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Abstract approved 

The examination in some detail of the relationships between 

air quality and the thermal structure of the lowest layers of the at- 

mosphere constituted the primary objective of this thesis. Data for 

the study were assembled during April -June 1965 at the U.S. 

Weather Bureau Station, McNary Field, Salem, Oregon. The meas- 

ures of air quality employed were the estimated mean concentrations 

of suspended particulate material collected on standard high volume 

filters near the surface during two six -hour periods each day : early 

morning (0000 to 0600 L. S. T. ) and afternoon (1200 to 1800 L. S. T.). 

To represent thermal structure, lapse rates of temperature were 

computed twice daily for each 150 -meter -thick layer of air between 

the surface and 1500 meters above the surface. The information for 

these computations was taken from the original records of the U.S. 

Weather Bureau radiosonde flights conducted daily at 0300 and 1500 

L. S. T. 
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Graphical and statistical analysis of the relationships between 

lapse rate and air quality for each of the 150- meter -thick layers and 

each of the cumulative layers (by 150 meter increments) originating 

at the surface produced results that were quite different for the 

morning and afternoon sampling periods. The relationships for the 

morning period were determined graphically to be continuous and 

determined statistically to be linear. For this period the stability of 

the lowest 450 meters appeared to affect most directly the air quality 

while the thermal structure above about 1000 meters appeared un- 

related to air quality. The afternoon relationships, on the other 

hand, were poorly defined. In fact, the air quality of the afternoon 

period was better related to the thermal structure of the early morn- 

ing period than to the contemporaneous thermal structure. 

On the premise that for a given lapse rate, air quality may 

fluctuate because of variations in pollutant emission rates and /or be- 

cause of changes in meteorological variables, supplementary studies 

were conducted. The test procedure was the same for each variable, 

and consisted of dividing the data for each sampling period into 

classes of the parameter, then comparing the resulting relationships 

both graphically and statistically with the combined relationships. 

Surface wind velocities, average upper air wind speeds, prominent 

synoptic features and air mass types, and the stability of the lowest 

layers of the atmosphere prior to the beginning of the sampling 



periods were the meteorological parameters considered. Division 

of data by weekend and work week, and then by day of the week was 

also considered to assess possible variations of pollutant emission 

rates over these periods. In no case did subdivision of data by addi- 

tional parameters produce any apparent increased information. 

Since pilot balloon data are more numerous and less expensive 

than corresponding radiosonde data, and since theory indicates that 

wind shear may be a reasonable estimate of stability, the vertical 

shears of the horizontal wind profiles of the lower atmosphere were 

also compared with concurrent estimates of air quality. The rela- 

tionships between shear and air quality for both sampling periods 

were judged both graphically and statistically to be poorly defined. 

Although the development of relationships for the purposes of 

estimating and predicting air quality was not an objective of this 

study, many of the developed relationships between lapse rate and 

air quality might be used for one of these purposes. In particular, 

selected combinations of lapse rate of the morning period may be 

used as an estimator of air quality for this period. Similarly, lapse 

rate of the morning period might be utilized as a predictor of air 

quality of the afternoon period. 
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RELATIONSHIPS BETWEEN AIR QUALITY AND 
THERMAL STRUCTURE OF THE LOWER 

ATMOSPHERE AT SALEM, OREGON 

INTRODUCTION 

Literature Review 

Meteorologists (4, 9) have long believed that the vertical dis- 

persion of pollutants and thus their concentration near the earth's 

surface are directly affected by the vertical thermal stratification of 

the lower atmosphere. Several researchers (5; 17, p. 36 -41; 31) 

within the past decade have developed multivariate models for the 

prediction of pollutant concentrations 8 to 24 hours into the future, 

utilizing some form of the temperature lapse rate of the lower at- 

mosphere as one of the independent variables in the models. Other 

authors (11; 18, p. 18 -39; 20), in discussing the present /or future 

air pollution problems in their specific geographical areas, con- 

sidered inversions as the only layers sufficiently stable to reduce 

vertical dispersion and hence to cause high surface concentrations 

of pollutants. However, the only investigation encountered by the 

author into the actual relationship between temperature lapse rate 

and pollutant concentrations was made as a part of an extensive study 

of the air pollution problem in Louisville, Kentucky (23). Earl 

Markee (14), a meteorologist assisting the U.S. Public Health 
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Service in this study, compared the time -averaged temperature dif- 

ferences between 170 and 60 feet and between 524 and 60 feet on a 

television broadcasting tower with concurrent soiling index measure- 

ments obtained from an AISI filter tape (see page 9 for a discussion 

of the AISI sampling technique). The AISI sampler was located near 

the surface in Westend Louisville about two miles from the downtown 

broadcasting tower. Relationships between temperature difference 

and soiling index for both the Winter and Summer seasons of 1958 

were developed for two -hour sampling periods; longer period rela- 

tionships were obtained by averaging values of the included two -hour 

intervals. All relationships were subjected to linear regression 

analysis, with regression equations and correlation coefficients being 

published for comparison. Markee recognized that varying emission 

rates, increased mechanical turbulence owing to the existence of 

larger roughness elements over urban Louisville than over a cor- 

responding rural area, and concurrent meteorological variables may 

have obscured or otherwise affected the relationships. Since he was 

primarily interested in an engineering estimate of the relationship 

between temperature difference and soiling index, Markee did not 

look into these effects or other possible effects on the relationships. 

Thesis Objectives 

It is the primary purpose of this thesis to examine in some 
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detail the relationships between the vertical thermal structure of 

the lower atmosphere and the concentration of pollutants measured 

near the earth's surface. The relationships of the stable lapse rates 

of temperature in the range between the dry adiabatic and isothermal 

points in comparison to the relationships over the stable lapse rates 

represented by temperature inversions will be specifically examined 

for changes in slope or other discontinuities, particularly at the 

isothermal point. A special effort will also be made to determine 

the depth of the lower atmosphere whose thermal structure signifi- 

cantly affects concentrations of surface pollutants. 

A second objective is to ascertain if the effects of varying 

emission rates and of other meteorological variables are signifi- 

cantly discernible in the relationships between lapse rate and air 

quality, since fluctuations in pollutant concentrations may be due to 

variations in domestic and industrial emissions of pollutants and /or 

meteorological processes not reflected in lapse rates (24, p. 59; 

32, p. 56). Specific meteorological variables investigated will be 

precipitation occurrence, surface and upper air wind velocities, 

prominent synoptic features and air mass types, and stability of the 

lower atmosphere prior to the beginning of sampling periods. Ef- 

fects of variations in pollutant emission rates will be assessed by 

dividing data into work week and weekend and by day of the week. 

A third objective of this thesis is to determine the feasibility 
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of substituting the vertical shear of the horizontal wind profile of 

the lower atmosphere for lapse rate as a stability parameter in 

studies of the type included in the first objective. Aside from the 

few vertical temperature profiles obtained from broadcasting towers 

and rocketsonde and wiresonde soundings, the only measurements of 

temperature lapse rates in the United States are acquired from the 

twice daily radiosonde flights of the U.S. Weather Bureau and the 

U. S. Air Force. Measurements of the horizontal wind profile, and 

thus of shear, of the lower atmosphere are made at twice the fre- 

quency and at more geographical locations than are radiosonde 

soundings. If substitution of shear for lapse rate produces com- 

parable results, use of the less expensively obtained and more fre- 

quently gathered measure of stability should permit more complete 

surveys of air quality and its potential for management. 



PROCEDURE 

Sampling Location 

5 

Because of the availability of a variety of meteorological ob- 

servations, most especially the twice daily radiosonde flights, and 

because of the assistance offered by the station's staff, the site 

chosen for primary data collection was the U.S. Weather Bureau 

Airport Station, McNary Field, Salem, Oregon. 

As shown in Figure 1, Salem is located centrally in the Wil- 

lamette Valley. The Oregon Coast Range 30 miles to the west and 

the Cascade Range 30 miles to the east have ridge crests which 

average 3000 feet and 5000 feet, respectively, above the valley 

floor. About 50 miles to the northeast is the metropolitan area of 

Portland, and about 65 miles to the south is the metropolitan area 

of Eugene. 

The location of the U.S. Weather Bureau Airport Station in 

Salem is shown in Figure 2. This site is about one mile southeast of 

the Salem metropolitan area and is surrounded by fairly level open 

terrain. Visual surveys of the area by the author were conducted of 

pollutant emission sources. Such sources were found in all quad- 

rants, the nearest noted being a gravel pit operating about a mile to 

the east of the sampling site. Since a detailed emission inventory 

has not been made for Salem (16, p. 9 -15; 18, p. 59), bias in the 
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Figure 1. A map of the Willamette Valley showing the geographical 
relationship of Salem to Eugene, Portland, the Coast 
Range, and the Cascade Range. 
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sampled pollutants by wind direction will be considered as a part of 

this thesis. 

Sampling Duration 

As a result of three primary considerations, the approximate 

Spring season of 1965 was chosen for acquisition of data, the sam- 

pling officially beginning on April 1 and ending on June 25. First, 

sampling during this season was personally convenient to the author 

in his academic program schedule. Second, the season generally 

exhibits a minimal number of occurrences of stagnant dilution con- 

ditions which may cause the abnormal buildup of pollutants near the 

surface and hence possibly obscure relationships between lapse rate 

and air quality. According to Lynott (16, Appendix, p. 4 -10) and to 

McElroy (15, p. 3 -7), stagnant conditions, such as calms in con- 

junction with persistent, stable lapse rates, usually occur during the 

Fall and Winter seasons in the Willamette Valley. And, third, the 

author desired to sample when there are a minimal number of pollu- 

tant emission sources of an irregular, often unpredictable nature in 

active operation. Primary local sources of this type which compli- 

cate the determination of the effects of variations in emission rates 

on relationships between lapse rate and air quality are: domestic 

heating during the Fall and Winter seasons, agricultural field burn- 

ing during the Summer and early Fall seasons, and forest slash 

8 
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burning during the Fall and Winter seasons. 

Air Quality Measurements 

Suspended particulates were chosen as the pollutant to be sam- 

pled because appropriate sampling equipment was readily available. 

This class of pollutants is suitable also because it is considered to 

be fairly unreactive (32, p. 124 -153) and because it is directly com- 

parable to those sampled in Louisville (14). The suspended particu- 

late sampling equipment used in the study were the standard high 

volume and AISI devices. 

In Figure 3 is shown the type of high volume air sampler used. 

Air is drawn through this sampler at about 60 cubic feet per minute, 

the suspended particulates being trapped on an eight inch by ten inch 

fiber glass filter instead of the filter shown in the figure (2). The 

filter is dried in an oven to remove collected moisture and weighed 

before and after the sampling period. Gain in filter weight is then 

attributed to the trapped suspended particulates and is converted into 

standard concentration units of micro -grams per cubic meter (µgm) 

of airflow through the sampler. The filters, however, must be 

changed manually before each sampling period. 

Figure 4 similarly illustrates the type of AISI suspended par- 

ticulate sampler utilized for the study. Air is drawn through a filter 

paper tape at a fixed rate by a constant volume pump. The tape 
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Figure High volume sampling device similar to the one used 

in this study. 
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Figure 4. A&SI sampling device similar to the one used in this 
study. 
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advances automatically every two hours, resulting in a continuous 

series of darkened spots on the filter tape (1). The soiled tapes are 

then analyzed by an instrument which indicates the amount of light 

transmission through a soiled spot as compared to a clean portion of 

the tape (100 percent light transmission indicates a clean tape while 

zero percent light transmission corresponds to a completely opaque, 

soiled tape). 

In Figure 5 these devices are shown in their weatherproof 

housings and with respect to their surroundings; the high volume 

sampler is situated nearest the Stevenson weather shelter. The 

samplers are situated about two and one -half feet above a closely 

clipped grass surface, 20 to 25 feet south of the airport's U.S. 

Weather Bureau Office and 20 feet north of a paved driveway leading 

to a parking lot. A paved, aircraft taxiing area is located 100 to 

150 feet to the east of the sampling site. Bias in the airflow and 

hence perhaps in the air quality may be expected from the northwest 

to northeast quadrants owing to the presence of the airport buildings 

to the north and the Stevenson shelter to the west. Similarly, dust 

picked up and stirred by the infrequent airplane traffic on the taxiing 

strip and infrequent auto traffic on the driveway may bias a sample's 

representativeness of air quality of the airport area. While these 

biases were not considered to affect the sampling significantly, they 

will be discussed the third chapter. 
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Figure 5. Two views of the AISI and high volume sampling 
devices in their weatherproof housings and with 
respect to their surroundings at the McNary Field 
site. 
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High volume samples of suspended particulates were taken 

daily from 0000 to 0600 L. S. T. and from 1200 to 1800 L. S. T. , 

periods centered on the 0300 and 1500 L. S. T. Salem radiosonde re- 

leases. These periods were chosen on the assumption that the ra- 

diosonde soundings were representative soundings for the particular 

sampling periods. An electronic timing device was used to turn the 

high volume sampling unit on and off at the prescribed times. The 

personnel of the U.S. Weather Bureau Airport Station generously 

cooperated by changing the fiber glass filters between sampling 

periods. 

The six -hour sampling intervals were subjectively chosen on 

the basis of tests run with the high volume unit a week prior to the 

beginning of the actual sampling season. During this time period, 

samples of from 1 to 12 hours duration were taken while the author 

familiarized himself with the sampling equipment. The gain in filter 

weight of many of the samples of duration less than six hours was 

not considered to be above the possible errors introduced as the re- 

sult of normal filter handling and the usual accumulation of irrelevant 

impurities on the filters. By the nature of the objectives of this 

study, the shortest feasible sampling time representing the nearest 

workable approach to an instantaneous measurement of air quality, 

seemed most appropriate. For these reasons, primarily, six -hour 

sampling intervals were used in the study. It is interesting to note 
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that 24 -hour sampling periods are utilized by the U.S. Public Health 

Service for their national air sampling network (18, p. 6) and by the 

Oregon State Sanitary Authority in their air quality surveys (16, 

p. 21 -30); sampling periods as short as eight hours have previously 

been used by a few investigators (17, p. 7; 23, p. 14), but only in 

urban areas or near prominent pollutant sources. 

Twelve, two -hour AISI samples were taken each day beginning 

at 0000 L. S. T. This sampler, which automatically advances the 

filter tape every two hours, runs for approximately four weeks be- 

fore new tapes are required. The sampling schedule was set up so 

that the 0200 to 0400 L. S. T. and 1400 to 1600 L. S. T. samples were, 

respectively, centered on the 0300 and 1500 L. S. T. radiosonde 

flights. 

Owing to breakdowns and malfunctions in the AISI unit, 32 per- 

cent of the AISI samples were lost and another 24 percent of the 

samples were damaged. Sampler breakdowns were discovered by 

the author and the U.S. Weather Bureau personnel during periodic 

checks. However, the loss of most of the data was caused by the 

sporadic failure of the AISI unit to advance the tape every two hours 

and was not detected until the tapes were later analyzed. A systematic 

or more frequent failure to advance the tape would have been dis- 

covered earlier. 

Only five percent of the high volume data were lost owing to 
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breakdowns or other mechanical failures of the instrument and 

another four percent were considered to be damaged owing to im- 

proper handling of the filters. Because of the unreliability of the 

above mentioned AISI data, only the high volume sampling data were 

used in this study. 1 

Meteorological Data 

The temperature data describing the thermal structure of the 

lower atmosphere were obtained directly from the original records 

of the Salem radiosonde flights (25), thereby including information 

not contained in teletype transmissions. 

Data delineating the horizontal wind profiles of the lower at- 

mosphere above Salem were acquired from U.S. Weather Bureau 

teletype transmissions (30) since the original records of these pro- 

files included little detail not contained in the teletype messages. 

Surface weather data were obtained from hourly surface ob- 

servations taken at the sampling site (29). It is of interest to note 

that as of January 1965, monthly summaries prepared by the U.S. 

Weather Bureau for this station (28) no longer contain complete 

records of these hourly weather observations. 

1The 
AISI data were not included in the appendix since they were 

not used in this thesis. Theymaybe obtained from Dr. Richard Boubel, 
Mechanical Engineering Department, Oregon State University. 
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All climatological data for the Salem area were obtained from 

official U.S. Weather Bureau publications (26, 28). 

The synoptic maps utilized were acquired from U.S. Weather 

Bureau facsimile charts and daily weather map publications (29) at 

the U. S. Weather Bureau Agricultural Advisory Station located on 

the Oregon State University campus. 

Reduction of Radiosonde Temperature Data 

The basic radiosonde data consisted of temperatures to the 

nearest tenth of a degree Celsius for levels to the nearest ten geo- 

potential meters above mean sea level. Geopotential lengths were 

converted to geometric lengths by the relationship: 

meters = O. 98 /g geopotential meters (8, p. 47; 21, p. 46) 

where g, the m. k. s. numerical value of the gravitational accelera- 

tion, was assumed to be 0.98; the value of g in the lowest 10, 000 

meters usually does not vary more than O. 003 from O. 98 (21, p. 45). 

Only the lowest 1500 meters above the station were considered in 

the study since it is the extent of the mean maximum mixing depth 

for the Salem area during the Spring season as reported by Holz - 

worth (10), is about the height of the average ridge crests of the 

Cascade Range to the east, and is about the depth considered in past 

air pollution surveys of the Willamette Valley (15, p. 4; 18, p. 18). 
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Lapse rates for each layer spanning reported levels in this 

150 meter depth were then computed by the relationship 

AT 
T2 - T1 

Y AZ Z2 Z1 

where T2 and Z2 and T1 and Z1 are the temperatures and heights of 

the top and bottom of the layer respectively. This definition of 

lapse rate is used for convenience throughout the thesis although it 

is the negative of the customary definition. 

The 1500 meter depth was next subdivided into ten 150- meter- 

thick layers. Layers this thin were not usually required to delineate 

adequately the features of many radiosonde soundings for the sam- 

pling season, but were used in view of the computation expedi- 

encies they provided. Lapse rates for each of the 150- meter -thick 

layers were then calculated, the lapse rates of the reported layers 

included within a 150 -meter layer being weighted according to their 

relative thickness within the 150 -meter layer. For example, if 

Y1, Y2, and Y3 are the lapse rates of three reported layers which, 

respectively, cover D1, D2, and D3 meters of the 150 -meter layers, 

the lapse rate, Y, of the 150 -meter layer would be computed as 

follows 

- 

: 



D1 meters 
Y 150 meters 

1 

150 Di yì 
i=1 

D2 meters D3 meters 

+ 150 meters Y2 +150 meters Y3 
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In turn, average lapse rates for the surface based cumulative 

layers to 1500 meters by 150 meter increments were calculated by 

similar formulae. For instance, the average lapse rate for the 

600 -meter layer based at the surface would be computed by: 

150 meter 150 meter 
Y0 -600 meter 600 meter YO -150 meter 600 meter Y150 -300 meter 

150 meter 150 meter 
+ 600 meter Y300 -450 meter + 600 meter Y450 -600 meter 

i=1 
Yi 

These lapse rates were calculated for every radiosonde flight 

during the sampling season of the study. 

Y1 

3 

_ 

+ 

4 

4 
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RELATIONSHIPS BETWEEN LAPSE RATE AND MEAN 
CONCENTRATION' O F SUSPENDED PARTICULATES 

Exclusion of Data with Precipitation Occurrences during 
the Sampling Periods 

Concentrations of particulate matter at the surface may be di- 

rectly affected by "washout" resulting from the interception of par- 

ticles by falling precipitation (24, sec. 5, p. 6). The amount of 

material removed should, at least, be a function of the time interval 

through which the precipitation is effective; the physical character- 

istics of the suspended particulates; and properties of the precipita- 

tion such as drop size, drop density, and fall rate (23, p. 67). The 

"washout" effect of precipitation is difficult to assess numerically, 

however, as research into this process is, for all practical purposes, 

still in its infancy (7, p. 54). 

During each of 19 sampling periods, 0. 07 inches or more of 

precipitation occurred; 23 other periods had a trace, 0. 01, or 0. 02 

inches of precipitation. In view of the statements in the preceding 

paragraph, the sampling periods with 0. 07 inches or more of pre- 

cipitation were excluded from consideration in the thesis. While 

this decision was somewhat arbitrary, it reflected the author's 

opinion that six -hour periods having a trace to 0. 02 inches of rain- 

fall were not subject to significant washout. 
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Separation of Data by Sampling Period 

Although the nearest pollutant source noted was located about 

a mile from the sampling site, the air quality of the respective sam- 

pling periods was expected, at least qualitatively, to reflect the 

amount of concurrent particulate matter emitted from sources in 

the immediate Salem area. Since there is a lack of activity both on 

the domestic and industrial scale during the early morning sampling 

period of 0000 to 0600 L. S. T. and a significant presence of such 

activity during the afternoon period of 1200 to 1800 L. S. T. , a dif- 

ferent concentration of suspended particulates could be expected for 

the same lapse rate of the respective sampling periods. The author, 

thus, decided to devise separate relationships between lapse rate 

and air quality for the early morning and afternoon sampling periods. 

Consideration of Wind Direction Biases 

The directions of the resultant surface wind vectors (a discus- 

sion of these resultant wind vectors is found on page 33) for the re- 

spective sampling periods were plotted against concurrent concen- 

trations of suspended particulates. No significant differences in the 

scatter and magnitudes of these concentrations by wind direction, 

however, were detected. Thus, for the purposes of this study, 

biases resulting from both the locations of pollutant sources in the 

Salem vicinity and the locations of airport structures with respect to 
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the location of the sampling site were assumed to be absent. 

Relationships for the Early Morning Sampling Period 

Scatter diagrams of lapse rate (y) versus concentration of pol- 

lutant (X) were prepared in two basic ways, and will be referred to 

hereafter in the text, figures, and tables as y -X relationships. One 

type of diagram associates concentrations with lapse rate in one of 

the 150 -meter -thick layers. The other diagram associates concen- 

trations with a mean lapse rate through a "cumulative layer" made 

up of adjacent layers and always based at the surface. These rela- 

tionships, when plotted, appeared to be linear. However, stepwise 

regression analysis (6, 19) was utilized to fit them to the equation 

X =A+BY+Cy2+DY3 

where A, B, C, and D are constants. 

Only the linear terms in this regression equation were found 

to be significant when the techniques of stepwise analysis were ap- 

plied to the morning y- (relationships. Thus, both linear regression 

equations and correlation coefficients were computed for these rela- 

tionships. 

In the stepwise regression analysis, the independent variable 

correlating best with the dependent variable becomes the first term 

of the regression equation. The positions of the remaining terms are 
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determined on the basis of how well they respectively reduce the 

residual. In order for a term to be accepted as a part of the regres- 

sion equation, the term must produce a significantly high value in an 

F -test with 1 and N -1 -i degrees of freedom. The value of F is de- 

termined as: 

(Regression Sum of Squares)i -1 - (Regression Sum of Squares)i /l 
(Total Sum of Squares) - (Regression Sum of Squares)./N-1-i 

where N is the number of observations in the sample and i is the 

position of the term in the regression equation. In addition, the re- 

gression equation as a whole must produce a significantly high value 

of F with i and N -1 -i degrees of freedom; i here is the number of 

terms in the regression equation (17, p. 40). 

The author arbitrarily decided to utilize the five percent level 

of significance in these F -tests as well as to utilize the above regres- 

sion analysis and regression equation, at least as a first approxima- 

tion, for all y -X relationships in the thesis. 

In Table 1 are shown the correlation coefficients for the morn- 

ing relationships for each of the ten 150- meter -thick layers above 

the surface. 

Clearly, lapse rates for the layers closest to the surface, 

especially those of the lowest 450 meters, are best related to the 

surface concentrations of suspended particulates. 
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Table 1. Correlation coefficients for the early morning relationships 
of y and Xfor the lowest ten 150 -meter -thick layers above 
the surface. 

Layer No. Layer Correlation Coefficient, r 

1 0 to 150 meters 0. 60 
2 150 to 300 meters 0. 61 

3 300 to 450 meters 0. 57 
4 450 to 600 meters 0. 51 

5 600 to 750 meters 0. 46 
6 750 to 900 meters 0. 44 
7 900 to 1050 meters 0. 36 
8 1050 to 1200 meters 0. 27* 
9 1200 to 1 350 meters 0. 24''` 

10 1 350 to 1500 meters 0. 17* 

Even the linear terms of the regression equations for the 
relationships marked with an asterisk were not significant. 

Table 2 similarly gives the correlation coefficients for the 

morning v -X relationships of the cumulative layers through 1500 

meters by 150 meter increments. 

Table 2. Correlation coefficients for the early morning relationships 
of Y and Xfor the cumulative layers through 1500 meters 
above the surface. 

Layer No. Layer Correlation Coefficient, r 

1 Cumulative 150 meters O. 60 
2 Cumulative 300 meters O. 66 
3 Cumulative 450 meters O. 71 

4 Cumulative 600 meters O. 7 3 

5 Cumulative 750. meters O. 75 
6 Cumulative 900 meters O. 77 (0. 768) 
7 Cumulative 1050 meters O. 76 (0. 764) 
8 Cumulative 1200 meters O. 75 
9 Cumulative 1 350 meters O. 74 

10 Cumulative 1500 meters O. 72 

* 

- 
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While there may be little statistical difference between the cor- 

relation coefficients in Table 2, the coefficients increase as far as 

the sixth and seventh layers and then decrease slowly. On the basis 

of these changes in the correlation coefficients, it appears that the 

thermal structure of the lowest 900 to 1050 meters above the surface 

most directly influences the surface concentrations of particulate 

matter for the early morning sampling period. 

y- ,1( diagrams for the cumulative 900 meter and 1050 meter 

layers above the surface are shown, respectively, as Figure 6 and 

7. In these figures it is to be noted that no abrupt changes in slope 

or other discontinuities in the relationships are visually apparent. 

The relationships for the other cumulative layers are similar to the 

ones shown in the figures. The relationships for the 150- meter- 

thick layers are similar in form to those of Figures 6 and 7 but, in 

most cases, less distinctly defined. 

While the development of models for the purpose of estimating 

air quality was not an objective, the relationships of Figures 6 and 

7 may, at least as a first approximation, be utilized for this purpose. 

Using the linear regression equations which are included in both 

graphical and mathematical forms, concentrations of suspended 

particulates for the morning period may be estimated from the 

morning lapse rates. 
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Correlation coefficient, r = 0. 77 
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Figure 6. Relationship between y of the lowest 900 meters above the 
surface and Xfor the early morning sampling period. 
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Figure 7. Relationship between Y of the lowest 1050 meters above the 
surface andX for the early morning sampling period. 
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Relationships for the Afternoon Sampling Period 

Graphical and statistical analyses of the types found in the pre- 

ceding section were performed on the afternoon relationships between 

y and X, for both the ten 150 -meter -thick layers and the cumulative 

layers through 1500 meters by 150 meter increments. In all of the 

resulting scatter diagrams, little connection between these two vari- 

ables was apparent. Correlation coefficients varied irregularly be- 

tween -0. 2 and 0. 2 and were computed to serve as a basis for com- 

paring the relationships for the morning and afternoon periods when 

no terms in the stepwise regression equations of any of the afternoon 

relationships were found to be significant. 

Figure 8, which illustrates the afternoon y -,Y relationship for 

the cumulative 300 meters above the surface, is typical of all the 

relationships for this sampling period. 
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EFFECTS OF VARYING EMISSION RATES 
ON THE Y -X RELATIONSHIPS 

Work Week Versus Weekend 

Since many industrial sources of particulate matter are either 

inactive or not in full operation over the weekend, a decrease in 

particulate concentrations and hence a difference in concentrations 

for the same lapse rate may occur for this period as compared with 

the normal Monday through Friday work week. To see if this hap- 

pens, the mean concentrations of suspended particulates for work 

week and weekend were calculated for both the early morning and 

afternoon sampling periods. For the afternoon period, "work week" 

was defined as Monday through Friday and "weekend" as Saturday 

and Sunday. However, since the morning period of 0000 to 0600 

L. S. T. occurs before most of the industrial activity for the day be- 

gins, "work week" was defined as Tuesday through Saturday and 

"weekend" as Sunday and Monday for this period. A comparison of 

these means for the Spring sampling season is shown in Table 3. 

Table 3. Mean work week and weekend concentrations of suspended 
particulates (in micrograms per cubic meter) for 
Spring 1965 at Salem, Oregon. 

Work week Weekend 

Morning Sampling Period 
Afternoon Sampling Period 

29.0 28.9 

58.5 43.5 
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By an F -test for equality of means (12, p. 167- 169,p. 175 -178) 

afternoon values in Table 3 were found to be significantly different 

while morning values were not ( five percent significance level). 

When the data for the afternoon period were divided into work 

week and weekend classes and analyzed by the graphical and statisti- 

cal techniques of the previous chapter, the resulting relationships 

were found to be as poorly defined as the corresponding overall re- 

lationships. Assuming similar mean lapse rates for corresponding 

layers of the lower atmosphere over these two time classes, the 

above results seem to be in contradiction to the results of the F- 

tests. However, because lapse rate and air quality for the afternoon 

period are so poorly related, improvement in the correlation through 

the consideration of the effects of any other variable on their rela- 

tionships may not be possible. 

The results obtained from the division of the morning period 

data into work week and weekend classes, though, verified the re- 

sults of the F -tests for this period. 

Days within the Work Week and Days within the Weekend 

Different particulate concentrations and hence differences in 

concentrations for a given lapse rate may also exist both across the 

days of the work week and across the days of the weekend owing to 

variations in pollutant emission rates over these respective periods. 
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To see if this effect may be real the daily mean concentrations of 

suspended particulates for the Spring season were calculated sepa- 

rately for the morning and afternoon sampling periods. These 

means are shown for comparison purposes in Table 4. 

Table 4. Mean concentrations of suspended particulates (in micro- 
grams per cubic meter) by day of the work week and day 
of the weekend for Spring 1965 at Salem, Oregon. 

Work week Weekend 

Morning Sampling 
Period 

Afternoon Sampling 
Period 

Tues. Wed. Thur. Fri. Sat. Sun. Mon. 

30.0 

Mon. 

32.7 

Tues. 

31. 3 

Wed. 

25.7 

Thur. 

24.8 

Fri. 

29.4 

Sat. 

28.4 

Sun. 

49.4 55.0 61.8 62.9 57.5 
- 
43.5 39.1 

Using the F -test of the preceding section, neither the means 

across the work week nor the means across the weekend were found 

to be significantly different for either sampling period. 

When the data were subsequently divided into these classes and 

analyzed both graphically and statistically as in the preceding sec- 

tion, the resulting relationships for both sampling periods were 

found not to be improved over corresponding overall relationships, 

thereby verifying the results of the above F- tests. 
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EFFECTS OF METEOROLOGICAL PARAMETERS 
ON THE y -X RELATIONSHIPS 

Surface Wind Velocity 

The horizontal dispersion of pollutants and their resulting con- 

centration near the earth's surface are dependent upon the surface 

wind velocity, the wind direction assuming special importance when 

large and /or numerous fluctuations in direction occur (18, p. 2). In 

particular, an inverse relationship between surface wind speed and 

surface concentrations of suspended particulates has been verified 

by several researchers (17, p. 33; 23, p. 63). 

In order to determine the influence of horizontal dispersion 

upon the air quality of this study, the resultants of the hourly sur- 

face velocities over the sampling periods were compared with con- 

current concentrations of suspended particulates. Velocities in- 

stead of speeds were computed because, as a rule, considerable 

fluctuation in direction was noted over the respective sampling 

periods. Calms were resolved by giving them a speed of one knot 

and a direction in accordance with the trend before and after the calm 

period. Since the anemometer located at the U.S. Weather Bureau 

Airport Station, Salem, does not register zero, one, or two knot 

winds, the one knot allowance was thought not to induce serious 

error. 
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Although an inverse relationship was noted on the scatter dia- 

grams of both sampling periods, the relationship of the morning 

period was statistically determined to be better defined than the cor- 

responding relationship of the afternoon period. The correlation co- 

efficient of - 0.54 for the morning relationship shown in Figure 9 

was found to be significant by the stepwise F -test on page 22, while 

the coefficient for the afternoon relationship shown in Figure 10 was 

not. These correlation coefficients were computed more for the 

purpose of making a rough determination of the connection between 

the variables than to inquire into the mathematical form of the re- 

lationships. 

In order to determine if some of the scatter in the y -X rela- 

tionships is due to horizontal dispersion differences associated with 

variations in the surface wind velocities, separate Y -X relation- 

ships for classes of the magnitudes of the resultant wind vectors 

were developed for both sampling periods. The classes chosen in 

order to obtain approximately equal sample sizes were 0-3, 4 -6, 

and greater than six knots for the morning period and 0 -4, 5 -9, and 

greater than nine knots for the afternoon period. The resulting re- 

lationships were then compared graphically and statistically with 

the overall relationships. 

The segmented relationships of the afternoon period were 

found to be as poorly defined as the corresponding overall 
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relationships, with correlation coefficients, computed when no terms 

in the stepwise regression equation of any relationship were deter- 

mined to be significant, varying irregularly between - O. 2 and O. 2. 

Since the cumulative layers were initially the best defined for 

the morning period and since the lowest 950 to 1050 meters of the at- 

mosphere appeared to most directly affect air quality for this period, 

the analysis of morning y -X relationships in this section as well as 

in the remainder of the thesis will be limited to these layers and 

these depths. 

Little decrease in scatter on the morning y -X diagrams was 

noted and only the linear terms in the stepwise regression equations 

for the relationships of this period were determined to be significant. 

The resulting correlation coefficients of the relationships for the 

cumulative layers of the lowest 1050 meters of the atmosphere are 

shown in Table 5. 

Table 5. Correlation coefficients by surface wind speed classes of 
the early morning y -,Y relationships for the cumulative 
layers of the lowest 1050 meters above the surface. 

Layer 
Correlation Coefficient, r 

Overall 0-3 knot 4 -6 knot > 6 knot 

Cumulative 
Cumulative 

150 meters 
300 meters 

0. 60 
O. 66 

0. 60 
0.63 

0. 58 
0. 62 

0.63 
0. 68 

Cumulative 450 meters 0. 71 0. 67 0. 70 0. 70 
Cumulative 600 meters 0. 7 3 0. 7 3 0. 74 0. 71 
Cumulative 750 meters 0. 75 0. 78 0. 75 0. 7 3 

Cumulative 900 meters 0. 77 0. 78 0. 75 0. 72 
Cumulative 1050 meters 0. 76 0. 75 0. 7 3 0.72 
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As shown. in Table 5, both slight decreases and slight increases 

in the correlation coefficients for classes result from comparison 

with overall relationships. Since the predictability of air quality by 

lapse rate does not increase much through the division of data into 

these classes, and since larger correlation coefficients for the 

classes may not be as significant as smaller coefficients of the over- 

all relationships owing to their smaller sample sizes, it does not 

appear that surface wind velocity has a significant affect on the y -X 

relationships of this period. This conclusion was drawn on the as- 

sumption that the unconditional variances of the particulate concen- 

trations for these classes are equal. If general increases in the 

correlation coefficients had been noted in the table, then wind speed 

may have been considered as explaining some additional variance of 

air quality since variance explained is the square of the correlation 

coefficient. 

In view of the significant relationship between the magnitude of 

the surface wind vectors and the surface concentrations of suspended 

particulates for the morning period, the above result seems sur- 

prising. However, it is likely that lapse rate and wind speed account 

for the same portions in the variation of concentrations of suspended 

particulates. Correlation coefficients computed in order to ascertain 

the connection between lapse rate and wind speed were on the order 

of 0. 80 to 0. 90, and hence appear to support the contention. 



Horizontal Wind Velocities of the Lower Atmosphere 

Variations in dilution of pollutants above the surface layers 

may be due to differences in the horizontal wind velocities of the 

lower atmosphere not completely reflected in the existing lapse 

rates. 
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To disclose possible effects of these varying wind velocities 

on the y -)' relationships, separate y -X relationships were developed 

for classes of the average horizontal wind speeds through the lowest 

800, 1800, 2800, 3800, and 4800 feet of the atmosphere, for both 

sampling periods. 2 The information for these wind speeds was ob- 

tained from the 0 300 and 1500 L. S. T. Salem radiosonde flights, and 

the speeds were assumed to be representative of the respective sam- 

pling periods. The layers, respectively, correspond to the cumula- 

tive layers through 300, 600, 900, 1200, and 1500 meters above the 

surface. Average wind speeds instead of resultant wind vectors 

were computed because wind directions were, in most instances, 

practically invariant with height. The classes chosen in order to 

obtain approximat ely equal sample sizes were 0 -5, 6 -10, and greater 

than ten knots for the morning period and 0 -6, 7 -11, and greater than 

11 knots for the afternoon period. The resulting relationships were 

then graphically and statistically compared with the overall 

2The U.S. Weather Bureau reports horizontal winds each 1000 
feet above mean sea level, and the station elevation of Salem is about 
200 feet. 
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relationships. 

As in the preceding section, the segmented relationships of 

the afternoon period were found to be as poorly defined as the cor- 

responding overall relationships, with correlation coefficients 

varying irregularly between 0. 2 and 0. 2. 

Little decrease in scatter on the morning y -X diagrams was 

noted, and only the linear terms in the stepwise regression equa- 

tions for the relationships of this period were determined to be sig- 

nificant. The resulting correlation coefficients of the relationships 

for the cumulative layers of the lowest 1200 meters are shown in 

Table 6. 

Table 6. Correlation coefficients by upper air wind speed classes 
of the early morning Y -X relationships for the cumulative 
layers of the lowest 1200 meters above the surface. 

Correlation Coefficient, 

Layer Overall 0 -5 knot 6 -10 knot > 10 knot 

Cumulative 300 meters 0.66 0. 64 0. 67 0. 66 
Cumulative 600 meters 0. 71 0.71 0. 76 0. 70 
Cumulative 900 meters 0. 75 0. 75 0. 80 0. 74 
Cumulative 1200 meters 0. 75 0. 7 3 0. 77 0. 7 3 

For reasons cited in the preceding section, it appears that 

variations in the horizontal wind velocity have little affect on morn- 

ing y -X telationships. With correlation coefficients between lapse 

rate and these upper air wind speeds lying in the range from 0. 65 

to 0. 75, it is possible that little unexplained variance in the 

- 

r 
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concentrations of suspended particulates is accounted for through 

additional consideration of the wind speeds. 

Prominent Synoptic Features and Air Mass Types 

It is possible that much of the scatter present in the y -r rela- 

tionships exists because of the different synoptic scale features 

and /or air mass types which occur during the sampling periods. 

For example, vertical and horizontal motions not fully realized in 

the existing thermal structure may be a direct consequence of mass 

convergence or divergence associated with topographic effects, which 

may vary with synoptic pattern. 

To examine this possiblity, a rudimentary climatological 

classification was devised, using available surface and upper air 

charts. In addition to the Daily Weather Map (27), surface, 850 mb, 

and 500 mb facsimile charts for 0400 and 1600 L. S. T. were utilized 

in classifying days. 

Preliminary analysis of these charts indicated that two major 

synoptic situations prevailed during the Spring sampling season. In 

the first general pattern, the Pacific Northwest was under the influ- 

ence of the Pacific semi-permanent anticyclone, and in the second, 

frontal systems of Aleutian, Gulf of Alaska, or Pacific origin 

crossed the Pacific Northwest. Subclassification of these two 

general situations was accomplished through considerations of air 
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masses present during the various phases of transition. Although 

separate classes were determined for the respective sampling 

periods on the basis of the 0400 and 1600 L. S. T. charts, the classes 

for most days were judged identical. 

The classes decided upon are listed below, with all distances 

taken from the 0400 and 1600 L. S. T. surface charts: 

1. Pacific Northwest under direct influence of the Pacific 
semi-permanent anticyclone. 

2. Pacific Northwest under the influence of the Pacific semi- 
permanent anticyclone, but frontal systems of Pacific, 
Aleutian, or Gulf of Alaska origin moving to within 500- 
600 miles of Washington or Oregon. 

3. Frontal systems between 500 and 200 miles of the Salem, 
Oregon, area. 

4. Frontal systems within 200 miles of Salem. 

5. Frontal system, which has passed over the Salem area, 
stagnating less than 300 miles from Salem. 

6. Stagnant low pressure area centered over or near the 
Pacific Northwest but not associated with a frontal system. 

Since only four occurrences of class 5 were found for each 

sampling period, this class was dropped from further consideration 

in the thesis. 

When the afternoon data were divided into these climatological 

classes, the resulting relationships were found graphically and sta- 

tistically to be no better defined than the corresponding overall rela- 

tionships. Correlation coefficients, ranged irregularly between -0.2 

and 0. 2, and no terms were significant in the stepwise regression 
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equations of any relationships. 

As in the two preceding sections, little decrease was noted in 

scatter on the morning y -x diagrams, and only the linear terms 

were determined to be significant in the stepwise regression equa- 

tions for the relationships of this period. The resulting correlation 

coefficients of the relationships for the cumulative layers of the 

lowest 1050 meters of the atmosphere are shown in Table 7. 

Table 7. Correlation coefficients by synoptic classes of the 
early morning y-)<' relationships for the cumulative layers 
of the lowest 1050 meters above the surface. 

Correlation Coefficient,'. r 

Layer Overall 
Class 

1 

Class 
2 

Class 
3 

Class 
4 

Class 
6 

Cumulative 150 meters 0. 60 0. 5 3 0. 57 0. 56 0. 68 0. 70 
Cumulative 300 meters 0. 66 0. 59 0. 6 3 0. 60 0. 72 0. 76 
Cumulative 450 meters 0. 71 0. 64 0. 65 0. 62 0. 77 0. 80 
Cumulative 600 meters 0. 7 3 0. 67 0. 67 0. 6 3 0. 80 0. 81 
Cumulative 750 meters 0. 75 0. 69 0. 73 0. 67 0. 82 0. 82 
Cumulative 900 meters 0. 77 0. 70 0. 77 0. 65 0. 83 0. 85 
Cumulative 1050 meters 0. 76 0. 69 0. 79 0. 64 0. 83 0. 84 

As above, the conclusion is reached that these prominent 

synoptic features and air mass types did not significantly affect the 

y -X relationships of this period. 

Vertical Thermal Structure of the Lower Atmosphere 
Prior to the Sampling Periods 

Suspended particulates may remain near the earth's surface 

from sampling period to sampling period or even from day to day 
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because of restrictive vertical thermal structure of the lower at- 

mosphere. As a result, the concentrations of suspended particu- 

lates may be related to the thermal stability of a previous period, 

and this persistence of suspended particulates may be reflected in 

the scatter of concurrent y -,1( relationships. 

In order to determine qualitatively if pollutants persist from 

sampling period to sampling period, the air quality of one period 

was related separately to the vertical thermal structure of the two 

preceding periods. In particular, Xof the morning period was com- 

pared separately with the y of the preceding afternoon and morning 

periods, and the X of the afternoon period was compared separately 

with the y of the preceding morning and afternoon periods. 

Graphical and statistical analysis indicated no connection be- 

tween X for the morning period and y for the two periods just 

preceding. 

When X of the afternoon period was plotted against y of the 

preceding morning period, some connection between these variables 

was noticed on the scatter diagrams, with only linear terms in the 

stepwise regression equations for these relationships being signifi- 

cant. The resulting correlation coefficients for the cumulative layers 

of the lowest 1500 meters are shown in Table. 8. 
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Table 8. Correlation coefficients for the relationships between 
the of the morning period and X of the afternoon period 
of the same day for the cumulative layers through 1500 
meters above the surface. 

Layer No. Layer Correlation Coefficient, r 

1 Cumulative 150 meters 0. 46 
2 Cumulative 300 meters 0. 50 
3 Cumulative 450 meters 0. 52 
4 Cumulative 600 meters 0. 54 
5 Cumulative 750 meters 0. 50 
6 Cumulative 900 meters 0. 46 
7 Cumulative 1050 meters 0. 45 
8 Cumulative 1200 meters 0. 43 
9 Cumulative 1350 meters 0. 39 

10 Cumulative 1500 meters 0. 36 

In Figures 11 and 12 respectively are found the y X relation- 

ships for the cumulative 450 and 600 meter layers of this table. The 

relationships for the other cumulative layers are similar, while the 

relationships for the 150 -meter -thick layers are similarly formed 

but less well defined than those in the figures. It should be noted in 

passing that the relationships in Figures 11 and 12 might find 

application in forecasts of afternoon air quality based on information 

from the morning sounding. 

Unlike the previous case, graphical and statistical analysis in- 

dicated no connection between X of the afternoon period and the y of 

the preceding afternoon period. Thus, pollutants appear to have 

persisted from the morning period to the afternoon period of the 

same day but not from the afternoon period of one day to the afternoon 

y 
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Legend 
Sunday: X 

Monday: o 
Tuesday: 
Wednesday: 0 
Thursday: 
Friday: 
Saturday: 

X= 48. 15 + 21. 40y 

I I I 

00 -0. 50 0 0. 50 1. 00 1, 50 2. 00 

y (oC/100 M) 

Figure 11. Relationship between y of the lowest 450 meters above the 
surface for the early morning sampling period and ,(for 
the afternoon sampling period of the same day. 
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Equation: X= 50. 17 + 22. 80y 
Correlation coefficient, r = 0.54 

I I I 

0.50 1.00 1.50 2.00 

y ( °C /100M) 

Figure 12. Relationship between y of the lowest 600 meters above the 
surface for the early morning sampling period and X for 
the afternoon sampling period of the same day. 
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period of the next day. 

With the hope of disclosing joint influence of morning and 

afternoon stability on air quality, values of morning Y were entered 

on concurrent afternoon y -X diagrams next to points plotted for the 

same day. No stratification or grouping of these morning values was 

apparent on the diagrams. Since correlation coefficients between 

morning and afternoon Y's varied continuously from - O. 1 in the 

lowest cumulative layers to + 0. 7 in the deepest cumulative layers, 

it appears that for the deeper layers, at least, the two y's may be 

explaining the same variations in air quality. 



VERTICAL SHEAR OF THE HORIZONTAL WIND 
PROFILE OF THE LOWER ATMOSPHERE 

Theory 
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According to Saucier (21, p. 82), there is a direct relationship 

between the vertical shear of the horizontal wind profile of the lower 

atmosphere and the stability of the lower atmosphere, high values of 

shear corresponding to high stability. Geiger (7, p. 38 -43) notes 

that this relationship holds primarily for the friction layer of the 

lowest 1000 to 1500 meters of the atmosphere and may be obscured 

or even destroyed by vertical mixing due to convective activity. Such 

convective activity and attendant vertical mixing usually occurs dur- 

ing the daylight hours, especially at midday when insolation is 

normally the greatest. Because of the previously mentioned advan- 

tages of using shear in preference to lapse rate as a stability para- 

meter, the following work was undertaken. 

Shear Computations 

Since the directions of the horizontal winds seldom varied more 

than 20 or 30 degrees through the lowest 1500 meters, the depth of 

the thermal structure previously considered and the maximum extent 

of the friction layer, speed shears were calculated rather than the 

corresponding vector shears. Speed shears from the surface to 800, 
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1800, 2800, 3800, and 4800 feet above the surface were computed 

by the formula: 

Vertical speed shear - 

where Sh is the horizontal wind speed at the height h above the sur- 

face and S is the surface wind speed. Information for these shears 

was obtained from the data of the 0 300 and 1500 L. S. T. Salem radio- 

sonde flights, and the computed shears were assumed to be repre- 

sentative of the morning and afternoon sampling periods respectively. 

Procedure and Results 

Two types of studies were conducted, the first consisting of 

comparisons of shear and lapse rate and the second of comparisons 

of shear and air quality. 

Little connection between shear and lapse rate of corresponding 

cumulative layers was noticed on any of the scatter diagrams of these 

variables. Correlation coefficients computed to obtain some idea of 

their connection varied irregularly between - 0. 1 and 0. 3 for the 

morning period and - 0. 1 and 0. 1 for the afternoon period. In view 

of the cited theory, such poor relationships were not expected, 

especially for the morning period. Since sunrise occurred between 

0530 and 0600 L. S. T. for the Spring sampling season, the morning 

period of 0000 to 0600 L. S. T. was expected to have little solar 

Sh - S 

h 
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heating and attendant convective mixing. The afternoon period of 

1200 to 1800 L. S. T. occurs both during and shortly after the times 

of greatest insolation and hence may have considerable convective 

activity. 

Shears were compared with concurrent surface concentrations 

of suspended particulates in spite of the above results since lapse 

rate and air quality, especially for the afternoon period, were pre- 

viously found not to be perfectly related. Use of the statistical and 

graphical techniques of the third chapter o f the thesis revealed little 

connection between these variables in any relationships of either 

sampling period. In fact, correlation coefficients, computed when 

no terms in the stepwise regression equations of any relationships 

were found to be significant, varied irregularly between - 0.1 and 

0. 2 for both the morning and the afternoon sampling periods. In 

Figures 13 and 14 are shown the relationships between the shear of 

the lowest 800 meters and surface air quality for the morning and 

afternoon periods respectively. The other relationships are of 

similar quality. In view of the discouraging results of the above two 

paragraphs, no further studies involving shear were undertaken. 
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Figure 1 3. Relationship between vertical speed shear of the hori- 
zontal winds of the lowest 1800 feet above the surface 
and mean surface suspended particulate concentrations 
for the early morning sampling period. 
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DISCUSSION 

Mathematical Forms of Relationships 

For certain of the data of this thesis, more specific techniques 

than stepwise regression may exist for determining the mathematical 

forms of relationships. For instance, the morning y -X relation- 

ships which appeared linear may have been tested directly for line- 

arity by an analysis of variance F -test (12, p. 291 -298). However, 

only the stepwise technique was used in the thesis in order to main -'` 

tain uniformity and to make comparisons of results, in view of the 

wide variety of forms of data encountered. 

The Relationship between the Thermal Structure of the Morning 
Period and the Air Quality of the Afternoon Period 

As shown on page 45 there are significant linear relationships 

for the cumulative layers between the thermal structure of the early 

morning period and the air quality of the afternoon period. These 

relationships are clearly better defined than the concurrent y- X 

relationships of the afternoon period discussed on page 28. Some 

idea of the complexity involved in explaining why afternoon X should 

be better explained by morning y than by the concurrent afternoon y 

may be demonstrated by the following consideration. 

A high value of x in the afternoon might be associated with a 
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stable concurrent lapse rate when stability has persisted through the 

day and pollutants have simply accumulated. A high afternoon X 

might be associated with an unstable afternoon lapse rate on a day 

when fumigation (24, sec. 2, p, 5) has taken place in early afternoon 

just prior to the afternoon sounding; whereas if the weather were 

such as to produce instability both morning and afternoon, the data 

for that afternoon would associate a low value of X with an unstable 

lapse rate for the afternoon. Note that in all three cases morning Y 

and afternoonX might be directly related. In brief, the absence of 

a clear Y -X relationship during the afternoon may be in large part 

due to the problem mentioned previously where the afternoon sound- 

ing is not in general as representative of the variety of conditions 

which may occur between 1200 and 1800 on a given day as the morn- 

ing sounding is of conditions between 0000 and 0600 on that day. 

Partial clarification here might well come through an examina- 

tion of more detailed air quality measurements, such as the two -hour 

records from an AISI sampler. For example, the first case postu- 

lated above might show a steady increase in X through the night and 

morning as pollutants accumulated. The second case might exhibit a 

relatively constant X from before dawn until early afternoon, where- 

upon a sharp rise in X would follow. The third case should show 

constantly low values of X throughout night and day. 
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Comparison of Results with Those of Markee 

Markee (14), when comparing temperature difference with 

soiling index, also found that his relationships for an early morning 

period of 2200 -0600 L. S. T. were, in general, better defined than 

his relationships for a period of 1000 -1800 L. S. T. His published 

linear correlation coefficients for relationships of the 2200 -0600 

L. S. T. period were around 0. 7 for a Winter season and between 0. 2 

and 0. 4 for a Summer season, while the coefficients for relationships 

of 1000 -1800 L. S. T. were between 0. 2 and 0. 3 for a Winter season 

and between 0. 1 and 0. 2 for a Summer season. In spite of the fact 

that Markee sampled during different seasons and with a different 

air quality measuring device, his results as stated above are quali- 

tatively similar to those of this thesis. The results of each study, 

therefore, tend to establish the generality of the results of the other. 

Air Pollution Surveys 

The results of this thesis indicate that, to the extent to which 

air quality and temperature lapse rate are related, the relationship 

is linear and continuous. In studies (18, p. 18-39) where thermal 

structure of the lower atmosphere has been classified simply "in- 

version" and "non -inversion " , it has been implied that some sort 

of discontinuity must exist in a y -X relationship in the neighborhood 

of isothermal conditions. It appears that in future surveys of the 
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meteorological potentiality for air pollution, significantly more 

realistic results would be obtained from use of a linear model re- 

lating Y and X than from a simple binomial one. In particular cases, 

it might even be worth the while reassessing potentiality where sur- 

veys have already been completed by means of the binomial model. 
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CONCLUSIONS 

Based upon the results of this thesis, the following conclusions 

appear tenable for the place and time studied: 

1. The 'y -X relationships for the sampling period of 00 to 06 

L. S. T. are continuous and linear (best correlation coefficient = 0.77). 

2. The lapse rates of the three lowest 150- meter -thick layers 

of the atmosphere are best related to surface concentrations of 

suspended particulates during the 00 to 06 L. S. T. period. 

3. The thermal structure of the lowest 900 to 1050 meters of 

the atmosphere taken together most directly affect the surface con- 

centrations of suspended particulates during the 00 to 06 L. S. T. 

period. 

4. The Y -X relationships for the sampling period of 12 to 18 

L. S. T. are poorly defined (typical correlation coefficient 0. 1). 

5. The surface concentrations of suspended particulates of the 

12 to 18 L. S. T. period are better related to the thermal structure 

of the lower atmosphere during the 00 to 06 L. S. T. period than to 

the corresponding thermal strucutre during the concurrent sampling 

period. 

6. Varying emission rates by the days of the work week, the 

days of the weekend, and work week versus weekend did not signifi- 

cantly affect the Y -X relationships of either the 00 to 06 L. S. T. or 
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12 to 18 L. S. T. periods. 

7. None of the meteorological parameters considered -- surface 

wind velocity, average horizontal wind speeds of the lower atmos- 

phere, major synoptic features and air mass types, and stability of 

the lower atmosphere prior to the beginning of the sampling periods- - 

significantly affected the y -X relationships of either the 00 to 06 

L. S. T. or 12 to 18 L. S. T. periods. 

8. Contrary to theoretically based expectations, the vertical 

speed shear of the horizontal wind profile of the lower atmosphere 

was poorly related to concurrent surface concentrations of suspended 

particulates for both the 00 to 06 L. S. T. and the 12 to 18 L. S. T. 

periods. 
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RECOMMENDATIONS 

As a result of this study, the following recommendations are 

offered by the author for conducting further research into the topics 

discussed here: 

1. Relationships between lapse rate and air quality should be 

determined for other diurnal sampling periods. Such a study is 

pertinent to the development of a general relationship between these 

two variables since, as was discovered in this thesis, the results for 

the different periods may not be entirely similar. 

2. Relationships between lapse rate and air quality should be 

determined for other seasons and geographical areas as a natural 

extension of the first recommendation. 

3. Relationships should be determined between lapse rate 

and non -particulate pollutants as a natural further extension of these 

results. 

4. A determination should be made of whether or not there may 

be joint affects on air quality between lapse rate and other meteoro- 

logical variables less directly correlated with stability than those 

tested here. It may even be possible, with such techniques as co- 

axial graphical correlation (1 3, p. 643 -655), to reveal joint effects 

of the variables tested here which were not disclosed by the some- 

what indirect methods of this thesis. 
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5. Detailed diurnal records of the air quality for Salem and 

of emissions of pollutants for Salem should be made. While such 

information may be used for several purposes, it should prove 

especially helpful in determining if either the fumigation of pollutants 

or the persistence of pollutants near the surface occur owing to 

processes associated with the thermal stability of the lower atmos- 

phere. 
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Variable Symbol 

Suspended particulate sampling period (1 stands for 
the 0000 L. S. T. to 0600 L. S. T. period and 2 for the 
1200 L. S. T. to 1800 L. S. T. period). 

A 

Mean six -hour surface suspended particulate concen- B 

tration in micrograms per cubic meter (Note: owing 
to mechanical breakdowns, samples were not taken on 
June 3-5 and June 12) 

Climatological class as described on p. 42 . 

Magnitude of the resultant surface wind vector in 
knots. 

Direction of the resultant surface wind vector in 
tens of degrees asmuth. 

Average upper air horizontal wind speed in knots for 
the lower 800, 1800, 2800, 3800, and 4800 feet above 
the surface respectively. 

C 

D1 

D2 

E E E__33, 

E4, and E5 

Vertical shear of the horizontal wind speed in knots. F1, F2, F33, 

per 1000 feet for the lower 800, 1800, 2800, 3800, F4, and 15 
and 4800 feet above the surface respectively. 

Lapse rate in degrees Celsius per 100 meters for the G1, G2, . . 

0 -150, 150 -300, . . . . , 1200 -1350, and 1350 -1500 G9, and G10 
meter layers above the surface respectively. 

Lapse rate in degrees Celsius per 100 meters for the H H , . . 

cumulative 1500 meters above the surface by 150 H9; and H10 
meter increments 

Missing data 

Damaged high volume filter Bad. 

High volume filter disregarded in the study owing to 
concurrent precipitation occurrence. 

. 

* 



Obs. No. Date Day A B C D1 D2 E1 E2 E3 E4 E5 F1 F2 F3 F4 F5 

1 Apr 1 Thur 1 5.1* 4 10 30 12 13 13 12 11 + 5.00 + 2.23 +0.71 -0.53 -0.84 
2 2 23.5 4 7 31 9 9 10 11 12 - 6. 25 - 0.56 +1.07 +0.79 +0.42 
3 2 Fri 1 21.4 4 1 10 4 5 6 7 8 + 6.25 + 3.33 +2.14 +2.11 +1.46 
4 2 28.2 4 5 03 7 8 8 7 6 + 2.50 + 1.67 +0.35 -0.53 -0.42 
5 3 Sat 1 45.0 3 2 26 6 9 11 11 10 +12.50 + 6.67 +5.31 +2.64 +0.42 
6 2 36.8 3 7 01 10 10 10 9 8 - 5.00 0.00 -0.71 -1.58 -1.67 
7 4 Sun 1 42.7 3 1 19 6 8 10 9 8 + 1.25 + 7.25 +4.28 +1.32 +0. 21 

8 2 50.4 3 8 31 6 6 6 6 5 0.00 + 0.56 0.00 -0.53 -0.42 
9 5 Mon 1 21.6 4 4 26 7 7 7 6 6 +10.00 + 2.23 +0.36 +0.56 0.00 

10 2 31.0 4 2 22 5 5 6 6 7 - 6. 25 - 1.11 +0.36 +0.26 +0.42 
11 6 Tues 1 1 7. 9 2 5 17 5 5 4 4 4 0.00 - 0.56 -0.71 -0.79 -0. 21 

12 2 59.8 3 9 20 14 16 16 17 18 +10.00 + 4.43 +2.14 +2.11 +2.30 
13 7 Wed 1 35.2 3 5 17 8 10 12 14 16 + 5.00 + 2.86 +4.65 +4.44 +3.56 
14 2 51.5 3 1 30 3 2 2 2 4 - 2.50 - 1.67 -0.71 -0. 26 +1.25 
15 8 Thur 1 48.6 3 4 19 4 3 3 3 4 - 2.50 - 1.67 -0.71 -0.79 -0.21 
16 2 73.2 3 4 27 9 9 10 12 14 - 6.25 - 1.11 +0.36 +2.38 +2.51 
17 9 Fri 1 17. 2 4 5 20 8 8 7 6 6 + 5.00 0.00 -0.71 -1.05 -0.42 
18 2 16.7* 5 5 24 7 9 10 11 12 0.00 + 2.78 +2.14 +1.85 +2.09 
19 10 Sat 1 13.4 1 3 21 4 5 5 5 5 + 2.50 + 1.67 +1.07 +0.26 +0.62 
20 2 23.2 1 7 34 12 13 12 12 11 + 7.50 + 2.23 +0.36 0.00 +0.21 
21 11 Sun 1 21.6 1 3 19 6 8 12 14 16 + 5.00 + 3.21 +5.45 +5.02 +2.09 
22 2 36.8 2 5 04 9 10 10 12 13 0.00 + 1.11 +1.43 +1.85 +2.51 
23 12 Mon 1 26.3 3 2 18 5 7 11 11 10 +12.50 + 8.33 +5.73 +2.38 +1.46 
24 2 49.4 3 9 02 6 6 7 7 6 + 1.25 + 1.25 +1.78 +0.53 -0.62 
25 13 Tue 1 24.6 4 3 23 4 4 4 5 6 - 1.25 0.56 -0.71 +0.79 +1.46 
26 2 21.4 4 2 21 6 8 9 10 12 + 2.50 + 3.33 +3.21 +2.38 +2.72 
27 14 Wed 1 31.9 6 5 34 10 13 13 12 14 +17.50 + 7.25 +2.86 +1.58 +2.72 
28 2 61..3 6 2 33 1 1 2 3 5 0.00 + 0.56 +0.71 +2.11 +2.72 
29 15 Thur 1 33.5 6 1 34 8 11 12 11 12 +11.25 + 7.25 +3.94 +1.58 +2.09 
30 2 68.8 6 3 23 12 15 17 17 17 +10.00 + 6.12 +4.65 +2.91 +1.46 

- 



Obs. No. Date Day A B C Dl D2 Ei h2 E3 h4 E5 r1 F2 r3 F4 F5 

31 16 Fri 1 18.6 6 - 9 20 17 21 24 27 29 +20.00 +10.00 +7.86 +6.85 +5, 41 

32 2 38.8 6 10 21 12 12 12 13 14 + 2.50 + 0.56 +1.07 +1.58 +1.67 
33 17 Sat 1 18.2 6 9 18 14 18 20 21 21 +18.75 +11.10 +6.07 +4.21 +3.54 
34 2 23.6 6 6 19 7 7 8 9 10 - 2.50 0.00 +0.71 +1.32 +1.46 
35 18 Sun 1 29.9* 4 1 03 5 10 14 16 17 + 2.50 + 9.45 +6.78 +6.32 +6.87 
36 2 22.2* 4 10 19 14 15 16 18 20 + 7.50 + 3.89 +2.86 +3.70 +3.96 
37 19 Mon 1 8.6* 4 10 19 15 18 22 24 26 +15.00 + 7.80 +7.86 +7.10 +5.41 

38 2 31.2* 4 11 23 22 25 26 26 27 +22.50 + 9.44 +4.64 +3.43 +2.92 
39 20 Tue 1 5.1* 4 10 21 16 20 24 27 28 +15.00 + 8.87 +6.84 +7.63 +4.59 
40 2 11.8 5 9 20 14 17 19 21 23 + 6. 25 + 6.12 +4.65 +4. 21 +5.00 
41 21 Wed 1 13.4 1 6 19 8 12 16 19 22 +13.25 + 8.87 +7.52 +7.37 +6.67 
42 2 32.1 1 4 23 8 7 6 7 8 - 1.25 - 1.11 -1.43 +0. 26 +1.25 

43 22 Thur 1 16.6 1 4 26 4 4 4 4 4 + 2.50 + 0.56 -0.36 +0.26 +1.04 
44 2 49.8 1 2 21 5 4 4 4 5 - 1. 25 - 0.56 -0.36 -0.26 +0.42 

45 23 Fri 1 23.2 4 18 5 5 5 6 7 0.00 0.56 +0.36 +1.85 +1.46 

46 2 26.8* 5 24 4 5 6 8 10 + 2.50 + 2.23 +2.50 +3.44 +3.96 
47 24 Sat 1 13.2 9 18 15 17 19 20 19 +18.75 + 6.67 +5.73 +3.44 +1.88 

48 2 20.8 -- 3 23 4 4 4 4 4 + 1.25 0.00 0.00 -0.26 0.00 
49 25 Sun 1 33.5 1 5 36 7 7 6 5 6 + 6.25 +. 1.67 0.00 -0.53 0.00 
50 2 26.4 1 6 01 7 7 7 6 6 0.00 + 0.56 -0.36 -0.79 -0.84 
51 26 Mon 1 31.1 2 2 18 6 9 8 8 8 + 7.50 + 3. 33 +2.14 +1.05 +0.83 

52 2 49.0 2 9 36 9 9 10 10 10 0.00 + 0.56 +0.71 0.00 +0.42 
53 27 Tue 1 44.8 3 3 21 2 2 2 2 2 - 5.00 - 2. 23 -1.43 -0.53 -0.42 
54 2 75.2 3 7 29 9 8 8 8 9 - 2.50 - 2.23 -0.71 0.00 +0.62 

55 28 Wed 1 6. 9* 4 6 33 7 8 7 6 7 +12.50 + 3.33 +0.36 +0.53 +1.46 

56 2 28.7 4 5 03 5 6 6 6 6 + 2.50 + 1.67 +1.07 +1.05 +0.62 

57 29 Thur 1 41.6 5 1 25 3 5 4 5 5 + 7.50 + 3.89 +0.71 +0.79 +1.46 

58 2 62.4 5 7 27 8 8 8 9 10 0.00 0.00 +0.71 +0.79 +1.67 
59 30 Fri 1 23.4 6 11 19 19 21 22 23 24 +21.25 + 7.80 +4.65 +3.70 +3.14 

60 2 51.5 6 14 26 23 23 22 21 20 +15.00 + 2. 23 +0.36 -0.26 -0.62 
61 May 1 Sat 1 13.4* 6 12 19 18 20 21 21 21 +11.25 + 5.55 +3.94 +2.11 +1.46 

62 2 10.0* 6 3 21 6 9 12 14 16 +11.25 + 6.67 +6.09 +4.73 +3.54 

63 2 Sun 1 11.5 2 2 20 -- -- -- -- -- -- -- -- -- -- 
64 2 18.6 2 7 29 8 8 8 8 8 + 2.50 + 0.56 +0.71 +0.53 0.00 

-- 

-- 



Obs. No. Date Day A B C D1 D2 E1 E2 E3 E4 E5 F1 F2 F3 F4 F5 

65 3 Mon 1 24.1 2 2 23 5 6 6 7 8 + 2.50 + 1.67 +1.07 +1.85 +1.46 
66 2 51.5 3 9 25 10 10 10 10 12 0.00 0.00 0.00 +0.53 +1.67 
67 4 Tue 1 13.0 3 6 25 6 6 7 8 9 - 2.50 - 0.56 +1.07 +1.58 +1.67 
68 2 23.9 3 13 29 14 15 15 16 16 + 1.25 + 0.56 +0.71 +1.32 +1.25 
69 5 Wed 1 8.1* 1 9 20 11 12 11 13 14 + 2.50 + 2.23 +3.21 +2.91 +1.88 
70 2 7.8* 1 6 28 8 7 10 13 13 - 7.50 - 1.67 +2.14 +3.96 +1.04 
71 6 Thur 1 18.7 1 2 22 -- -- -- -- -- -- -- -- -- -- 
72 2 24.5 1 3 08 6 5 5 6 8 0.00 - 1.67 -0.36 +1.05 +2.09 
73 7 Fri 1 36.9 1 5 18 5 6 7 8 9 0.00 - 0.56 +0.71 +2.38 +1.88 
74 2 43.2 2 4 34 2 3 3 3 4 + 6.25 + 1.11 +0. 36 " +0.53 +1.25 
75 8 Sat 1 26.6 2 3 16 4 4 4 6 7 + 7.50 + 3.89 +3.21 +3.70 +3.14 
76 2 46.6 2 5 04 8 8 8 11 12 + 7.50 + 1.11 +0.71 +3.70 +3.33 
77 9 Sun 1 33.3 4 3 21 4 5 6 8 10 + 7.50 + 3.89 +3.56 +3.70 +3.14 
78 2 55. 3 4 7 03 10 11 12 12 12 + 5.00 + 3.33 +3.21 +1.05 +0.21 
79 10 Mon 1 Bad 2 2 24 7 9 10 11 10 +12.50 + 6.12 +3.94 +2.11 +0.62 
80 2 51.1 2 9 02 10 9 9 9 8 + 1.25 - 1.11 +0.71 -0.26 -0.62 
81 11 Tue 1 49.6 2 2 21 5 6 6 5 5 +12.50 + 3.33 +1.78 +1.05 +0.42 
82 2 79.8 3 3 02 6 7 8 8 7 - 2.50 + 1.67 +0.71 0.00 -0.21 
83 12 Wed 1 34.6 3 2 20 4 4 5 6 7 + 1.25 0.00 +0.71 +1.32 +2.09 
84 2 85.3 3 8 33 10 9 9 10 11 - 1.25 - 2.23 -0.71 +0.52 +1.04 
85 13 Thur 1 23.4 2 7 35 9 10 10 9 9 +10.00 + 3.33 +0.71 0.00 +0.62 
86 2 89.8 2 5 32 6 6 6 7 8 - 2.50 1.11 +0.36 +0.79 +0.84 
87 14 Fri 1 42.4 2 3 16 4 5 5 5 6 0.00 + 1.67 0.00 0.00 +1.25 
88 2 69.7 2 3 01 6 5 4 4 4 - 1.25 - 0.56 -1.43 -1.05 -0.42 
89 15 Sat 1 Bad 2 4 18 6 8 9 11 13 + 6.25 + 3.89 +3.56 +3.70 +3.54 
90 2 95.2 3 9 20 16 18 20 23 26 +13.75 + 5.55 +4.28 +6. 22 +6.03 
91 16 Sun 1 11.1* 4 9 22 18 21 23 24 24 - 6.25 + 1.11 +0.36 +0.79 +1.46 
92 2 28.0 4 13 26 18 18 18 16 16 + 7.50 + 2.23 +0.36 -0.79 -0.21 
93 17 Mon 1 27.9 5 4 14 7 8 8 8 9 +10.00 + 2.78 +1.78 +1.85 +1.67 
94 2 44.0 5 11 01 12 12 14 15 14 + 7.50 + 3.33 +3.56 +1.85 -0.21 
95 18 Tue 1 27.8 2 1 30 5 6 6 5 6 + 6.25 + 2.78 +0.36 +0.53 +0.42 
96 2 66.5 2 6 23 -- -- -- -- -- -- -- -- -- -- 
97 19 Wed 1 23.0* 4 4 16 9 12 15 16 17 +15.00 + 8.33 +6.43 +4.72 +3.35 
98 2 21.4* 4 11 21 -- -- -- -- -- -- 

- 

-- -- -- -- 



Obs. No. Date Day A B C Dl D2 El E2 E3 E4 ES F1 F2 F3 r4 F5 

99 20 Thur 1 1 2. 3 4 10 19 15 18 19 21 23 +22.50 + 8.33 +5.72 +5.25 +4.38 
100 2 29.8 4 5 26 -- -- -- -- -- -- -- -- -- -- 
101 21 Fri 1 24.5 1 5 33 6 7 8 8 8 + 5.00 + 2.78 +2.86 +1.05 +0.42 
102 2 48.5 1 10 33 -- -- -- -- -- -- -- -- -- -- 
103 22 Sat 1 16.4 1 8 31 11 11 10 11 12 +10.00 + 1.67 0.00 +1.85 +1.67 
104 2 40.6 1 12 31 -- -- -- -- -- -- -- -- -- -- 
105 23 Sun 1 Bad 1 4 25 8 9 9 9 11 +11.25 + 4.43 +1.43 +1.32 +3.35 
106 2 40.4 1 15 29 -- -- -- -- -- -- -- -- -- 
107 24 Mon 1 20.9 1 1 25 6 7 6 5 6 +11.25 + 3.89 +0.71 0.00 +1.46 
108 2 57.6 1 2 22 -- -- -- -- -- -- -- -- -- 
109 25 Tue 1 27.0 1 3 16 4 4 4 4 5 0.00 0.00 -0.36 +0.53 +1.04 
110 2 58.6 1 5 05 6 6 6 8 9 0.00 0.56 +0.36 +2.11 +1.46 
111 26 Wed 1 37.2 1 2 27 4 5 6 6 6 +11.25 + 3.33 +2.14 +1.58 +1.25 
112 2 65.4 2 7 01 10 9 10 9 8 + L. 25 - 0.56 +0.71 -0.79 -1.25 
113 27 Thur 1 39.2 2 3 18 4 6 6 6 6 + 6.25 + 3.89 +2.50 +0.89 +0.21 
114 2 Bad 3 6 29 6 5 5 6 4 + 1. 25 - 0.56 -0.36 -0.53 -0.84 
115 28 Fri 1 34.3 4 1 14 2 3 3 3 4 + 1.25 + 1.11 +0.36 +2.11 +0.21 
116 2 69, 4 4 8 02 7 8 7 8 8 - 2.50 - 1.67 0.00 +1.05 +0. 21 

117 29 Sat 1 25.4 1 3 21 6 S 4 4 6 + 2.50 - 0.56 -1.07 -0.26 +1.25 
118 2 52.7 1 8 32 8 7 8 8 5 - 6.25 - 2.23 -0.71 -0.26 +0.21 
119 30 Sun 1 18.3 1 6 32 6 7 8 8 8 + 5.00 + 1.57 +1.78 +1.05 +0.42 
120 2 33.9 1 11 01 12 12 12 12 12 + 2.50 + 1.11 +0.36 +0.52 +0.42 
121 31 Mon 1 18.5 2 4 35 6 8 9 9 9 + 5.00 + 4.43 +3.21 +1.05 +1.04 
122 2 47.3 2 6 33 10 9 8 9 10 - 5.00 1.67 -1.07 0.00 +0.62 
123 June 1 Tue 1 23.6 2 7 36 7 10 12 12 12 +10.00 + 6.12 +5.01 ±_2.38 +1.04 
124 2 73.5 2 10 03 12 11 10 10 9 + 5.00 +0.56 -0.71 -0.79 -1.25 
125 2 Wed 1 39.6 2 1 22 4 5 6 5 5 +11.25 + 3.33 +1.78 +1.05 +0.21 
126 2 99.0 2 9 35 -- -- - -- -- -- - -- -- -- 
127 6 Sun 1 29.4 6 1 27 6 6 5 5 5 + 7.50 0.00 0.00 -0.26 +0.62 
128 2 60.4 6 3 34 5 4 4 3 3 + 2.50 - 1.67 -0.36 -0.26 -0. 21 

129 7 Mon 1 43.3 6 3 18 3 5 4 4 4 - 2.50 0.00 +0.36 -0.26 -0.21 
130 2 Bad 6 5 29 5 5 4 4 4 0.00 - 0.56 -0.36 -0.26 -0.42 
131 8 Tue 1 39.2 2 3 21 4 6 6 6 6 + 7.50 + 3.89 +1.78 +0.53 +1.46 
132 2 52.3 2 5 19 8 8 7 8 8 + 5.00 - 0.56 -0.36 +0.79 +0.21 

-- 

- 

.- 



Obs. No. Date Day A B C D1 D2 E1 E2 E3 E4 ES F1 F2 F3 F4 F5 

133 9 Wed 1 19.6 3 2 21 3 5 4 4 4 0.00 + 0.56 +0.71 0.00 +0.84 
134 2 66.8 3 6 02 8 8 7 7 7 0.00 0.56 -0.71 -0.53 -0.42 
135 10 Thur 1 54.6 2 1 17 2 3 3 3 4 + 1.25 + 1.11 0.00 +0.79 +1.67 
136 2 100.1 4 9 29 12 11 10 9 9 - 5.00 3.89 -2.86 -1.85 -1.04 
137 11 Fri 1 21.2* 5 4 32 6 6 6 6 4 + 5.00 + 0.56 +0.36 +0.26 -0.62 
138 2 Bad 5 5 35 7 8 9 9 9 + 5.00 + 2.78 +1.78 +1.04 +0.84 
139 13 Sun 1 18.2 -- 5 17 8 9 9 10 10 + 6.25 + 3.33 +1.78 +1.32 +1.04 
140 2 21.2 -- 7 22 8 10 10 11 11 + 2.50 + 1.67 +1.07 +0.79 +0.62 
141 14 Mon 1 11.4* 3 6 16 10 13 14 14 15 + 8.75 + 6.12 +3.21 +2.11 +2.30 
142 2 23.7* 3 1 33 3 4 6 8 9 - 6.25 + 1.11 +2.30 +2.38 +2.09 
143 15 Tue 1 22.1 1 3 16 5 5 5 5 4 + 2.50 + 0.56 0.00 -0. 26 -0.21 
144 2 53.1 1 6 34 6 6 6 7 7 - 1.25 0.56 -0.36 +0.26 +0.62 
145 16 Wed 1 31.1 2 3 36 7 10 14 14 20 +10.00 + 7.80 +6.42 +5. 26 +3.96 
146 2 67.2 2 7 36 14 14 15 16 16 + 1.25 + 0.55 +1.78 +1.05 +1.04 
147 17 Thur 1 31.1 2 2 24 4 5 6 6 12 + 7.50 + 3.89 +3.21 +4.87 +5.63 
148 2 55.7 4 11 18 14 15 15 14 14 + 2.50 + 2.23 +0.71 0.00 +0.21 
149 18 Fri 1 17.8 5 5 26 7 8 8 8 9 + 6.25 + 2.23 +1.43 +1.58 +1.25 
150 2 66.5 5 3 25 6 5 7 6 6 - 5.00 - 1.11 -1.43 -0. 26 -0. 21 

151 19 Sat 1 33.6 1 2 16 3 4 4 4 6 + 2.50 + 2.23 +0.71 +1.32 +3.35 
152 2 60.8 1 10 02 10 11 12 13 14 - 1.25 + 0.55 +1.07 +1.32 +1.46 
153 20 Sun 1 53.0 2 1 24 4 8 10 12 12 +10.00 + 7.80 +6.09 +4.19 +3.56 
154 2 58.8 2 7 35 9 9 9 10 11 0.00 - 0.56 +0.36 +1.05 +1.25 
155 21 Mon 1 23.6 1 6 36 10 11 12 13 13 +11.25 + 5.00 +3.56 +2.38 +1.67 
156 2 57.9 2 9 34 9 10 10 9 8 + 6.25 + 2.23 +1.07 +0.26 -0.62 
157 22 Tue 1 40.7 3 1 10 8 7 7 8 7 +11.25 + 3.89 +2.86 +2.38 +1.46 
158 2 84.0 3 7 32 8 7 8 7 7 + 1.25 0.00 +0.36 -0.26 -0.62 
159 23 Wed 1 29.5 4 4 15 6 5 5 4 5 + 1.25 0.00 -1.07 -0.26 +0.62 
160 2 Bad 4 10 31 12 12 11 10 9 + 2.50 0.00 -1.07 -1.32 -1.25 
161 24 Thur 1 24.7 4 5 36 8 10 9 9 9 + 7.50 + 5.00 +1.07 +0.79 +1.04 
162 2 76.3 4 7 32 6 5 5 5 4 - 2.50 - 1.11 -1.07 -1.05 -0.84 
163 25 Fri 1 21.6 4 5 30 _6 5 5 5 5 + 1.25 0.00 -0.36 0.00 0.00 
164 2 102.3 4 9 31 12 13 12 11 10 + 6.25 + 1.67 -0.71 -0.79 -0.42 

- 

- 

- 



No Date Day G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 HI H2 H3 H4 H5 H$ H7 H8 H9 H10 

1 Apr '1 Thur -0. 92 -0.76 -0.30 -0. 30 -0. 30 -0. 30 -0. 30 -0. 30 -0. 30 -0. 30 -0. 92 -0, 84 -0. 66 -0. 57 -0.51 -0. 48 -0. 45 -0, 43 -0. 42 -O. 41 

2 -1.60 -0.72 -0.72 -0.72 -0.72 -0.76 -0.77 -0.77 -0.77 -0.77 -1.60 -1.16 -1.02 -0.94 -0.90 -0.88 -0.86 -0.85 -0.84 -0.83 
3 2 Fri +1.93 -0. 79 -0.79 -0. 79 -0.79 -0. 79 -0.79 -0. 79 -0. 79 -0. 79 +1.93 +0.57 +0.12 +0. 11 -0. 25 -0. 34 -0. 40 -0. 45 -0. 49 -0.52 
4 -2.07 -0.87 -0.87 -0.87 -0.87 -0.87 -0.87 -0.87 -0.87 -0.87 -2.07 -1.47 -1.27 -1.16 -1.11 -1.07 -1.04 -1.02 -1.00 -0.99 
5 3 Sat +2. 45 +0. 08 -0. 34 -0. 34 -0. 34 -0.64 -0. 90 -0. 22 +0.57 +0.57 +2. 45 +1. 26 +0. 74 +0. 46 +0. 29 +0.14 -0.01 -0.03 +0.03 +0.09 
6 -1.64 -1.64 -1.55 -0.95 -0.44 -0.33 -0.33 -0. 20 -0.01 -0.61 -1.64 -1.64 -1.61 -1.45 -1.24 -1.09 -0.98 -0.89 -0.79 -0.77 
7 4 Sun +3.75 -0.09 -0.68 -0.68 +0. 30 -0.04 -0.65 -0.46 -0.13 -0.09 +3.75 +1.82 +0. 99 +0.58 +0.52 +0.43 +0. 27 +0.18 +0.15 +0.13 
8 4.49 -1.38 -0.97 -0.97 -0.97 -0.97 -0.97 -0.97 -0.97 -0.97 -1.49 -1.44 -1.28 -1.20 -1.16 -1.12 -1.11 -1.09 -1.07 -1.06 
9 5 Mon +1.38 -0.52 -0.65 -0.6S -.0.6S -0.65 -0.65 -0.65 -0.65 -0.68 +1.38 +0.44 +0.07 -0.11 -0. 22 -0. 29 -0. 34 -0.38 -0.41 -0.44 

10 -0.96 -0.96 -0.96 -0.96 -0.96 -0.82 -0.80 -0.80 -0.80 -0.80 -0.96 -0.96 -0.96 -0.96 -0.96 -0.94 -0.92 -0.91 -0.89 -0.89 
11 6 Tues +2.58 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0. 78 +2.58 +0. 90 +0. 34 +0.06 +0.10 -0. 22 -0. 30 -0. 36 -0. 40 -0. 41 

12 -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.88 -0.70 -0.70 -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.94 -0.92 -0.90 
13 7 Wed + -.75 -0.75 -0.75 -0. 75 -0.75 -0.75 -0.75 -0.75 -0.82 -0.85 +0.75 -0.01 -0. 25 -0. 38 -0.45 -0.50 -0.54 -0.56 -0.59 -0.62 
14 -1.96 -1.29 -0.96 -0. 96 -0.96 -0.96 -0.96 -0.76 -0.76 -0.76 -1.96 -1.62 -1.30 -1.29 -1.22 -1.18 -1.15 -1.10 -1.06 -1.03 
15 8 Thur +2.29 +0.02 -0.55 -0.55 -0.55 -0.55 -0.64 -0.67 -0.67 -0.67 +2. 29 +1.15 +0.58 +0. 30 +0.13 +0.02 -0.08 -0.15 -0. 21 -0. 26 

16 -1.02 -0.02 -1.02 -1.02 -1.00 -0.90 -0.90 -0.90 -0.90 -0.90 -1.02 -1.02 -1.02 -1.02 -1.0.1 -0.99 -0.98 -0.97 -0.96 -0.95 
17 9 Fri -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 
18 -1.07 -1.03 -0.49 -0.49 -0.85 -0.98 -0.98 -0.98 -0.98 -0.98 -1.07 -1.05 -0.86 -0.77 -0.78 -0.82 -0.84 -0.86 -0.87 -0.88 
19 10 Sat +2.17 -0.64 -0.84 -0.84 -0.84 -0.67 -0.67 -0.67 -0..67 -0.67 +2.17 +0.76 +0. 23 -0.04 -0.20 -0. 28 -0. 34 -0. 38 -0.41 -0.44 
20 -1.57 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -1.57 -1.22 -1.10 -1.05 -1.02 -1.00 -0.98 -0.97 -0.95 -0.95 
21 11 Sun +1.95 -0.42 -0.68 -0.68 -0.68 -0.68 -0.67 -0.45 -0.45 -0. 27 +1.95 +0. 77 +0. 28 +0.04 -0.05 -0. 20 -0. 27 -0. 29 -0. 31 -0. 30 

22 -2.15 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -2.15 -1.38 -1.12 -0.99 -0.91 -0.86 -0.82 -0.79 -0.77 -0.75 
23 12 Mon +3. 36 +0.18 -0.04 -0.91 -0.91 +0.28 +2. 24 +0.01 -0.46 -0.76 +3.36 +1.77 +1.17 +0.65 +0. 34 +0. 33 +0.60 +0.48 +0. 42 +0. 30 

24 -1.16 -1.16 -1.16 -1.16 -0.62 -0.06 -0.46 -0.45 -0.40 -0.39 -1.16 -1.16 -1.16 -1.16 -1.05 -0.89 -0.83 -0.78 -0.74 -0.70 
25 13 Tue +0.13 +0.13 +0.13 -0.66 -0.79 -0.74 -0.79 +0.73 -0.60 -0.60 +0.13 +0.13 +0.13 -0.07 -0. 21 -0. 30 -0. 37 -0. 23 -0. 27 -0. 30 

26 -0.97 -0.97 -0.97 -0.85 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.97 -0.97 -0.97 -0.94 -0.86 -0.80 -0.76 -0.75 -0.71 -0.69 
27 14 Wed + -.19 +0.19 -0.10 -0. 30 -0.50 -0.43 -0.10 -0.10 -0. 35 -0.60 +0.19 0.19 +0.09 -0.01 -0.10 -0.16 -0.15 -0.14 -0.17 -0. 21 

28 -3. 28 -0.98 -0.98 -0.98 -0.98 -0.98 -0.92 -0.68 -0.70 -0.93 -3. 28 -2.13 -1.74 -1.55 -1, 44 -1.36 -1.30 -1.22 -1.16 -1.14 
29 15 Thur +0.59 +0. 24 -0.46 -0.46 -0.46 +0. 17 +0.58 +0.15 -0.72 -0.78 +0.59 +0. 41 +0.12 -0.02 -0.11 -0.06 +0.03 +0.04 -0.05 -0.11 
30 -1.09 -1.09 -1.09 -1.09 -0.97 -0.7i3 -0.73 -0.73 -0.73 -0.73 -1.09 -1.09 -1.09 -1.09 -1.06, -1.01 -0.97 -0.94 -0. 92 -0.90 
31 16 Fri +0.16 -0.69 -0.69 -0.69 -0.88 -0. 93 -0.93 -0. 93 -0.93 -0.98 +0.16 -0. 27 -0.41 -0. 48 -0.48 -0.56 -0.61 -0.65 -0.68 -0.70 
32 -1.13 -1.13 -1.13 -1.13 -1.06 -0.70 -0.70 -0.70 -0.70 -0.70 -1.13 -1.13 -1.13 -1.13 -1.11 -1.04 -0.99 -0.96 -0.93 -0.90 
33 17 Sat -0.68 -0.68 -0.68 -0.68 -0.68 -0.68 -0.68 -0.68 -0.68 -0.68 -0.68 -0. 68 -0.68 -0.68 -0, 68 -0.68 -0.68 -0. 68 -0.68 -0.68 
34 -1.53 -1.27 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.86 -1.53 -1.40 -1.25 -1.19 -1.14 -1.11 -1.05 -1.09 -1.06 -1.04 

-J 



No. Date Day G1 G2 G3 G4 G5 G6 G7 Gg G9 G10 H1 H2 H3 H4 H5 H6 H7 Hg H9 H10 
35 18 Sun -0.15 -0.15 -0.15 -0. 36 -0.69 -0.69 -0.69 -0. 37 -0. 37 -0.37 -0.15 -0.15 -0. 15 -0. 20 -0. 30 -0. 36 -0. 41 -0.40 -0. 40 -0. 40 
36 -0. 75 -0. 75 -0.75 -0. 75 -0.75 -0.75 -0.75 -0. 75. -0.94 -0.97 -0.75 -0. 75 -0.75 -0. 75 -0.75 -0. 75 -0. 75 -0. 75 -0. 78 -0.79 
37 19 Mon -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 
38 -0.96 -0.96 -0.96 -0.96 -0.96 -0.90 -0.89 -0.89 -0.89 -0.89 -0.96 -0. 96 -0.96 -0.96 -0.96 -0. 95 -0. 94 -0.94 -0.93 -0. 93 
39 20 Tue -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 -0.60 
40 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 
41 21 Wed +1.16 -0.72 -0.72 -0.69 -0.68 -0.68 -0.69 -0.69 -0.69 -0.73 +1.16 +0. 22 -0.09 -0. 24 -0. 33 -0. 38 -0.43 -0. 46 -0.49 -0.51 
42 -2.62 -0.89 -0.89 -0.90 -0.92 -0.92 -0.86 -0.78 -0.78 -0.77 -2.26 -1.76 -1.46 -1.32 -1.25 -1.19 -1.14 -1.10 -1.06 -1.03 
43 22 Thur +0.12 -0.28 -0.87 -0.79 -0.66 -0.66 -0.63 -0.58 -0.58 -0.58 +0.12 -0.08 -0.34 -0.45 -0.50 -0.52 -0.54 -0.55 -0.55 -0.55 
44 -1.31 -1.29 -1.18 -0.83 -0.62 -0.62 -0.68 -0.91 -0.91 -0. 90 -1.31 -1.30 -1.26 -1.15 -1.04 -0. 98 -0.93 -0.93 -0. 93 -0. 92 
45 23 Fri +0.41 +0.34 -0.72 -0.70 -0.64 -0.64 -0.65 -0.69 -0.69 -0.66 + -.41 +0. 38 +0.01 -0.17 -0. 26 -0. 32 -0. 37 -0. 41 -0.44 -0. 46 
46 -1.35 -0.81 -0.81 -0.81 -0.88 -0.88 -0.82 -0.56 -0.56 -0.56 -1.35 -1.08 -0.99 -0.94 -0.93 -0.92 -0.90 -0.86 -0.83 -0.80 
47 24 Sat -0.70 -0.62 -0.62 -0.62 -0.63 -0.05 +0.05 +0.10 -0. 28 -0.38 -0.70 -0.66 -0.64 -0.64 -0.64 -0.54 -0.46 -0.39 -0.38 -0.37 
48 -1.92 -0.96 -0.89 -0.89 -0.87 -0.87 -0.84 -0.49 -0.49 -0.49 -1.92 -1.44 -1.26 -1.16 -1.11 -1.06 -1.03 -0.97 -0.91 -0.87 
49 25 Sun -0.60 -0.24 -0.24 -0.23 -0.22 -0.22 -0.23 -0.26 -0.26 -0.26 -0.60 -0.42 -0.36 -0.33 -0.30 -0.29 -0.28 -0.28 -0.28 -0.28 
50 -1.56 -0.96 -0.96 -0.95 -0.89 -0.40 -0.39 -0.34 -0.62 -0.62 -1.56 -1.26 -1.17 -1.11 -,j..06 -0.96 -0.87 -0.81 -0.79 -0.77 
51 26 Mon +2. 87 -0.01 -0.32 -0. 33 -0. 35 -0. 35 -0.61 -0.51 -0. 34 -0. 36 +2.87 +1.43 +0. 84 +0.55 +0. 37 +0. 25 +0.13 +0.05 +0. 01 -0.03 
52 -1.13 -1.06 -1.00 -1.00 -1.00 -0.68 -0.57 -0.58 -0.58 -0.58 -1.13 -1.10 -1.06 -1.05 -1.04 -0.98 -0.92 -0.88 -0.84 -0.82 
53 27 Tue +4.57 +0.79 +0.71 -0.43 -0.51 -0.54 -0.71 -0.70 -0.70 -0.73 +4.57 +2.68 +2.02 +1.41 +1.02 +0.76 +0.5S +0.40 +0. 27 +0.17 
54 -1.37 -0.92 -0.76 -0.73 -0.73 -0.73 -0.76 -0.76 -0.76 -0.79 : -1, 37 -1.15 -1.02 -0.96 -0.90 -0.87 -0.86 -0.85 -0.84 -0.83 
55 28 Wed -0.62 -0.57 -0.57 -0.54 -0.26 -0.20 -0.16 -0.10 -0. 32 -0.54 -0.62 -0.60 -0.59 -0.57 -0.51 -0.46 -0.42 -0.38 -0. 37 -0.39 
56 -2.76 -0.86 -0.86 -0.84 -0.81 -0.76 -0.63 -0.63 -0.63 -0.62 -2.76 -1.81 -1.49 -1.33 -1.23 -1.14 -1.07 -1.02 -0.97 -0.94 
57 29 Thur +1.74 +0.78 -0.51 -0.10 -0. -1 -0.54 -0.74 -0.74 -0.74 -0.76 +1.74 +1.26 +0.67 +0. 48 +0. 38 +0. 23 +0.09 -0.01 -0.09 -0.15 
58 -1.48 -1.17 -1.10 -1.10 -1.10 -1.10 -0.96 -0.84 -0.84 -0.57 -1.48 -1.33 -1.25 -1.21 -1.19 -1.17 -1.14 -1.11 -1.07 -1.02 
59 30 Fri -0.49 -0.49 -0.49 -0.49 -0.49 -0.49 -0.71 -0.74 -0.74 -0.55 -0.49 -0.49 -0.49 -0.49 -0.49 -0.49 -0.52 -0.55 -0.57 -0.57 
60 -2.22 -1.08 -0.62 -0.68 -0.82 -0.82 -0.82 -0.84 -0.84 -0.86 -2.22 -1.65 -1.30 -1.15 -1.08 -1.04 -1.01 -0.99 -0.97 -0.96 
61 May 1 Sat -0.61 -0.58 -0.58 -0.59 -0.59 -0.59 -0.61 64 -0. 64 -0.63 -0.61 c0.60 -0.59 -0.59 -0.59 -0.59 -0.59 -0.60 -0.60 -0.61 
62 -0.88 -0.85 -0.85 -0.82 -0.75 -0.75 -0.71 00.66 -0.66 -0.65 -0.88 -0.86 -0.86 -0.84 -0.83 -0.82 -0.80 -0.78 -0.77 -0.76 
63 2 Sun +0. 26 -0.69 -0.69 -0.54 -0.52 -0.52 -0.52 -0.52 -0.52 -0.52 +0. 26 -0. 22 -0. 37 -0. 42 -0.44 -0. 45 -0. 46 -0. 47 -0. 47 -0. 48 
64 -1.11 -1.11 -1.11 -1.11 -0.91 -0.83 -0.83 -0.85 -0.85 -0.84 -1.11 -1.11 -1.11 -1.11 -1.07 -1.03 -1.00 -0.98 -0. 97 -0.95 
65 3 Mon +1.17 -0.68 -0.68 -0.70 -0, 73 -0.73 -0.73 -0. 73 -0. 73 -0.73 +1.17 +0. 24 -0.06 -0. 22 -0.32 -0. 39 -0. 44 -0. 48 -0.50 -0.53 
66 -1.35 -1.00 -0.91 -0.91 -0.91 -0.91 -0.90 -0.89 +0.46 -0.11 -1.35 -1.18 -1.09 -1.04 -1.02 -1.00 -0.98 -0. 97 -0.81 -0. 74 
67 4 Tue +1.20 -0.90 -0.90 -0.80 -0.78 -0.78 -0.78 -0.78 -0.78 -0. 78 +1.20 +0.15 -0. 20 -0. 35 -0.44 -0. 49 -0.54 -0.57 -0.59 -0. 61 

68 -1.37 -1.31 -1.13 -0.82 -0.80 -0.80 -0.70 -0.11 -0.80 -0.79 -1.37 -1.34 -1.27 -1.11 -1.09 -1.04 -1.00 -0.88 -0.87 -0.86 
-J 
N.) 



`* a e ay . s . - 
69 5 Wed -0.04 -0.40 -0.80 -0.81 -0.82 -0.82 -0.80 -0.75 -0.71 -0.68 -0.04 -0.22 -0.41 -0.51 -0.57 -0.61 -0.64 -0.66 -0.66 -0.66 
70 -1.79 -0. 91 -0.91 -0.90 -0.88 -0.88 -0.88 -0.67 -0.65 -0.65 -1.79 -1.35 -1.20 -1.13 -1.08 -1.05 -1.02 -0.98 -0. 94 -0. 91 
71 6 Thur +0. 78 +0.78 -0. 78 -0. 89 -0.88 -0.88 -0.88 -0. 88 -0.88 -0. 88 +0.78 +0. 78 +0. 26 -0. 03 -0. 20 -0. 31 -0. 40 -0. 46 -0.50 -0.54 
72 -1.51 -0.90 -0.90 -0.89 -0.86 -0.86 -0.88 -0.93 -0.93 -0.93 -1.51 -1.20 -1.10 -1.05 -1.01 -0.99 -0.97 -0.97 -0.96 -0.96 
73 7 Fri +3.67 +0.01 -0. 33 -0.38 -0. 38 -0. 38 -0.01 -0. 32 -0.82 -0.83 +3.67 +1.84 +1.10 +0. 74 +0.51 +0. 36 +0. 31 +0.17 +0.06 -0.03 
74 -2.51 -0.89 -0.89 -0.90 -0.91 -0.91 -0.91 -0.91 -0.91 -0.91 -2.50 -1.69 -1.43 -1.29 -1.22 -1.16 -1.13 -1.10 -1.07 -1.06 
75 8 Sat +2. 32 +0. 38 -0. 26 -0. 25 -0. 23 -0. 23 -0. 23 -0.86 -0.89 -0.78 +2.32 +1.35 +0.81 +0.55 +0.39 +0. 29 +0. 21 +0.08 -0.10 -0.10 
76 -1.28 -1.25 -0.97 -0.97 -0.97 -0.93 -0.61 -0.45 -0.45 -0.45 -1.28 -1.27 -1.17 -1.12 -1.09 -1.06 -1.00 -0.93 -0.88 -0.83 
77 9 Sun +2.09 +1.37 -0.32 -0. 30 -0. 27 -0. 27 -0. 29 -0. 33 +0.48 +0. 97 +2.09 +1.73 +1.04 +0.71 +0.51 +0. 38 +0. 29 +0. 21 +0. 24 +0. 31 

78 -2.48 -0.80 -0.80 -0.16 +0. 21 -0.57 -0.58 -0.59 -0.65 -0.87 -2.48 -1.64 -1.36 -1.06 -0.81 -0.77 -0.74 -0.72 -0.72 -0. 73 
79 10 Mon +3. 30 +0.09 +0.09 +0.07 +0.04 +0.04 +0.05 +0.03 -0.46 -0.47 +3. 30 +1.69 +1.16 +0.89 +0.72 +0.61 +0.53 +0.46 +0. 36 +0. 28 
80 -1.60 -1.00 -1.00 -0.96 -0.91 -0.88 -0.64 -0.64 -0.64 -0.64 -1.60 -1.30 -1.20 -1.14 -1.10 -1.06 -1.00 -0.96 -0.92 -0.89 
81 11 Tue +3.02 +0.63 +0.63 +0.63 -0.32 -0.67 -0.68 -0. 40 +0.62 -0.07 +3.02 +1.82 +1.42 +1.23 +0.92 +0. 65 +0. 46 +0. 35 +0. 38 +0. 34 
82 -1.41 -1.08 -0.94 -0.94 -0.92 -0.92 -0.61 -0.75 -0.28 -0.72 -1.41 -1.24 -1.14 -1.08 -1.06 -1.03 -0.98 -0.88 -0.82 -0.81 
83 12 Wed +2.95 +0.56 -0.13 -0.13 +0.87 -0. 34 -0.53 -0.52 -0.52 -0.52 +2.95 +1.76 +1.13 +0.82 +0.82 +0. 63 +0.47 +0. 34 +0. 25 +0.17 
84 -1.49 -0.80 -0.80 -0.83 -0.84 -0.84 -0.76 -0.67 -0.67 -0.60 -1.49 -1.14 -1.03 -0.98 -0.95 -0.93 -0.91 -0.88 -0.86 -0.83 
85 13 Thur +0.55 -0.58 -0.58 +0. 21 +0.92 -0.28 -0.58 -0.57 -0.57 -0.01 +0.55 -0.01 -0. 20 -0.10 +0.11 +0.05 -0.05 -0. 11 -0.16 -0.15 
8& -1.24 -1.21 -1.21 -1.16 -1.01 -0.98 -0.96 -0.94 -0.94 -0.86 -1.24 -1.22 -1. 22 -1. 20 -1.16 -1.14 -1.11 -1.09 -1.07 -1.05 
87 14 Fri +1.09 -0.56 -0.56 -0.57 +0.14 +0.65 -0.33 -0.49 -0.49 +0.50 +1.09 +0. 26 -0.01 -0.15 -0.10 +0.03 -0.02 -0.08 -0.13 -0.06 
88 -1.82 -1.00 -1.00 -0.96 -0.90 -0.10 -0.14 -0.49 -0.49 -0.50 -1.82 -1.41 -1.27 -1.19 -1.13 -0.96 -0.85 -0.80 -0.77 -0.74 
89 15 Sat +1.44 +0.61 +0.07 +0.08 +0.07 -0. 25 -0. 25 -0. 28 -0.34 -0. 34 +1.44 +1.02 +0.70 +0.55 +0.45 +0. 34 +0. 25 +0.18 +0.13 +0.08 
90 -0.94 -0.88 -0.88 -0.88 -0.88 -0.84 -0.52 -0.52 -0.52 -0.52 -0.94 -0.91 -0.90 -0.90 -0.90 -0.89 -0.84 -0.80 -0.76 -0.74 
91 16 Sun -0.82 -0.82 -0.44 -0.42 -0.64 -0.64 -0.65 -0.66 -0.66 -0.66 -0.82 -0.82 -0.69 -0.62 -0.63 -0.63 -0.63 -0.64 -0.64 -0.64 
92 -1.82 -1.64 -0.93 -0.90 -0.86 -0.86 -0.86 -0.86 -0.86 -0.86 -1.82 -1.73 -1.15 -1.10 -1.06 -1.02 -1.00 -0.98 -0.97 -0.96 
93 17 Mon -0.16 -0.16 -0.67 -0.77 -0.77 -0.77 -0.77 -0.77 -0.77 -0.77 -0.16 -0.16 -0.33 -0.44 -0.50 -0.55 -0.58 -0.60 -0.62 -0.64 
94 -1.66 -1.66 -0.99 -0.88 -0.88 -0.88 -0.88 -0.88 +0.27 +0. 24 -1.66 -1.66 -1.44 -1.30 -1.22 -1.14 -1.12 -1.09 -0.94 -0.82 
95 18 Tue +1.82 -0.70 -0.70 +0.02 +1.00 +0.04 -0. 31 -0.31 -0.31 -0. 43 +1.82 +0.56 +0.14 +0.11 +0. 29 +0. 25 +0.17 +0. 11 +0.06 +0.01 
96 -1.95 -1.11 -0.98 -0.98 -0.98 -0.98 -0.98 -0.98 -0.98 -0.98 -1.95 -1.53 -1.34 -1.26 -1.20 -1.17 -1.14 -1.12 -1.10 -1.09 
97 19 Wed -0.47 -0.47 -0.47 -0.47 -0.47 -0.47 -0.35 +0.28 -0.28 -0.48 -0.47 -0.47 -0.47 -0.47 -0.47 -0.47 -0.45 -0.36 -0.35 -0.36 
98 -1.84 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -0.83 -1.84 -1.33 -1.17 -1.08 -1.03 -1.00 -0.97 -0.96 -0.94 -0.93 
99 20 Thur -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 

100 -1.56 -1.56 -1.18 -0.74 -0.74 -0.74 -0.74 -0.74 -0.74 -0.74 -1.56 -1.56 -1.43 -1.26 -1.16 -1.09 -1:04 -1.00 -0.97 -0.95 
101 21 Fri -0.16 -0.16 -0.75 -0.85 -0.62 -0.54 -0.54 -0.54 -0.54 -0.57 -0.16 -0.16 -0.36 -0.48 -0.51 -0.51 -0.52 -0.52 -0.52 -0.53 
102 -1.33 -1.33 -1.04 -0.94 -0.94 -0.94 -0.94 -0.94 -0.94 -0.94 -1.33 -1.33 -1.23 -1.16 -1.12 -1.09 -1.07 -1.05 -1.04 -1.03 

w 
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No. Date Day G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

103 22 Sat -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.39 -0.24 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 
104 -1.15 -0.8.7 -0.73 -0.73 -0.73 -0.73 -0.53 -0.50 -0.50 -0.50 -1.15 -1.01 -0.92 -0.87 -0.84 -0.82 -0.78 -0.75 -0.72 -0.70 
105 23 Sun -0. 27 -0. 27 -0.43 -0.88 -0.88 -0.88 -0.88 -0.88 +0.54 +0. 27 -0.27 -0. 27 -0. 32 -0. 46 -0.55 -0.60 -0.64 -0.67 -0.54 -0. 46 

106 -2.74 -1.17 -0.92 -0.92 -0.88 -0.76 -0.76 -0.76 -0.76 -0.76 -2.74 -0.95 -1.61 01.44 -1.33 -1.23 -1.16 -1.11 -1.07 -1.04 
107 24 Mon -0.76 -0.76 -0.76 -0.76 -0.76 -0.76 -0.76 -0. 76 -0.76 +0. 30 -0.76 -0.76 -0. 76 -0.76 -0.76 -0.76 -0.76 -0.76 -0.76 -0.65 
108 -1.95 -1.11 -0.90 -0.90 -0.90 -0.90 -0.90 -0.90 -0.90 -0.90 -1.95 -1.53 -1.32 -1.22 -1.15 -1.11 -1.08 -1.05 -1.04 -1.02 
109 25 Tue +1.77 -0. 34 -0.34 -0. 34 -0.09 -0.02 -0.02 -0.02 -0.02 -0.02 +1.77 +0.71 +0. 36 +0.19 +0.13 +0.11 +0.09 +0.07 +0.06 +0.05 
110 -1.36 -1.36 -0.95 -0.80 -0.80 -0. 27 -0.09 -0.22 -0.54 -0.54 -1.36 -1.36 -1.22 -1.12 -1.06 -0.93 -0.81 -0.73 -0.71 -0.69 
111 26 Wed +2.12 +0.01 -0. 38 -0. 38 -0. 38 -0.41 -0.13 -0.59 -0.59 -0.59 +2.12 +1.06 +0.58 +0. 34 +0. 20 +0. 23 +0.18 +0.08 +0.01 -0, 05 

112 -1.65 -1.35 -1.00 -1.00 -1.00 -0.63 +0.11 -0.18 -0.50 -0.50 -1.65 -1.50 -1.33 -1.25 -1.20 -1.10 -0.93 -0.84 -0.80 -0.77 
113 27 Thur +2.41 -0.02 -0.02 -0.02 -0.02 -0.02 -0.15 -0. 23 -0. 23 -0. 23 +2.41 +1,19 +0.79 +0.58 +0.46 +0. 38 +0. 31 +0.24 +0.19 +0. 15 

114 -1.32 -1.32 -1.30 -0.97 -0.97 -0.92 -0.87 -0.87 -0.87 -0.11 -1.32 -1.32 -1.31 -1.23 -1.18 -1.13 -1.10 -1.07 -1.05 -0.95 
115 28 Fri +0. 48 +0.48 +0.48 +0. 48 +0. 29 -0. 23 -0.23 -0. 23 -0. 23 -0.02 +0.48 +0. 48 +0. 48 +0. 48 +0. 44 +0. 33 +0. 25 +0.19 +0.15 +0.13 
116 -2.34 -0.96 -0.96 -0. 96 -0.79 -0.75 -0.75 -0.57 +0.53 -0.66 -2.34 -1.65 -1.42 -1.30 -1.20 -1.13 -1.07 -1.00 -0.84 -0.82 
117 29 Sat -0.20 -0. 20 +0,10 +0.71 -0.03 -0, 30 -0.37 -0.40 -0.40 -0.40 -0.20 -0. 20 -0.10 +0.10 +0.08 +0.01 -0.04 -0.09 -0.12 -0.15 
118 -1.23 -1.23 -0.95 -0.94 -0.94 -0, 94 -0.94 -0.94 -0.86 -0.85 -1.23 -1.23 -1.14 -1.08 -1.06 -1.04 -1.02 -1.01 -0.99 -0.98 
119 30 Sun -0.67 -0.67 -0.67 -0.67 -0.67 -0.67 -0. 67 -0.67 -0. 67 -0. 67 -0.67 -0. 67 -0. 67 -0. 67 -0.67 -0. 67 -0.67 -0.67 -0.67 -0.67 
120 -1.07 -1.07 -1.07 -1.07 -1.07 -0.90 -0.88 -0.88 -0.88 -0.88 -1.07 -1.07 -1.07 -1.07 -1.07 -1.04 -1.02 -1.00 -0.98 -0.97 
121 -- 

122 -1.66 -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.95 -0.82 -0.66 -1.66 -1.31 -1.18 -1.13 -1.09 -1.07 -1.05 -1.04 -1.01 -0.98 
123 June 1 Tue -0. 48 -0.52 -0.69 -0.69 -0.69 -0.69 -0.69 -0.69 +2, 30 +0.83 -0.48 -0.50 -0.57 -0. 60 -0.62 -0.63 -0.64 -0.64 -0. 32 -0. 20 

124 -2.11 -1.01 -0.92 -0.92 -0.92 -0.92 -0.92 +0.86 -0. 41 -0; 70 -2.11 -1.57 -1.35 -1.25 -1.19 -1.14 -1.11 -0.86 -0.81 -0.80 
125 2 Wed +3.78 -0.18 -0.18 -0.18 +0. 33 -0.40 -0.40 -0. 32 -0,12 -0.12 +3.78 +1.80 +1.14 +0.80 +0.71 +0.53 +0. 40 +0. 31 +0. 26 +0. 22 

126 -1.39 -1.39 -1.08 -0.97 -0.97 -0.97 -0.97 -0.97 -0.97 -0.97 -1.39 -1.39 -1.28 -1.20 -1.16 -1.12 -1.10 -1.09 -1.07 -1.06 
127 6 Sun +1.62 -0, 24 +1.48 -0.50 +0. 38 -0. 23 -0.64 -0. 40 -0, 40 -0.15 +1.62 +0.69 +0.95 +0.59 +0.55 +0. 42 +0. 27 +0.18 +0.12 +0.09 

128 -2.72 -0. 92 -0.92 -0.92 -0. 92 -0. 92 -0. 92 +1.17 -0. 40 -0. 40 -2.72 -1.82 -1.52 -1.38 -1.28 -1.22 -1.18 -0. 89 -0.83 -0. 79 

129 7 Mon +2.93 +0.52 +0.52 +0.52 +0.52 -0. 34 -0.48 -0. 39 +0.56 -0. 29 +2.93 +1.78 +1.32 +1.12 +1.00 +0.77 +0. 60 +0. 47 +0.48 +0. 46 

130 -2.16 -1.64 -0.85 -0.85 -0.85 -0.85 -0.48 -0.06 -0.54 -0.54 -2.16 -1.90 -1.55 -1.37 -1.27 -1.21 -1.10 -0.97 -0.92 -0.88 
131 8 Tue -0. 10 -0.10 -0.10 -0.19 +0.09 +1.28 +1.28 +0. 38 -0.39 -0, 16 -0.10 -0.10 -0. 10 -0. 10 -0.06 +0.16 +0. 32 +0. 33 +0. 25 +0. 21 

132 -1.72 -1.36 -0.63 -0.63 -0.63 -0.63 -0.63 +0.13 +2. 20 +0. 46 -1.72 -1.54 -1.23 -1.08 -0.99 -0. 93 -0.89 -0. 76 -0. 43 -0. 34 

133 9 Wed -0.65 -0.65 -0.65 -0.65 -0.65 -0.65 -0.65 -0.65 -0. 35 +1.65 -0.65 -0.65 -0. 65 -0.65 -0.65 -0.65 -0. 65 -0. 65 -0.62 -0. 39 

134 -1.62 -1.58 -1.05 -1.05 -1.05 -1.05 +2.54 -0.60 -0. 33 +0.08 -1.62 -1.60 -1.42 -1.32 -1.27 -1.23 -0.69 -0.68 -0.64 -0.57 
135 10 Thur +2.73 +0.50 +0.05 -0.17 +0.06 +0.53 +0. 39 +0.11 -0.40 -0.40 +2.73 +1.62 +1.09 +0. 78 +0.64 +0.62 +0.58 +0.53 +0. 42 +0. 34 

136 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.47 -0.32 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.88 -0.84 -0.78 

31 Mon -- -- -- -- -- -- -- -- -- -- -- - - -- -- -- -- -- -- -- 

09 



No. Date Day GI G2 G3 G4 G5 G6 G7 G8 G9 G10 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

137 11 Fri +0.12 -0.53 -0.58 +0.14 +0.42 -0.65 -0.65 -0.65 -0.65 -0.65 +0.12 -0. 21 -0. 33 -0. 21 -0.08 -0.18 -0. 25 -0. 30 -0. 34 -0, 37 

138 -1.08 -1.08 -0.77 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.64 -1.08 -1.08 -0.98 -0.86 -0.79 -0. 72 -0.71 -0.68 -0.66 -0.66 
139 13 Sun +1.40 +0.06 -0. 61 -0.61 -0.61 -0.61 -0.60 -0.50 -0.50 -0.50 +1.40 +0. 73 +0. 28 +0. 06 -0.07 -0.16 -0. 22 -0. 26 -0. 29 -0. 31 

140 -1.18 -1.18 -1.18 -0. 81 -0.81 -0. 81 -0. 81 -0.81 -0.81 -0.74 -1.18 -1.18 -1.18 -1. -0 -1.03 -1.00 -0. 97 -0. 95 -0.93 -0. 92 

141 14 Mon -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 -0.53 
142 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 
143 15 Tue +0.14 -0.45 -0.54 -0.84 -0.84 -0.84 -0.84 -0.73 -0.57 -0.57 +0.14 -0.15 -0. 28 -0. 42 -0.50 -0.56 -0.60 -0.62 -0.61 -0.61 
144 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 -0.92 
145 16 Wed -0.40 -0.40 =4). 51 -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 -0.40 -0.40 -0.43 -0.49 -0.52 -0.54 -0.56 -0.56 -0.57 -0.58 
146 -2.00 -0.98 -0.98 -0.98 -0.96 -0.93 -0.93 -0.93 -0.93 -0. 93 -2.00 -1.49 -1.32 -1.23 -1.19 -1.14 -1.11 -1.08 -1.07 -1.06 
147 17 Thur +0. 42 +0.02 -0.58 -0.58 +1.50 +0.19 -0.46 -0.32 +0.19 -0. 41 +0.42 +0. 22 -0.05 -0.18 +0.15 +0.16 +0.07 +0.02 +0.04 -0.01 
148 -1.78 -0.68 -0.68 -0.68 -0.68 -0. 68 -0.68 -0.68 +2.53 +0.84 -0.78 -1.23 -1.05 -0. 96 -0. 90 -0.87 -0. 84 -0.82 -0.45 -0.32 

149 18 Fri -0.78 -0.78 -0.78 -0.78 -0.75 -0.52 -0.52 -0.52 -0.52 -0.52 -0.78 -0.78 -0.78 -0.78 -0.78 -0.74 -0.70 -0.68 -0.66 -0.65 
150 -1.00 -0.98 -0.95 -0.95 -0.95 -0.95 -0.95 -0.67 -0.60 -0.60 -1.00 -0.99 -0.98 -0.97 -0.97 -0.96 -0.96 -0.92 -0.89 -0.87 
151 19 Sat +2.05 -0. 32 -0.74 -0.81 -0.81 -0.81 -0.18 +0. 77 +0. 30 -0. 39 +2.05 +0.87 +0. 33 +0.05 -0.12 -0. 24 -0. 23 -0.10 -0.06 -0.09 
152 -2.50 -1.19 -0.86 -0.86 -0.86 -0.86 +0.01 +1.32 -0.19 -0. 29 -2.50 -1.85 -1.52 -1.35 -1.26 -1.19 -1.02 -0.92 -0.67 -0. 63 

153 20 Sun +1.66 +1.09 -0. 45 -0.18 +0. 35 +0. 30 +0. 43 +1.25 -0.85 -0. 85 +1.66 +1.37 +0. 76 +0.54 +0.50 +0. 47 +0. 46 +0.56 +0. 40 +0. 28 

154 -1.59 -1.26 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -1.59 -1.43 -1.26 -1.19 -1.14 -1.11 -1.08 -1.07 -1.06 -1.05 
155 21 Mon +03.9 +0. 30 -0.32 -0. 32 -0.09 +0.84 +0.18 +0.13 -0.05 -0. 37 +0. 39 +0. 34 +0.12 +0.01 -0.01 +0.14 +0.14 +0.14 +0.12 +0.07 

156 -1.08 -1.08 -1.08 -1.08 -1.08 -1.08 -1.08 -1.00 --0.88 +0.50 -1.08 -1.08 -1.08 -1.08 -1.08 -1.08 -1.08 -1.07 -1.04 -0.89 
157 22 Tue +2.49 +0.71 +0.25 -0. 29 -0. 29 -0. 29 -0. 20 -0.17 -0.17 -0. 23 +2.49 +1.60 +1.15 +0.79 +0.58 +0.43 +0. 34 +0.23 +0. 23 +0.18 

158 -2.26 -1 .63 -0.90 -0.90 -0.90 -0.90 -0.90 -0.90 -0.61 -0.42 -2.26 -1.94 -1.66 -1.46 -1.35 -1.28 -1.22 -1.18 -1.12 -1.05 
159 23 Wed +1.40 +1.40 +0.47 +0.01 -0.04 -0.56 -0.56 -0.56 -0.38 -0. 31 +1.40 +1.40 +1.09 +0.82 +0.65 +0. 45 +0. 30 +0.19 +0.13 +0.08 

160 -1.44 -1.44 -1.44 -1.44 -0.89 -0.69 -0.69 -0. 70 -0.80 -0.80 -1.44 -1.44 -1.44 -1.44 -1.33 -1.22 -1.15 -1.09 -1.06 -1.03 
161 24 Thur +0. 39 +0. 20 -1, 04 -1.04 -0.71 +0.76 +0.56 -0.78 -0.78 -0.78 +0. 39 +0. 30 -0.15 -0. 29 -0. 22 -0.05 +0.03 -0.07 -0.15 -0. 21 

162 -2.00 -1.43 -0.93 -0.93 -0.93 -0.97 -0.98 -0.98 -0.98 -0.98 -2.00 -1.72 -1.45 -1.32 -1.24 -1.20 -1.17 -1.14 -1.13 -1.11 

163 25 Fri -0.74 -0.74 -0.74 -0.74 -0.74 -0.71 -0.25 -0. 44 -0.44 -0.44 -0.74 -0. 74 -0. 74 -0. 74 -0.74 -0.74 -0.67 -0. 64 -0.62 -0.60 

164 -1.16 -1.16 -1.16 -1.06 -0.80 -0.80 -0.80 -0.80 -0.80 -0.80 -1.16 -1.16 -1.16 -1.14 -1.07 -1.02 -1.00 -0.97 -0.95 -0.93 

_ 


