yes yes 
n0 no yea yes 

~ yes 
yes 

yes 
no 

yes 
yes 

yea 
yes 

7 a 
yes 
yes 

no 
no 

no 
yes 

yes 
yes 

9 
10 
11 
12 

yes 
yes 
yes 
yes 

yes 
no 
yes 
yes 

yes 
yes 
yes 
yes 

yes 
yes 
yes 
no 

~l yes 
yes 

yes 
yes 

yes 
yes 

yes 
yes 

1.5 
16 
17 
18 
19 
20 
21 
22 

yes 
yes 
yes 
yes 

yes 
yes 
yes 

yea 
yes 
yes 
yes 
:no 
yes 
yes 
yes 

yes 
yes 
yes 
yes 
yes 
yea 
yes 
yes 

yes 
yes 
no 
no 
yes 
yes 
yes 
no 

~~ yes yes yea res 

25 
26 
27 
28 
29 
30 
31 

no 
no 
yes 
no 
yes 
yea 
yes 
yes 

yes 
yea 
yes 
yes 
yes 
yes 
yes 
yes 

yes 
yes 
yes 
yes 
yes 
no 
no 
yes 

yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
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APPENDIX 1 (continued) 

September 1956 1957 19,8 19.59 

1 yes yes yes yes 
2 rea yes yes res 

yes yes yes yes~ yes yes yee no 
s yes yes ye$ no 
6 yes yes yes no 
7 yes yes yes no 
s yes yes :no yes 
9 no yes no yes 

10 no yea ;yes yes 
11 yes yes yes yes
12 yes yes yes yes 

yes yes no yesil yes yes no yes
1.5 yes yes yes yes
16 yes no yes yes 
17 yes yes yes yes 
18 yes yes yes yes
19 yes yes no no 
ao no yes yes no 
21 yes yes no no 
22 yes yes yes no 

yes yes yes yes~~ yes yes yes yes
25 yes yes no no 
26 yes yes yes no 
27 788 yes yes yes
28 yes yes yes yes
29 yes yes yes yes
30 yes yes yes yes 
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APPENDIX 1 (continued) 

Oatober 1956 195,7 19S8 1959 

1 yes yes yes yes 
2 yes no yes yes 

' 
yes 
yes 

no 
no 

yes 
yes 

yes 
yes 

~ yes no yes yes 
yes :ru.t ye no 

7 
8 
9 

10 
11 
12 

yes 
yes 
yes 
no 
yes 
no 

no 
yes 
yes 
yes 
yes 
yes 

yes 
no 
yes 
yes 
yes 
yes 

yes 
no 
yes 
yes 
no 
yes 

1~1 · 
1i1 
17 
18 
19 
ao 
21 
22 

yes 
yes 
yes 
yes 
no 
no 
yes 
no 
uo 
yes 

no 
no 
yes 
yes 
yes 
yes 
yea 
yes 
yes 
no 

yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yea 
yes 

yes 
yes 
uo 
yes 
yes 
yes 
yes 
yes 
yes 
no 

~' 
:no 
no 

yes 
yes 

yes 
yes 

no 
no 

2$ 
26 
27 
28 
29 
30 
)1 

yes 
no 
no 
yes 
no 
yes 
yes 

yes 
yes 
yes 
yes 
yes 
no 
yes 

yes 
yes 
yes 
yes 
yes 
yea 
yes 

yes 
yes 
yes 
yes 
yes 
yes 
yee 
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APPENDIX 1 (continued) 

Novelllber 1956 19.57 19.58 19.59 

1 no yes yes yes 
2 yes yes uo yes 

~ 
s 
6 

yes 
yes 
yes 
no 

yes 
yes 
yes 
yes 

no 
no 
uo 
no 

yes 
yes 
yes 
yes 

7 
8 

yes 
yes 

yes 
yes 

yes 
no 

yes 
yes 

9 
10 
11 

yes 
yes 
yes 

yes 
yes 
yes 

yes 
yes 
yes 

yes 
yes 
yes 

12 yes yes no yes 

i~ 
1.5 
16 
17 
18 
19 
20 

no 
yes 
yes 
yes 
no 
yes 
yes 
yes 

no 
no 
no 
yes 
yes 
yes 
yes 
yes 

yes 
yes 
no 
yes 
yes 
yes 
no 
no 

yes 
yea 
yes 
yes 
yes 
no 
no 
no 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes. 
yes 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

no 
yes 
yes 
yes 
no 
yes 
yes 
no 
yes 
yes 
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APPENDIX 1 (oont1nued) 

December 

1 
2 

l 
5 
6 

~ 
9 

10 
11 
12 

t~ 
15 
16 
1'7 
18 
19 
20 
21 
22 

25~' 
26 
27 
28 
29 
JO 
31 

1956 

yea 
yes 
yas 
no 
no 
yes 
no 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
no 
yes 
no 
yes 
yee 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

1957 

no 
no 
yes 
yes 
yes 
no 
no 
yes 
yes 
yes 
yes 
yee 
yes 
no 
yes 
yes 
no 
yes 
yes 
no 
no 
no 
no 
no 
no 
yes 
yes 
yes 
no 
no 
yes 

1958 

yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yea 
y B 
yes 
:no 
ye 
yes 
yes 
no 
yes 
no 
no 
ye 
no 
yes 

1959 

yes 
yes 
yes 
yes 
yea 
yea
ye$ 
yes 
yes 
yes 
no 
110 
yea 
yes 
yea 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
ye 
no 
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APPENDIX 1 (continued) 

January 1957 1958 1959 1960 

1 yes yes no yes 
2 yes yes no yes 

no yea yea yesl yes yes yee yes 
5 yes yes yes yes 
6 yes yee yes yes 

no yes yea yes~ yes yes yes no 
9 yes yes no yes

10 no yes no yes 
11 yes no no yes
12 yes no ne yes 

yes yea yea yesi~ yes no yes yes
15 yes no yes yes
16 yes yes no no 
17 yes yea yea yes
18 yes yea yes yes
19 yes ye• no yea
20 yes yes no res 
21 Y418 yes no yes
22 yes res no yes 

yes yea yes yes 
yes rea no yes

25~' res no yes yes
26 yes yes no no 
27 yee no no yes
28 yes no no yes
29 yes tlO no yes 
)0 yes llO no yes 

yes yes'1 no no 
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APPENDIX 1 (continued) 

February 1957 1958 1959 1960 

1 yes yes yes yes 
2 yes 1 • ye no 

yes yes no yes~ no yes yes no 
nQ yes ye no ~ ye yes no yes 

7 yes yes no yes 
8 no yes no no 
9 no no no no 

10 yes no no yes 
11 ye y 8 no yes 
12 yes y 8 yes yes 

~' 
yes yes yes yes 
yes nG no no 

15 y s no no no 
16 yes yes y s yes
17 yes yes 1 B yes
18 yes yes yes no 
19 no yes no yes 
20 yes yes yes yes 
21 yes yes no no 
22 yes yes no yes 

yes yee no yes 
no yea yes yes

25~' yes no no no 
26 no no yes yes
27 no no no yes
28 yes yes yes yes
29 yes 
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APPENDIX 1 (continued) 

March 1957 1958 19$9 1960 

1 yes yes no ytl!S 
a no yes yes yes 

yea ya yea yes4 no yes yes yea 
5 no no yes yes 
6 no yee yes yea 
7 no yes yes yea 
8 yes no yes no 
9 no no no no 

10 yea yes yes yes 
11 no yes ye• yes 
12 no yes no yes 

no no no no 
no yes yes yesi'1.5 no yea yet no 

16 no yes yes no 
17 yes no yea yes 
18 yes no no yes
19 yes yes yea yes 
20 no yes yes yes
21 no yes no yes 
22 no yes yes yes 

no no yesii! yes 
yes nono yes

25 yes no yee yes
26 yes yes no yes
27 7ee yes yes no 
28 yes yee no no 
29 no yes no no 
)0 no yes no no 

yes no no no'1 
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APPENDIX 1 (continued) 

Aprtl. 1957 1958 1959 1960 

-
1 no yes no no 
2 yes no yes yes 

~ yes 
no 

yes 
yes 

yes 
yes 

yes 
ye 

~ no 
no 

yes 
yes 

yes 
yes 

yes 
yes 

7 
8 
9 

10 

yes 
yes 
yea 
no 

no 
no 
yes 
no 

yes 
yes 
yes 
no 

yes 
yes 
yes 
ye 

11 
12 

yes 
no 

yes 
yes 

yes 
yes 

no 
yes 

~i! yes 
no 

yes 
yes 

no 
no 

no 
yea 

15 
16 
17 

no 
yea 
yes 

no 
no 
no 

yes 
yes 
no 

yes 
yes 
no 

18 
19 

no 
no 

yes 
no 

yes 
res 

yes 
res 

20 
21 
22 

yes 
no 
yes 

no 
no 
no 

yes 
yes 
res 

no 
no 
yes 

~'25 
26 

no 
no 
yes 
yes 

no 
no 
yes 
yes 

yes 
yes 
no 
no 

no 
yes 
yes 
no 

~~ 
29 

yes 
yes 
yes 

yes 
yes 
yes 

no 
no 
yes 

yes 
yes 
yes 

)0 yea yes no yea 
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APPENDIX 1 (continued) 

May 19.57 19.58 19.59 1960 

1 no yes yes no 
2 no yes no yes 

yes no ye yes4 yes yes yes no 
yes no no yes 

6 yes no yes no ' 7 y s yes yes no 
8 no no ye yes 
9 no yes no yes

10 no yes no y s 
11 no no yes no 
12 no yes yes no 

no yes yes noi& no no no yo 
1 . .5 no yes no yes
16 no yes ye ye
17 no yes no no 
18 no ye no ye
19 no yes 1e yes 
20 no yes yes no 
21 yee yes no no 
22 yes ye ye yes 

no yes yes yes 
no yes yes yes

25 yes y s yes~' no 
26 yea y s no no 
27 yes ye y yes
28 yes yes yea ye 
29 yes no yes y
30 y s no yes y s 
31 yes no yes no 
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APPENDIX 1 (oontinue4) 

June 1957 l9.S8 1959 1960 

1 ye.s yea yes yes 
2 yes yes ye yea 

yes no no yes~ yes yes yea ye•
s yea yes no yea 
6 no yes yes yes 
1 yes no no yes 
8 no yee no yes 
9 yes yea no yes 

10 yes no no yes 
11 yes no no yes
12 yes no no ye• 

yes no yes yeaii! no yes DO yes 
15 no yes yes no 
16 yes yes yes yes
17 yes yes no yes 
1 yea yes yes yes
19 no yes yes no 
20 no yes yes yes
21 yes yea yes yes 
22 yes yea yes yes 

yes yes yes yesi~ yes no no yes
25 yes yes yes yes
26 yes yes no yes 
2? yes yes no yes 
28 yes yes yes yes
29 yes no ye-s yes
30 no no yes no 
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APPENDIX 2 

Occurrences of Smoke Which Reduce Visibility 
to Less Thall Seven Miles at Salem 

Julf 1956 - June 1960 

July 1956 195? 1958 19.59 

1 no no no no 

' 
2 no no no no 

no no yea no 
no no no no 
no no no no ~ no no no no 

7 no no no no 
a no no no no 
9 no no no no 

10 no no yea no 
11 no no no no 
12 yes no no no 

no no no no

~' no no no no 
15 no no no no 
16 no no no no 
17 no no no no 
18 no no no no 
19 no no no no 
20 no no no no 
21 no no no no 
22 no yes no no 

no no no no 
no no no no 

25~' no no no no 
26 no no no no 
27 no no no no 
28 no no no no 
29 no no no no 
30 no no no no 
31 no no no DO 
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APPENDIX 2 (oont1nue4) 

August 1956 19.57 1958 1959 

1 no no no no 
2 no no no no 

no no no no4 no no no no 
5 no no no no 
6 no no no no 
7 no no no no 
8 no no no no 
9 no no no no 

10 no no no no 
11 no no no no 
12 yes no yes no 

no no no noi~ yes yes :no no 
15 no '1 8 1'10 no 
16 no no 110 no 
17 no no no no 
18 ne no no no 
19 no no no no 
20 no no no yes
21 no no no no 
22 no no no yes 

no no no no2~2 no yes no no 
25 yes no no no 
26 no no no no 
2? no no no no 
28 no no no no 
29 no no no no 
30 no no no no 
31 no no no no 
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APPENDIX 2 (continued) 

September 1956 1951 1958 1959 

1 110 no no UG 
2 no no no no 

' 
no no ye tlO 
no no yes no 
no no no no ~ no no no no 

? no no no no 
8 no no no no 
9 no no no no 

10 no ne no yes 
11 no no yes no 
12 yes yes no yes 

no yes no yesi~ yes no no no 
15 yes no l'lG no 
16 yes no nQ yee
17 yea no no yes
18 yes no no yes
19 yet no no no 
20 no no no no 
21 no yes no no 
22 no no no no 
23 yes yes no yes
24 no yes ll.() yes
25 no yes no uo 
26 no yes :no no 
27 no no no no 
28 no no no no 
29 yes no yes no 
)0 no n.o yes yes 
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APPENDIX 2 (continued) 

Ootober 1956 1957 19.58 1959 

1 yes no yes yes 
2 no no res no 

yes no yes :no 
yes no yes yes 

5 yes no yes yes '6 no 110 no yes 
no no no no ~ yes no no no 

9 yes no no no 
10 no no no no 
11 yes no no no 
12 no no no no 

no no no yesi~ no no yes yes
1.5 no no res no 
16 yes no yes yes
17 yes no yes yes
18 no no no yes 
19 no yes no no 
20 no yes no no 
21 no res no no 
22 no no no no 

no yes no yes 
no no no yea

25~' no no no no 
26 no yes yes no 
27 no yea yes no 
28 no yes yes no 
29 no no yes no 
)0 no no yes no 
31 no yes yes yea 
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APPENDIX 2 (contUlued) 

November 1956 19.57 1958 1959 

1 no yes yes yes 
2 yea no yes yes 

no no no res 
no yea no no 

s no yes no no '6 no yea no yes 
7 yea Y a no yes 
8 yes yea yes no 
9 yes yea no yes 

10 yes yes no yes 
11 yes no no yes
12 yes no no yes 

no no no no ~~ no no no no 
lS no no no no 
16 no no no no 
17 no yes no yes 
18 no no no no 
19 no yea no no 
20 yes yes no no 
21 yea no no no 
22 yea ye no no 

no yea no no 
no yes no yea

2S no yea no 
26 yes no no no 
27 no no no no 
28 no no no 110 
29 no no yes no 

~' no 

:30 yes yes yea yes 
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APPENDIX 2 (oontinued.) 

December 1956 1957 19.58 19.59 

1 yes no yes yee 

' 
2 re• no no )'$$ 

yes no no yes 
no no no no 
no no ;yes yea '6 :no no no yea 

7 no no no no 
8 no 110 ye1J yes 
9 no no yes yes

10 no :no yes yes 
11 no yes no no 
12 no no no no 

no yes no no
l' no no no no 
15 llQ no yes no 
16 no no no no 
17 no no yes yea
18 no no 1'10 no 
19 no no yes yes 
20 13.0 no res yea
21 no no no yes
22 no no yea no 

no uo yes yesi~ no no no no 
25 n-e no J'lQ no 
26 no no no no 

no no no yes~~ no no no no 
29 no no no no
JO yes yes no no 
31 no no yes yes 



81 

APPENDIX 2 (continued) 

January 19.57 1958 19.59 1960 

1 no no no no 
2 no yes no yes 

no yes no yes 
no yes no yes 

s no yes no yes '6 no yes no no 
7 no yes no yes 
8 no yes no ye 
9 no yes no no 

10 no no no no 
11 no no ye• no 
12 no no no no 

no no no noii! no no yee no 
lS no no yes no 
16 no no no no 
1'7 no no no no 
18 no no no no 
19 ye$ no no no 
20 yes no no no 
21 yes no no no 
22 nG no no no 

no no no no ~~ no no no yea
2S no no no yes
26 no no no no 
27 no no no no 
28 no no no yes 
29 no no no no 
)0 no no no yea 

no no yes yea'1 
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APPEll})IX 2 (continued) 

February 1957 1958 19.$9 1960 

1 1'10 no no no 
2 no no no no 

no no yes nol no no no no 
; no no no no 
6 no no no no 
7 yes no no no 
a yes no no no 
9 no no no no 

10 no no no no 
11 no uo no no 
12 no no yes no 

yes no no no 
yea no no no~' no no15 no no 

16 no no no no 
17 no no no no 
18 no yes no no 
19 no no no yes 
20 no yes no nQ 
21 no yes no llG 
22 no no no no 

no no no no 
no no no no 
no no no~'25 no 

26 no no no no 
27 no yes no no 
28 no yes no no 
29 no 
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APPENDIX 2 (cont1uued) 

March 1957 19SS 19.59 1960 

1 no yes no yes 
2 no no no no 

no no no no 

il 

l no no no no 
5 no no no no 
6 :no yea no no 

no no no no ~ no no no no 
9 no no no no 

10 no no no no 
11 no no no no 
12 no no no no 

no no no no 
no no no no 

15 no no no no 
16 no yea yes no 
17 no no no no 
18 yes no no no 
19 no no no res 
20 no no no no 
21 no no no yes
22 no no no yea 

no no no yes 
no no no no 

25~' no no no yes
26 no no no no 
27 no no no no 
28 no no no no 
29 no yes no no 
JO no no no no 
:u no no no no. 
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APPENDIX 2 (continued) 

April 19.57 19.58 19.59 1960 
-

1 no no no no 
2 no no no no 

no no yes no ~ no no no no 
no no no no ~ no no no no 

1 no no 110 no 
e no no no no 
9 no no no no 

10 no no no no 
11 no yea no no 
12 no no no no 

no no no no 
no no no no 

15~' no no no no 
16 no no no yea
17 no no no no 
18 no no no no 
19 no no no no 
20 no no no no 
21 no no no no 
22 no no no no 

no no no l10 
no no no no 

25 no no no noi'
26 no no no no 
27 no no no no 
28 no no no no 
29 no no no no 
30 no no no yes 



as 
APPENDIX 2 (continued) 

May 19.57 1958 1959 1960 

1 no no no no 
2 no no no no 

no no no no 
no no no no 
no no no no ' i no no 110 no 

1 no no no no 
8 no no no no 
9 no no no no 

10 no no no no 
11 no no no no 
12 no no no no 

no no no nof~ no no no no 
15 no no no no 
16 no no no no 
17 no no no no 
18 no no no no 
19 no no no no 
20 no no no no 
21 no no no no 
za no no no no 

no no no no 
=~ no no no no 
25 no no no no 
26 no no no no 
27 no no no no 
28 no no no no 
29 no no no no 
:;o yes no no no 
31 no no no no 
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APPENDIX 2 (continued) 

June 19.5? 19.58 19.59 1960 

1 no no no . no 
2 no no no no 

no no no no ~ no no no no 
5 no no no no 
6 no no no no 
7 ll.O no no no 
8 no no no no 
9 no no no no 

10 no no no no 
11 no no no no 
12 no no no no 

no no no no~1! no no no no 
15 no no no no 
16 no no no no 
17 no no no no 
18 no no no no 
19 no no no no 
20 no no no no 
21 no no no r..o 
22 no no no no 

no no no no 
no no 110 no:'2.5 no no no no 

26 no no no no 
27 no no no no 
28 no no uo no 
29 no no no no 
30 no no no no 
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APPENDIX J 

Oceut"rencea of Smoke Which Beduce V1s1b111ty 
to Less Than Seven Miles at Eugene 

July 1956 - June 1960 

Jul.y 19.56 19.57 19.58 19.59 

1 no no yes yea 
2 no no no no 

no no no no 
no no no no 

.5 no no no no '6 no no no no 

i4 

7 no no l'lO no 
8 no no yes no 
9 no no no no 

10 no no yes no 
11 no no yes no 
12 no no no no 

no no yea no 
no no no no 

15 no no yes no 
16 yea no no no 
17 yea no no no 
16 yes no no yes
19 yes yes yea yes 
20 no no no n.o 
21 no no no no 
22 no 1es no no 

i4 no no no no 
no no no no as no no no no 

26 no no no no 
27 no no no 1'l() 

28 no no !10 no 
29 no no no no 
;30 no no no yes
31 no no no no 
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APPENDIX 3 (cont inued) 

August 19.56 19.57 1958 19.59 -
1 no no no no 
2 no no no no 

no no no no 
yes no no no 

s no no no no '6 no no no no 
7 yes no yes 1110 
a no no no no 
9 no no no no 

10 no no no no 
11 yes. no no no 
12 yes no yea no 

no no no no 
yes yes

15 no yes no yes 
ti! yes no 

16 no yes no no 
17 yes yes no no 
18 yes yea no no 
19 no no no yes 
20 no yes no 110 
21 yes yes no no 
22 no yes no yes 

no no no no 
no no yes no 

25~' no no no yes
26 no no no no 
21 no yes no no 
28 no no no no 
29 yes no yes no 
30 no no no no 
31 yes no no no 
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APPENDIX 3 (continued) 

September 19.56 19'.57 1958 1959 

1 no no no yes 
2 no no no yes 

no no ye no ~ no llO yee no s no no yee no 
6 ye.s no yea no 
7 y s no no no 
a no no no no 
9 no no yea yes

10 no no yes no 
11 no no no no 
12 yes yes no yes 

yes yes no nof~ no yes no no 
1.S yes no 110 no 
16 yes yes no yes
17 yes no no yea
18 yes no yea no 
19 yes 110 no no 
20 no no yes no 
21 yes yes yes no 
22 yes no nc no 

yes no no yesil yes yea yea yea
25 yes yes yes yes
26 no ye yea uo 
27 no no yes no 
28 no no yea yea
29 no yea yea yea 
)0 no yes yes yea 
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APPENDIX J (continued) 

October 1956 19.5? 19.58 1959 

1 no no yes no 

' 
2 yes no yes yes 

yea no yes yes 
yes no yes yes 

5 no no yes yea 
6 yes no no no 
7 yes no no uo 
8 yea yea no no 
9 yea no no no 

10 no yes yea yea 
11 no yes ;res no 
12 no yes yes no 

yes no yea yesi~ yes no yes yes
1.5 yes yes yes no 
16 yes yes yes ye
17 yes yes yea ye 
18 yea yes yes yes
19 yes yes no yes 
20 no no yea no 
21 no yes yes yes 
22 yes yes yes no 

ns yea y 8 yes;, no yes yes yes
25 yet yes yes no 
26 no yes yes no 
27 no yea yes no 
28 no yea yes yes
29 no yes yes yes 
)0 no yes yes yes 
)1 no yes yes 1 8 
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APPEN»IX 3 (continued} 

November 1956 1951 1958 1959 

1 no yes yes yes 
2 no no yea yes 

yes no no yea4 yes yes yes yes 
5 yes yes no no 
6 yes yes no yes
1 yea yes no yes 
8 yea yes no yes
9 yes yes no yes

10 yes yes no yes 
11 yes no no yes
12 yes no 110 yes 

no no no no ~~ yes no no yes 
1.5 yes 110 no yea
16 yes yes yes no 
17 no yes no yes
18 yes no no yes
19 no yes no yes 
20 yes yes no no 
21 yes yes yes no 
22 yes yes no no 

yes no yes no ~~ yes yes yes yes
25 yes yes no yes
26 yes yes no no 
27 yes y es yea yes
2S yes yes yes yes
29 yes yes yea yes 
)0 yes no no yes 



92 

APPENDIX 3 (continued) 

December 1956 19.57 1958 19S9 

1 yes no no yea 
2 yes yes no yes 

yes yes no yee~ no yes yes 1 8 
s no yes yes yes
6 no no yes no 
7 no no no yea
a no no yes yes 
9 no no yes yes

10 yes no yes yes 
11 no yea no no 
12 no yea no no 

no yes y 8 no 
yes no no no 

1.5~' yes yes yes yes
16 no ye yes yes 
1? no no yes yes
18 no no yes yes
19 no no yes yes 
20 yes no yes yes 
21 no no no yes 
22 no no yea yes 

no no yes yes:l yes no yes yes
2.5 no no no n.o 
26 yes no no yes
27 no no no yes
28 no no no yes
29 no no no yes
30 yes no y s no 
31 yes yes yes no 



APPENDIX 3 (continued.) 

January 

1 
2 

l 
s 
6 
7 
8 
9 

10 
11 
12 

15~' 
16 
17 
18 
19 
20 
21 
22 

~4 
2S 
26 

;~ 
29 
30 
31 

19.58 

yes 
yes 
no 
yes 
no 
yes 
yes 
yes 
yes 
yes 
no 
no 
uo 
no 
no 

() 

no 
yes 
yes 
no 
no 
no 
no 
no 

yes 
1lO 
no 
no 
no 
no 

1957 

yes 
yea 
yes 
res 
no 
yes 
no 
no 
no 
yes 
no 
yes 
no 
no 
yes 
no 
no 
yes 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
yes 
no 

1959 

no 
no 
no 
1 s 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
ye 
ye 
yee 
ye 
no 
no 
no 
no 
no 
no 
no 
no 
:no 
no 
110 
yea 
no 
no 

1960 

yea 
:no 
yea 
yes 
yes 
yes 
yes
ye• 
yes 
yes 
no 
no 
no 
no 
no 
no 
yes 
no 
yes 
no 
no 
no 
yes 
yes 
yes 
yee 
yes 
UQ 
no 
no 
no 



APPENDIX 3 (continued) 

February 1957 1958 1959 1960 

1 no no no no 
2 no no no no 

no no yes no 
no no no yes 
no no no no 
no no no no ' i 

? ye.s no no yes 
8 yes no no no 
9 yea no no no 

10 yes no no yes
11 no yes yes yes
12 yes no no no 

yes no no noil yes no no no 
15 yes no no no 
16 yes no no yes
17 yes yes no yes
18 yes no no yes
19 no no no yes 
20 no no yes yes
21 no yes no no 
22. yea no no no 

yes no no yes~~ no no no ,-es
25 no no no no 
26 no no yes no 
27 no yes no no 
28 yes yes no no 
29 no 
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APPENDIX :3 (continued) 

reb 1957 1958 1959 1960 

1 yes yes no yes 
2 no no yes no 

' 
no no no no 
no no yes yes 

s no no yea no 
6 yea yea yes yea 
7 no no no yes 
8 yes no no no 
9 no no no no 

10 llO yea l'l~ yes 
11 no no yes yes
12 no no no yes 

no no no yes 
no yes no noi'15 :no :no no no 

16 no yes 1 s yes
17 no no no yes
18 yea no no yes
19 no no no yes
20 no yes yes no 
21 no no no yes 
22 no no no yes 

l10 no no yes~~ yes no no yes
25 no no no no 
26 no no no no 
27 yes no no no 
28 no no no no 
29 no no no no 
30 no no no no 
31 no no no no 
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APPENDIX 3 (oont1uued) 

April 19.57 19.58 19.59 1960 

1 no no yes no 
2 no no no no 

no no no yee~ no no no yes 
no no no nog no no no yes 

7 no no no no 
8 no no no no 
9 no no no no 

10 no no no no 
11 no yes no no 
12 no no no no 

no :no no no 
no no yes noi'1.5 no no yes no 

16 no yes yes no 
17 no no no no 
18 no no no no 
19 no no no y s 
20 no no yes no 
21 no no no no 
22 no no no yes 

no no no yes 
no, no no no~' no yes no no2.5 

26 yes no no no 
27 yes no no no 
28 yes no no no 
29 no no no no 
:30 no no no yes 
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APPENDIX ' (cont1nued) 

May 1957 1958 1959 1960 

-
1 no no no no 
2 no :no no no 

re• no no no4 yes no no ye1 
no no yes yes~ no no no yee 

1 no yes no no 
8 no yes no no 
9 no no no no 

10 no no no no 
11 no no no no 
12 no no no no 

no yea no no 
no yes no noii! 

1S yes no no yes
16 no yes no no 
17 no no no no 
18 no no no no 
19 no no yes no 
20 no no yes no 
21 rut no :n.o no 
22 no no no no 

no no no no:~ no no no no 
25 no no no yes
26 no no no yes 
27 no 11.0 no no 
28 no no no yes
29 yes no no no 

no no no no ~~ no no yes l'lO 
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APPENDIX ) (oont1nued) 

June 1957 1958 19.59 1960 

1 no no no yes 

' 
2 no no no no 

no no no no 
no no no no 
no yee no no ~ no no no no 

7 no yes no no 
8 no no no no 
9 no no no no 

10 no no no yes
11 no no no yes 
12 no no no no 

no no no no ~~ no no no no 
1.5 no no no no 
16 no no no no 
17 no yes no no 
18 no no ye no 
19 no no no no 
20 no no no no 
21 no yes no no 
22 no yes no no 

no no no yesi~ no nono llO 
a,; no no no no 
26 ye• no yes no 
27 no no no no 
28 no no no no 
29 no no no no 
)0 no no no no 
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APPENDIX 4 

Continuation of Data From Appendices 1 Through 3 
W1th Aeeompanyi;ng Inversion Indlee 

July 1960 .... June 1961 

Smoke at Smoke at Invers10E. InversionJuly 
Eugene Salem Below 8.50mb Index 

1 
2 

~ 
5 
6 

t 
9 

10 
11 
12 

t~ 
15 
16 
17 
18 
19 
2() 
21 
22 

~l 
25 
26 
27 
28 
29 
:30 
)1 

nG 
no 
no 
no 
no 
no 
no 
no 
no 
no 
ao 
no 
no 
no 
yea 
no 
no 
no 
no 
no 
nc 
no 
no 
no 
no 
yea 
no 
no 
yea 
no 
no 

no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
11() 

no 
no 
no 
no 
no 
no 
no 

no 
ye=s
ye• 
yea 
yes 
yes 
yes 
yes 
yea 
yee 
yes 
res 
no 
yes 
yes 
ye.s 
yee 
yes 
yes 
yea 
yea 
yes 
yes 
yes 
rea 
yea 
yea 
yes 
yea 
yes 
yes 

() 

4.S 
•.54 

4.9 
4.0 
1.4 

.)2
1.8 
2.2 
1.2 
9.1 
2.7 
0 
1.1 

12 
16 
13 
2.4 
2..8 

18 
1.9 s.a 
2.0 
1.7
6.7 
9.0,.,
.)

8.0 
11 
1.8 
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APPENDIX 4 (eonttnued) 

Smoke at Smoke at Inversion Inversion 
August Eugene Sale Below 850mb Index 

1 
2 

4 
s 
6 
7 
8 
9 

10 
11 
12 

15~' 
16 
17 
18 
19 
20 
21 
22 

25~' 
26 
27 
28 
29 
30 
:31 

no 
no 
no 
no 
nG 
yea 
no 
no 
no 
no 
yes 
no 
no 

no 
no, 
no .. 
no 
yea 
yes 
no 
no 
no 
no 
yea 
no 
yes 
no 
yea 
yea 
yes 

no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
no 
:no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yes 

yes 
yea 
yes 
yes 
yea 
yes 
1 8 
yea 

yes 
yea, 
yea .. 
yes 
yea 
no 
no 
no 
yea 
yea 
yea 
no 
no 
no 
no 
no 
no 
no 

no, 
yes.. 
no 

2 . 0 
1.1 
1.0 
1.)
1.2 
·.72 

2'.)
4•4.s 
24··., .9 

3'·9 
1.9 

.19 
0 
O· 
0 
2·.1 

.21 
1.9 
0 
0 
o· 
0 
0 
0 
O· 
.96 

0 
21 

0 
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APPENDIX 4 (continued) 

Smoke at Smoke at Inversion Invers1onSeptember Eugene Salem Below 850mb Index 

1 ao no res .,5'( 
2 yes yes yes .)0 

yes yes yea ).2 
no no no 0 

5 no no no o· '6 no l1Gl 1 8 2.2 
7 yes no yes 1;.7 
8 no no yes 
9 yea. no yes :i!~ 

10 yes no yea 2~3 
11 no no yes 6.6,..12 yea rea ~3'~ 6 

yes yea yea~~ rea yea yea '·Is.
15 yea yes yea 1.1 
16 yes yes yea 1.8 
17 yea res yes 1.5 
18 yea yes yea 7.1 
19 ,... yes yes 2~1 
20 no 1'10 yes .,a
21 yea yes yea 1~6 
22 yes no yes 2.4 

yes no yes .492'24 yes yes yes 9.1 
25 ,... yes yes 1.1
26 yes yes yes 

yes 4•727 yes yes .4 
28 yes yes yes 11 
29 yes yes 6.7 ,.. 
30 yes yes yes 2.8 
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APPENDIX 4 (oout1nue4) 

Smoke at Smoke at Invere1on InversionOctober Eugene S lem Below B.SO b Index 

1 
2 
3 
4 
; 
6 
7 
8 
9 

10 
11 
12 

f'15 
16 
1( 
18 
19 
20 
21 
22 

~~ 
2.5 
26 
21 
28 
29
'031 

no 
no, 
yes .. 
yea 
yes 
no 
no 
yea 
yea 
yea 
yes 
yes 
yea 
yes 
yes 
yes 
yea 
yes 
yes 
yes 
yes 
yea 
no 
yes 
no 
no 
no 
yes 
yes 
no 

yes 
no 
yes 
yea 
yea 
no 
no 
no 
no 
y • 
:no 
no 
yee 
yes 
'I 8 
no 
no 
yes 
yes 
yes 
yes 
yea 
yes 
no 
no 
no 
no 
no 
yes 
yes 
no 

ye 
yes 
y s 
yes 
ye 
ne 
no 
no 
yes 
y 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
y s 
ye 
78 
y 
'I 8 
yes 
no 
yes 
no 
no 
yes 
yes 
ree 
no 

. 49 
mm ,., . 94 

1:3 . 7 
0 
0 
0

'··76. 9 
'?·9
1.6 

I 11 
1.6 
6.0 

small 
9. 0 
6.4, .6 
1 . 1 
. 90 
··~24. 

0 
7-4 
0 
0 

.68 

.56 
9.3 
0 
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APPENDIX 4 (continued) 

Smoke at Smoke at Inversion InversionNovember Eugene Sale1n Below 8,SOmb Index 

1 
2 

~ ' 
1 
8 
9 

10 
.11 
12 

15~' 
16 
17 
18 
19 
20 
21 
22 

2.S~' 
26 
2? 
28 
29 
)0 

no 
yea 
no 
no 
no 
no 
no 
yes 
yes 
yes 
no 
yes 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
no 
no 
yea 
yea 

no 
yes 
yes 
no 
no 
no 
no 
yes 
yea 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yea 
no 
yee 
no 
no 

yea 
yee 
yes 
yea 
yes 
yes 
no 
yea 
yes 
no 
no 
no 
no 
no 
yes 
no 
no 
no 
no 
yes 
no 
yes 
no 
no 
yes 
yea 
yes 
yee 
yea 
yes 

small 
1 • .5 
).0

.84 
1.5 
).) 
0 
2.4 

.98 
0 
0 
0 
0 
0 

.19 
0 
0 
0 
0 

small 
0 
2.9 
0 
0 
1.)

small 
-97 

9 • .5 
17 
9.4 
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APPENDIX 4 (continued) 

Smoke at Smoke at Invere1on InversionDecember Eugene S&lem Below 850mb Index 

1 res no no 0 
2 

~ 
~ 

no 
no 
no 
no 
yes 

no 
no 
no 
no 
no 

yes 
yea
ye1 
yea 
yes 

1.5 
1.1 
6:44 
s.6 

7 
8 
9 

10 
11 
12 

yes 
yes 
yes 
yes 
yes 
no 

no 
no 
no 
ye.s 
yea 
D0 

yea 
yea 
yes 
yes 
yes 
no 

22 
9.6 

12 
4. 0 
2 . 8 
0 

i~ 
15 
16 
17 
18 

yes 
yes 
no 
no 
yes 
llO 

yes 
no 
no 
no 
1'10 
no 

yes 
no 
yea 
yes 
yea 
no 

20 
0 

.82 
4.8 
s.a 
0 

19 
20 
21 
22 

il 
25 
26 
27 
28 
29
JO 
31 

no 
yes 
yes 
ye• 
yea 
yes 
rea 
no 
yes 
yes 
yes 
yes 
no 

yea 
yea 
yea 
yea 
yea
ye• 
yes 
llO 
yea 
no 
no 
yes 
no 

yea 
yes 
yes 
yes 
yea 
yea 
yes 
yes 
yea 
yes 
yes 
yea 
yea 

.61 
4.) 

10 
14 . 
4) 

'' .73 
small 
2.2 
6.9 

2J 
1.8 
2.3 
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APPENDIX 4 {conttnued) 

Smoke at Smoke at Inversion InversionJanuary Eugene Salem Below 850mb Index 

1 yes yea yes .as 
2 yes yes yes 1.8 

ye• no yes ,.J4 yee yea yes 2.2 
; no no no 0 
6 no no no 0 
7 yes no yes ,5.4 
8 no no no 0 
9 no no yes 6.1 

10 no no yes 81DBll 
11 yes no yes 2.8 
12 no no yes •mall 

no no no 0 
no no yea .76i'15 no no no 0 

16 no no no t) 

17 no no yes small 
18 yes yea yea J.O 
19 yea no yes 18. 
20 no no yes 14 
21 yes no yea 28 
22 yes no yea 12 

yes yes ye• 4.1:~ yes yes yes 4.8 
25 yes no yea 4.0 
26 no no yea 2.1 
27 no no yes 2 .•9 
28 yes yes yes 6.1 
29 no yes yes 2.6
JO yes no no 0 
31 no no no 0 
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APPENDIX 4 (continued) 

Smoke at Smoko at Inversion InversionFebruary Eugene Sale Below S.SOmb Index 

1 
2 

no 
Y$B ; 

no 
l10 

yea 
yes 

,,.a 
amall 

' 
no 
no 

no 
no 

no 
no 

0
0 

s 
6 

no 
no 

no 
no 

yes 
no 

1.4 
0 

? no no no Q. 
a 
9 

10 
11 

yea 
no 
yea 
no 

no 
no 
no 
no 

no 
yes 
no 
no 

0 
2,.1 
0 
0 

12 no no no 0 

i4 no 
no · 

no 
no 

no 
no 

0 
0 

15 
16 
17 
18 
19 

no 
no 
no 
yes 
no 

no 
no 
no 
no 
no 

yes 
yes 
no 
yes 
no 

small 
small 

0 

'·-'0 
20 no no no 0 
21 no no no 0 
22 no no no 0 

i~ 
25 
26 
2? 
28 

no 
no 
no 
no 
no 
no 

no 
no 
no 
no 
no 
no 

yes 
yes 
no 
yea 
yes 
yes 

2.4:;. 
0 
3.2 
1.9
·3' 
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APPENDIX 4 ( oont1nued) 

Smoke at Smoke at Invera1on InversionMarch Eugene Salem Below 850mb Index 

1 no no no 0 
2 no no no 0 

no no no 0 ~ yes no no 0 
s no no no 0 
6 no no no 0 
7 no no yes small 
8 yes no yes 8.4 
9 no no no 0 

10 no no no 0 
11 no no 1!10 () 

12 no no no 0 

V! no no no 0 
no no yes 2.0 

1.S no no yes 2.4 
16 no no no 0 
17 yes no yes :3.6 
18 yes yea yes 5.)
19 no 781 yes 12 
20 no no no 0 
21 yes yes yes 2.6 
22 no no yee ).2

:4 :no no no 0 
no no no 0 

2.5 no no yes 1.1 
26 no no no 0 
27 no no no 0 
aa yes no yea 10 
29 yes 110 yes •.sa 
30 yes no yes 1·3
31 no no no 0 
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APPENDIX 4 .(continued) 

Smoke atApril Eugene 

1 
2 

~ 
~ 
7 
8 
9 

10 
11 
12 

1.5~' 
16 
17 
18 
19 
20 
21 
22 

~l 
25 
26 
27 
28 
29 
30 

no 
no 
no 
no 
no 
no 
yea 
no 
no 
yea 
yes 
no 
no 
yes 
no 
no 
no 
no 
no 
no 
no 
yes
yetJ 
no 
yes 
yes 
yes 
no 
no 
no 

Smoke at 
Sale 

no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 

Inve~s1on 
Below 850 b 

yea 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
yes 
yes 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
yes 
yea 
ye 
yes 
no 

l:n'f rs1on 
Index 

1.5 
0 

small 
. 64 
. 64 
. 86 
.?2 

1 . ) 
amall 
amall 

. 64 
0 
0 

•mall 
1. 7 
4. 2 
0 
0 
0 
0 
0 
0 
0 
0 

small 
. 6~
. 6 

81D8ll. 
2. 6 
0 
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APPENDIX 4 (continu d) 

Smoke atMar Eugene 

1 
2 

~ 
s 
6 
1 
a 
9 

10 
11 
12 

i~ 
15 
16 
17 
18 
19 
20 
21 
22 

~4 
25 
26 
21 
28 
29 

)1 '" 

no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
no 
no 
no 

Smoke at 
Salem 

1'10 
no 
no 
m.o 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
llO 

Inversion 
Below 550mb 

yes 
no 
no 
res 
no 
no 
res 
no 
no 
no 
no 
y 8 
y 8 
no 
yes 
yes 
yes 
yes 
y 8 
res 
yes 
no 
yes 
yes 
yes 
no 
110 
ye 
rea 
yea 
no 

Inversion 
Index 

small 
0 
0 
2. 9 
0 
0 

small 
0 
0 
0 
0 

11 .4, 
0 

small 
7. 2 

7. 9 '·' 20 
2. 4 
.70 

0 
·72

4.1 
. 98 

0 
0 
4.5 

small·'' 0 
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APPENDIX 4 (oonti.nued) 

Smoke at Smoke at Inversion In'fers1onJune . Eugene Salem Below S.SOrnb Index 

1 yes JlO yes 
2 no no yes I: I 

no no yes s.a 
no no yes 9. 0 

5 no no yes 2. ? '6 yes :no yes 1., 
7 ;yes no yes 1. 6 
a no no yea 1 . 1 
9 no no no 0 

10 yes yell yes amall 
11 no 110 no 0 
12 no no no 0 

yes no yea 9. 8 i4 no no yes 
15 no no yes 21'·' 16 no no yes 
17 no re• yes 2'. 1 
18 110 no yea 10 
19 no no yes 2.1 
20 no no yes 1..4 
21 no no yes ) ~ 6 
22 no no yes 11 

no no yes 1. 3 
no no yes 1 . 0 i'25 no no res small 

26 no 1\0 yea .?,
27 no no yes amaU 
28 no no no 0 
29 no no yes 8JD$ll
'0 188 no yes 1. 5 
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APPENDIX 5 

Five year random sampl$ of occurrences of tnvers1ons 
below 850 m1ll1ba~a with Inversion Indices at Salem,

and asaoc1ated temperatu~e ranges and smok 
oocurrenoea at Salem and Eugene. 

July 1956 - June 1961 

JULY INV.l IND•.2 TB.EJ K
E

4 TRs' ls6 

S-56 no 0 17 no 17 no 
18-.56 yes 16 48 yes so no 
26-56 yes ,., 37 no 39 no 
3-57 yes 7-2 lS no 35 no 
7-57 yes 6.9 :33 no no 

21-57 yea 1.6 27 no 27 no '" 24-57 yea 6.4 no 35 no 
17-58 yee 2., 21 no 26 no '' 18-58 yea 2. 2:3 no 27 no 
15-.58 yea 28 45 yes 48 no 
7-59 no 0 22 no 21 no 

11-59 yes 13 37 no )8 no 
12-59 7ea ,.e 33 no )1 no 
2:3-59 yes 18 28 no 29 no 
27·59 yes s.a 28 no 31 no 
3-60 yes .;4 )4 no 37 no 
9-60 yes 2t2 :35 no 37 no 

10-60 yes l •._a )6 no no 
1)-60 no 0 24 no ~g no 
23-60 yes 2.0 )4 no )6 no 

l. Inversion occurrence below sso millibars at S lem. 
2. Inversion Index. 

4: Temperature range at Eugene in degrees Fahrenheit. 
Reduction of v1a1b111ty to leas than 1 11•• by smoke· 
at Eugene . 

s. Temperature range at Salem 1n degrees Fahrenheit. 
6 .. Reduction o~ v1s1b1l1ty to leas than 7 miles by amoke 

at Salem. 
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APPENDIX S (continued) 

INV.1 IND . 2 TRE3 K 4 Tnss K 6 
E s 

AUG . 

1-.56 no 0 20 no no 
.5-.56 yea 2.2 27 no ~~ no 

20-56 yes 10 )6 no 37 no 
22-.56 yea ,.4 no 31 no 

1-57 yea 6.4 5l no no 
14-.57 yes 4.9 yea yea 
22-.57 yea 17 · 

'0 
yea i!i'' no 

2.5-57 yes 7-.4 '~ no 32 no 
26-.57 yes 1.0 36 no no,g15-58 yes 11 39 no no 
17-58 yes ).4 no no 
24-.SS yea 23 ~~ yea ~~ no 
2-S9 yes 2 • .S 29 no 28 no 
8-59 yes 9.3 no 40 no 
9-59 yes 11 no 43 no 

1.5-.59 yes 8.2 )7'~ yea 36 no 
10-60 yea 4.9 )0 no 29 no 
14-60 yes 1.9 )0 no )4 no 
2 -60 no 0 21 no 18 no 
26-60 no 0 22 no 19 no 

SEPT . 

14-56 yes 12 29 no 31 yea
17-.56 yes 14 :3) yea )2 yea 
20-.S6 no 0 2.5 no 21 no 
3-.57 yes 2.0 )4 no )4 no 

22-.57 yes 17 51 no 48 no 
29-.57 yea 11 yes )4 no 
8-.58 no 0 ~~ no 23 no 

11-.58 yes s.? 26 no 28 yea
1.5-.SS yea •.sa 2.5 no 24 no 
23-.58 yes 10 28 no ;o no 
25-58 no 0 )0 yea no 
26...,58 yes 4.4 3.5 yea ;~ no 
16-59 yes .$.1 20 yes 21 yea 
23-.59 yea 2.1 yes )2 yea
24·.59 yes 1·5 18 yes 17 yea
6-60 yes 1.7 '' )0 yes 29 no 
8-60 yea .;s 44 no .51 no 

10-60 yea 2.) )1 yes 31 no 
1)-60 yes ).? 21 yea 19 yea 
21.;.~g :£11 Jll Ill 32 !II'·~ 
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APPENDIX S (continued) 

I NV.1 IND. 2 TRE) K 4 Tass Kg6E 

OCT. 

1-.56 yea 22 37 no 33 yea 
yes 1. 9 27 yea )7 noz-s61 -.56 yes 6.1 28 yes 20 no 

10-57 yes 9. 8 19 yea 22 no 
17-.57 res ) .1 2.5 yes 21 no 
2.5-.57 yea 2~5 23 yee 18 no 
s-sa yes 23 yes 37 yes 

21-.58 yes 1) 54 yes no 
24-.58 yes 17 ' )2 yea 5~ no 
J-.59 yes 16 ' 37 Yt!JS JS no 

12-.59 yes .74 22 no 2? no 
15-59 no 0 20 no 27 no 
16-59 yes 21 29 yes J8 Yt!JI 
11-59 yes 2) )6 yea J7 yes 
20-.59 yes .s.J 20 no 19 no 
22-.59 no 0 13 no 8 no 
24-.59 no 0 19 yes 17 yes

8-60 no 0 18 no 18 no 
10-60 yes 6. 9 33 yes )2 yes
26-60 :no 0 16 no 21 no 

NOV . 

8-.56 yes 14 a yea 8 yes
14-.56 yes 18 yes 18 no 
19-.56 yea 1.5 1.5 no 19 no ·'' 2.5-56 yes 39 18 yes 26 no 
1-5? yes ) . 6 23 yea 24 yes

20-.57 yes 2 . ) 15 yes yes
26-.57 yes ).8 21 yea i~ no 
3-58 no 0 16 no 12 no 
9-58 yes 2.5 11 no 11 no 

10-.SS yes .91 18 no 14 no 
25-.58 yes 9. 9 1.S no 19 no 
27-.58 yes 6.6 19 yee no 
)0-.58 yes 1~4 18 no i~ yea

.5-.59 yes )~2 26 no 32 no 
1.5-.59 yes 2 . 0 20 yes 22 no 
17-59 yes 14 39 yes 14 yes
2-60 yes 1 • .5 12 yes 16 yes
4-60 yea . 84 23 uo 28 no 
7-60 no 0 16 no 19 no 

12-62 DQ g 12 XII 1& DSl 
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APPENDIX S (continued) 

INV.1 IND. 2 TREJ KE4 Tass Ks6 

DEC. 

4-56 no 0 1.0 no 9 no 
10-56 yes 1.1 7 yes 7 no 
12-56 no 0 10 no 9 no 
26-56 yes 20 6 yea 5 no 
)1-56 yea 4.6 16 yes 8 no 
4..j7 yes 14 9 yes 6 no 
9-57 yes 30 no 6 no 

12-57 yea ).4 4 yes 5 no 
14-57 no 0 10 110 15 no 
16-.57 yes 11 18 yea 16 no 
20-57 no 0 9 no 10 no 
2)·5~ no 0 9 no 6 no 

8-5 yes 4.9 s yes 6 yes 
9-.58 yea 11 yes 8 yes 

1)-.58 yea ' 
:o
1 1) yes 2:3 no 

31-59 no 0 12 no 1.6 yes
12-60 no 0 25 no 22 no 
21-60 yes 10 yes 7 yes
24-60 yes yes 9 yes 
28-60 yes 6.9 11'' yes 1) no '' 
JAN. 

7-57 no 0 10 no 7 no 
15-SS no 0 16 no 21 no 
16-58 yes 8.9 16 no 14 no 
19-.58 yea 1.1 9 yes 1.5 no 
28-58 no 0 6 no 10 no 
:3-59 yea 3·9 a no 12 no 
S-59 yes 1) 4 yes 7 no 
'7·59 yea 5.6 19 Jl(!) 17 no 
1~-59 yea .74 16 no 18 no 
1 -59 yes 4.8 6 yes yes
17-59 yes a.o 15 J8·8 14 no 
2)...59 rea .44 12 no 7 no 
29-59 no 0 10 yes 12 no 
12-60 yes ·91 1) no 19 no 
24-60 yes 6., 1~ yea 12 yes
;o..6o yes 2. 2) :no 29 yea

1-61 yes .88 yes 10 yes
11-61 yes 2.8 12 yes 10 no 
22-61 yea 12 24' yes 15 no 
22-61 XS21 2.6 a DQ 12 .X!I 
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APPENDIX 5 (oonttnued) 

INV.l IND. 2 TBEj K 4 TRs5 Ks6 

FEB. 

4-.57 no 0 9 no 6 no 
7-57 yea 16 10 ye 17 yea 
8-57 no 0 1:3 yes 13 yea

12•.57 y 21 ye 28 no 
13-57 ye ~~ yes 14 yes5·3
14-57 y • 7 yes 10 yee
25-57 yes 1.2 9 no 7 no '·' 25-58 no o, 8 no 11 no 

1-.59 yea 1.6 14 no 17 no 
11-.59 no 0 1:3 yes 12 no 
14-.59 no 0 10 no 11 no 
1.5-...59 no 0 9 no 11 no 
14·.59 yes .s • .s no 17 no 
2 -.59 yes 6.9 i4 no 21 no 
25-59 no 0 1.5 no .18 no 

1-60 yee 14 12 no 12 no 
2.5-60 no 0 15 no 16 no 
7-61 no 0 16 no 14 no 
8-61 no 0 13 ye$ 10 no 

27-61 yes 1.9 16 no 17 no 

MAB. 

)-57 yes ·9.5 10 no 20 no 
7-57 no 0 10 no 12 no 

16-57 no 0 16 no 22 no 
24-.57 no o. 11 yes 11 no 
J0-.57 no 0 8 no 10 no 
:31-.57 yes 1.5 no 19 no·'511-58 yea ).8 23 no no 
27-58 yes 3·6 32 no ~4 no 
1-59 no 0 . no 19 no 
5·59 yea 7o9 i4 yea 2.5 no 
6-59 y 8 9., 2) y 2.5 no 

12-59 no o. no 12 no 
23·59 no 0 ~~ no 16 no 
j0-59 no 0 a no 9 no 
10·60 y 4.7 25 yea 21 no 
2-61 no 0 . 12 no 12 no 
5-61 no 0 8 no 9 no 
7-61 yes t.o 21 no 21 no 

20-61 no 0 14 no 17 no 
2S-2L I~I . lal 12 .J:U2 J.£ ng 
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APPENDIX 5 (continued) 

INV.l IND.2 TREJ KE4 TRs; Ks6 

APRIL 

9-51 yes 6.) 30 no 36 no 
30-51 yes ) . ) 14 no )0 no 
7-58 no 0 16 no no 

11-58 yes 1·1 28 yes 5~ yes 
22-58 no 0 no 15 no 
25-513 yes a.:; yea no 
22-.59 yes 5-7 31~' no ;' no 
2)-59 yes a.; 26 no no 
25-59 no 0 1.5 no 1.5 no '' 26-59 no 0 13 no 13 no 
27-59 no 0 a no 8 no 
)0-59 no 0 18 no 21 no 
15-60 yes ),) 18 no 20 no 
22-60 yes 2,2 22 788 24 no 
24-60 yes ).6 20 no 19 no 

2-61 no 0 24 no 16 no 
1:3-61 no 0 17 no 16 no 
15-61 yes 1.7 25 no 27 no 
22-61 no 0 21 rea 10 no 
29-61 yes 2.6 12 no a no 

MAY 

2-57 no 0 17 no no 
6-S? yes 2 . 0 )) no ~~ no 
?-51 yes 4.0 7 no 10 no 

11-57 no 0 16 no 10 no 
1)-57 no 0 14 no 18 no 
15-57 no 0 19 ye• 2' no 
20-57 no 0 19 no 19 no 
4-58 yes )1 no 3:3 no 

11-58 no 0 16 no 19 no ·'' 2-59 no 0 18 no 21 no 
7-59 yes 1.5 33 no :37 no 
8-59 yes 11 13 no 18 no 

17-59 no 0 1.S no 19 no 
1-60 no 0 18 no 18 no 

26-60 no 0 19 yea 15 no 
30-60 yea 6.8 )2 no 29 no 

8-61 no 0 16 no 10 no 
1)-61 yes . 4,S 1) no 1.5 no 
15-61 yes 1.0 2§ no 2.$ no 
:U~·~1 .XII 1a2 1 ;gg l2 llQ 
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APPENDIX S (co~t1nued) 

INV. 1 I ND. 2 TR~ KE4 TBs.S Ks6 

JUNE 

30-51 110 0 28 
6-58 yea .60 14 

17-.SS yea 16 )6 
29-58 no 0 
6-59 yea ·10 i4 
7-59 no 0 24 

20-.59 yea 321,.75-60 yes lS 
6-60 yes 5.6 26 
8-60 yea 8.2 )1 

1:3-60 yes 10 
15..60 no 0 17 
20-60 yes 1.) '' 27 
24-60 yes s.? 27 

8-61 yes 1.1 21 
11-61 no 0 11 r no 18 no 
1)-61 yes 9.8 40 yes 42 no 
1,-61 yes 21 no 41 no 
2 -61 yes 1.0 no 42 110 
29-6'1 yea smal~ 22 DO 25 no '~ 

. I 
I 

no 31 no 
no 10 no 
yes ,a no 
no 14 no 
no 21 J'lO 
no 22 no 
no 32 no 
no :36 no 
no 22 no 
no 36 no 
no 35 no 
no 18 no 
no 27 no 
no 29 no 
no 20 no 




