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EPA Surmary and Interpretation of Contract # 6S-03-2931:
STATISTICAL ANALYSLS CF THE EFFECT OF
INSPECTIOR ALD MAINTENANCE OX CARBON

MONOXIDE AIR QUALITY 1Y PORTLAXD, OREGOWN

This study, conducted for EPA by Dr. George Tiao of the University of
Wisconsin and his associates Johannes Ledolter and Gregory Pudak, compared CO
air quality trends in Portland and Eugene, Oregon. Statistical modcls which
accounted for local meteorological, traffic and air quality moaitoring effects
were constructed to determine if the biemnial inspection and waintenance (I/M)
program in Portland, which became wmandatory in July of 1975, caused 'a
significant improvement in €O air quality for the years 1975 through 1979.
Because Eugene did not have an I/M program and because it ‘was geographically
close to Portland, it was used as a comparison site for studying the effect of
the I/M program.

As explained below, and in detail in the report, the study found a CO air
quality improvement attributable to the biepnnial I/M program in Portland. In
the ycars when most Portland vehicles received their inspectioans, ambient CO
concentrations were 87 to 154 less than they would have been without the I/M
prograr. Based on this finding of the study, EPA calculates that the awmbhicat
CO_ir -ovement due to ao~ annual I/H program that inspected cvery subject
vehici: each year would have been 107 to 19%.

Three statistical approaches were used to analyze CO data for years 1970
through 1979 frowm four Portland monitoring sites and one Eugene site. The
first approach related daily average ambient €0 levels to wind speed and
traffic counts in order to determine the true trend in CO concentrations over
time. Wind specd and traffic counts were used because these variables
resulted in the most successful fit to the €O data. The model shows an
average annual reduction in CO concentrations of 3.47 to 7.3% per year for the
Portland sites.[10]}* A comparable number for Eugene could not be found
because ths CO monitor in Eugene was altered during 1975, making it undesir-
able to use the s~we type of analysis as used for the Portland sites. This
first approach was a preliminary step and by itself does not tell anything
about the effect of the Portland I/M program.

The second approach related monthly averages of CC councentrations to wonthly
averages of traffic voluiwme and relative humidity, CC sampling probe changes at
certain monitors, disruptions in traffic patterns, and a long term trend due
to the Federal vehicle emission standards. The effect of I/M Is represcnted

* Numbers in brackets refer to pag:s numbers or tables in the report.
o



in the model by a variable which accouwnts for monilily inspection volumas in
years 1975 through 1979.  This 1is done by using the sum of the wmontihly
inspection voluwes for the current and preceding months, except that the
volumes for preceding monthis are progressively discounted to account for
erission deterioration after repair. ‘This model shows that an average annual
reduction in CO concentrations of 5% over the entire 1970 through 1979 period
can be attributed to the Federal vehicle ewission standards alt one Portland
site (CAMS) [29]. 1In addition, a sizable CO benefit can be attributed to the
1/4 program at that site. Because of the I/M program, the average CO
concentration over the 1975 through 1979 period was 6% to 12% less than it
would have been otherwise[30]. ‘The I/¥ bencfit was greater than this average
in even-numbered years and lower in odd-numbered years, due to the bienniatl
nature of the I/i program. For example, the estimate of the I/M benefit is 8%
to 15% for both 1976 and 1978, which are the years im which inspection volumes
were highest [Table 4.4). None of the other Portland sites shows evidence of
a CO reduction due to I/fM. lowever, the report notes that the CAMS site had
more complete CO data for 1970 through 1979 than any other Portland site and
Ltherefore the results from this site can be considered the most reliable. EPA
notes that only one of the threce other sites is in downtown Portland, and that
the CAMS site gererally has the highest CO readings of all four sites.

The analysis of the Eugene data showed no evidence of an I/M effect on CO
levels in Eugene; this was expected since Eugene do2s not have an I/M program-

and supports the validity of the wmodeling approach used to determine the
impact of L/ in Portlaud.

The third approach related averages of hourly CC observations over three-hour
periods at the CAMS site for the peak weekday traffic hours in summer and
winter (6-¢ a.m. and 3-6 p.m., June-September and November—February) to
traffic and meteorological observations. As in the second wmwodel, variables
were included to account for probe changes and traffic disruptions. The T/
program was again represented by the discounted total of monthly imspection
volumres., The third approach demoastrated that an average reduction in CO
levels of 8% to 154 can be attributed to the Portland I/¥ program for years
1975 through 1979 [40]. The estimate of I/M benefit for 1976 is from 1l1% to
20% and for 1978 is from 12% to 21%Z, due to higher inspection volumes during
these years as explained above.® These findings confirm the results of the
second approach. Other Portland sites were not examined using the third
approach because the necessary traffic obsearvations were not available.

As mentioned nreviously, one setback for this study was the fact that no
monitoring site had complete data for ycars 1970-1979, and that several sites
had large gaps in the data. Another problewm was that CO sampling proba
changas occurred at suveral monitoring sites and a disruption in traffic
occueryed at one site (CAM3). TFhe range of benefits listed above reflects the
inclusion ox exclusion of indicator variables for probe changes and traffic
disTuptions.

¥ the 1976 and 1978 benefit estiwates wvere not listed in the report, but were
calculated wusing the procedure described on page 40 of the report, as
recoumended by Dr. J. Ledolter, an associate author of the report.



fa oddition, 1t must be vemombered that the estiwates of I/Y benefit listed in

the study yefliect CC air quality improvement [rom Portland's biennial T/¥
Cprogram.  Ocher I/ progvams will have annual imspections and therefore the
air quality ben~fit from these pregrams will be greater than that of the
Pertland program. Based on the report's benefit estimates for 1976 and 1978,
EPA has estimated what the air quality bemefit would have been from an annual
1/M program by accounting for increased inspection volume®* in an annual
program:

Tiao Estimated EPA Estimated
CO Air Quality Benafit lor CO Air Quality Benafit For
Year Biennial I/M¥*% Annual T /¥
1976 8%-15% 10Z-19%
1978 87-15% 107-19%

This 10%Z to 19Z estimate of the CO air quality benefit for an annual I/#
program can be cowmpared to the benafit predicted by MOBILE2, EPA's wmobile
source emission factor model. MOBILE2 predicts that an anrnual I/M program,
sizilar to the Portland I/M program in other respects, would have produced a
CO air quality benefit of 14% in 1976 and 28% in 1978.%%F These NOBILL2
predictions compare favorably with the estimates based on actual €O air
quality data. '

* Listed below in the first column are the actual Portland annual inspection
volunmes (including initial test and retest) from Table 1.2 of the repori. ‘he
second column gives an estimate of the number of initial inspections if the
program had been annual, as provided by Bill Jasper of Oregon PEQ. The third
coluzn adjusts the second column by wnultiplying by 1.4, to make the third
colwm comparable with the first by accounting for the 40 percent failure rate
on the initial test.

Actual Mumber firber of Initial Number of Inspections
of Inspections Inspections Assuming and Reiaspections
Year and Recinspections _an Annnal Progranm Assuming an Annual Program
1976 589,405 518,000 725,200
1978 577,622 527,000 737,€00

** Sccond approach.

*%% MOBILE2 input parameters: IfN started on July 1, 1975; 40Z stringency
factor; all model years subject to inspection; and no wechanic training

program.



1. Introduction and Description of Data Base

1.1_Principal objectives and summary of findings

This report presents a statistical analysis of carbon monoxide concen-
trations over the period 1970 to 1979 at five air monitoring sites in the
state of Oregon. Four of the sites (CAMS, Hollywood, Lloyd, and Alder) are
located in Portland where the car inspection and maintenance (I/M) program
has been in effect since 1975, and the remaining site is located in Eugene
which is not covered by this program. The principal objectives of this study
are to assess the trend in the CO conceritrations which can be associated with
the Federal emission standards and to detérmine whether or not the I/M program
in the Portland area has any effect on the concentration level.

A description of the carbon monoxide, traffic and meteorological data
used in the analysis is given in this section. Section 2 presents a prelim-
inary exploratory analysis of the data including various summary statistics
and graphical presentations of the main features of the variables. In
Section 3 diurnal models relating CO to traffic and meteorological factors
are constructed. Such models serve to identify the major exogenous variables
affecting C0. In Section 4, interventidn time series models for monthly means
of CO readings are given. Traffic volume adjusted by relative humidity (a proxy
for mixing height) is used as an exogénous variable, and appropriate nonlinear
functional forms to model the effects of Federal emission standards and the I/M
program are constructed. Finally in Section 5, a linear regression trend analysis

of peak hour (6-9 am and 3-6 pm) CO concentrations with exogenous traffic and



meteorological variables is given.

Qur principal findings are as follows:

(i) At all Portland sites, one can observe a reduction in ambient CO
concentrations over the 1970-79 period, with the average reduction ranging
from 3.4% to 7.3% per year. Thé reduction in Eugene is much less, the average
being 1.9% per year. | _

" (11) Based on the models for monthly means of CO at the CAMS site in
Portland and the "control" site at Eugene, an estimated reduction in CO
emissions (and, therefore, CO concentrations) of 5% per year can be attributed
to the Federal emission standards. In addition, there is evidence to indicate
“‘that the I/M program has had an additional beneficial effect in reducing CO
concentrations. During the period in which the I/M program was in effect,

one can attribute to the program an average annual reduction of 6 to 12
‘ percent of what the CO ambient levels would have been without the program.
This period includes years in which few vehicles were inspected. In 1976 and
' 1978, years in which most vehicles in the biennial I/M program were inspected,
the reduction attributable to the program is estimated to range from 8 to 15
percent.

(ii1) The regression analysis of peak hour CO readings at CAMS and
Eugene indicates a"higherlannual reduction associated with the Federal
standards. The estimated average yearly benefit of the I/M program, ranging
from 8% to 15%, is in good agreement with the findings based on models for the

monthly means.



1.2 The Oregon car inspection and maintenance program

The United States Clean Air Act Amendments of 1977 require that certain
states implement car inspectioh and maintenance programs (I/M programs) in cer-
tain of their major cities to reduce hydrocarbon (HC) and carbon monoxide (CO)
emissions from 1ight duty vehicles. The Oregon Department of Environmental
Quality (DEQ) initiated in 1974 on a trial basis a motor vehicle inspection
program within the boundaries of the Metropolitan Service District which
includes the city of Poft]and. This I/M proéram became mandatory in July,
1975. By state law, vehicles registered within this area must comply with
the state emissions control standards for HC and CO and obtain a certificate
of compliance prior to registration renewal--see Rutherford ‘and Waring (1980).

Since car registrations in Oregon are valid for a two year period
(starting with January 1974), the CO and HC emissions inspection is required
. every two years. Data on the annual number of inspections, the number of
rejections and failure rates obtained from the Oregon DEQ are given in
Table 1.1 and plotted in Figure 1.1. Due to the biennial registration
system, initially more cars are inspected in even years as compared with
odd years. In 1976, for example, all cars which were Ticensed in 1974 for
a two year period, had to be inspected. Testing volume will gradually
stabilize as the vehicles involved in the initial testing become a smaller
proportion of the fleet. It is expected that by 1983 approximately the
same number of cars will be inspected in each year. Excluding the initial
year of operation (1975) the failure rates among all inspections have been
fairly constant between 21 and 23 percent. However, these failure rates
included initial inspection and reinspection tests. Failure rates on the

jnitial test were at a level of approximately 40 percent (James Rutherford,



personal communication).
For more detailed information about the Portland I/M program, monthly
inspection figures have also been obtained from the Oregon DEQ. These are

given in Table 1.2 and are plotted in Figure 1.2.

1.3 Carbon monoxide data

The data consists of hourly CO concentrations recorded at 4 Portland
sites and one Eugene site. The Portland CO measurement locations are: CAMS
(at 718 West Burnside in downtown Portland), Alder (at the intersection
of 4th and Alder), Hollywood (at the intersection of 41st and Sandy Blvd.),
and Lloyd Center (at 1420 NE Halsey). The Eugene station is at 11th and

~ Willamette in downtown Eugene. It was chosen as a control site since cars
in Eugene are not subject to the Portland I/M program. The locations of
~ the CO measurement sites are indicated on the maps of Portland (Figure 1.3)
and Eugene (Figure 1.4). |

The hourly -data on CO concentrations at these 5 stations vary in length:
CAMS (70/1-79/12), Hollywood (73/1-79/12); Alder (75/9-79/12), Lloyd (75/11-
79/12) and Eugene (71/5-79/12). Missing data occur at all 5 sites, but‘the

worst is at Eugene where several months of data are completely missing.

1.4 Traffic

Many studies have shown that ambient CO concentrations are approximately
proportional to traffic, (Tiao, Box and Hamming (1975), Tiao and Hillmer (1978),
Ledolter and Tiao (1979b)). It is therefore necessary to incorporate possible
changes in traffic into the trend analysis. Ideally, one would want to use

traffic data recorded at the CO measureﬁent sites. Unfortunately, apart from

~a 14 month period (from 1978/2-1979/4) of hourly traffic counts at the Eugene



station (11th and Willamette), such data are not available.

Thus, traffic data had to be obtained from other locations in the
Portland and Eugene area which could be judged representative of the local
traffic at the CO receptors. As traffic indicator for the Eugene station
at 11th and Willamette, we used a monthly average of daily traffic counts
recorded at the state operated Franklin station (at US 99 Pacific Highway
West, approximately .02 miles NW of 11th Avenue). A previous analysis
by the Oregon Department of Transportation of overlapping traffic -
counts at the 11th and Willamette, and the Franklin station has shown
that they are highly correlated (R2 = ,78). For the Portland CO stations,
we used the monthly average of daily traffic counts on I 80N, Columbia
River Highway at NE 21st Avenue, which ig a major tributary to the downtown
Portland area. For the location of the traffic counters in relation to the

CO0 receptors see Figures 1.3 and 1.4.

1.5 Meteorolcgical data

Apart from traffic, variations in the CO concentrations are to a large
extent affected by the meteorological conditions. Meteorological data weré
obtained from the National Climatic Center (NCC) for monitoring stations at
the Portland and Eugene airports. Data on wind speed, wind direction, temper-
ature, relative humidity and precipitation frequency were obtained for the
time period 1970/1-1979/12. In addition to the NCC data which are recorded
at three hour intervals (midnight, 3 am, 6 am, 9 am, noon, 3 pm, 6 pm, and
9 pm) we used hourly data on wind speed and wind direction supplied by the

Oregon Department of Air Quality. In downtown Portland, wind speed and



direction were measiired at the Hughes Building (1970/12-1977/2) and at the
Federal Building (1977/4-1979/12). These stations are in closer proximity
to the downtpwnlco_receptors (especially at CAMS and Alder) than the NCC sta-
tion at the Portland airport. For Eugene the Oregon DEQ supplied wind speed
and’direction‘data for a stafion at Oakway Mall. However due to frequent
g;ps”in the data, they are not used in our trend analysis.

~ Previous studies on CO have shown that the vertical diffusion of CO
depénds on the inversion (or mixing) height. Unfortunately mixing height
data were only available at Salem, Oregon, which is approximately 45 miles
from Portland and 60 miles from Eugene. There is some question whether the
mixing height‘datq for Salem are representative of the Portland and Eugene
mixing heights. Neverfheleés we obtained'da%]y morning and afternoon mixing

heights for the NCC station at Salem for the period 1970/1-1978/12.

1.6 Additional background

Several of the CO receptors were moved during the time span considered
in our ana]ysis:‘¢The receptor at CAMS, which originally was constructed at
18'6" heighﬁ, was extended’adunwafd to 14'4" in 1972/9. In 1978/3 the probe
was moved 20 ft. and extended to 12 ft. height. Beginning in 1976 the
Burnside traffi§ paitern was changed, parking was removed and one lane was
added to both‘gast and westbouhd lanes. Construction disrupted traffic for
most of a one year period.

” vThe receptor at Hollywood, originally established at the intersection
:of 41st on Sandy Blvd. at 7 ft. height, was moved in 1975/10 to 12 ft. height

and 33 ft. from the intersection.



In August 1975 the Eugene CO receptor was lowered 2 ft. and moved 18 ft.
closer to the road. At Alder and Lloyd no changes in the CO measurement

stations were made.



2. Summary Statistics and Graphical Descriptions of the Data

" In this section we give summary statistics and various graphical repre-
sentations of the CO concentrations, the traffic counts and the meteorological
data on wind speed, wind direction, temperature, relative humidfty, precipi-
tatiqn and mixing height. These preliminary summaries are a necessary first
step in any statistical amalysis. They serve to (i) bring out the main
features of the data and (ii) provide the background for the various statis-
tical models (diurnal modéls, time series intervention models, regression
models) in Sections 3-5 where we relate the CO concenérations to traffic and

meteorological variables.

2.1 Analysis of CO-data

The summary statistics and graphical representations of the CO data at
the 4 Portland stations and one Eugene station include:

(a) Plots of monthly averages (Figures 2.la-e): Due to meteorological
factors the CO concentrations are seasonal, with high CO concentrations
occurring in the winter and low concentrations in the summer. Looking at
the concentrations over time we can notice reductions in CO at all 5 stationms.
These reductions will be quantified in Section 2.2. The monthly averages
are also calculated separately for weekdays (Monday through Friday) and week-
ends (Saturday, Sunday). The weekend averages aré considerably lower than
the weekday averages (Figures 2.2a-e). This is due to the Tower weekeﬁd
traffic volume.

(b) Composite plots of monthly 25th, 50th, 75th, and 95th percentiles

(Figures 2.3a-e): In addition to plots of the monthly means in (a) it is



also informative to study the various percentiles of the empirical frequency
distribution to see how the obsérvations are distributed within each month.
The 50th percentile (or median) is a robust measure of the center of the
distribution; the distance between the 25th and 75th percentile is called
the interquartile range and provides a measure of the variation in the data.
The 95th percentile describes the upper tail of the distribution. Looking
at the time series plots of the 95th percentiles one can clearly notice a
reduction in the high CO concentrations at all 5 stations.

(c) Two way tables of monthly CO averages and of monthly 95th percentiles
(Tables 2.1a-e): Each row consists of monthly means (monthly 95th percentiles)
of a particular year; each column consists'of means (95th percentiles) for a
particular month over different years. fhe row (column) means and standard
deviations are also given. Such representations are useful to discern seasonal
and overall trend in the data.

(d) Diurnal diagrams of hourly CO averages, separated accofding to
weekday/weekend and summer (June-September)/winter (November-February)--
Figures 2.4a, b and 2.5a, b: The weekday diurnal diagrams (Figures 2.4a, b)
are noticeably different from the weekend diurnal patterns (Figures 2.5a, b).
This is due to different traffic patterns. The weekday diurnal CO pattern is
characterized by two peaks, which correspond to the morning and afternoon rush
hour traffic. The weekend CO diagrams typically have only one peak occurring
in the afternoon. | |

The winter and summer CO patterns are similar in shape. However, the
winter CO patterns are almost uniformly higher than the ones in the summer.
This is readily explained by changes in the meteorology, as explained in

Section 2.4.
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Looking at the diurnal diagrams over tine one can also assess the trend in
the co concentrations, keeping the season and the type of day (weekday/weekend)
cqnstant. Decreases at the 4 Portland and the one Eugene stations can be noticed.

(e) Two way tables of monthly averages of hourly CO (Tables 2.2a-e):

Eech row in such a table expresses the average diurnal CO pattern for a
particular month, ‘each column indicates the chronological variation of the
‘pollutant concentration for a particuiar hour. The entries can also be
classified according to the overall percentiles of the monthly hourly
averages. The 50th, 75th and 95th percentiles are given at the bottom of

the tab]es. To facilitate the trend analysis we can choose different colors
for the 4 ranges (below 50th, between 50th and 75th, between 75th and 95th,
above 95th percenti]e). In Tables 2.3a-e and 2.4a-e, similar monthly averages

are given separately for-the weekdays and the weekends.

2.2 A preliminary CO trend analysis

we’now giie a preliminary trend analysis of the CO concentrations based
on the CO data alone. Such analysis does not account for possible changes in
traffic and the meteorological variables.

At CAMS the co average for 1970 and 1971 (4.85 ug/m ) was reduced to
3. 55 ug/m in 1978-79 This corresponds to a reduction of 26.8 percent, or
3.4 percent a year.

At Hollywood the rednction from-5.7 ug/m3 in 1973 to 3.2 ug/m3 in 1979
amounted to 43.9 percent, or 7.3 percent a year. |

" At Lloyd the reduction from 3.0 ug/m> in 1976 to 2.5 ug/m’ in 1979

amounted to 16.7 percent, or 5.6 percent a year.
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At Alder the reduction from 3.7 ug/m3 in 1976 to 2.9 ug/m3 in 1979
was 21.6 percent, or 7.2 percent a year.

At Eugene the CO average for 1971-72 (3.14 ug/ma) was reduced to
2.72 ug/m3 in 1978-79. This is & reduction of 13.3 percent, or 1.9 percent
a year. We notice that the reduction at Eugene, which is not affected by
the I/M program, is much smaller than the reductions at the Portland stations.
The CO receptor in Eugene however was moved in 1975/8. As indicated by
Figure 2.1e this probe change led to an increase in the level of the CO
concentrations. If the probe chahge is taken into account as done in Section

4.4, the trend reduction will be larger than the 1.9 percent given above.

2.3 Analysis of traffic data

It was pointed out earlier that hourly traffic counts were only avail-
able for the Eugene station at 11th and Willamette and furthermore only for
the period 1978/2-1979/4. These traffic counts, which were obtained from the
traffic engineer of the city of Eugene, are used in the diurnal models of
Section 3. For the Portland CO monitoring stations we could only obtain
hourly traffic counts for a few selected days during 1977 and 1979.

The hourly traffic count records, however, were not long enough to be
of use in a CO trend assessment. In order to incorporate traffic into the
CO trend analysis we used monthly averages of daily traffic counts at Qtate
operated traffic counters. While especially in Portland, these counters
were not in close proximity to the CO receptors, as a first approximation
we assume that these traffic counts are proportional to the traffic at the

receptors in downtown Portland and Eugene. Monthly averages of traffic
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counts at the Franklin station at US 99 Pacific Highway West in Eugene, and
at I 80N at 21st Avenue in Portland are listed in Tables 2.5 and 2.6. Time
series p]otskare given in Figures 2.6 and 2.7. A seasonal pattern is apparent,
with tréffic volumes higher in the summer.

o The tfaffic averages at Eugene-and Portland both indicate a temporary
reduction in traffic volume during the oil and énergy crisis in the fall and

| winter of 1973. Apart from this temporary reduction the Portland traffic
increased from an avérage of 98000 cars/day in 1970 to 111600 cars/day in
1979. This is an increase of 13 percent, or 1.44 percent a year. At the
Eﬁgene station traffic increased at a much slower pace; it grew from an
average of 24800 cars/day in 1970 to 26200 cars/day in 1979. This'represents

an increase of 5.7 percent, or .63 percent a year.

2.4 Analysis of meteorological data

Meted}61og§éal variables are important factors affecting CO concentra-
tfons. In ﬁérﬁi;u]af, |

(a) ‘wiﬁd:speéd and wind direction affect the transport and diffusion
of CO emisSionsz(yifh Tow wind speed resulting in high CO levels);

(b) inversion or miiing heights affect the volume'of air available for
dilufidn of CO emissions (with low mixing heights, or small volume, leading
to high CO levels);

(c) tempg?ature, solar intensity and relative humidity affect the forma-
tidn'of frée‘radicals which in turn can deplete CO concentrations (high levels
of these Variab]es are associated with increased numbers of free radicals,
and thus Tow C0);

(d) mete&roiogical varfab]es (such as temperature) influence the effi-

ciency factors of car engines (cold starts leading to higher CO levels).
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Thus, one shbuld consider incorporating these variables as. exogenous factors
in a trend analysis of CO.

In the following discussion we give various graphical representations
of wind speed, wind direction, relative humidity, temperature, and precipita-
tion for the Eugene and Portland airport locations (NCC data). In addition
we describe hourly wind speed and direction data recorded at the Hughes and
at the Federal Building in downtown Portland, and morning and afternoon mixing
height at the NCC station at Salem airport. Our analysis includes:

(a) plots of monthly averages;

(b) composite plots of 25th, 50th, 75th and 95th percentiles;

(c) two way tables of monthly avefages{

(d) diurnal diagrams; ﬂ

(e) two way tables of monthly averages of hourly observations;

(f) histograms of wind direction at selected hours during summer and

winter peridds.of 1971;
(g) vector plots of resultant wind at selected hours during summer

and winter periods of 1971 and 1976.

2.4.1 Wind speed

Monthly averages of wind speed at the Portland airport, the Eugene
airport and the Hughes/Federal building (Portland) are given in Figures 2.8a-c.
Comparing the wind speed data at the two Portland sites we find that the
Hughes/Federal Building wind speed averages are more than twice as large as
the wind speed averages at the airport. There is no good explanation for

this difference, except that it could be due to some variable intrinsic to
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the method of data collection such as the location of the monitor in relation
to the building. The wind speed at Eugene airport is slightly lower than
the wind speed at the Portland airport.

Lookihg at fhe plots 6ver time we notice that over the last 10 years
(1970-79) the wind speed patterns at all three locations have stayed roughly
_constant, and‘that they exhibitvonIy weak seasonality. A period of excep-
tionally low’windrspeed can'be noticed in Eugene at the end of 1976. This
is also reflected i; the CO concentrations which are especially high during
the same period (Figure 2.1le).

Apart from the monthly averages of wind speed, we also construéted the
monthly 25th, Sofh, 75th, and 95th percentiles (Figures 2.9a-c), énd the
diurnal diagrams of wind speed for the summer and the winter seasons (Figures
2.10a-c). kﬂipgﬁspeeds are usually highest during the afternoon hours. Also,
the speéh iﬁ tﬁé‘ﬁintef‘is usually higher than in the summer, except during
the late éftefﬁoon period where the summer wind speed is highest.

Two way tabﬂes of monthly means (Tables 2.7a-c) and two way tables of

‘ hourly month]y means (Tables 2. Sa-c) are also g1ven

2.4.2 Wind direction

To represent the distribution of wind direction (WD) we divide the
diréction‘0°736d? (0° is due north; clockwise) into 16 intervals of equal
length and calgqlqte;thérrelative fEequencies of winds coming from these
intervals. Thé(hisiogram is then plotted on a circle (sfmi]ar to a wind
rdse). As illustrations we show such histograms for 1971. For these plots

we use hourly wind speed data from the downtown Portland (Hughes building)
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and Eugene (Oakway Mall) meteorological stations. In order to assess
differences according to season and hour of the day, we have given these
histograms for summer/winter, and morning (7-9 am)/afternoon (4-6 pm)
separately (Figure 2.11).

Wind direction and wind speed can also be represented jointly by
plotting the resultant wind vector (WS-sinWD, WS-cosWD) in two dimensional
space. The length of the vector represents the speed; the angle represents
the direction. Such vector plots are made for the Hughes station in Portland
and the Oakway Mall station in Eugene for 1971 and 1976, separated according
to season and hour of the day (Figures 2.12a, b).

These plots indicate (i) generally higher wind speeds during the after-
noon hours, (ii) large variability in thé wind direction, and (iii) only

moderate shifts in wind direction due to the hour of the day and the season.

2.4.3 Mixing heights

Monthly averages of morning and afternoon mixing heights at Salem are
given in Tables 2.9a, b and are plotted in Figures 2.13a, b. Only data for
the period 1970-78 are available.

The afternoon mixing height data show a strong seasonal pattern with
high values occurring in the summer and low ones during the winter. No
strong‘seasonal patterns are found in morning mixing height data. During
the winter (November-February) the morning mixing heights are usually slightly
higher than those in the afternoon. In all other months the afternoon values

are much higher, and this is due to the fact that the inversion layer usually

breaks in the afternoon.
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2.4.4 Relative humidity

'~ Monthly averages (Figures 2.14a, b), composite percentile plots (Figures
2.15a, b), two way tables of monthly averages (Tables 2.10a, b), two way
tables of monthly averages of hourly readings'(TabTes 2.11a, b) and diurnal
diagrams (Figures 2.16a, b) of relative humidity at the Portland and the Eugene
airport are given. One can notice a strong seasonal pattern, with high rela-
gf?e humidity'in winter and low values in the summer. The diurnal diagrams
show that relative humidity is lowest during the afternoon; this is especially
trtie for the summer months.

Relative humidity and mixing heiéhts are inversely related. In fact,

ina previous'sfudy“(Ledoltéﬁ and Tiao (1979a)) we have used relative humidity
as a proxy for mixing héight data which are difficult to obtain.

‘ Coﬁparin§ the prfland‘and’Eugene monthly averages we find that, apart
from 1979, relative humidity at Eugene is slightly higher than that at Portland.

2.4.5 Precipitation

Monthly frequencies of precipitation of any form (rain, snow, etc.) and
intensity (1light, moderate, heavy), are calculated for both Portland and
Eugene (Tables 2.12a, b) and are plotted in Figures 2.17a, b. As expected,
the frequency of brecipitation is largest during the winter season. As with
all Other metedr61ogica1'variables-we notice only little change from one
year to the next. The only exception is a very dry winter in 1976/77.

" The diurnal patterns of precipitation frequency are given in Figures
2.18a, b. Two way tab1es’of monthly precipitation frequencies according to
the hour of day are given in Tables 2.13a, b. The precipitation frequencies

exhibit 1ittle variability during the day; the winter frequencies are uniformly
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higher than those in the summer.

2.4.6 Temperature

Monthly temperature averages at Portland and Eugene are given in
Tables 2.14a, b. The plots of monthly averages (Figures 2.19a, b), plots
of monthly percentiles (Figures 2.20a, b), and the two way tables of
monthly averages of hourly temperature (Tables 2.15a, b) illustrate the
expected seasonal and diurnal patterns in temperature. We also notice

little change in temperature from one year to the next.
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3. Diurnal Models of CO

In this and the next two sections, we discuss various models relating
CO to exogenous traffic and metéorologica] variables. The focus of this
sectipn is on modelling the diurnal behavior of CO which serves to iden-
tify the main factors affecting CO, and thus motivates tﬁe trend models
discussed in Sections 4 and §.

As mentioned in the previous section, detailed traffic information,
such as hourly traffic counts, was available only for the Eugene station
at 11th and Willamette, and only for the period 1978/2 to 1979/4. It is
this period which we now use to identify the factors which affect the CO

concentrations.

3.1 Formulation of the models

In Figure 3.1 we plot the average hourly weekday and weekend CO con-
centrations for summer 19f8 (June-August). In Figure 3.2 we plot the
corresponding hourly traffic averages for this period. We notice from these
graphs that CO is essentially proportional to traffic counts, TR, implying

a relationship of the form

CO, = a + kTR, + ¢ (3.1)

where t stands for hour, €y is the error term and ﬁ and k are two constants.
The CO concentrations, however, also depend on the meteorological variables.
In particular CO will vary with wind speed (WS), mixing height (MH) and
relative humidity (RH). This is illustrated in Figures 3.3a-c where we
plot CO as a function of WS, MH and RH. To keep traffic and seasonal
effects constant, we consider the (3-6 pm) weekday period of summer 1978.

Notice that CO decreases (diffuses) with increasing wind speed, with
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increasing mixing height (volume) and with decreasing relative humidity.
Relative humidity and mixing heights are in fact highly negatively correlated
(see Figure 3.4 which presents a plot of RH against MH for the summer 1978
afternoon period at Eugene airport). The scatterplots in ﬁ}gures 3.3 and
3.4 were constructed by first grouping the dependent variable y according
to non-overlapping classes of the independent variable x, and then plotting
the averages of y against the averages of x. The classes of the independent
variable were chosen such that each group had the same number of observations.
Such a representation is very useful since the large variability in our data
would make it difficult to discern the relationship from a scatter plot of
the raw data.

Figure 3.4 indicates that relative humidity can be considered a
proxy for mixing height. As compared to mixing height, which is available
only twice a day, relative humidity is recorded every 3 hours. Further-
more mixing height data are usually difficult to obtain. For these reasons
we use relative humidity as an explanatory variable in our diurnal models.
Diurnal diagrams for wind speed and relative humidity for summer 1978 are
given in Figures 3.5a, b. These hourly averages were obtained by a linear
interpolation of the averages which were available for every third hour.
Furthermore since there was no reason to distinguish between weekday and
weekend we calculated the combined average. Relative humidity decreases
" during the daytime hours, and is lowest during the early afternoon (3 pm).
Wind speed follows an opposite pattern. Carbon monoxide (weekday/weekend),
traffic (weekday/weekend), wind speed and relative humidity for the four

seasons of the year are given in Figure 3.6. Here we consider spring
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(March-May 1978), summer (June-August 1978), fall (September-October 1978)
and winter (December-January 1979) separately. CO and the meteorological
variables vary from season to season. During the afternoon hours, relative
humidity is lowest in summer; wind speed is highest in summer afternoon.
Both meteorological variables show little variation in the winter. Traffic
counts are very similar for all seasons. The CO concentrations are high
during the fall and winter, and low during spring and summer.
Figures 3.1-3.6 suggest the following models relating hourly CO to

traffic and the meteorological variables:

Ml: COt;- ate,

M2: COp = a + kTR, + &,

- 3 6
M3: COt a+ kTRt/NSt + €t

s (3.2)
' M4: “COt =z (g + kTRt)/HSt te,

M5: CO RH, + ¢

=at kTRt t t

t

:ns:('cnt = (o + kTRt)RHt +e,

where a, k and § are constants. Model M1 is given here mainly for comparison
to evaluate the quel imbrovemént after including traffic and meteorological
variaﬁiés. As”ﬁéhtioned_ear1ier,,mode1 M2 éxpresées €O as a linear function
of thé traffic TR. HModels M3 and M4 take into account the diffusion effect of
thg wind. in Model M4, fhe background CO level o is diffused by WS. Models

M5 and M6 express‘the effec; of relative humidity on the CO concentrations.

3.2 Fitting results

Each of these models is fitted by least squares to weekday and weekend
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hourly averages for spring, summer, fall, and winter separately. For models M3
and M4 we had to resort to a nonlinear least squares procedure--see Draper and
‘Smith (1981). Nonlinear least squares routines are readily available in most
statistical computer packages. We used the routine ZXSSQ in the IMSL program
library; this program is based on the Marquardt-Levenberg algorithm for locating
the minimum of a sum of squares corresponding to a model which is nonlinear in
the parameters.

The results in Table 3.1 show the root mean square errors d for the

n
fitted models. The mean square error is given by 32 = 5%5 Z](COt - COt)z,
t=

where Cbt is the fitted value, p is the number of estimated parameters and
n = 24 is the number of data points corresponding to the hoﬁrs‘of the day.
Table 3.1 shows that traffic is the most important variable in explaining CO,
leading to a considerable reduction in the variation. In addition, the inclusion
of wind speed (or relative humidity) leads in all cases except one (summer week-
days) to a further reduction in the variation. From the overall results of
Table 3.1 we can conclude that models M3 and M4 yield the best fit.
Detailed results on parameter estimates and their standard errors for
the summer 1978 period are given in Table 3.2 (weekdays) and Table 3.3

(weekends). The best model is M4

- s
0, = (o + kTRt)/NSt + €. (3.3)

For weekdays this model Teads to an 85.5 percent reduction in the standard
deviation (root mean square error) as compared to model Ml (or R2 = ,98).
For the weekend period the reduction in the root mean square error is 79.7
percent (or R® = .96). Note that the parameter estimates d, k and & are

very similar for both weekday and weekend models.

In Figures 3.7a, b we compare the observed and the predicted hourly CO
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averages for the summer 1978 weekday and weekend. The model COt = (a*-kTRt)/wsg
Vleads to an- excellent representation of the CO patterns. fhe model is capable
of tracking both weekday and weekend CO patterns; also the CO peak hours are
modelled extremely well. | |

Various other models have been tried, including ones which use discounted
traffic (Tiao, Box and Hamming (1975)), and both wind speed and relative humidity.
‘These models, however, did not lead to better fits.

Apart from learning which variables affect the CO concentrations, one can
use,tﬁese models for a trend Enalysis provided detailed information on traffic
is available. If hourly traffic counts for the period prior to 1978/2 were
available, one could calculate hourly weekday/weekend’traffic averages for
brevious years, separated by season to adjust for seasonal differences. Then

models of ghg form
T R Y

cou1ﬁ be fitted to averages of CO, traffic, Qind speed and relative humidity
for season s of year i. The parameters k(i,s) express the CO emission factor
of season s fﬁ year i, after having accounted for possible changes in traffic
and meteoro1ogica1 variables. Such an approach was used by Tiao and Hillmer
(1978), Ledolter et al. (1978) and Ledolter and Tiao (1979b).

In the present study, since traffic daté for Eugene and Portland are
available only at the monthly level brior'to 1978, this approach_cannot be

used.
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4. Time Series Intervention Models

In this section, we consider time series models relating monthly means
of CO at the Portland and Eugene sites to traffic and meteorological vari-
ables. The objective is to assess the trends in CO and the effect of the

I/M program.

4.1 Formulation of the trend models

The reduction in the CO concentrations which was reported in the prelim-

inary trend analysis of Section 2 can be attributed to several factors:

(1) Federal new car CO emission standards: Over the last 10 years the
federal CO emission standards became increasingly more stringent. For
example, they limit CO emissions to 34g/travelled mile for 1970/71 model
year cars; to 28g/mile for 1972-74 model year cars, and to 15g/mile for
1975-77 model years cars (as based on the current procedure). The effect of
these changes in the standards on the CO emissions in month t can be
approximately modelled as :
' k, = ket (4.1)
where B is a parameter controlling the reduction in the CO emissions.
We would expect B to be of the order -.005; such a value would transiate
into a monthly CO trend reduction of 100(1 - eB) = .5 percent. On an
annual basis this would correspond to a yearly reduction of 100(1 - e123)
= 5.8 percent. A graph of'kt for 8 = -.005and t =1, ..., 120 (corresponding
to the period 1970/1-1979/12 under study) is given in Figure 4.1. Since B

is expected to be small, the term keBt can also be approximated by a first

. +
order expansion

*The linear expansion is presented as an alternative model for illustrative
purposes here and in equation (4.11) and Table 4.5. However, the exponential
form (4.1) is relied upon for the calculation of emission benefit.
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‘ kt = k(1 + Bt). (4.2)

A plot of this funcfion for B = -.005 is given in Figure 4.2. Over the
‘range of t (1, ..., 120), the functions (4.1) and (4.2) differ only slightly.

(2) The Portland I/M proaram: The Portland car inspection and maintenance

program is expected to have an additional impact on the CO emissions. Previous
studies by Becker and Rutherford (1979) and Rutherford and Waring (1980) show
that the effect of car maintenance on CO emissions lasts for approximately 9

to 12 months after maintenance, in spite of the fact that emissions from repaired
vehicles deteriorate after corrective action has been taken. Thus instead of
using the monthly inspection numbers I/Mt (which are given in Table 1.2), we

use the discounted (total) number of car inspéctions

d_ . 2
/M jgodjl/"t-j IM, +dIM,_ + a2, + ... (4.3)

in our analysis.  The discounting factor d has to be between 0 and 1. A

value d = 0 describes the situation where the effect of the I/M program is

only immediate and loses its effect after the first month. A value d =1

indicates that the effect df car maintenance is permanent, without ever deteri-

orating again. A value of d between 0 and 1 describes the immediate impact and

the deterioration after corrective maintenance. A value d = .7 was chosen in

our analysis. . For this value the residual influence of inspections after 6

months amounts to 12 percent and the inf1uenée after 9 months is about 4 percent.
Combining the effect of the federal CO emission standards in (4.1) with

the effect due to the I/M program in (4.3), we can model the CO emissions as

k, = keBt(1 + eI/Mg). (4.4)

t

The factor 100-B-I/M: measures the additional percent benefit due to the car

inspection and maintenance program. Figure 4.3 shows a graph of kt for

B =-.005 and 6 = -.001. To be able to work with coefficients of comparable
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size we have defined_I/Mt as the monthly number of car inspections (in units
of 1000 cars). From Table 1.2 we find that the monthly average of the 1976-
1979 car inspections is T/M = 34. For d = .7, the average of the discounted
number of inspections is T7ﬁd = I/M/(1 - d) = 113. Thus for 8 = -.001 the
average additional benefit due to I/M amounts to 11.3 percent.

The CO concentrations recorded at the CO receptors are functions of the

CO emissions, which are modelled in equation (4.4). In modelling the CO
concentrations however, one has to take account of additional factors such

as traffic changes, changes in the meteorological variables, seasonality in

the CO concentrations, and probe changes which affect the distance of the
receptors from the source traffic. We emphasize the distinction between the
reductions in CO concentrations (ambient CO levels) and the reductions in CO
concentrations after adjusting for changes in traffic, meteorological variables
and probe locations. The adjusted concentrations are then proportional to the
CO emissions.

(3) Traffic: It was discussed in Section 3 that CO concentrations are essen-

tially proportional to traffic:
C[)t < ktTRt' (4.5)
The proportionality constant kt is the emission constant which is modelled

in (4.4). .

(4) Meteorological variables: Several functional forms relating CO concentra-

tions to meteorological variables were considered in Section 3. These models

were of the form

COt = kTRtf(NSt, MH,, RH (4.6)

t’ t)'

Since mixing height data were not available for 1979, the last year of our

study, we examined models which incorporate relative humidity and/or wind
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speed. Of these models we found that models of the form

c0, = k,TR,RH, = keP(1 + o1/Md)TR RH, (4.7)
led to a good description of the data.
(5) Seasonality: We saw earlier in Figure 2.1 that CO concentrations exhibit
a strong seasonal pattern, with high concentrations in the winter and low
values in the summer. This seasonal variation can be partially explained
to a large extent by changes in meteorological variables. To adjust for
any residual seasonal pattern not explained by relative humidity in model
(4.7), we introduce 12 monthly coefficients k. (s =1, 2, ..., 12) and con-
sider a model of the form

co (4.8)

p = ket + oIMDTRRH, .
(6) Noise term: The right hand side of model (4.8) specifies the predictable
component of our model. Since the data on CO, TR and RH are observed in the
form of time series, the noise or error component n, (which is the part not
explained by.the model) is likely to be serially correlated. We characterize
the serial correlation by a third order autoregressive model. This leads to

the model
L. Bt d
co, = ke®t(1 + oI/M)TRRH, + 0y, (4.9)
with R LI Tl L B L I

where $qs ¢2 and‘¢3 are autoregressive parameters and the at‘s are independent
random variables with mean zero and constant variance cz. For further discussion
of time series models, see Box and Jenkins (1970).

(7) Probe changes and other interventions: There have been several changes of

the location of the CO receptors at some of the sites considered, thus affecting
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the distance of the receptor from the traffic source. External interventions
such as abrupt changes in local traffic patterns due to construction also

occurred. To adjust for the effects of these changes we consider models of

the form

- JBt d
€O, = ke (1 + oI/M) (1 + § a;IND,; )TR,RH, + n

i=]

¢ (4.0

where the variables INDti are indicator variables taking a value of O or 1,
and the ai's are constants.

At CAMS, for example, the probe was moved in 1978/3; thus INDt] = 1 for
t = 1978/3 and 0 otherwise. Also, street construction disrupted traffic
during most of 1976. Thus the indicator variable IthZ was chosen such that
INDtz = 1 for all months in 1976 (1976/1 é t =1976/12), and 0 otherwise.
The effects of these two changes can be seen from the monthly CO averages
at CAMS (Figure 2.1a) which show corresponding reductions in CO. Note that
since these reductions occurred in even numbered years where most of the cars
‘were inspected (1976, 1978), there is a partial confounding of the effects
of the I/M program and those of the probe changg and traffic disruption.
Including the factor (1 + a1INDt1 +'a21NDt2) in the model will therefore
lessen the significance of the I/M program.

- At Eugene, the probe was moved in 1975/8. Prior to this move the probe
was out of operation for a period of 6 months (1978/3-8). The plot of the CO
averages in Figure 2.le shows that the CO reductidn at Eugene is rather small
if the probe change is ignored (1.9 percent, as indicated in Section 2).
However, by taking the effect of the probe change into account, one would
expect to find a larger trend reduction.

We note that despite the increase in traffic at both Portland and Eugene,

we have observed reductions in the CO concentrations at all 5 locations.
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After adjusting for the traffic increase, the reductions in the CO emissions
(expressed by the parameter 8 in models (4.9) and (4.10)) will be larger
than the corresponding reductions in the CO concentrations.

An alternative model

By making a first order linear expdnsion of the first term on the right
hand side of (4.10), we arrive at the alternative linear form

(4.11)

- d
COt ks(l + Bt + GI/Mt + t

p
igluiINDti)TRtRHt +n

where n = L LR I U I S

- Since the parameters 8, 6 and a are all rather small numbers the models in
(4.10) and (4.11) are quite similar.

4.2 Model estimation

The parameters in models (4.10) and (4.11) are fitted to monthly averages
of €O, TR'and RH using a nonlinear least squares computer program (ZXSSQ of
the IMSL 1ibrary).  Fitting the model to Eugene where several months of data
were completely missing involved a two stage estimation approach. At the
first stage the model was fitted with independent errors (nt = et) and the
missing observations were replaced by their fitted values. At the second
stage the complete model with the autoregressfve error terms was fitted to
the data.. o

The estimation results for the 5 stations and their interpretation follow.
The locations with the longest data records--CAMS in Portland, and the 11th
and Willamette station in Eugene, which serves as a control site--are discussed

first.
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4.3 Trend analysis for CAMS

The parameter estimates for models (4.9) and (4.10) are given at the
bottom of Table 4.1 (models C7; C8), and in more detail in Table 4.2 (C7)
and Table 4.3 (C8). For the model C7 the estimate for the trend parameter
is B = -.00409, which implies a trend reduction due to the more stringent
federal CO new car emission standards of 100(1 - e12§) = 4.8 percent per
year. The estimate for 6 is 8 = -.00106; this indicates that on the average
the I/M program has led to an additional annual percentage reduction of approx-
imately 12 percent (i.e., 100+8-T/M% = 100 x (-.00106) x 113 = -12.). The
standard error in parentheses indicates that this I/M effect is statistically
significant at the 5 percent level. |

Analysis of the I/M benefits

Ignoring the seasonal effects, a plot of the trend in the CO emissions
predicted by the estimated model is given in Figure 4.4. The area between
the curves eét and eét(l + §I/Mg) represents the additional benefit due to
the I/M program. The annual percentage benefits due to I/M are given.in
Table 4.4. Also given in the same table are corresponding estimates of the
percentage mobile source emission benefit calculated by EPA using a Portland-
specific version of its MOBILE 2 model (James A. Rutherford, personal communi-
cation).

In model C8 we have introduced parameters to account for the probe
change in 1978/3 (INDt]) and for the traffic disruption in 1976 (INth).

It was discussed earlier that the introduction of these interventions, which

occurred precisely at times where the I/M program had its maximum impact
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(even numbered years), will lead to a partial confounding of the effects.

This is reflected by the estimation results for model C8 in Tables 4.1, 4.3 and
4.4; the effect of the I/M program is approximately cut in half, leading to

an average benefit of 6.1 percent (as compared to 12 percent before). The
area between the curves eBt(l + on.'INDt1 + GZINDtZ) and eBt(l + eI/Mg)

x (1 + o, IND,, + aZINth) in Figure 4.5 expresses the additional benefit

due to I/M.

Summarizing the results of models C7 and C8, we can conclude thaf at
CAMS there was evidence of additional benefits due to I/M. Our estimate at
this point of our analysis is that the average percentage benefit is somewhere
between 6 and 12 percent.

We also estimated the linearized model (4.11) in two versions corre-
sponding to C7 and C8. The main results given in Table 4.5 show that, as
expected, the linearized versions lead to essentially the same conclusions
concerning. the trend in the CO emissions and the benefit due to the I/M
program.

Additional models fitted

Models CS and C6 in Table 4.1 use only traffic as an explanatory vari-
able. Comparing the standard deviations of the errors, d, we find that the
failure to. include meteorological variables (such as relative humidity) will
increase o by approximately 17 percent (from .504 in C7 to .585 in C5). This
indicates that relative humidity is an important variable in our trend model.

2 Models C3 and C4 represent CO averages as functions of time only (thus
omitting both traffic and relative humidity). We notice that in these models

the estimates of 8, which now represent -the reduction in the CO concentrations

(unadjusted for traffic and meteorological changes) and not in the emissions

as in the other models, are smaller. For example B = -.0027 corresponds to
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an annual trend reduction of 3.2 percent. This compares well with the 3.4
percent CO reduction estimate of Section 2.

Models C1 and C2 are models in which the CO averages are represented
by 12 seasonal means and errors which follow a third order autoregressive
model. Comparisons of their standard errors with those of C7 and C8 indicate
that time, traffic and relative humidity are important variables affecting

CO0 concentrations.

4.4 Trend analysis for Eugene

The model (4.10) is also fitted to the Eugene CO monthly averages. This
_.station serves as a control site, since thg I/M program .does not extend beyond
Portland. In estimating the model,

= Bt d
COt = kee 1+ eI/Mt)(l + aINDt)TRtRH +n (4.12)

t t
we use the Portland I/M inspection volumes. Since the I/M program is restricted
to the Portland area, we would expect that only a small fraction of the inspected
cars would ever be in Eugene. Thus its impact Ehould be negligible and the
coefficient 6 should be zero. The indicator INDt, which takes on 1 for t > 1976/8
and 0 otherwise was introduced to model the effect of the probe change in 1976/8.

The main fitting results in Table 4.6 show that with or without the
adjustment for the probe change, there is no evidence of an effect due to
the I/M program. The parameter estimates of @ in models E3 and E4 are
clearly insignificant.
Model E3 indicates that the probe change has had a positive effect on
the CO concentrations. After adjusting for the effect of the probe change,
we find that the estimate of g in model E3 is g = -.00465. This corresponds

to an annual 5.4 percent (+ 3.4) trend reduction in CO emissions. This

estimate is comparable to the trend reduction at CAMS apart from the effect
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of the I/M program.

— The standard error of the trend estimate 8 is quite large, and 8 is
also correlated with a {correlation of -.84). Ignoring the probe change
would lead to a considerably lower trend reduction. The estimate 8 = -.00201
~in E1 corresponds to an annual reduction of 2.4 percent and, after adjusting
for the traffic increase, is consistent with the reduction of CO concentra-

tions given in Section 2.

4.5 Trend analysis for Hollywood

My = Bt d
The model COt k e (1+ eI/Mt)(l + aINDt)Gt +n, for

(1) 6, =1 (trend model)
- (11) G, = TRt (model -incorporating traffic)
(iii) 'Gt = TRtRHt (model incorporating traffic and relative humidity)

was fittgq:to;ﬁonthly CO averages at Hollywood (1973/1-1979/12). An indicator
variable;(lﬂp£kf«l fdf t= 19?5/10 and 0 otherwise) was included fo account
for:the broﬁéuégange‘in 1975/10. The results in Table 4.7 show that
(i) thékéénuai trend reduction in the CO concentrations due to the

federal standafdsvis approxiﬁate]y 5.0 percent (average 8 for models H1-H3
is B = -.0043); | o

| (ii) aftef incorporating traffic and relative humidity we find that the
annual trgnd,reduction in the CO emissions is approximately 7.5 percenf
(avérage 8 for?models H4-H9 is B = -.0065);

(ii1) looking at the estimate of 6 we find no evidence that the I/M



33

program has led to an additional improvement.

4.6 Trend analysis for Alder and Lloyd

C0 records for Alder (1975/9-1979/12) and Lloyd (1975/11-1979/12) are
relatively short, and only few observations are available for estimation
(52 for Alder, 50 for Lloyd). Thus our models have to be simplified.
Instead of fitting models with 12 seasonal (monthly) coefficients ks, we

fit models of the form
= gt d
COt = kse (1 + GI/Mt)TRtRHt + ne

with 4 seasonal (quarterly) constants; k1 for DJF, k2 for MAM, k3 for JJA,
k4 for SON.

The fitting results are given in Table 4.8. Due to the short data
record, we find large correlations among the parametér estimates, especially
among ES and 8 (negatively correlated). Looking at the estimate 6, we find

no evidence of a significant additional benefit due to the I/M program.

4.7 Summary of the trend analysis of monthly CO averages

At the locations with the longest data records (CAMS and the control
site at Eugene) there is empirical evidence to indicate a real effect on
CO emissions which can be associated with the I/M program. The estimated'
benefit of I/M lies between 6-12 percent.

At the other Portland stations we could not find a significant benefit.
However, the results from our analysis have to be interpreted with caution,

since at some of these stations we did not have long enough data records to

establish a good estimate of the pre I/M trend.
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5. Regression Trend Models for Hourly CO Concentrations During Peak Hours

The trend models in Section 4 were fitted to monthly averages of all
hourly readings. In this section we analyze CO concentrations during peak
hours, and consider the morning (6-9 am) and afterncon (3-6 pm) periods
separately. The objective is to assess the trend in the CO concentrations
during these peak periods.

In this trend analysis we consider daily weekday morning (afternoon)
co concentrationé. Weekday (Monday-Friday) observations are chosen to keep
traffic éonstant. Furtheqmore«to block out seasonality we consider the
summer (June-September) and winter (November-February) periods separately.

To calculate daily morning (afternoon) CO concentrations we average
the hourly Qbservations over the 6-9 am (3-6 pm) periods. To calculate
morning (afternoon) wind speed, wind direction, temperature and relative
hunidity, we average the 6 and 9 am (3 and 6 pm) observations. Precipita-
tion is in the form of an indicator variable (0 if no rain during the 3
hour period; 1 if rain). Since mixing height at Salem is only recorded
twice a day (morning/afternoon), no averaging is necessary.

The model for the CQ concentrations

Co, = trend, + g(met. variables) + €y (5.1)

t

where t stands for day, consists of two parts: a trend component which
models the reduction in CO through time and a component g(met. variables)
,~whigh‘mndels the relationship between CO concentrations and the meteorologica
variables (wind speed, wind direction, temperature, relative humidity, mixing

height, and precipitation).
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5.1 Meteorological variables

The scatter plots in Figures 5.1a-f illustrate the relationship between
CO and the meteorological variables. To create these scatter plots we used
the same procedure as that in the construction of Figures 3.3 and 3.4. The
scatter plots show:

(i) CO decreases with increasing wind speed WS; as in Ledolter and Tiao

(1979a), the relationship can be approximated by a model of the form
0 = pyus™! + s,

(i1) CO changes with wind direction. One could represent this relation-
ship with indicator variables representing the quadrants of wind direction.

Instead, we model the relationship with a first order harmonics

CO =« A sin (WD - ¢) =84 COs WD + B, sin WD

where A is the amplitude and ¢ is the phase angle (33 = -A sin ¢, 8, = A cos ¢)-
This representation is more parsimonious (uses fewer parameters) and models
the relationship with a smooth function.

(iii) The relationships between CO and temperature, relative humidity
and mixing height are approximately linear; CO « BsTemp; C0 = BsRH; €0 = e7MH.
Since mixing height data was not available for the last year, 1979, of our
study, we dropped MH from our analysis and used relative humidity as a proxy
variable (Figure 5.1f indicates a strong inverse relationship between RH and
MH).

Combining (i)-(iii) we model the relationship between the CO concentra-

tions and the meteorological variables as
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2

g(met. variables) « Ble'] + BZNS' + B3 cos WD + B, sin WD

(5.2)
+ BgTemp + B.RH + B_Precip.

5.2 Trend component

OQur first objective is to derive yearly trend estimates for the CO
concentrations after allowing for the effects of the meteorological variables.
We introduce dummy variables to estimate the yearly effects, as compared to a
specified base period. To be able to compare CAMS and Eugene directly we
chose the base period to be 1971 (summer 1971 for summer regressions;
winter 1971/72 for winter regressions). The yearly trend model takes the
form

P
trend = oy + 2

]aixi (5.3)
1

where X, = 1 for summer 1971 + i (winter 1971 + i/72 + i) and O otherwise.
The parameter a. expresses the change in the CO concentrations from 1971 to
1971 + i. For the summer regressions at CAMS and Eugene we use p = 8 indi-
cator variables (p = 7 for winter). For the other stations the base periods
in the trend comparison are: Hollywood (summer 1973; wintgf 1973/74); Alder
(summer 1976; winter 1975/76); Lloyd (summer 1976; winter 1975/76).

5.3 Regression trend model

Combining (5.2) and (5.3) our model for daily morning (afternoon) CO

concentrations can bhe written as
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e -1

€Oy = og * L %Kit ¥ B¢

+ ezws;2 + 8, cos WD, + 8, sin WD,

(5.4)
+ BSTempt + BGRHt + B7Precipt te,

where t stands for da}, and €4 is the error term assumed independent across
days with zero mean and variance 02. The model was fitted by least squares
to morning (6-9 am)/afternoon (3-6 pm) and summer (June-September)/winter
(November-February) data separately. Meteorological data from the NCC
site at the Portland airport were used for the Portland locations, except that
at CAMS and Alder (downtowﬁ Tocations) wind speed and wind direction data
from the Hughes (Federal) Building were employed. For Eugene we used the
meteorological data recorded at the Eugene airport.

The regression results for the 5 stations are given in Table 5.1a
(summer) and Table 5.1b (winter). We also Tist the standard deviation of

the data (G, ) and the standard deviation of the errors after filtering the

obs
regression model (amodel)' The reduction in the standard deviations expresses
the explanatory power of the trend and meteorological variables. The results
show that on the average reduction in the standard deviations is approxi-
mately 16 percent. This corresponds to R2 = .30, which indicates that about
30 percent of the varjation is explained by our regression model. Air pollu-
tant concentrations are highly variable; thus realistically higher reduction
could not be expected.

Qur main interest is in the estimation of the parameters s since
they express the trend reductions in the CO concentrations. These trend

reduction estimates are adjusted for possible changes in the meteorological

variables. The trend estimates are plotted in Figure 5.2a (summer) and
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Figure 5.2b (winter). We make the following observations.

(i) For both seasons and both day periods the CO concentrations at
CAMS have clearly decreased.

(ii) The trend estimates at Eugene show considerably less evidence of
a reduction. During the afternoon the CO concentrations have actually
increased, as evidenced by positive o estimates for most of the years
considered. During the morning period only small reductions can be noticed.

(iii) The CO concentrations at Hollywood, Alder and Lloyd have steadily

decreased, especially during the summer periods.

5.4 A model for the trend

The trend indicators a, are affected by changes in traffic volume, the
progressively more stringent federal CO emission standards, the Portland
I/M program, the various probe changes, and other interventions. A simple

model which expresses the trend as function of these variables is given by
= d
trendt =ag* a]TRt + azTRtIt + a3TRtI/Mt + a4INDt. (5.5)

Combining this trend model with the meteorological component g{met. variables)

in (5.2) leads to the model

= d
COt = o + a]TRt + azTRtIt + aBTRtI/Mt + a4INDt
-1 =2 .
+ 81WSt + szwst + 83 cos WDt + 84 sin wot + 35Tempt
+ BGRHt + S7Prec1'pt * e (5.6)

Daily morning (afternoon) traffic counts were not available for our analysis.
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Also monthly averages broken down by the hour of day wére not available.
The only observations available were monthly average daily traffic counts.
From these averages we calculated traffic indicators for each season of
each year considered. As an example, for Portland sites, the summer 1979
traffic indicator is given by (109.2 + 105.2 + 108.4 + 106.4)/4 = 107.3
(see Table 2.5) and is assumed the same for each weekday morning (afternoon)
period in that season. Our analysis thus assumes that the actual morning/
afternoon averages are proportional to the overall daily traffic averages.

The variable It models the linear time trend in the CO concentrations.
It takes on a value of i for all days in season 1970 + i (It is 1 for days
in 1971, 2 for days in 1972, etc.).

The variable I/Mg represents the discounted total of monthly car inspec-

d
t

stays constant for all observations during that month. For example for all
2

tions. As in Section 4 we choose d = .7 as the discount coefficient. I/M
observations in June 1979 I/Mg is given by (20.57 + (.7)21.87 + (.7)°20.71
+ ...)--see Table 1.2.

The indicators INDt are chosen to model the effect of probe changes
and other interventions. At CAMS an indicator is introduced to model the
traffic disruption in 1976; at Eugene the indicator adjusts for the probe
change in 1975/8.

The model in (5.6) is fitted to CAMS and Eugene; the results are given
in Tables 5.2a, b.

5.5 Analysis of the fitting results for the trend model (5.6)

From the estimates of a and ay we calculate the average annual trend
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reductions and the additional percentage benefits due to the I/M program.
These results are given in Table 5.3a (CAMS) and Table 5.3b (Eugene).

As an illustration of the ca1cu1atipn of Tables 5.3a, b, consider the
CAMS summer am regression without the indicator for the traffic disruption
in 1976. From the estimate &2 = -,035, we calculate the average annual trend
reduction &,-TR = -.035 x 101 = -3.53 where the TR = 101 is the summer traffic
average obtained from Table 2.5. Compared with the CAMS summer am CO average
of 40(in units of 10 ug/m3), this corresponds to a 100 x (-3.53)/40 = -8.8
percent trend reduction per year. Similarly, the estimate &3 = -.0006
is used to calculate the average additional I/M benefit. Specifically,
G, x TR x T/M' = -.0006 x 101 = 113 = -6.85. Compared with the CO average
of 40, this represents an estimated additional benefit of 100 x (-6.85)/40
= -17.1 percent.
N The remaining entries in Tables 5.3a, b are obtained in a similar
manner. We have used (i) the CAMS traffic averages of 101 for summer and
91.9 for winter, (ii) the Eugene traffic averages of 24.0 for summer and
22.7 for winter, and (iii) the CO averages for CAMS and Eugene given in
Table 5.4. Standard errors of the estimated annual trend reductions and
benefits due to I/M are given in the parentheseé.

The results in Table 5.3a show that at CAMS, when averaged over the
two seasons and the two periods of the day, the additional benefit of I/M
is estimated at 15.1% without, and at 8.3% with indicator for the 1976
traffic disruption. These reductions are in good agreement with the results
in Section 4.3 corresponding to the models C7 and C8 in Tables 4.2 and 4.3 using

monthly CO averages (12% without and 6.1% with indicators for traffic disruption
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and a probe change). Table 5.3a also indicates that the I/M program's impact
is especially felt during the summer-periods.

With regard to the annual trend reductions, the average reduction of
3.9% per year at Eugene in Table 5.3b is fairly close to the estimated 5.4%
per year obtained from modelling monthly CO averages as discussed in Section 4.4.
At CAMS, Table 5.3a shows that the estimated annual trend reductions during the
peak hours (8.1%-9.5%) are larger than the reductions (4.8%-5%) from monthly

averages presented earlier in Section 4.3.
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Table 1.1

Yearly number of car inspections, number of rejections and failure
rates--Portland I/M program (mandatory since July 1975)

number of number of rejection

inspections rejections rate
1974 23478 7909 33.7
1975 155475 46113 29.7
1976 589405 137419 23.3
1977 184524 ' 41153 22.3
1978 577022 129302 22.4

1979 . 287518 59886 20.8



Table 1.2

Monthly car inspections--Portland I/M program
(mandatory since July 1975)

Month Year

1975 1976 1977 1978 1979
January 7671 54566 24367 45170 29775
February 8788 45586 18057 47930 27457
March 17174 55211 17920 57796 32348
April 16365 47744 13383 48985 20711
May 14911 49116 11449 46310 21869
June 16728 49466 12074 51704 20570
July 6535 50046 11630 40266 19975
August 7672 48960 10578 58723 21966
September 6650 58233 10290 56221 19420
October 8078 55929 13740 54478 23214
November 15611 42152 17868 39681 20908
December 29792 32396 23168 29758 29305
Total 155475 589405 184524 577022 287518
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Two way tables of monthly CO averages and
of monthly 95th percentiles--Eugene
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Table 2.3(d)

Two way tables of monthly weekday averages of hourly CO--Lloyd

[} 1 . 3 & s o
12 11 I8 & i s 9
12 v 7 ® H e 9
"M 15 S L] I 3 4

¢ S 3 3 3 é o

[ - 3 3 : 3 11
11 5 14 7 ° 7 13

9 4 H ] 3 7T 13
e ¢ 3 5 ? B 1

3 9 ’ 8 [ 9 N
14 i n 14 » 16 13
16 1y e 12 1Y 16 12
6 ¢ 17 17 ta 12 Jé
S v b 16 to 13 2%
b &S ' WL 1 1% &3
éa ¢V e 15 13 1y 3
e 17 W ¥ tue 3T 1o
16 1e 1 ¢ 1 11 15
w 1a 12 13 1¢ 13 1?
1t "N [ 3 . vy 14
11 1. 7] [ ¢ 1é 1s
% 1 ¢ M vy T2 18
1« W 7 . { s 17
17 %% 13 12 n it 1
¢ 13 11 12 1 2N
16 1¢ 13 1T 16 W 1?7
16 313 e 5 3 e 11

& b o 3 3 3 e

€ ? [ 3 - 2 1c

1?7 e 9 b o 7 %

3 - 3 2 . . 7

3 3 & b} 6 3 &

& H - 1 3 ] $

3 F) < H M . $

3 3 ¢ 1 N 1 S

9 4 H 3 s ) 3
1S 10U ? & e "1, 17
22 te te 18 1g 3L G
13 1¢ W L4 [3 [ ¢
16 1% 13 12 1¢ 11 1e

& 7 [ [ - & 10
k19 ? L] & 14 $ 17
1 1L 4 [ [ ¢ 10

¢ ) ) by ? 7 g

v ? 3 [ e X 9

[ - . 3 [y LA 1]

4 S 6 3 F) 5 10

) [} b b} 3 s 12

13 3 H 3 . ¢« N
1% ° > . - . v
LM F [ [ 4 ) ? 10
12 11 [ ? i s 13

31

83) Set beg 6ol Lol 4ol Se1 8e91T..

3 10
e 87
7 05
s 32
16 (2
P Y
<1 2
& 30
0 o7
b 38
2 3
b3 I
@ &0
H %
L0 o3
9 oS
3 37
iy Qv
3 &1
3 &y
T e
6 33
9 &
B3 I T
43 &3
s «0
13 &3
¢S 83
S W
s N
13 9
15 1ta
17 22
2 e
19 26
<5 <8
s o3
37 41
0 39
37 27
6
<9 0
19 2
&L 25
H: I} ]
18 3
3 10
2 N
20 30
7 2
9 43
<% 35

&?

3

LY

15

6
%3
LT ]
35
pT
39
«l
[V Y
-9
35
32
45
87
»Q
[}
56
(%)
5o
(%]
«3
(Y]

[
-

(Y )
4
Se
78
e
37
(3]
37
3
&t
(2]
i7
3y
3
39
19
73
~Q
L3 ]
-~e
37
39
3%
50
36
i3
&7
$9

51

18

30
118

&3
ot
&9
52

39
b

144
197
1t
7

[ D]

(1)

&7

%4

51

3

o3

s3

(14

k2 |

a8

%

&9

as

36

59

&2

$9

43

52

ot

aé
117

86

51

34

48

Y3

43

¥4

S&

41

53

57

71

obh

1?7

1uS
111

a9

5

&7

&1

$e81C.31Ce5126712a512,515.24047246011704142¢12.7212.9 944 7.3

<STme SCIme 75Tme 5LTw PLECLNTILLS, M82L1rus ANG RESHIAG

13 3. 43

LA

132

Skv

€549
3.9
1a.5
Teod
11.4
13.9
15.1
180,23
10.7
13.4
18.2
2.8
3G.4
Ju.?
0.7
15.7
18.0
13.4
13.8
161
1ea
0.3
164,
Qa7
2Ues
27.7
254
15.5
19.0
158
13.3
13.9
1v.7
158
159
19.3
213
369
PR )
10eé
151
1443
1340
16ed
13eb
17.3
132
1841
18e7

%2



Table 2.3(e)

Two way tables of monthly weekday averages of hourly CO--Eugene
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Table 2.4(a)
Two way tables of monthly weekend averages of hourly CO-CAMS
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Table 2.4(b)

Two way tables of monthly weekend averages of hourly C0--Hollywood
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of monthly weekend averages of hourly CO--Alder
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Table 2.4(d)

Two way tables of monthly weekend averages of hourly CO--Lloyd
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Table 2.4(e)

Two way tables of monthly weekend averages of hourly CO--Eugene
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Table 2.5

Monthly average daily traffic counts (in 1000 cars/day),
Portland I 80N, Columbia River Highway at NE 21st Ave.

2 3 4 S é 7 8 b4 10 11 12 AVE
86.7 90.2 89.? 93.7 100.8 97.1 100.4 94.7 93.0 89.0 949.0 ?2.3
89.8 91.9 94.4 92.9 98.9 96.3 99.1 97.8 9%.2 90.0 91.% 93.3
87:4 93.2 93.53 92.8 P7.1 9T.2 96.7 94.8 94.2 9.6 1.5 3.1
96.1 98.9 98.8 97.1 101.2 95.9 100.7 ?6.2 94.0 90.3 87.1 95.1
79.46 387.1 91.9 93.4 99.2 96.0 99.4 93.8 94.83 92.8 92.9 ?1.7
89.1 935.3 95.8 96.1 101.9 98.0 98.9 94.2 94.8 92.5 91.7 ?4.8
?2.1 946.1 98.8 946.9 104.4 100.2 103.7 98.2 99.S 98.4 99.%5 98.1

8.3 102.6 103.9 101.2 107.1 10S5.4 1046.7 101.8 102.2 96.7 101.9 101.4
101.1 1035.46 104.8 103.8 111.3 108.4 110.3 105.3 105.6 97.4 101.8 104.1

101.7 107.7 105.8 103.7 109.2 105.2 108.4 104.4 104.1 101.5 102.0 103.5
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Table 2.6

Monthly average daily traffic counts (in 1000 cars/day),
Eugene, US 99 Pacific Highway West (.02 miles NW of 11th Ave.)

2 3 4 S é 7 8 9 10 11 12 AVE
21.8 22.0 23.4 2.6 24.3 22.8 23.3 23.6 24.0 23.1 22.4 i S §
24.1 24,2 2S.2 25.3 235.7 24.2 25.0 24,46 23.0 24.85 23.0 24.4
24.1 24.4 23.8 23.3 24.1 22.4 23.0 22. 23.64 24.8 2.8 23.3
24,2 23.7 23.1 2S.y 2s8.1 20.8 22. 23.1 22, 21.8 19.8 23.0
19.1 20.2 22.4 23.3 22. 21.7 23.2 2.9 22.8 22. 21.3 21.8
2.1 22,6 23.2 23.9 22.2 21.1 22.8 23.0 23.4 22.6 20.7 22.4
23.0 23.0 224.0 25.7 2B.1 23.0 25.4 24,3 24.4 23.0 2.8 24.0
24,2 23.9 2.0 24.9 25.1 24.8 28,9 25.0 24.3 24.7 23.8 24.5
24.6 24.8 2T.5 25.8 27.2 24.3 3.3 24.9 28.0 24.6 22. 25.0
24.6 24.4 25.0 25.4 23.2 24,0 24.4 2T.0 24,7 23.7 21.8 24.4

23.2 23.3 24.2 4.9 2.1 22.9 24,0 23.9 24,1 23.5 21.9
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Table 2.7(a)

Two way tables of monthly wind speed averages

Portland-Airport
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Table 2.7(b)
Two way tables of monthly wind speed averages
Eugene-Airport ~
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Two way table
s of monthly wind
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Table 2.8(a)

y wind speed

Portland-Airport

Two way tables of monthly averages of hourl
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Table 2.8(b)

Two way tables of monthly averages of hourly wind speed
Eugene-Airport '
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Table 2.8(c)

Two way tables of monthly averages of hourly wind speed
Portland Hughes/Federal Building
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Table 2.9
Monthly mixing height averages at Salem

(a) morning
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Table 2.10
Two way tables of monthly averages of relative humidity

(a) Portland

4] } 2 3 ) 13 'y ? 8 ? 10 i1 12 Ayt sS¢
70 82 73 77 4% &3 SS9 8% 4% 42 o 7S s e? 5.0
71 85 79 73 a7 65 5 Q&) L L] 78 83 78 72 ae8
72 76 74 7 70 65 b 5% 53 7 74 83 77 70 8.0
73 78 7T 7% 4é 42 62 53 81 4 79 84 .': 70 8.9
4 73 7% 7% 72 &8 &1 2 &1 S8 72 803 89 78 8.1
7% 83 7% 88 Y Y] 831 &l Yy 62 80 79 8¢ 72 eé
7% 83 7% 72 47 S 43 81 71 72 78 8 88 73 7.9
77 80 78 IS 45 7S &S 4l 43 T+ 70 82 8 73 7.0
78 8S 81 TT 77 71 ab 45 Y 83 77 82 & 76 b8
79 Je 86 73 78 &7 2 1 70 72 3% 8 s 7% 7.8
ave 1.} 78 73 70 %4 63 60‘ 1] 8 77 [ ] 83

st 8e8  3e7 Je? 2eQ 3e7 240 207 %1 aeY Jel 205 3.

(b) Eugeﬁe

" 1 2 3 ] 5 Y ? 8 ’ 10 11 T 12 AvE SE
70 006 008 2e® 0@ e¢® a8 L0¢ S¢S sa® see 0080 g0 'Y X g
.?} 87 8 . 1+] 7% 79 79 'S &8 (%4 33 q9 [ %4 78 80
72 LT sé 82 78 14 | 14 S9 3 7T 82 1" LN4 77 Ted
73 87 S 83 77 s a8 %% 47 7% 83 89 a2 78 %e2
7 7 s 3@ 78 YA T A ] 48 o5 61 72 %9 %3 Ta 9.3
7% Y 1 88 a3 7% &9 SY 44 8 88 83 88 78 10.2
76 T 77 ?? 78 70 'Y '3 70 6? 77 87 3 74 8.9
77 8 e8s 78 73 T N 82 ¢4 7% 81 8% &7 77 8y
78 1 34 .7 79 7? 7s 70 L} 8 8Q 79 bA 4 7e 77 429
7Y eg 82 7 7 7 .3 ey Y] 52 78 87 aa 87 177
ave 84 8% aQ 77 7 67 60 s 57 8q 87  8a

st Sed Job 3.1 2.8 3eb 847 73 S,8 77 3¢7 Je b 3.7



Table 2.11(a)

Two way tables of monthly averages of hourly
relative humidity--Portland
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Table 2.11(b)

Two way tables of month]y averages of hourly
relative humidity--Eugene
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Table 2.12
Monthly precipitation frequencies

(a) Portland
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Table 2.13(a)

Two way tables of monthly precipﬁtation frequency
according to hour of day--Portland
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Table 2.13(b)

Two way tables of monthly precipitation frequency
according to hour of day--Eugene
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Table 2.14
Monthly temperature averages

(a) Portland

3 4 S é 7 8 9 10 11 12 AYE SE

YR 1 2
70 20 36 47 8 S7 4S5 &8 &7 60 S3 a7 40 s3 9.5
7 41 43 44 S0 S7 SS9 48 70 61 52  aS 40 $3  10.0
72 39 43 39 47 60 43 70 70 &0 S22 48 37 3 10.8
’3 3B 44 47 2 52 43 49 45 44 S4a a4 S sS4 9.7
~a 3B 42 36 S1 ST 44 66 68 &7 S4 48 4a g4 10.1
s 31 41 34 a7 87 61 4B b4 465 S3  as 42 s2 9.8
76 42 41 44 S0 S6 40 66 &4 &3 54 a7 39 52 9.3
7 35 44 &5 S3  S3 &3 &6 70 60 I3 44 42 s2 10.3
78 40 44 49 SO SS 4S5 47 67 &0 SS 39 34 s2 10.s
79 31 42 S0 52 S? 64 0O &7 46 T8 45 a4 4 11.S
AVE 39 43 47 SO S7 43 48 67 63 Sa  as a1
S€ 3.1 1.5 2.2 2.0 2.0 2.0 1.5 2.2 2.5 1.7 2.5 2.9
(b) Eugene
YR 1 2 3 a4 s s vd 8 9 10 11 12  avE  SE
70 A% XX XXX XX L+ 2 4 XX XX L+ & 4 XXX AREK KK KXXK XX e )
71 40 41 43 37 S3 S7 56 67 %8B 49 44 39 S0 9.4
72 I3 43 48 46 & 41 8 48 S8 =T 47 3S $2 10.4
73 33 43 44 49 36 41 47 63 51 52 44 44 2 9.1
74 39 43 49 S1  S& 64 &7 48 66 S4 49 aé Sa 9.5
7s 46 33 44 36 6 41 48 &S &4 ST a6 a3 s %.:
76 42 41 44 49 ST SB &7 &S 463 S3 47 37 2 9.8
7 38 44 a4 S1 S1 41 &4 69 S92 44 43 2 9.3
78 43 44 48 48 S3 42 &7 &6 59 S2 a1 ag 2 s.1
?9 31 43 48 %0 44 &1 &7 -3 43 1-3 42 43 S1 i0.8
AVE 39 43 44 49 S3 &1 &7 -Y- 41 <3 L3} 41

SE 3.7 .0

1B
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(14}

3.7 1.9 1.1 1.8 2.7 2.1 2.4 3.4



Table 2.15(a)

Two way tables of monthly averages of hourly temperature readings--Portland
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Table 2.15(b)

Two way tables of monthly averages of hourly temperature readings--Eugene
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Table 3.1

Root mean square errors g for the diurnal models
fitted to Eugene CO averages

M1 M2 M3 Ma M5 M6

WD 770 .287  .208  .199  .211  .185
Spring ‘

WE 401 .360 .182  .185  .324  .268

Wb | 1.019 .219  .164  .148  .230  .257
Summer

WE 433 .204  .095 .088  .115  .154

WD | 1.430 .663  .485  .514  .454  .420
Fall

WE 617 .519  .300 .331  .418  .350

WD. | 1.730 .697  .211 .23  .606  .574
Winter

WE 682 .400  .197  .218  .366  .366




Table 3.2

Diurnal model--Eugene, summer 1978 (weekdays)

a K 3 o

@ 2.43 1.019
(.21)

a + kTR 1.05 1.93 .219
(.08) (.09)

a + kTR/Ws® .83 6.62 .55 .164
(.08) (1.58) (.11)

(a + kKTR)ZHSS | 1.63 6.45 .49 .148
(.15) (1.30) (.08)

a + KTR-RH .76 .041 .230
(.09) (.002) |

(e + KTR)RH .0081 .047 .257
(.0012) (.002)

Table 3.3
Diurnal model--Eugene, summer 1978 (weekends)
a k 3 5

a 1.76 .433
(.09)

s + kTR 1.08 1.51 .204
(.09) (.17) _

x + KTR/WSS .80 3.56 .79 .095

- {.05) (1.36) (.06)
(« + kTR)/WS® | 1.73 6.65 .53 .088
- (.10) (.82) (.05)

a + kTR-RH .83 .034 .115
(.06) (.002)

(a + KTR)RH .0086 .044 .154
(.0008) (.002)




Table 4.1

CAMS: estimation results for the model

I - d
: COt kse 1+ eI/Mt)(l + allNDtl + azINDtZ)Gt + ny
Ny = Oy ¥ 90 g * 9303 * &
IND.lt = 1 for t = 1978/3 and Q otherwise;
INDZt = 1 for 1976/1 < t < 1976/12 and 0 otherwise.

Model Gt 8 8 a1 A az g
C1: 1 .629
c2: 1 -.256 -.189 .617

(.101)  (.110)

c3: 1 -.00271 -.00103 .588
(.00116) (.00052) '

ta: 1 -.00287 -.000505 -.060 -.086 .591
(.00123) (.000775) (.092) (.080)

Cs: TRt -.00372 -.00116 .585
(.00115)  (.00050)

c6: TRt -.00387 -.000655 -.055 -.086 .588
(.00126) (.000743) (.090) (.080)

C7: TRtRHt -. 00409 -.00106 .504
(.00105) (.00046)

C8: TRtRHt -.00425 -.000540 -.060 -.084 .505
(.00115) (.000676) (.079) (.069)




"Table 4.2
CAMS: detailed estimation results for model C7
- gt d .
COt kse 1+ eI/Mt)TRtRH +n.;n

£ 7 Mg My T Moy Y0 YO gty

ksx1f4 8 8 )

1.06 (.07) -.00409 -.00106 19 (.10)
.96 (.07) (.00105) (.00046) .25 (.10)
.84 (.06) .29 (.10)
.74 (.06) -4.8% -12%

.62 (.06) (£1.2) (£5.2)
.62 (.06)
.52 (.06)
.60 (.06)
.81 (.06)
.93 (.06)
1.04 (.07)
1.04 (.07)

Table 4.3
CAMS: detailed estimation reasults for model (8

co, = kSeBt(] + 1M1+ a

t INDt] +a

2INth)TRtRH +n.;

1 t t

Ne = Qe ¥ 0N p ¥ 03N 3 * &y

kS x 10 8 8 o a, )

1.07  (.07) -.00425 -.000540 -.060 -.084 5 (.10)
.96 (.07) (.00115) (.000677) (.079) (.069) .26 (110)
.84 (.06) .31 (.10)
.74 (.06) -5.0% -6.1% '

.62 (.06) (£1.4) (£7.7)
.62 (.06)
.52 (.06)
.61 (.06)
.81  (.06)
.93 (.086)
1.05 (.07)
1.05 (.07)



Table 4.4

Additional percentage benefit for fleet attributable to the I/M program;
comparison of EPA estimates and models C7 and C8

Year T/M¢  Additional benefit attributable to I/M
(1000) EPA Model C7  Model C8

1975 32.5 0.4 3.5 1.8

1976  145.8 8.3 15.5 7.9

1977 68.8 14.4 7.3 3.7

1978  143.7 16.8 15.2 7.8

1979 91.9 19.6 9.7 5.0

Table 4.5
CAMS estimation results for model (4.11)
INDt

d .
co ks(1 + Bt + OI/Mt + o ] + uZINDtZ)TRtRHt * 0

Ny = Oy * 9N o ¥ 03N 3 F &

B. o %4 2

-.00313 - . 000749 .505
((00065)  (.000374)

-4.6% -10.4%

(£1.0) (£5.2)
-.00332 ~. 000361 -.026 -.05%9 .506
(100070)  (.000477)  (.083)  (.048)

-5.0% -5.1%

(£1.0) (£6.7)




Table 4.6

Eugene model fits

gt d
co kse (1+ eI/Mt)(l + aINDt)TRtRH * n,, where

t t

Mg = 1Moy T 0N o T #3M 3 F gy
INDt =1 for t = 75/9 and 0 otherwise.

Model 8 ) o g

El -.00201 .631
(.00160)

E2 -.00320 .000843 .633

| (.00255) (.001327)

E3 -.00465 .206 .629
(.00290) (.198)

E4 -.00487 .000330 .194 .634
(.00334) (.001385) (.220)




Table 4.7
Hollywood model fits

(=]
o
]

gt d
¢ kse 1+ eI/Mt)(1 + c.INDt)Gt * N where

R LR T P UNIE I U S P

INDt = 1 for t = 75/10 and O otherwise.

Model G, B ) a o

H1 ] -.00422 .574
(.00194)

H2 -.00446 .000149 ~ .578
(.00236) (.000801)

H3 -.00423 .000288 -.028 .582
(.00278) (.000849)  (.117)

He TR, -.00642 .571
(.00174)

H5 -.00653 .000013 .575
(.00209) (.000710)

H6 -.00604 .000037 -.028 .579
(.00255) (.000731) (.111)

H7  TR.RH, -.00716 .577
(.00181)

H8 -.00709 -.000100 .582
(.00221) (.000760)

HS -.00602 .000114 -.080 .584

(.00258) (.000810) (.111)




Table 4.8
CO model fits at Alder and Lloyd
co

gt d .
kse -+ eI/Mt)TRtRH +n.;

t t t

Ny = 0qNe_1 ¥ BN o T O30y 3 * €.

8 8 g
Alder: -.0136 .538
(.0051)
-.0122 .00055 .542
(.0048) (.00124)
Lloyd: -.0110 .633
(.0059)
-.0110 -.00026 .641
(.0061) (.00178)




Table 5.1(a)
Estimates in regression model (5.4)--summer

The €O observations are in 10 ug/m3 standard
R -2 errors

0 72 3 Iz} 1% 76 11 18 79 IMS WS cos sin T RH PR obs mode}
14.5 4.4 6.3 -5.0 -17.9 -13.4 -14.7 -20.0 -17.4 {172 -132 -1.3 -5.6 -.67 .02 19.0

CAMS am (15.5)1 (3.1) (3.1) (3.1) (3.1) (4.1) (3.4) (3.2) (3w Q) (200 (0.1) (1) (1.7) (.10) (2.5) 24.6 18.9
29.8 | -5.2 2.4 -21.2 -20.7 -44.7 -28.4 -42.0 -31.8 |823 -1852 -8.6 -4.9 -.34 .83 39.56

pn (23.8)] (5.4) (5.3) (5.3) (5.4) (7.8) (5.9) (5.6) (5.5)] (94) (386) (2.0) (2.0) (.24) (.17) (5.3) 49.2 33.5
12.2 7.3 4.1 -5.0 24.3 -1.2 0.9 -1.9 -3.2 33 -2% 0.2 0.5 .22 -.07 0.6

Eugene an (8.8)] (1.6) (1.7) (1.9) (3.7) (v.6) (1.9) (1.6} (1.7)] (9) (7) (o0.6) (0.6) (.10) (.05) (1.7) 1.4 10.5
5.4 121.0 11.) 0.2 21.6 5.3 16.9 11.0 9.9 21 -10 0.7 0.4 .18 .09 1.5

pn (7.4)] (1.6) (1.6) (1.8) (3.4) (1.8) (v.8) (v.6) (1.6)] (9) (9) (0.6) (0.6) (.08) (.05) (1.9) 12.4 10.2
36.3 -2.7 -13.4 -16.9 -18.3 -11.§ -15.8 78 -62 0.9 1.0 -.45 .38 5.4

Hollywood am (16.5) (3.2) (3.1} (3.1) (3.3) (3.2) (3.2)| (4} (3) (v.1) (v.0) (.18) (.10) (2.5) 18.8 16.8
56.0 -17.6 -23.6 -29.3 -25.5 -28.0 -38.0 | 167 -133 1.5 0.1 -.20 16 6.2

pn (15.6) (3.5) (3.3) (3.3) (3.4) (3.4) 3.9 0n Q7 (. (.2) (.16) (.10) (3.3) 23.4 18.5
-27.0 1.2 -2.8 -7.5 -3 1 -1.2 1.1 .67 .28 -12.0

Alder am (15.3) (2.7) (2.6) (2.6)] (18) (19) (1.1) (0.1) (A7) (.10) (2.4) 1.9 10.8

-38.6 -17.9 -26.2 -18.3 |-193 594 -0.8 -1.7 1.19 69 -12.2 .

pn (18.0) (3.5) (3.4) (3.4)] (79) (365) (1.4) (1.4) {.18) (.13) (3.8) 17.4 14.3
-27.8 1.3 -8.3 -5.2 32 -24 -0.6 -0.2 .36 .3 -4.8

Lloyd am  (10.1) ' (1.3) (1.3) (1.4)] (8) (8) (0.7) (0.6) (.N1) (.06) (1.5) 9.2 8.0
-21.0 -4.9 -14.5 -19.9 44 -3l 0.5 0.0 .84 .26 Q.7

pn (18.2) . (2.8) (2.7) (29109 (8) (1.4) (1.4) (.18) (.12) (3.9) 118.9 17.3

Note: Wind speed and wind direction at CAHS and Alder from tlughes /Federal Buildings



CAMS
Eugene
Hollywood
Alder

Lloyd

am

o

am

p

am

pm

am

Table 5.1(b)

Estimates in regression model (5.4)--winter
The CO observations are in 10 ug/-3

Note: Wind speed and wind direction at CAMS and Alder from Hughes/Federal Buildings
]

standard

12/3 134 s 1506 167 118 189 |Ws' ws? cos stn T R PR obs  model
3.0 1.7 -30.9 -31.0 -28.8 -24.2 -32.4 | 156 -126 1.7 1.8 .79 .16 1.5

(3.8) (3.5) (3.7) (3.8) (&.0) (3.7) (37| (200 (20 (1.3) (1.4) (13) (.08) (2.1) 27.2 22.3
6.5 -33.2 -44.3 -73.9 -58.3 -47.7 -55.9 | 193 -156 -0.7 -3.2 1.48 .84 15.8

(1.6) (76) (7.8) (7.6) (8.7) (7.9) (71.7) | (50) (S6) (2.9) (2.9) (.27) (.17) (4.7) 58.5 47.9
05 -2 -58 -3.3 3.6 -95 -6.9 | 76 -59 -0.6 -2.7 -.21 -.15 -3.9

(2.4) (2.8) (2.8) (2.3) (2.4) (2.8) (30 ] (13) (2) (0.9) (0.9) (.10) (.09) (1.5) 16.8 14.3
00 2.9 -10.4 41 181 154 6.9 |51 -N8  -0.2 1.2 .28 .24 -9.1

(3.6) (4.1) (4.2) (3.5) (3.6) (3.6) (4.6) | (16) (15) (1.4) (1.4) (.14) (.11) (2.4) 26.8 21.6
1.3 -16.3 -94 -3.5 -15.6 |17 -76 -5.2 -0.9 -.80 .51 -6.7

(4.5) (4.6) (a.8) (a.5) (4.7) ] (25) (28) (1.9) (1.9) (.20) (.13) (3.2) .0 27.6
1.6 -19.5 -3.4 08 -23.4 |16l -6 -10.0 -5.3 -.19 .42 1.}

(6.6) (6.7) (7.1) (6:6) (6:9) | (33) (33) (2.9) (2.7) (:29) (\17) (5.0) 45.5 41.3
99 44 1.6 | 62 -63 -0.5 1.9 -.12 .62 -1.2

(3.2) (2:8) 31) | (22) (24) (1.5) (1.6) (.15) (.09) (2.4) 19.4 16.3

23.2  -3.3 9.4 |20 -277 -0.6 -6.2 ~-.01 1.09 -19.2 ~

(5.9) (5.2) (5.7) | (55) (66) (2.8) (2.8) (.28) (.16) (4.6) 38.8 30.9
84 21 171 12 s 1o 0.3 -.37 .32 -2.8

(2.3) (2.2) (3| 08 Q8 @) (. G (or) (1.9) 16.8 12.8
6.3 4.7 -8.0 | 240 -188 -4.7 -2.5 -1.36 .68 -16.3

(5.9) (5.8) (6.2) | (33) (32) (3.0) (2.8) (.30) (.17) (5.4) 44.1 4.8



Table 5.2(a)

Estimates in regression model (5.6)--summer

The CO observations are in 10 pg/m3

Const | TR I-TR I/MTR IND |us™' s cos sin Temp RH  Prec |Obs Model
cMs | -92.7 | 1.74 -.036 -.0011 10.5 |181 -141 -0.7 -5.4 -.55 .06 18.8 |24.4 19.1
am | (52.0)| (.53) (.007) (.0003) (5.1)|(18)  (20) (1.1) (1.1) (A7) (o) (2.5)
CAMS |-170.8 | 2.14 -.055 -.0016 -3.5 |676 -1035 -8.3 -3.4 -.33 .89 35.1 |49.3 34.1
pm | (92.5)| (.95) (.012) (.0006) (9.4)|(73) (219) (2.0) (1.9) (.23) (.17) (5.3)
CAMS | -42.3 | 1.20 -.035 -.0006 181  -142 -0.7 -5.3 -.58 .05 18.3 |24.4 19.1
am | (44.8) | (.47) (.007) (.0002) (18)  (21) (1.1) (.1) (17) (L10) (2.5)
cAMs | -187.7 | 2.35 -.054 -.0017 665 -1003 -8.3 -3.7 -.35 .87 35.7 |49.0 33.8
pn | (80.4)| (.83) (.011) (.0004) (73)  (217) (2.0) (1.9) (.28) (.17) (5.2)
Fugene | 80.7 |-2.40 -.064 9.2 | 28 21 0.3 0.5 .14 -.08 0.7 {11.1 10.7
an | (22.1)] (83) (Lo21) (3.9)| (8)  (7) (0.6) (0.6) (.10) (.05) (1.7)
Eugene | 169.2 |-6.38 -.055 19.2 | 1 3 0.2 04 .5 .11 1.4 |12.0 1.4
pm | (23.0)] (.88) (.022) (4.0)| (11)  (12) (06) (0.7) (.08) (.05) (2.2)
IND: CAMS 1 if 1976 Eugene 1 = Aug. 1975

0 otherwise

0 otherwise



Table 5.2(b)
Estimates in regression model (5.6)--winter

The CO observations are in 10 uglm3

Const TR It-TR I/M-TR IND NS'] ws~2 cos sin Temp RH Prec | Obs Model
CAMS 14.2 0.18 -.059 .0010 -12.6 | 157 -129 1.9 1.2 .76 2.8 }27.2 23.0
am (32.5) | (.37) (.010) (.0004) (4.0)| (20) (22) (1.4) (1.4) (.14) (. 08) (2.1)
CAMS | -101.4 1.70 -.142 L0013 -39.2 | 212 -170 2.5 -5.7 1.25 .84 15.4 }64.3 54.1
pm (73.4) | (.84) (.022) (.0010) (B.9)1{ (54) (62) (3.1) (3.1) (.30) (.18) (5.1)
CAMS 2.0 0.29 -.045 .0001 157 -1 2.1 1.0 .66 .15 3.5 | 27.0 23.0
am (32.3) (.37) (.009) (.0003) (20) (22) (1.4) (1.4) (.14) (.08) (2.1)
CAMS | -146.6 2.18 -.104 -.0015 182 -138 2.2 -5.6 .98 14.8 | 64.3 54.9
pm (73.8) | (.85) (.021) (.0007) (55) (63) (3.2) (3. 2) (.30) (. 18) (5.2)
Eugene 20.1 0.06 -.090 6.7 92 -73 -0.5 -2.7 -0.23 .19 -3.5 {16.8 14.5
am (16.1) | (.65) (.026) (2.8) | (13) (12) (0.9) (0.9) (.09) (.10) (1.5)
Eugene | -70.5 2.86 -.019 10.4 | 165 -129 0.9 1.0 -0.24 -9.7 (27.0 22.1
pmn (23.5) | (.95) ( 039) (4.3) ] (17) (16) (1.4) (1.4) (.13) ( 12) (2.4)
IND: CAMS 1 if 1976 Eugene 1 = Aug. 1975

0 otherwise 0 otherwise



Table 5.3(a)
Annual percentage trend reduction, and additional
average benefit due to I/M at CAMS
(standard errors given in parentheses)

without with
traffic disruption (1976) traffic disruption (1976)

trend I/M trend I/M
summer am -8.8 -17.1 -9.1 -31.4
(1.8) (5.7) (1.8) (8.6)
summer pm -9.0 -32.1 -9.2 -30.2
(1.8) (7.6) (2.0) (11.3)
winter am -6.9 1.7 -9.0 17.3
(1.4) (5.1) (1.5) (6.9)
winter pm -7.8 : -12.8 -10.7 11.1
(1.6) (6.0) (1.7) (8.5)
average -8.1 -15.1 -9.5 - -8.3
(1.6) (6.2) (1.8) (9.0)
Table 5.3(b)
Annual trend reduction at Eugene
(Standard errors given in parentheses)
trend
summer am -5.4
(1.8)
summer pm -3.6
(1.4)
winter am -5.8
(1.7)
winter pm -.7
(1.4)
average -3.



Table 5.4
CO summer/winter and morning/afternoon,
averages for CAMS and Eugene (in 10 ug/m
summer winter
morning afternoon morning afternoon
CAMS 40.0 60.5 60.0 122.0
Eugene 28.3 36.7 34.9 62.3



cars inspected

Annual

Figure 1.1

vehicle inspection and failure rates
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Figure 1.2

Monthly car inspections--Portland I/M program
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Figure 1.3

Map of Portland- indicating locations of CO receptors, traffic counter
and meteorological measurement sites
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Figure 1.4

Map of Eugene indicating locations of CO recebtor, traffic counter
and meteorological measurement sites
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Figure 2.1(a)

Plot of monthly CO averages--CAMS
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Figure 2.1(h)
Plot of monthly CO averages--Hollywood
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Figure 2.1(c)

Plot of monthly CO averages--Alder
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Figure 2.1(d)
Plot of monthly CO averages--Lloyd
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Figure 2.1(e)

Plot of monthly CO averages--Eugene
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Figure 2.2(a)

Plot of monthly CO averages--weekday/weekend comparison--CAMS
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Figure 2.2(b)

Plot of monthly CO averages--weekday/weekend comparison--Hollywood
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Figure 2.2(c)

Plot of monthly CO averages--weekday/weekend comparison--Alder
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Figure 2.2(d)

Plot of monthly averages--weekday/weekend comparison--Lloyd

3
JOOOP‘ glw\ weekday
w A I, /\W

D.D - B N Lk L L L T R oy u-gun s Sy by Sro gty @ o4 0600 40 = 04 e 20 50 0 06 & 54 54 0 e 0000 56 54 06 BG B © 6608 6 S0 08 50 8 06 K8 vE 56 § 54 2050 2e 44 =4 0 04 SO SS o8 & 04 P64 54 70 0 20 26 0 04 B0 © C0 59 5 PO A5G T IS S0 0 09 & 06 POt S50 0 0% 24P S 0d & w0
(0.0~ '

weekend

A ¢
A WY '\%

0.0 ~




Figure 2.2(e)

Plot of monthly CO averages--weekday/weekend comparison--Eugene
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Figure 2.3(a)

Composite plots of monthly 25th, 50th, 75th, and 95th pefcentiles of CO--CAMS
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Figure 2.3(b)
Composite plots of monthly 26th, 50th, 75th, and 95th percentiles of C0--Hallywood
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Figure 2.3(c)

Composite plots of monthly 25th, 50th, 75th, and 95th pércentiles of CO--Alder
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Figure 2.3(d)
Composite plots of monthly 25th, 50th, 75th, and 95th percentiles of CO--Lloyd
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Figure 2.3(e)

Composite plots of monthly 25th, 50th, 75th, and 95th percentiles of CO--Eugene
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Figure 2.4(a)

Diurnal diagrams of hourly CO averages for weekdays, 1970-1974
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Dturnal dtagrams of hourl;'e
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Figure 2.5(a)

Diurnal diagrams of hourly CO averages for weekends, 1970-1974
Summer, - - - - Winter)
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Figure Z.%(bY

Diurnal diagrams of hourly CO averages for weekends, 1975-1979 ( ——— Summer, - - - - Winter)
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In Thousands Figure 2.6

st Plot of monthly average daily traffic counts (in 1000 cars/day),
: portland T BON, Columbia River Highway at NE 21st Ave.
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In Thousands
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Figure 2.8(b)

+ Monthly wind speed' averages
KuoTs Eugene Airport '
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"Figure 2.8(c)

Monthly wind speed averages
HPH Portland Hughes/Federal Building
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Figure 2.9

Composite plot of monthly 25th, S50th, 75th,
and 95th percentiles of w1nd speed

Kmots (a) Portland airport
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Figure 2.9

Composite plot of monthly 25th, 50th, 75th,
95th percentiles of wind speed

MPH (c) Portland Hughes/Federal Building
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Figure 2.10(a)

Ditirnal diagrams of hourly wind speed éverages--Portland Airport
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Figure 2.10(b)

Diurnal diagrams of hourly wind speed averages--Eugene Airport
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Diurnal diagrams of hourly wind speed averages--Portland Hughes/Federal Building

Figure 2.10(c)
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Figure 2.11
Relative Frequency of wind direction

PORTLAND -

-9 nan \‘1?l WG PM
N 7
v

5 M (]
ﬁ k3 4 £
h *
v.

N N
Vi
' v
b+ /

1-90m

?\
b

EUGENC - 92

g

h-G Pw



Tgure <.l

Scatter diaé%a

ms of wind vectors--1971
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Figure 2.12(a) cont.
Scatter diagrams of wind vectors--1971
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calfe  SLEILA PLUS PISILENE  SUn 1DF8 - BUP V006 NSV Scatter diagram¥ of wind vectors--1976
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Figure 2.12(b) cont.
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rigure 2.7

Plot of monthly mixing height averages at Salem

Meters
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Figure 2.14(a)

Plot of monthly averages of relative humidipy--Portland
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Figure 2.15

Composite percentile plots of monthly 25th, 50th, 75th, and 95th
percentiles of relative humidity
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Figure 2.16(a)

Diurnal diagrams of hourly averages of relative humidity--Portland
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Figure 2.16(b)

Diurnal diagrams of hourly averages of relative humidity--Eugene
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Figure 2.17(a)

Vur Cend Plot of monthly frequencies of precipitation--Portland
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Figure 2.17(b)

Plot of monthly frequehcies of precipitation--Eugene
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Figure 2.18(a)

Diurnal diagrams of hourly precipitation frequencies--Portland
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Figure 2.18(b)

Diurnal diagrams of hourly precipitation frequencies--Eugene
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. Figure 2.19(a)

Plot of monthly temperature averages--Portland
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Figure 2.19(b)

Plot of monthly temperature averages--fugene
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Figure 2.20

Composite percentile plots of monthly
25th, 50th, 75th, and 95th percentiles
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Figure 3.1
Diurnal CO averages for Eugene, summer 1978
weekday - - - weekend
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Figure 3.2

Diurnal traffic averages for Eugene, summer 1978 (in thousands of cars)
weekday - - - weekend
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Figure 3.3

Plots of (a) CO vs WS, (b) CO vs MH, (c) CO vs RH
Eugene, summer 1978, weekday afternoon (3-6 pm)
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Figure 3.4
Plot of RH vs MH, Eugene, summer 1978, afternoon (3-6 pm)
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Figure 3.5(a)

Diurnal diagram of windspeed averages, Eugene summer 1978
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Figure 3.5(b)

Diurnal diagram of relative humidity averages, Eugene summer 1978
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: Figure 3.6 '
Diurnal diagrams of CO, traffic, wind speed, and relative humidity for four seasons at Eugene
weekday - ~ - - weekend
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Figure 3.7
Observed (-) vs predicted (X) hourly CO averages

Model Ma: CO, = (u + kTRt)/wsf: + €, Eugene summer 1978
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Figure 4.1

Bt

Plot of kt = ke"" for g = -.005; k =1

t
1.0
.54
9 [*9 9 129
time
Figure 4.2
Piot of kt = k(1 + gt) for 8 = -.005; k =1
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Figure 4.3
Plot of k, = ke®S(1 + eI/Mz) for k=1, 8 = -.005 and 8 = -.00]
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Figure 4.4

Plot of the estimated emission constants eBt(] + eI/Mg); model C7; CAMS
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Figure 4.5
Plot of the estimated emission constants
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Figure 5.1

Scatterplots of CO against meteorological variables
Portland summer 1977, afternoon

(a) CO vs WS (at Hughes)
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(b) CO vs WD (at Hughes)
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Figure 5.1

Scatterplots of CO against meteorological variables

Portland summer 1977, afternoon

(c) €O vs Temp (at NCC)
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Figure 5.1

Scatterplots of CO against meteorological variables
- Portland summer 1977, afternoon

(e) CO vs MH (at Salem)
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Figure 5.2(a)
Plot of the trend indicator estimates &1. for regression model (5.4):
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Figure 5.2(b)
Plot of the trend indicator estimates a; for regression model (5.4): Winter
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