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A REGIONAL WIND-FIELD STUDY IN
COMPLEX TERRAIN DURING SUMMER
SEA-BREEZE CONDITIONS

ABSTRACT

A regional-scale data base, consisting of wind and temperature data for June and
July of 1977, was developed for the greater San Francisco Bay Area and eastward to the
Central Valley. Continuous meteorological measurements were made in the area of a windy
pass (Patterson Pass) 3 km east of Lawrence Livermore Laboratory. This area was chosen
because of its complex terrain and importance as a downwind topographic feature affecting
the dispersal of possibie accldental atmospheric releases from the Laboratory and as an

area of high wind-energy potential. The results of this study provided the following:
1. A data base, including over 50 stations for use In numerical wind-field

regional-scale-model validation,

2. Characterization of summer sea breeze oscillations of ~6 and 12 days. This
analysis s useful in calculating wind-power persistence and in understanding summer sea-

breeze mechanisms in the Bay Area,

3, Successful application of an optical space-averaging wind sensor over a 1-km
path across a pass to provide long-path averaged data more suitable for regional, numerical
wind-field modeis wiih kilometre-size grid elements.

INTRODUCTION

The recent development of large computers has
enabled significani improvement in the quality of
reglonal-scale, numerical wind-field models. At
Lawrence Livermore Laboratory (LLL), these
models have been used to assess the downwind
transport of pollutants and to find arcas of high
wind-energy potential. In recent years, we have
made a concentrated effort to use and validate these
models In areas of complex terrain. This task was
not simple because meteorological measurements
are rarcly made in complex terraln; nearly all
routine wind observations are made at airports or
within population centers. In addition, the output
of our numerical wind models yield winds averaged
over grid cells on the order of a kilometre.! Instru-
ment exposure problems In complex terrain for con-
ventlonal cnemometers are such that one station
can rarely represent the average wind over a
distance of 1 km. Another problem assoclated with
establishing a high-quallty data base on a reglonal
scale Is that of data density. To characterize a
reglonal-scale wind fleld, Input data points must be
sufflciently dense to define the terrain-induced wind
regimes,

We designed and executed an experiment to
develop a data base for numerical wind-field valida-
tion, Two elements were involved in the experi-
ment. First, we conducted a concentrated measure-
ment program at Patterson Pass, an arca of com-
plex terrain 3 km cast of LLL, We chose thls area
because it has a high wind-energy potentlal and
because it Is a topographlc feature that strongly in-
fluences the downwind dispersal of possible ac-
cidental atmospherlc releases from LLL. Second,
while data were collected at Patterson Pass during
June and July, 1977, data were also belng collected
from more than flfty locations throughout the San
Francisco Bay Arca and Central Valley, In addltion
radlosonde data from Oakland were collected twlce
dally and acoustlc-sounder data were recorded con-
tinuously at Llvermore. Wind and sca-surface
temperature data for two occan locatlons off the
wost coast were obtained from the Fleet Numerical
Weather Service at Monterey, Callfornia, and In-
corporated into the data base.

The measurement program at Patterson Pass
Involved wind measurements with a conventional
cup anemometer at a height of 5 m over a level area



on the south side of Patterson Pass, and optical
(both laser and white-light) wind-speed  measure-
ments of the average wind through the Pass, using a
1-km optical path, Lawrence, et al.,2 and Ochs, et
al., descrlbe these techniquesin detail, Subsequent
analysis of these data showed a correlation coeffi-
clent of 0.91 between the long-path optically de-
rived winds and the winds measured with the con-
ventlonal cup anemometer; however, on many oc-
caslons the values differed by many metres per
second. These results Indicate that the optlcal
anemometers were operating satlsfactorily and that,
as expected, a single, conventional wind measure-
ment cannot represent short-term average winds
over a kilometre In areas of complex terraln,

Comblning the data from Patterson Pass with
wind data from the other stations In the reglon, we
developed a data matrlx which we statistically
analyzed for application to numerical wind-field
valldation. True validation of a wind-fleld model
requires the comparison of calculations with and
without the presence of data from selected statlons
to compare predicted and mensured winds In the
vicinity of the stations. Choosing the statlons to be
reserved for comparison {s difficult because few of
the stations In the data base are actually in areas of
complex terrain. However, many stations in level
terraln still provide important information about
the flow field in the complex terraln regions, Other
statlons contribute little important information
becauase thelr data provide elther duplicate informa-
tlon to another station nearby or random data that
are useless In wind-fleld estimates because of poor
exposure or other Instrument problems,

We siatistically analyzed the data matrix to
choose reprasentative stations for use in the valida-
tlon study. The complete data matrix was analyzed,
using multiple linear regression, to determine which
statlons significantly contribute to predicting winds
at Patterson Pass for the two-month period. The

use of multiple linear regression ensures two things:

1. Elimination of stations with poor data due
to instrument errors, location and exposure prob-
lems, or redundant data.

2. Development of a rational scheme for the

selective elimination of input data to computer
models for their validation,
The second item is achieved by varying the
statistical F-test in the linear regression, Not all the
stations chosen by this procedure were close to Pat-
terson Pass, One station close to the pass and
several others, representative of the varlous flow
regimes of the reglon, were selected,

The data perlod chosen colncided with the
summer sea-breeze perlod In this reglon.?
Therefore, the data were found useful not only as a
base for model validation but also as a resource for
understanding the characteristics of the sea breeze
In the reglon, Power spectra unalyses and correla-
tlons of ocean data and air temperatures with winds
in the reglon proved useful in understanding the sea
breeze. Spectral analyses showed a recurrent 6- and
~|2-day peak In wind speeds and air temperatures;
they also showed negative correlation between air
temperatures and winds over land areas, as well asa
time lag of many days between changes in ocean
wind and sea-surface temperatures and Central
Valley temperatures. These results provide useful
supplements to previous sea breeze studies,5-8

The results described in the following sections
are divided into two parts, The first part emphasizes
the measurement program at Patterson Pass. The
second part relates the Patterson Pass data to the
other data from the region. 1t presents the results of
the statistical analysis applied to the summer sea
breeze and the results of the regression analysis used
to choose stations for model valldation. The results
of that model validation wlll be presented in a
subsequent report.

RESULTS OF MEASUREMENT PROGRAM IN COMPLEX TERRAIN

SITE DESCRIPTION

The measurement program at Patterson Pass
was conducted during June and July, 1977, using
the following Instruments:

® A space-averaging laser anemometer (Cam-

bell Scientific Model #CA-9) over a 1.03-km path
across the Pass; the path was oriented 20° west of
true north and nearly perpendicular to the lowest
part of the Pass.



¢ A white-light optical anemometer provided
by the National Oceanic and Atmospheric Ad-
ministration Wave Propagation Laboratory
(NOAA-WPL) oriented along the same path in the
opposite direction.

* A mechanical weather station (Meteorologi-
cal Research Incorporated Model No, i071) located
at the south end of the light path,

Figure 1 is a photograph of the experimental
arrangement. The optical anemometers were housed
In instrument shelters to protect them from the
clements and wind vibration, The whitelight
transmitter can be seen at the north end of the light
path, A laser was simultaneously transmitting in the
opposite direction and being received at an instru-
ment shelter near the white light, Figure 2 shows the
terrain rellef under the light path, The transmitter
and recelver were 326 and 560 m, respectively,
nbove sea level, with the lowest section of the Pass
at 464 m, The space-averaging laser anemometer
was run contlnuously through the two-month
period, whereas the white-light system was run at
selected Intervals for comparison. All data were col-
lected on strip-chart recorders. Figure 3 shows the
laser anemometer reading for a windy perlod during

St AL

July 4. The wind speeds on the chart refer to the
average wind component normal to the optical
path, weighted toward the center of the Pass.?

OPTICAL ANEMOMETER
COMPARISON

Figure 4 compares the readings of the laser
system with the white-light system along the same
path for July 13. The white-light system has a
similar, but somewhat more peaked, welghting
function.? These data represent the westward com.
ponent of the wind normal to the light path, The
cross-path winds from the space-averaging laser
anemometer and the wind speed and direction from
the mechanical weather station were averaged over
30-min perlods, digitized, and compared. The
30-min interval was based on a comparison of
similar data taken at a rate of once per second at
Honolulu, Hawall.? These Hawallan data indicated
that the spatial averaging properties of the optical
anemometer show a temporal averaging effect over
data periods % 10 min along a 1-km path. This ef-
fect is represented through a change in slope of the

Flg. 1. Photograph of experimental setup in complex terrain looking north across Pattezson Pass, A cup-
vanc-anemometer and optical-anemometer recelving statlon is In the foreground; a light source and duplicate
laser optical-anemometer recelving statlon Is In the backgraund,
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Fig. 3. Anexample of strip chart data from laser space-averaging oplical anemometer durlng a windy night,

July 4, 1977,

standard deviation of the wind-speed component
normal to the light path at ~10 min for a cup-
anemometer system and only at ~! min for the
optical-anemometer system. Figure § shows time
plots and scatter plots of 30-min-average cross
winds from the laser optical anemometer and the
component of the wind speed perpendicular ta the
light path derived from cup and vane system at the
south end of the path, Daytime (1000-22060 PDT)
and nighttime data are shown separately in the scat-
ter ploty. The total data correlatlon coefficlent wus
0.91 with the regression equation:

Laser optical-anemometer speed = 1.62 + 0.94
» (cross-beam wind component from cup and
vane anemometers),

Splitting the data into (1) day and night or (2) wind
speeds less than or greater than 8 m/s did not
significantly improve that correlation coefficient.

The higher value associated with the optical-
anemometer speed (1.62 m/s) over the cup-vane
system probably results from the greater height of
the light beam above topography. The average
height of the light path above terrain was 38 m; the
cup.vatie anemometer height was 5.5 m, Based on
this height difference, the power-law wind-profile
equation has an exponent (p) of 0.12, which is
within the expected range for a windy area. This
ratlo was determined from:

p
OA (m/s) = (T’%';—) WS (m/s)

where OA m gvernge speed from optical
_ anemometer (7.9 m/s)
WS = average speed perpendicular to light
path, derived from the weather
station (6.5 m/s).
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Fig. 4. A compaclsen of the lager optical anemometer and o white-light (saturation resistant) optical
anemometer looking in opposite divections along the same path In complex terrain (Patterson Pass), (Zero
value in this case implies & wind direcilon along the beam or eastward.)

Besides height, differences in. instrument exposure
and types of measurements, i.¢., point measure.
ment or spatiaily averaged measurement, were also
factors affecting this ratio.

Thirty-minute.average data were also collected
from a 40-m tower at LLL and a 36-m tower at
Livermore Site 300. These stations are located 7.3
km west and 9.6 km south, respectively, of the
measurement stations at Patterson Pass. Both are
permanent stations maintained by the Labuoratoty;
reiationships between tha data from thesc stations
«nd the wind spceds at Patterson Pass may be
useful in the future to predict summer winds at the
Pass, where a atation does not normaily exlst, These
relationships are summarized in Table 1, which lists
the parameters involved as well as the average
values, correlations, and regression formulas for
these parameters,

TEMPORAL COMPARISON
BETWEEN POINT AND
OPTICAL ANEMOMETER

We applied spectral analysis to these 30-min-
averaged data to better understand the cyclic
behavior of summer sea-breeze winds. Figure 6
shows the normalized power spectral density as a
functipn of time in days for () the weather station
wind speeds, (b) the optical-anemometer cross-path
speeds, (c) the weather-station-derlved cross-patii
speeds, (d) the wind speeds at Site 300, and {¢) the
wind speeds at the 40-m tower at LLL. The spectra
for each of these data sources show a strong diurnal
peak, as well as many similarities at low frequen-
cles. Comparison of the power spectra for the op-
tical anemometer with the cross-wind component
derived from the weather station shows a greater
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Table 1, Statiatical relationships between the wind speeds measured at Patterson Pass at 5.5 m by a cup

anemomeier and wind speeds at L1L and Site 300 at heights of 40 and 36 m, respectively.

Standard Regreasion
Wind station location devintion Aversge value Cormrvlatlon equation
At weather station (Patierson Pass) 18 m/s 7.9 m/s (total) 0.64 (1otal) A =49+041 B
8.8 m/x (day) 0,67 (day) A=488+038 R
7,0 m/6 (night) 0.63 (night) A= 5174045 R
At LLL d0m tower slmvs 6.0 W (tolal)
8.6 m/s (day)
4.3 nv/s (night)
At weather statlon (Patterson Paxs) limia 746 v/ 0,66 (total) A=412+081 0
0.67 (day) A wd2l+051B
0.67 (night) A= JB6+0459D
At Site 300 N/ 7.85 /s (lotal)

8.4 mv/s (day)
7.2 m/a {night)

difforence and spread in tho spectra for the weather
atation: at frequencies lesa than once per day. This
again demonstrates the problem of using a single
conventional measurement in areas of complex ter-
rain to derive average winds over a distance suitable
for model validation. The differences in the lower
frequency spectra between the weather station wind
speeds and their component perpendicular 10 the
light path between once every 5 days and once each
day are the result of spectral energy in the once-per-
two-day variation In the normal component of the
wind direction.

This variation is not present in the wind-speed
spectrn. However, the wind-direction normal com-
ponent, as well as all the other spectra,
demonstrates a strong one-per-five.day oscillation
(frequency = 0.2 per day). Because these data were
taken at the maximum of the summer sea breeze
and the irtensity of the sea breeze is known to vary
periodically, these spectra represent a quantifica-
tion of this period. Indirect evidence, through solar
insolation studies, seems to indicate a similar period
for fog duration. 10 Subsequent analysis of regional
wind data with a maximum-entropy spectral tech-
nique also reveals an even lower osclilation at about

once every 12-16 doys. Taken together with other
data described in the next section of this report,
these oscitlations can be useful in understanding the
mechanisms of the summer sea brecze.

Closer examination of the higher-frequency
end of the spectra in Fig. 6 reveals a more subtle dif-
ference between spatially averaged winds and point
winds, All the point-wind spectra show a tendency
to increase, whereas the optical-anemometer spec-
tra do not. This is cven more apparent in Fig. 7,
which shows the power spectra of the cosine of the
wind dircction normal to the laser optical path at (a)
Patterson Pass, (b) Site 300, and (<) Livermore, The
point-measurement spectra begin to risc at an cven
lower frequency (about once every four hours). Ap-
parently, this is the result of an extended spectral
gap during unstable condltions close to the ground
i complex terrain.!! Because of the longer wave-
length of eddies affecting the spatially averaged
winds, this spectral gap and the peak in the tur-
bulent energy spectrum are suppressed. This implies
that, at Patterson Pass, data from a singile station
must be averaged over a 2-h period to produce
winds that vary similarly in speed and direction to
1-km spatially averaged winds.

COMBINATION OF COMPLEX TERRAIN DATA WITH REGIONAL
METEOROLOGICAL DATA

DATA SOURCES

While the field measurement program was be-
Ing conducted at Patterson Pass, data were being

collected at meteorological stations in the San Fran-
clsco Area and Central Valley, Table 2 identifles
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statlons and: their. locations,

Disiance
 from
o Patlerson Helght above

Norih East Paud, kol ferraln, m
41N 621.2 0.0 3.3
4113 613.8 7.5 40.0
Alg8:2 610.4 9.6 36.0

41m2 608.2 130 13,06

4160.0 608.0 . 19.6 137
H F 41682 .4 2.6 6.
7. CFR € Fremont’ 4158, 909 29 6l
3, DRR D Framont 41846 918 n1 61
‘9. POA Oakley 42080 6110 1.4 100
10." PBI Bothal laland 41090 621.0 9 10,0
11, 8CU Stockion WSD 41934 6538 407 6l
12. PSY Sherman liland 4210 6120 09 100
13, CST Stockton Cal Tram 4202,0 650.0 42.2 10,0
14, CWC Walnut Craek 41919 3841 42,8 6.1
15, DS) San Jose 4130 598, 443 6"
16, CSL San Leandro 41738 7.0 4.3 6.1
17, DPT Pittaburg Cal Trans 42094 $97.3 441 6.1
18, DCO Concord 4199.3 $85.7 483 6.1
19. EQP Pittaburg PQE 42102 596.7 46,1 6.1
20. NUQ Mofftett Field 4141.2 584.1 416 6.1
21, DSY Sunnyvale 4136.7 5859 49.3 6.1
N 22, OAK Qakland WSO 4176.2 5704 3.0 6.1
23, CMH Morgan Hill 4148.1 619.9 $3.0 6.1
: 24, DRC Redwood City 4148.5 $70.8 5.8 6.1
15, HGZ Alameda NAS 4181.7 560.1 62.0 6.1
26. DBE Benicia 4211.8 5743 62.1 6.1
27, CRT Crockett 4211.0 1.0 64.1 6.1
28, CBM Berkeley Marina 4191.2 $60.0 64.4 6.1
29. DBU Burlingame 4159.1 5578 649 6.1
30. CKE Keyes 4183.0 685.0 66,3 10,0
31. SFO San Franclsco WSO 4163.2 384.4 67.3 6.1
32, SFE SFO Bllis St 41820 552.8 69.6 6.1
33, SUU Travis AFB 4238.3 5932 70.2 14.0
34, SF2 SFO 23ed Street 4181.8 MLl 709 6.1
35, DRM Richmond 4200.4 $36.6 70.9 6.1
36. DVA Vallejo 42174 567.1 Mn2 6.1
37, CQR Qolden Qate Bridge 4185.0 5%0.0 7.8 113.0
38, DOL Giltoy 4096.8 627.2 4.8 6.1
39. DPA Pacifica 4163.0 Mo 2.6 6.1
40. CMD Menlo Pk {Dum, Brdg.) 4146.3 $30.1 5.3 6.1
41, DSR San Rafael 4202.7 3413 23,0 6.1
42, DNA Nopa 42407 561.6 9.6 6.1
43, SAC Sacramento (EvAF) 426).6 631.1 9.0 6.1
44. EQL Mous Landing 4074.1 608,7 97.8 76.2
43, MHR Mather AFB 4268.6 647.8 101.1 5.0
46, MCC McClollan AFB 4280.6 6M.9 109 3.0
47, SNS Salinas WSO 4058.2 625.0 113.0 6.1
48, DSA Santa Rosa 42547 528.1 1274 6.1
49, BAB Beale AFB 43311 63,3 161,6 6.0
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these stations, gives their Universal Transverse Mer-
cator (UTM) coordinates and wind-sensor height
above terrain, Most of the meteorological stations
provide air temperature as well as wind speed and
direction. Data were also collected from the Fleet
Numerical Weather Center in Monterey for ocean
winds and sea-surface temperatures at 37.8 N and
123.0 W (about 10 km west of San Francisco) and
366 N and 1224 W (about 10 km west of
Monterey). These data were collected hourly;
however, the comparisons and analyses that follow
concentrate on two selected hours,

The first hour began at 2300 GMT (23Z or
1600 PDT) during the peak of sea-breeze intensity
at Patterson Pass; the other hour began at 1100
GMT (11Z or 0400 PDT) at the typlcal sea-breeze
minimum, Figures 812 show sample time plots
taken from the stations listed in Table 2 and the
ocean locations at 2300 GMT and 1100 GMT (0000
QGMT cr 0Z and 1200 GMT or 12Z for the ogean
locations). These plots were derlved from original
data points and smoothed by a Whitacker-
Henderson Type A formulal2 with a smoothing
parameter of 0.2 for Figs. 8:11 to emphasize the
long term cycles and 2.0 for Fig. 12 to show the long
term trend. Figures 8 and 10 show the daily fluctua-
tion of wind speed recorded at the stations listed in
Table 2 at 2300 GMT or 1100 GMT, respectively,
with ocean data ot the coast of Sun Francisco [Fig.
8 ()] . Figures 9 und 11 show unalogous data for
sumple stations that reported air temperature at
2300 GMT und 1100 GMT, respectively. Also in-
cluded in these rigures are plots of the air tem-
perature differences between Sun Fran-
cisco/Oukland and Sacramento/Stockton (see Figs.
9and 11 (e), (D), (i), (k), and (1)) and sea-surface tem-
peratures for the June and July data period off the
coust of Sun Francisco, (Fig.9(g) and 11(g)) and the
extended poriod (May-Aug.) off the coast of Mon-
terey (Fig.9(k), as well as the ocean winds off the
coust of Monterey (Fig. 9(j) and 11(})).

Figure 12 shows the long term trends of
selected data from the previous figures, Parts (i)
and (J) of Fig. 12 show that the ocean winds peaked
duting the June-luly data peried while the ocean
temperatures continued to increase, Parts (a), (b),
(c) and (d) of Fig. 12 show that, though daytime
winds continued to Increase at Patterson Pass and
Site 300, winds had a downward trend. The other
data showed little or no trends,

DATA ANALYSIS USING
TIME-LAGGED CORRELATION

A time-lagged correlation analysis was per-
formed on the data shown in Figs. 8-12 and on
other wind and temperature data from the region.
The results of thls analysis appear in Table 3 in the
form of a correlation matrix with the time iag to
maximum correlation shown in parentheses, A
summary of the results of this correlation matrix
follows:

1. Low and variable correlations exlst between
the ocean winds and sea surface temperatures and
wind speeds throughout the Bay Area and Central
Valley.

2. Higher correlations exist between alr
temperatures at the land stations and the ocean
temperature and wind speeds,

3, Negative correlations exist between the alr
temperature data for the region and sea-surface
temperatures,

4, Positive correlations exist between regional
air temperatures and sea surface winds during the
day; negative correlations exist at night,

§. Time lags of 1-3 days occur for maximum
correlation with air temperatures in the region (in-
creasing for stations as a function of their distance
east from the coast) and sea-surface temperatures
and wind speeds.,

6. The temperature differences between tne
Central Valley and the coast correlate less with the
ocean temperatures and wind speeds than the air
temperatures alone In the Central Valley, Implylng
that the differences are dominated by the
temperatures in the valley.

7. Slightly higher correlations exist between
the regional temperatures and the ocean
temperatures and wind speeds off the coast of
Monterey than off the coast of San Francisco.

8, The expected high negative correlation ex-
ists between regional air temperatures and sea-
breeze wind speeds measured at Patterson Pass.

SPECTRAL ANALYSIS OF
REGIONAL DATA

Power spectral analysls was also applied to
these data. However, only 85 data points are
avallable for each data set, too few for conventional
spectral analysis techniques. In the past few years,
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however, a new approach, called maximum entropy
spectral analysis, has been developed for sparse
data conditions.13

The basle Idea of the maximum entropy
method (MEM) is the minimal assumption about
the unknown values of a stochastic process to fit
filters (whitening) ta obtain the reciprocal of the
squared magnitude of the Fourlertransformed
filter coefficients. Earlier methods artificlally ex-
tend the data, assuming a zero or periodic signal
with specified windows. The computer code
developed by Strand uses a tapered entropy method
(TEM), which fits a fliter by optimal extension of
the covarlances to keep the covarlant determinant
properly bounded (l.e., positive definite).

Figures 13 and 14 show the results of the TEM
spectral analysis with a matrlx dimensionality of
nine for reglonal winds at 2300 and 1100 OMT (see
Fig. 2), reglonal alr temperatures at 2300 GMT, and
sea-surfuce temperatures and wind speeds at 0000
GMT and 1200 GMT off the coast of Manterey
(Flg. 13). The spectra in Fig. 13 show large dif-
ferences ot frequencles above once per 4 days;
however, at frequencles between once per 16 days
and once per 4 days, a double-pcak feature Is
characterlstic. Qne peak occurs close to theonce per
S.day peak found earller In the 30-min-averaged
data and the other peak runges between once per 12
days and once per 16 days, This second peak Is not
observed at the Livermore tower (L4T) at night,
possibly because it Is the only one of the three sta-
tlons below the nocturnal Inverslon at 1100 GMT.
The alr temperatures and ocean parameters in Fig,
14 also show this double maxima feature, but with
less energy in the higher frequency peak. This spec-
tral information, combined with the correlation
matrlx, provides a tool for the characterization of
the mechanlsms of the summer seca-breeze
phenomenon,

APPLICATION TO MODEL
VALIDATION

These data serve not only as a tool for
understanding reglonal wind and temperature
phenomena, but also as a data base to validate
nutnerical wind-field models. Slmulianeous data
from 38 of the statlons llsted In Table 2 were passed
through a multlple linear-regression analysls, with

the wind speeds at Patterson Pass as the dependent
variable, This was done assuming varying Futest
criteria. The statistical F-test is the mean square due
to regression divided by the mean square due to
residual varlation; it serves as a criterion for accepi-
ing data from another independent variable by
making a statistically significant contribution to ex-
plaining the variance of the dependent varlable, 14

Table 4 shows the statlons ¢hosen under dif-
ferent F-test criterla and thelr distances from Pat.
terson Pass, The statlons chosen were not negessar-
lly the stations closest to Patterson Pass or the ohes
that correlated best. Closer examination of the sta-
tions selected shows that they were chosen at loca.
tlons sensitive to the many different wind-flow pat-
terns characteristic of the greater Bay Arca and the
Central Valley, Flgure 18 summarizes the results of
the study shown in Table 4 and plots the number of
statlons chosen under the varlous F-tests versus the
percent of the varlance explained.

The graph of Flg. 15 serves two purposes.
Flrst, the sudden slope change, at approximately
eight statlons with 90% ot the variance explained,
implies that eight properly piaced statlons In the
region could characterize the wind field in the
region of complex terrain downwind of '.LL (Pat-
terson Pass) almost as well as many more stations in
similar locations. More stations in the complex ter-
rain reglon would be helpful because the only com-
plex terrain measurements included in the data set
were at Patterson Pass (the dependent variable) and
the station at Site 300. Flgurc 15 Includes a data
point obtalned by using only data from alrport
wind statfons normally available for fast rcsponse
to the Atmospheric Release Advlsory Capability
{ARAC) network. ARAC assesscs in real time the
downwind transport and diffusion of atmospheric
releases at LLL. I3 Figure 15 shows that many more
alrport statlons are required to explain the same
amount of varlance in the data at Patterson Pass as
found with the regression-selected stations. A scc-
ond conclusion from the results shown in Fig, 15 is
that the stations selected can be used In a rational
scheme for numerlcal model validation, By selectlve
climination of stations shown to be of value In
predicting winds in complex terrain and comparlson
of the model results, models can be validated with
some quantification of the importance of the sta-
tion eliminated, The results of this kind of model-
validatlon study will be discussed in a later report.
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Table 4. Stations selected from multiple linear vegression analysis with Patterson Pass wind speeds as the
dependent variable with F-test criteria (Yes — passes test),

" Dlatance

from
Pattersan Futeast

Statlan’ Pasg, km [} 04 03 0.2 ['¥} 0.08 on

{+ 14T (LLL Tower) 7.3 Ves Yes Yes Yes Yes No No

2. LLH (Slte 300) 9.6 Yes Yes Yes Yes Yes Yer Yo

1., DL1 (BAAPCD Livermore) 130 Yos No No No No No No

4. PBI (Bethal Istand) ny Yes Yex Yo Yo You Yeoi No

$, P8I (Sherman Iatand) 40,9 You Yas Yes No No No No

6. DCQ (Concord) 453 Yo Yos No No No No No

7. NUQ (Moffrett Field) 4.6 Yo Yes Yes No No No No

8, 0AK (Oakland) 5.0 Yo Yes Yo Na No No No

9. DRC (Redwoud City) £5.5 Yos No No No No No No

10, DBE (Benicla) 62.1 Y b ([} Yo Yeu Yea Yes No
11. CRT (Crackett) 64,1 Yos Yos Yer Yes Yer No Nu
12. CBM (Baerkeley Marina) 64 Yes Yes Yeu Yes Yes Nr No
13, DRM (Richmond) 039 Yes Yes Yes Yax No No No
14, DAL (Qilroy) 4.8 Yeu Yo Yes Yes No No No
1. CMD (Menlo Park) 183 Yo No No No No No No
16. DSR {San Rafacl) 83,0 Yer No No No No No No
17. BAL (Moxs Landing) . 978 Yor Yeu Yar No No No No
18, MCC (McClellan AFB) 1109 Yo Yei Yeu Yo Yo You Yo
19 SNS (Salinasj ) 1130 Yes Yo No No No No Ne

0. DSA (Santa Rosa) “ 1274 Yeos Yo Yeu Yes Yes Yos No
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CONCLUSIONS

The results described in this report can be
separated Into two categories, The first shows how
statistical analysis of the data base can be applicd to
determine the summer sea-breeze flow panierns in
the reglon; the second category of results shows
haw the data base can be applisd to numerical
wind-field model validation in complex terrain, The
results listed below are signiticant in understanding
the reglonal wind patterns durlng summer sea-
breeze conditions:

1. Power speciral analysis of 15-min average
wind data over 85 days in June and July 1977 at
locations in and around a windy area of complex
terrain downwind of LLL (Patterson Pass) showed
strong spectral peaks once cach day and onge every
five days,

2. Maximum entropy spectral analysis of dally
data at 2300 GMT and 1100 GMT (typical thues of
maximum and minimum in sea-breeze intensity) at
these locations and others revealed an even longer-
term cycle ranging between once per 12 and (6 days,

3. Cycles of § and 12 days were also observed
in sea-surface temperaturcs and ocean winds,

4, A weak correlation exists between the occan
parameters and regional winds.

$. A stronger correlation cxists between the
ogean parameters and reglonal air temperatures,

6. The sign of the correlation between reglonal
air temperatures and sen wind reversed from
positive during the day to negative at night.

7. A time lag of 1-3 days was noted between
the occan parameters and Central Valley air
temperatures.

The conglusions tisted below were derived from
this data base which relate to numerical madel
validation in complex terrain,

1. Desplte the high correlation coefficlent
{0.91) between space-averaged wind data from op-
teal anemometers and wind data at one end of the
puth from o cup anemometer, these data often show
differences of many metres per second, implying a
single wind station cannot satisfactorily represent
0-min gverage winds aver aue kilometre in cam-
plex terrain,

2. These differences are lower for data of a
longer time perlod.

3, Maltiple linear regression s n successful
technigue for selecting stations that contribute most
to the explanation of wind variations at the complex
terrain location (Patterson Pass).

4, Multiple linear regression climinates redun-
dant and random data fromn consideration for
model validation,

5. Multiple linear regression was successfully
applicd to determine the number of stations needed
to characterize the wind flow over the region,

6. Multiple lincar regression provides a ra-
tional sclection criterion for data comparisons for
numerical wind-model validation.
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