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PRELIMINARY REPORT ON AGRICULTURAL FIELD BURNING VS. ATMOSPHERIC 
VISIBILITY IN THE WILLAMETTE VALLEY OF OREGON 

ABSTRACT 

A model is presented for use in predicting the acreage of agricultural 
field residue that can be burned under certain meteorological condi
tions without reducing visibi I ity to less than six miles in the 
southern Wi I lamette Val ley. Single variate analysis indicated no 
variable by itself to be a strong predictor. Acreage coupled with 
distance and wind direction plus variables which bear on atmospheric 
stabi I ity are found to be best. 

I. SITE, SOURCE, BASIC DATA 

About 300,000 acres of agricultural harvest residue are burned annual
ly in the Wi I lamette Val ley. The residue is stubble and straw from a 
variety of grass seed and cereal crops. The acreage extends from 
Eugene, Oregon northward through the Wi I lamette Val ley to the vicinity 
of Portland .. The period of burning is approximately August I to Sep
tember 30. This is a season of generally fi.ne weather with frequent 
morning inversions shown on the Salem, Oregon sounding at or somewhat 
lower than 3,500 feet. It is a time of prevai I ing northerly winds in 
the W i I I amette Va I I ey. 

Meland and Boubel [I] have designated particulate emission as the 
primary contribution of agricultural burning in grass fields to air 
poI I uti on in the W i I I amette Va I I ey. There is a I so need to know how 
transport of pollutants affects air loading by particulate matter in 
an area of occasional acute pollution problems and to evaluate a 
method of predicting acreage that can be burned consistent with good 
air quality. In this study, Weather Bureau visibi I ity records at 
Eugene, Oregon airport were used as a measure of pollution caused by 
smoke from agricultural burning. This visibility measure was used 
because of an urgency for developing a forecast tool; urgency 
required use of avai !able historic data. 

independent variables were acreage burned and meteorological parame
ters related to air transport. A record of acreages burned and their 
dates for 1967 and 1968 is to be found in most rural fire district 
offices in the val ley. Atmospheric data were taken from the Salem, 
Oregon 4 a.m. upper-air sounding and the 7 a.m. surface observation 
at Eugene, Oregon. 

The val ley was divided into three zones. Zone one, centered on Eugene, 
has a radius of about 18 miles; zone two extends northward for the ful I 
width of the val ley to include Albany, Oregon; zone three extends on 
northward to Oregon City. Using zones brings distance from source into 
the transport and diffusion problem, though distance as a specified 
variable does not appear in the model. Nine meteorological variables 



were considered: temperature difference 1000 to 900 mbs; 900 to 
800 mbs; 800 to 700 mbs; inversion height; humidity at 'the next 
plotted point on the adiabatic diagram below and above the inversion; 
wind speed at 850 mbs; wind direction at 850 mbs; and maximum surface 
air temperature at Eugene, Oregon airport. 

A step-wise multiple regression was run to determine how good a fore
cast could be made and to evalu~te the variables. Single variates 
seemed poor. As shown by Lowry and Reiquam [2], pollution concentra
tion depends not onry on present accumulation rate but also on resi
dual acc~mulation. This was evident in the data. Episddes of poor 
(less than 6 miles) visibility ran in groups of 3 to 5 days. Cultural 
practices enter this complexity, too. In the two seasons considered, 
the day's lowest visibility on Saturday was nearly always better than 
the lowest during week days. Sundays had visibility above six miles 
except in one case. Thus weekends seemed to be periods of I ittle 
burning. 

AI I Variables were plotted individually in scatter diagrams (not 
shown) against vi~ibi I ity. Correlation between zone three ~cteag~ 
burned and Eugehe Visibi I ity was so poor tKat tone three W~~ dropp~d 
from further consideration. This poor correlation i·s I ikely due to 
the great distance to Eugene (over 60 miles). Also, total acreage 
burned was much less in zone three than in zone two. 

Variables were related to two visibi I ity groups, "high" >6 miles, 
and "low" ~6 miles. The lowest visibi I ity during the 24-hour . 
period (midnight to midnight) determined the classification for the 
day. This analysis shdwed 850-mb wlnd direction ~nd acreage bJFhed 
in zone two and temperature 'difference between 900 and 800 mbs. t,o . 
have the best relationship. " 

However, it was evident that terms higher than first order and ~onibi
nations rather than single variates would have to be used in. order to 
give signific~nt results. Another mu1fiple regression 6f several sJch 
variables was performed. (See Table i for rank of variables tested.) 
Wind speed ranked 7th and it was retarned because it has a relatio~ to 
air stabi I ity. Terms including temperature difference terms ranked 
I I th and 12th . 

Figure .1 shows the change in the temperature aloft and increase in wind 
speed between ~ugust 26 and August 27, 1~69.. These were days of con
trast in smoke. d i spersa I in the Wi II amefte Va II ey. On August 26 smoke 
pI urries rose to a I itt I e over 3000 feet and there was I oop i'ng of the · 
plumes. On August 27 ventilation was good in the val ley with plumes 
rising in "clean" edged tall towers to over 6000 feet capped by small 
cumul~~ clouds. This indicates the importance of the terril Including 
wind speed and temperature difference 900-800 mb. The latter was I°C 
on Augu~t 26 and 7°C on August 27. 

r. , ' 
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I I . THE MODEL 

At the suggestion of statistician Mr. David Bogdanoff, the early 
morning visibility at Eugene, Oregon airport was also considered as 
a predictor. Surface visibi I Lty at 0700h at Eugene is important in 
this study because it is an indication of background pollution from 
many unidentified sources. This is true because agricultural burn
ing was prohibited unti I IOOOh. Of course, this background pollution 
may be partially made up of "yesterday's" agricultural burning. 

Using a step-wise discriminant analysis for two groups, variables 
were screened again, with 0700 visibi I ity included in the screening. 
The following model was developed: 

DCx) = -5.344 x 10-ll x CWO x 11) 2 + 8.39 x 

Equation I 10-3 x - 6.94 x 10-5 x CWO x I) -

4. I 34 X I 0-9 
X ( WD X I ) 2 + I . 7 I X 

10-l X CWS) + .0233 X CWO) - I .728 X 

10-l X (V) - .369. 

Here WD and WS are 850-mb wind direction and speed at Salem; I and 
I I are acreages burned in zone one and two and V is the Eugene air
port 0700h visibi I ity. 

If D(x) > 0, the day is classified into the low visibi I ity group; 
that is, a day with minimum visibi I ity 6 miles or less. If D(x) .tO, 
the day is classified into the high visibi I ity group--m1n1mum VISI-

bi I ity seven miles or greater. For the dependent data sample, August 
and September 1967-68 (acreage burned was missing on a number of days), 
this model was quite successful. Predictions by the model verified 
as shown in Table I I. Forecasts were 84% correct. For observed cases 
with low visibi I ity, forecasts were 82% correct; for high visibi I ity 
cases, 85% correct. 

The total acreage in zone one is smal I compared to that in zone two. 
The analysis by grouping indicated that burning of significant acreage 
in zones two and one on the same day did not often occur. Because of 
this, it seems the low visibi I ity at Eugene, and hence high pollution 
concentration due to agricultural burning, is a matter of transport. 
Wind speed does have a relationship to stabi I ity, but stabi I ity does 
not otherwise come into the model. Panofsky and Prasad [3] indicate 
that fluctuations in concentrations in pollution are fairly wei I 
explained by wind speed and vertical velocity. In their sample, wind 
direction was only important on special occasions. Because Eugene 
and the southern Wi I lamette Val ley are downwind (using the seasonal 
prevai I ing direction) from the important zone two, wind direction is 
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important in this study. It is convenient to hold acreage burned 
zone one constant to develop an equation useful in da i I y forecast 
oper,at ions. 

If we IE?t burning in zone one = 100 acres, then: 

D. 1 (x) = 5.344 X lo- 11 
X (WD X I I )2 + 

Equation 2 
.839- .00694 X (WD) - 4.134 X 

I0-5 
X CWD) 2 + .I 171 X <WS) + 

.0233 X (WD)- .173 X (V) - .369. 

By combining terms involving WD, we have: 

Equation 3 

D2Cx) = 5.344 x 10-l 1 x (WD x I 1) 2 -

4~134 X I0-5 
X (WD) 2 + I .64 X 

I0-2 
X (WD) +.I 17 X (WS) - .173 X (V) 

+ .47. 

in 

Equation 3 can now be used for forecasting the maximum number of acres 
of field grass which can be burned with the visibility at Eugene 
remaih'ing above six miles (~igh grouping). The discriminant of (X) 

·runs from less than zerd tb zero for "high" visibi I ity conditions and 
is greater than zero for "low" visibi I ity conditions. Because we are 
interested in maintaining a "high" condition, we let D:Z(X) = 0 and 
·~6lve fbt zdne twb. The res~ It is allowable acreage for burning in 
that zone. 

I I I. DISCUSSION 

Equatibn 3 was·used to make forecasts each day of the burning season 
in 1969. Table Ill shows the verification of these forecasts made on 
independent data. Forec~sts were 78% correct. For cases with low 
visibi I ity, predictions were 76% correct and for the high visibi I ity, 
·predictions .we~e SO% corre6t. While these predictions are nearly as 
accurate as those verified in Table II for dependent data, one source 
of ~rfor is the assumption of a constant acreage burned in zone I. 

This has been a pi lot :project le~ding to a thorough analysis of data 
systematically recorded for the 1969 agricultural burning season in 
the Wlllamette Val ley. The method described above provides a 0setul 
tool to persons charged with ehvironmental quality control in the 
va I ley. 
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TABLE I 

ORDER OF SELECTION OF VARIABLES BY SCREENING 

Variable Rank 

Acreage, zone I I I 
Wind direction x zone I I 2 
(Wind direction x zone I 1)2 3 
Zone I 4 
Wind direction x zone I 5 
(Wind direction x zone 1)2 6 
Wind speed 7 
Wind direction 8 
Wind speed x inversion height 9 
(Wind speed x inversion height)2 10 
Wind speed x (900-800 mb temperature difference) I I 
Wind speed x (900-800 mb temperature difference)2 12 

Observed 
~lassification 

Low 
High 
Total 

TABLE II 

Forecast 
Low 

28 
5 

33 

Classification 
~ Total 

6 34 
29 34 
35 68 

Verification of Forecasts Based on 1967 - 68 Data 

Observed 
Classification 

Low 
High 
Tota I 

TABLE Ill 

Forecast Classification 
Low ~ Total 

29 
6 

35 

9 
24 

33 

38 
30 

68 

Verification of Forecasts Based on 1969 Data 
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