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The Problem

The nocturnal inversion is routinely observed over nearly all
continental locations, and its development and growth has been
widely observed, described and modeled. The breakdown of the
inversion after sunrise, a routine event marking a transition of the
planetary boundary layer from the stable nocturnal conditions to a
well-mixed daytime state has been less studied.

Some studies have documented the morning transition for
homogeneous terrain (Singer and Raynor, 1957; De Marrais, 1959;
Clarke et al, 1971; Takle et al, 1976), but only a few have explored
the transition for terrain that is more complex (Lenschow et al,
1979; Whiteman, 1982). Rarely has the transition for any terrain
been documented for a data set large enough to approach a
climatological basis.

The main objectives of the study were toi

1. Characterize the structure of the pre-dawn morning
inversion and document its dissipation after sunrise.
Variables to be studied included temperature gradient,
stability, wind shear, standard deviation of the wind
direction (Ce ) and solar radiation.

2. Relate the daily breakdown of the morning inversion
on the basis of time elapsed from local sunrise.

3. Identify locally-measured variables which could be
used as predictors of the tine required for inversion
breakdown.

4. Evaluate the spatial representativeness of each site.

5. Determine the control of the pre-dawn inversion
strength and morning transition time by the large-
scale synoptic weather pattern. :

Based on suggestions by proposal reviewers, detailed
evaluations of nearby routine National Weather Service (NWS)
sound ing s we re incl uded , sta t is tic s of ae and Pa squillI-Gi f ford-Turner
stability were computed, and an objective analysis scheme was
developed and used to define and classify the synoptic-scale weather

* pattern.

Six years of quality-controlled tower data from two dissimilar
sites, one in rolling forrested terrain and the other by a large
lake, were used in this study. One tower was located near the

*Shearon-Harris Nuclear Plant site 35 km southwest of Raleigh, North
Carolina. The other site, by Lake Robinson, was located near the
Robinson Nuclear Plant near Hartsville, South Carolina. Both sites
had identical towers and instrumentation and both were maintained by
meteorologists from the Carolina Power and Light Company.



Detal.ed discussions of methodology and results of this study

can be found in:
Riordan, A.J., J. M. Davis, and R.B. Kiess, 1986: The morning

inversion near the ground and its daytime transition at two rural
sites in the Carolinas J. Clim. and Appl. Meteor. 25, 239-256.

Kiess, R.B., 1985: Exploration of synoptic influences on
inversion strength and transitions into the daytime boundary layer.
M.S. Thesis, North Carolina State University, Raleigh, N.C.

See the appendices to this report. These studies represent all
reports published to date under this funding.

Important Results

Pre-dawn inversions in the 11 to 60m layer were found to exist
on over 70% of the 1317 days with complete data at the land site,
but were somewhat less frequent at the lake site. Once normalized
to the time of local sunrise and sorted by the temperature
difference, LT, between the 11 and 60m levels, the evolution of
daytime conditions was quantitatively described. The inversion
breakdown was found to be a well-ordered process. Mean temperature
differences (AT),r 9 at both tower levels, and wind shear evolve
systematically.

New and interesting findings include the discovery that of all
tower variables,ATis the best predictor of inversion breakdown.
Once the data is sorted by cloudiness (as monitored indirectly by
solar radiation thresholds), stepwise regression shows that the
transition time at both sites is predicted best by AT in the hour
before sunrise.

In this endeavor, clear and nonclear day models were developed
to preLIct the time, t, from local sunrise until the temperature at
both 11 and 60 m was the same. The models were developed using the

standard stepwise regression procedure supplemented with the maximum
R' (coefficient of multiple determination) improvement technique
developed at the SAS Institute. This procedure does not attempt to
find the single best model; rather, it seeks the best one-variable,

two-variable, etc., model. The final models selected in the present
case were those that had the least number of independent variables
while maintaining a high R_ value. The models developed are as
follows:

(a) Shearon-Harris Nuclear Plant

Clear day

t = 0.9253 + 0.1731 AT + 0.0220 T

R 2
= 0.76 N 100

- - - --- - - - --- - - - - - -



Nonclear day

t = 1. 238 + 0.1843 AT + 0.0160 Td

R= 0.31 N = 675

(b) Robinson Nuclear Plant

Clear day

t = 1 .220 + 0 .2350 AT -0.0751 VU

R 2= 0. 55 N = 274

Nonclear day

t =1.587 + 0.309 AT - 0 .14 14Vp 2
R =0.42 N = 681

where AT is the temperature difference, Td is the dew point
temperature , Vu- is the wind speed at the 60 m level, and overbars
denote the average for the hour immediately preceeding sunrise.

An examination of the residuals for each model gave no
indication of model inappropriateness. Since the models were

*designed to be forecast models, this attribute required testing. The

cross-validation procedure developed by Efron and Gong (1983) was
* used to carry out the test. The derived models can be used in

conjunction with the data set employed in their development to give
forecasts of the dependent variables. However this is hardly a true
test of the forecasting potential of the model. To provide a better
test, 10% of the data points were randomly extracted from each model,

* the model was reestimated using the stepwise procedure. The
reestimated model was then used to forecast the dependent variable
for the extracted data. This procedure was repeated ten times for
each model. The average error for the models as a whole was 0.43

* hours. Actually this error value differed little from that obtained
when the original models were used in a forecast mode with the data
used to derive them. The average error in that case was 0.42 hours.
As a further check, the Shearon-Harris model was used in conjunction
with the Robinson data and vice vrsa. It was found that for a given
site the model developed for that site gave the best results.

Tt is interesting that in several ways the inversion and its
morning transition are not strongly site-specific. For example: (I)
the regression models independently developed and tested to predict
the inversion breakdown at the two quite different sites are
surprisingly similar. (2) the daily A: value at sunrise correlates
quite strongly (0.71) between the two tower sites. This is

* surprising when one considers that at the lake site the pre-dawn
* inversion is strongly influenced by winds from the direction of the
* lake. It is even more surprising that when the inversion intensity

at either tower is compared with the NWS sounding taken at
* Greensboro, North Carolina, a site of comparable distance from either

tower, the daily correlation is poor. Careful analysis of the NWS
* data, however, strongly suggests that the poor correlition arises
* from the coarse resolution of' the sounding data, rather than from any

* real inversion differences.

3 W4I



Synoptic typing of the gridded daily sea-level pressure field
for the eastern third of the United States was successfully
accomplished through eigenvector analysis. Ten patterns or types
were developed representing the pressure field. The actual observed
pressure field for each morning was then objectively correlated with
the types. Results show a very strong relation between the synoptic
type and pre-dawn AT at each site. The influence of the lake was
immediately obvious with some synoptic types, and this influence

stood out as the strongest and perhaps only major difference in
synoptic influence from one site to the other.

A final surprising result emerging from the synoptic study is
that the synoptic type has very little effect on the time required
for the morning breakdown of the inversion. There are a few
exceptions to this finding. The most notable exception occurs when a
synoptic-scale low lies over West Virginia. For this type, the
average time from sunrise until lapse conditions are established at

the lake site is lengthened from 2.5 h (the average for all other
types) to nearly 3.5 h. Why a similar delay is not also seen at the
other site is not clear.

Future plans for the follow-up of this project are to complete a
revision of Kiess' M.S. thesis for publication, and to publish a
short contribution onle statistics at each site during nighttime,
morning transition and daytime, with additional data classifications
based on wind direction (lake vs. land winds) and bulk stability.

Participating Scientific Personnel

1. Allen J. Riordan Associate Professor of Meteorology

2. Jerry M. DAvis Professor of Meteorology

3. Raymond B. Kiess Graduate Research Assistant
Master of Science Degree earned while employed on
this project.
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The Morning Inversion Near the Ground and Its Daytime Transition at Two
Rural Sites in the Carolinas

ALLEN J. RIORDAN, JERRY M. DAVIS AND RAYMOND B. KIESS

Departm'nt of Marine Earth andAtmospheric Sciences. North Carolina Stair Urniersitt Ralhigh NC 2 '50

(Manuscnpt received Z3 March 1985, in final form 3 September 1985)

ABSTRACT

Six years of tower data from two dissimilar sites in the eastern piedmont of the Carolinas ire analvyed to
yield a selective climatology of the lower portion of the morning inversion Its transition to da.-time conditions
is then descnbed and sutisticall. modeled.

Both sites are in clearngs surrounded by forest, but one site is in a valley by a lake. while the other. 175 km
to the north, is on a low hilltop Measurements of wind speed and diretion, the standard deviation of wind
direction, dew point, and temperature at I I m. temperature difference (,-AT) between I I and 60 m. plus solar
radiation, were analyzed for an 8-h penod starang from three hours before local sunnse each da, for both
locations.

Results show that predawn inversions characterize over 70% of the data and strong inversions of over 5"C
per 100 m in the tower layer character= 30% of the mornings at the hilltop site. At the %alle% site. strong
inversions are less common, probably because of the proximity of the lake. There is a correlation of 0.71 in
daily site-to-site AT at dawn. This suggests strong overall synoptic control of the local inversion frequency

The transition to well-mixed condiuons after sunrise depends chiefly on A.T pnor to sunnse. Analysis of
mean trends in variables dunng the transition shows it is a remarkably well-ordered process The time from
sunnse to a mean isothermal state (between II and 60 m only) takes about I to 2 h

Daily transition is predicted by a linear regression scheme based on predawn conditions and developed and
tested separately at each site. Chief predictors are inversion intensity, dew point and 60 m wind sped. For
cloudy mornings the rms error for the prediction time from sunnse to mean isothermal conditions is 03 h For
days with variable cloudiness, a rather unspectacular R' value of 03 to 0.4 is. nevertheless. statistical]y significant
A similarity in models at both sites is noted. In cloudless conditions the models am. in fact. nearly interchangeable.

1, Introduction studies of the urban boundary layer and its contrast to
surrounding rural conditions (DeMarrais, 1961; Bakei

The breakdown of the surface-based nocturnal in- et aL., 1969; Godowitch et al.. 1979), and in studies of
version and the subsequent ,stablishment of the day- rural boundary-layer tr-nsition in complex terrain
time mixed layer after sunrise is one of the most dra- (Lenschow et al., 1979; Whiteman, 1982). However,
matic changes that routinely affects the planetar-y while most of these studies are based on detailed mea-
boundary layer. The changes in stability and the wind surements and, therefore, provide a great deal of insight
field accompanying this morning transition are of pro- into physical processes on a case stud,, basis, their tern-
found importance in governing a myriad of processes poral limitations make it difficult to generalize their
such as, for example, the dispersion of pollutants in findings.
the surface layer or the flux of latent and sensible heat One question always pertinent to micrometeorolog-
into the lower atmosphere. ical studies over nonuniform terrain is how the local

Over flat. homogeneous terrain, analysis of temper- terrain influences the clmatolog of the site. For ex-
ature and wind profiles near the surface has been used ample, just as one could explore the influence of to-
to document the morning transition (Singer and Ray- pograph,, on nocturnal inerston struciure or fre
nor, 1957; DeMarrais, 1959; Clarke et al., 1971). A quenc. one could as.sess similar local site influences
recent study by Takle (1983) and Takle et al. (1976) on the process of insersion breakdovn The purpose
has proided a 6-year documentation ofinerstons and of this stud,, ts to use a relatichl lengths set of mea-
superadiabatic conditions near Ames, Iowa at a rural surements to compare and contrast climatologicall,
site of low vertical relief. While invaluable for de.cnb- the mrn(ing insersion and its transith . from nicurna'
ing the tran3ition on what approaches a climatological to super-adiahatic c'ondilions for two rather dissimilar
hasis, there is some question about hoy& well results of rural sites A second relaled obiectise is to develop
these studies apply to terrain that is more complex and lest a model to predict the onset of th estahlish.

Some of these more complex environments have ment of the mixted laser g.cn Ithe meierolo,ical %an-
i',t.en explored to a limited degree as. for example. in .O.rntcj'ur.iHlc near the t; mc of i. -,c ,-.71 :.111t CS

!. .6 ..rn.ri.an . r.orologicai. &," et-
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between the two sites and site-specific differences will The wind sensors were mounted on horizontal
be discussed. booms projecting 2.1 m southeastward from the towers.

The temperature probes and the lithium chloride sensor
2. Sites and instrumentation were housed in Climet (model 016) aspirated shields

mounted on booms projecting westward from the
Carolina Power and Light Company (CP&L) has towers.

maintained continuous meteorological measurements Westinghouse Environmental Monitoring Systemsunder supervision of staff meteorologists at several nu- were used for data logging at each site. The,, contin-
e clear power plant sites in North and South Carolina. uouslv converted sensor outputs to a proportional

Analysis of data from two such sites from 1976 number of discrete pulses that were electncall\ inte-
through 1982 will be described in this study. One site grated and recorded on magnetic tape in 15-min a,*-
near the construction area for the Shearon-Hams Nu- eraging periods.
clear Plant (SHNP) is located in mostly forested rolling A routine onsite maintenance and calibration pro-terrain 35 km southwest of Raleigh, North Carolina. gram as required by Nuclear Regulatory Guide i 23
The other is located near the shore of Lake Robinson was stnctl. maintained throughout the 1976-82 study
at the Robinson Nuclear Plant (RNP) near Hartsville, penod. On a semiannual basis:
South Carolina. These sites were chosen because qual-
it.-controlled data were available over extended time (i) both wind systems ere changed and replaced
periods providing nearly continuous measurements. wih aet a iratepera s
Both sites are close enough to each other to be largely we a ned and re a tempera easyse ms
influenced by the same snoptic regime. However, the re chanedersites differ since one is in a valley by a large lake and brated syastemsthe o a (iii) the Cambridge dew point system and the bobbinthe the is n alow illop.element in the lithium chloride sensor were changed;

Nearly identical facilities were installed at both sites. and
This included a guyed, triangular, open-lattice tower (iv) the calibration ofIthe pyranometer was chec .
supporting two levels of instrumentation. Wind speed, The sensor was changed annuall,.
wind direction and its standard deviation (a,) were
measured at 12.5 and 61.4 m above the ground by Instruments were moved from site to site followkig
mechanical cup-vane systems manufactured by Me- calibration. Interim calibrations of all systems , -e
teorological Research Inc. (MRI model 1074-22). Di- performed at intervals of six weeks or less and cor,-
reclional standard deviation was processed by an MRI panson of the output of the twin, redundant delia-
Sigma Meter (No. 13074). A high-pass filter allowed temperature systems, received in real time at a mete-
signals to be pas.sed above 0.0025 Hz over an 180 sec orological center maintained by CP&L, at Raleigh
sampling interval. Aspirated single-element tempera- helped ensure that discrepancies in temperature ,if- -'
ture sensors (Rosemount model 104ABG-I) were po- ferences were detected and corrected rapidly.
sitioned at 11.0 m to measure the ambient tempera- Table I lists the sensor errors for each componcnt
ture. Twin. redundant temperature-difference sensors discussed in this study. It is difficult to quantify the
(Rosemount model 104ABG-2) were mounted at 1 1.0 total errors of the measurement system because of the
and 59.9 m and were operated simultaneously. At conversion of sensor output to discrete pulses. For in-
SHNP the dew point was measured at 12.5 and 61.4 stance, the system accuracy, including effects of pro-
m by Cambridge dew% point sensors (EG&G Interna- cessor and data logger errors, probably depends on the
tional, Inc. model 110) and at both SHNP and RNP signal vanance as wAell as its magnitude. Comparison
Honey-well lithium chloride type sensors (model with \alucs from a Monitor Lab Q300 data logger, used
SSP02D0D2 1) were mounted at 11.0 m. Solar pyra- at the site since 1979. suigests that the total s'stem
nometer's (Epply La-oratorv model 8-48) were errors are dominated roughl, 40% b\ the sensor per-
mounted near the towxers at 1.5 m above the ground. formance.

TABLE I Itnsrumert spe(wficaions for to'er sensors.

Sc n ror Compnent acecurac

\kind speed 0 ' ms-' or I., vhich-'cr s greater
Starting speed 0 1 ms-'

Wtnd direct ion. inclu tng a. 45 4 q'x

Starning threshold 0 3 m s-
H,,ne-'.ell de. point f I C at or aNtse I 1% rrlative ' uindit,Camhndgc dek p'int -O 3"C aho ,e a d.- point of - -4)'C
'Slar r'ad;aion t' 27 \ m-'
D)I9erentla! icr r'aur -0 1 *C
\ n ''cnt Wic -- jrure -o '°C
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In this context, it is apparent that in the long run. values greater than the amount incident at the top of

routine maintenance such as checking of aspirators, the atmosphere at a given time These were easil% iso-
and cleaning of the pvranometer dome, and close lated from statistics ofthe 15-mm a'.crages combined
monitoring of the system to detect component mal- for each season. A second obvious error involved a,.
functions maN be more crucial than normal sensor or Occasionally a, was logged as 0.0 when the value was
processor errors. in fact missing. All standard deviations of 0.0 which

The tower at the Shearon-Harris Nuclear Plant occurred when a 15-min average wind speed at that
(SHNP) is located at 350 39N, 780 57, (87 m MSL) level was greater than zero were considered erroneous
in a cleared area atop a low hill surrounded by forested, and dropped from the dataset.
rolling terrain as shown in Fig. I. Within a I-kin radius, Finalls, frequency distributions of a# were examined
the maximum terrain relief is roughly 20 m. At about for anomalies. The appearance of a pronounced 6 to
8 km from the tower, the general elevation and relief 10' secondary maximum was noted at RNP for all
increase so that the hilltops, extending roughly 50 m lapse rates, wind directions and speeds during two well-
higher than the tower base, form the ill defined rim of defined periods: I January-5 October 1976 and 16
a broad basin. In the immediate vicinity of the tower. September 1979-1 August 1981. After a likely cause
all vegetation except grass is cleared to a radius of at of the anomaly was traced to the signal processor, data
least 100 m. At about 150 m, trees extend to 25 m in obtained during these periods at RNP were omitted
height. Since these trees are closer to the tower than from discussion of a, at that site.
ten times their height they probably affect the standard During most of the seven-year period, the outputs
deviation of wind direction measured at the lower wind of the lower Cambridge dew point sensor and the lith-
sensor. However, the rolling terrain and the presence ium chloride sensor were significantly different. Thus,
of cleared areas, as, for example, the cleared construe- uncertainties regarding the actual dew point were larger
tion site for the Shearon-Harris Nuclear Plant, located than implied by Table I. The lithium chloride mea-
l km southwest of the tower, combine to make the site surement was almost invariably lower. averaging l.0°C
reasonably representative of most of the surrounding less, but occasionally reaching 3 to 50 C less during
region, periods when the dew point was near or below 0°C.

The tower at the Robinson Nuclear Plant (RNP) is Furthermore, the Cambridge sensors occasionally ex-
located at 34024'N. 80°09'W, 68 m MSL on a flat sec- perenced large oscillations in output due to sensor
tion of lake shore near the southwest end of Lake Rob- malfunctions. But although the deA point information

inson. The lake is roughly I km wide and extends 8 is oflimited accuracy, all measured values were retained
km north-south between mostly wooded hills whose in the dataset.
tops reach 50 to 60 m above lake level and are located Finally, for discussion of the evolution of the wind
within 2 to 3 km of the shore, as illustrated in Fig. 2. structure accompanming sunnse, it is important that
Again although at the SHNP site the tower is in a the effect of the tower structure on the wind measure-
cleared area, some influence from nearby vegetation is ments in the tower wake be assessed. A site survey at
possible at the lower sensor level. Water temperatures SHNP showed that from the wind sensor position, the
were measured monthly along several transects of Lake tower structure occupied an angle subtended by 304'
Robinson. Along a transect adjacent to the tower, tern- to 3270 from north. According to wind-tunnel studie..
peratures were measured at I-m intervals from the sur- of a similar open, equilateral tower structure by Gill
face to a depth of 6 m. (1967), the width of the downwind wake at the sensor

position is approximately 1.5D where D is the length
3. Dat2 selection and editing ofthe side of the tower. Thus, from the sensor location,

ambient winds from 295' to 339' may be contami-
The local sunrise time was rounded to the nearest nated by the tower.

clock quarter and the 15-min aserage for tower mea- However, reductions in wind speed of a maximum
surements ending at that time was assigned to time t of only 0.5 to I m s' during the da and unperturbed

0 Thus, the data assigned to t = 0 represent a 15- frequency distributions of a, for affected wind direc-
mm average for tower measurements ending within tions indicate that toer effects are small compared
-7mm of sunrise. Data from i -3 tot 5 h were th natural vanabdity and measurement accuracy
then selected for each day to form the dataset used in Consequently, all wind directions are represented in
this studN, the results.

Since we are interested in examining trends leading
to the formation of the daytime mixed layer, a stnngent 4. Results

editing procedure was implemented. Ifany single van- Throughout this report, the temperature difference
able such as solar radiation, temperature, temperature (.AT) betv een I 1 and 60 m ares as in indicator of
difference, %kind speed, or direction, was missing or in the strength of the predaw,.n mee,"sion and traces its
obvious error for any 15-min a~erage for the 8-h period, transition to neutral or supeaidabatic conditions after
then all data from that day were omitted. sunrise. The tlerms "imn~r'oon ircnth" and "'neutral"

Obvious errors included occasional solar radiation or "ur'u raiahatic'" Tefer onl- to the I I to ('0 m la cr.

- - - -- - - -- --- - - - - --
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FIG. I (a,) Topogra'phic contour map sh'owing the location of the micrometeorological tow-er at the Shearon-Hamsxl Nuclear
Plant site; (b) aerial photogr-aph of th tower s,,rrounng. The tower is located at TT.

Predawn inversions, as described by the vertical direction criteria- The lake produces a large increase
temperature difference (AT ) averaged for I h preceding in nocturnal near-neutral conditions, but surprisingly
local sunrise, are much stronger and more frequent at is not associated with many cases of AT less than
SHNP. Here, inversions characterize over 70% of all -0.5*C beyond those apparently inherent %kithi yn-
mornings, while neutral and superadiabatic conditions optic-scale easterly winds. There are some differences
before sunrise are rare, and comprise less than 5% of between the two sites for land winds also. Again LakeZ
the sample. Strong inversions, where AT is greater than Robinson may be the cause, for at RNP inversions
2.5"C comprise a surprising 30% of the sample days. tend to be weaker even though the site is located in a
Results are illustrated in Fig. 3. valley.

Lake Robinson is nearly always warmer than the air Since the lake seems to influence the microchimate
rat sunrise. For example, on 99.7% of the 595 mornings at RNP, the site will, %%here possible. be treated a~s hay-

when winds at 61 m were directed from the lake. the ing two regime, one charactenzed bN winds fromn the
water temperature near the surface was warmer than lake and the other by winds from the land. It should
the 60 m air temperature. This nocturnal heat source be noted, however, that the effects of the lake cannot
apparently affects the microclhmate since neutral and be totally isolated and probably influence the land re-
lapse conditions are more prevalent and strong inver- gime to some extent aso.
snons less frequent than at SHNP. When the data are ,Although we have seen a general difference in the
group~ed by wind directions. in this cas 61 m %kinds inversion climatology at both sites, spatial comparisons
from 170' to 350" (directed from land) and from 350* can be used to asses similarities, perhaps governed by
to 170* (directed from Lake Robinson), the lake influ- the sllsnoptic pattern There is some agreement between -
ence is clearer. as shown in Fig. 4. For a true compar- frequenc% of preda%%n inlleroons at the SHNP to~ker :
15,on. the SHtNP data are also grouped bN) the slame wind and the neare-st radiosonde site. located approximately '

& W4
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Fia. I. (Contiued)

120 km to the west-northwest near Greensboro. North the coarse vertical sampling by the radiosonde which
CaroLina. Hosler ( 1961 ) presents results of an extensive results in the low correlation.
survey of surface and near-surface based inversion fre- So far we have begun to characterize the predawn
quencv at radiosonde sites in the United States and inversion strength near the ground for a long time pe-
indicates that for a 3-year period starting in June 1957. nod at two sites of differing microclimate. Let us now
low level inversions were measured at Greensboro at describe the seasonal frequency of strong versus weak
0300 GMT on between 70 and 80% of the days in the inversions and trace the morning transition to super-
sample. Data at 1200 GMT, closer to the predawn adiabatic conditions at each site. Since synoptic-scale
conditions studied, here, were characterized byv inver- factors are likely to be important in creating conditions
sions 70% of the time. __governing inversion development, we might expect

Day-to-day correlation of. T at RNP and SHNP is similarities in ,seasonal frequency of strong inversions
0.75. indicating an underlying synoptic-scale control at both sites. However, because of the local influence
of the conditions favorable to inversion development of the lake at RNP. we might expect differences in the
at the two rather dissimilar sites. 1nterestingy, however. transition process for lake versus land winds or from
the correlation between the two tower sites and one site to the other.
Greensboro was low--only 0.49 for SHNP and 0.43 Some effort was_ expended to detect any natural
for RNP even though the site-to-site distances are sime- stratification of. T, and for that matter, all the obser-.ed
ilar. In this comparis, iI, only days for which the ra- variables for the predawn hours each day. The proce-
diosonde launch occurred before sunrise were included. dures used in this detection effort include the Wolfe
The temperature at the surface and first reporting level (1970) NORM IX program v hich use*s maximum-like-
were combined to give the lapse rate in °C per 100 m. lihood techniques to identiff mixtures of multivariate
However, generally the first reporting level .as above normal distributions W*ard's grouping method and the i
125 m while the data suggest that most in'.ersions are average hinkage proc.edure (see Anderberg. 19-3). both
less than 200 m deep. Thus, it is quite likely that it is of which are hierarchical clustcnng algorithms H-ow-

4"..
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FiG. 2. Topographic contour map showing the location of the micrometeorologica tower
at the Robinson Nuclear Plant site.

ever. none of the three techniques provided evidence First. the frequency of each .T class can be corn-
for natural groupings for any of the observ.ed variables, pared for each month as illostrated in Fig. 5 for SHNP.
Rather. each was characterized by a continuous spec- Near-neutral conditions (classes i and 2) are most fre-
ti-urn of values over its entire range. WkIithout natural quent beginning in fall and extending through winter.
grouping, days are simply ranked by NTand arbitrarily This is not surprising si .nce s~noptic-scale disturbances
divided into nine classes as defined in Table 2. Also frequent dunng these months are often accompanied
given in Table 2. for reference at SHNP. are the Brunt- by overcast or windy conditions unfavorable for the
Vaisa]A frequencies defined as development of nocturnal inversions, It is also inter-

esting to note from Fig. 5 that at SHNP weak AT cat-
N = gAO\egones (classes 4 through 6) are most frequent in sum-

T A: mer, but strong categories (classes 8 and 9) are not.
They, have a marked preference for fall and early spring

where g is the acceleration of gravity, and T and AO and are relativelv rare in summer. Similar results are a
refer to the class-averaged absolute temperature and found at RNP.
%vertical difference in potential temrpcr-ature. respec- The abscnce of strong invcr-sions in -umrner at both
uvely, for the hour preceeding sunrise. Carolina sitcs is in marke-d contr-ast vith results from
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that if such frequent winds are associated with dcnsit
flow, as would be expected during strong inversions,

so RNthe topographic control may be quite subtle. As the
well mixed daytime conditions are established, the
northwest wind preference disappears and at both sites
the hodographs for the upper and lower levels are sim-
ilar.

Finally, there is some evidence of a lake wind oscil-
lation at RNP, where for mornings with moderate and

SHNP strong inversions, offshore winds (from the west) are ,
more frequent at both levels at dawn while onshore
winds (from the east) are more frequent during the
day. This oscillation is most apparent for strong in-

9, 3 4 * , * 1 version days when, as will be shown later, solar radia-

T (c) tion is most intense. The presence of a lake breeze cir-
culation is certainly not surprising for a lake this size

FiG. 3. The inversion strength expressed as the temperature dif- and such circulation may help explain why nocturnal
fertnce (*C from 60 to I t m averaged for the hour preceding surise,

1976-82. for the Robinson (RNP) and Shearon-Harris (SHNP) sites.
60

a
rural Ames, Iowa (Talde et al. 1976) and Argonne Na-
tional Laboratories (Moses and Bogner, 1967) which
show that the strongest inversions occur in summer.
Even considering the differences in monitoring levels RNP
among the sites (for example, 2 to 32 m at Ames versus
I I to 60 m for ATin this study) the seasonal preferences

are significantly different. We cannot totally rule out
local topography as a factor, since advective effects of
terrain or even episodic gravity wave events may have
a seasonal preference. However, one factor which RNP
and SHNP sites share and the other sites do not is g
abundant water vapor in the boundary layer. Mixing - -

ratios at or above 15 g kg- ' are common throughout
the southeast in summer. Despite light winds and
cloudless skies, such abundant moisture is likely to HN

drastically reduce the net radiative loss at night and
curtail surface inversion development. It would be in-
teresting to investigate if and how water vapor becomes
a limiting factor in inversion development.

Hodographs of wind frequency at both sites (Fig. 6)
show a preference for a bimrdal distribution of wind 0 , 2 3 4 5 6
directions of north or northeast and southwest. This T (C)
distribution has been documented in climatological
summaries for the Carolina piedmont (Climatic Atlas b

ofthe United States. 1968) and is largely due to svn-
optic-scale influence. High frequencies of northeast 2 RNP

winds are most closely associated with near-neutral
conditions and probable cloudiness accompanying east
coast cyclone or frontal activity. At both sites there is 4 _ ____-__

strong continuity of wind direction both with height 0"

and time during morning transition for this near-neu-
tral class.

For stronger inversion days, however, large differ-

ences emerge. At sunrise when the inversion is well
established, the hodographs differ so markedly with L

height that the differences with height are greater than 0 2 3 S 5 6 7 a

those from one site to the other. The 12 m winds, corn- (
monly from the northwest, especially at SHNP, appear FiG 4 ks in Fig 3 for (a) earterN wnds (from the lake at RNPI.

unrelated to those at 61 m. A reference to Fig. I a shows (b) %.serl. winds

. . - - . . - . - .. .. ... . . . - , . , . . i . • .
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TABLE 2 Definitions and distribution of predawn ATclasses (1976-82).

Number of days
(')

Predawn average I I
to 60 m temperature RNP

difference, .T
Class (C) N SHNP All winds Land winds Lake winds

I -0.75 ..1T < -0.25 7.5 216 (16) 436 (23) 65(1) 264 (44)
2 -0.25 cAT< 0.00 15.7 148(11) 309(13) 100(16) 102(17)
3 0 00 -C -T < 0.25 20.5 108(8) 196(10) 84(14) 46(8)
4 0.25 -cA-T < 0.75 25.9 170(13) 272 (15) 119(19) 55(9)
5 0.75 F AT< 1.50 32.9 172(13) 288(15) 110(18) 54(9)
6 1I-0 YA T< 2.50 41.6 122(9) 187(10) 72 (12) 44(7)
7 2.50, AT< 4.00 51.3 145(11) 117(6) 46(7) 19(3)
8 4.00 Q A < 6.00 62.5 147(11) 59(3) 19(3) 9(2)
9 6.00 < AT 74.5 89(7) 7() 2 (1) 2 (0)

Total number of days 1317 1817 617 595

Note: N is the Brunt-ViisiAi frequency X 10"
3 

s
-

1 corresponding to the average class statistics at SHNP.
Less than IV

inversions at RNP are generally weaker than those at deviation of the wind direction at 12 m begins to in-
SHNP even during west winds, crease. The effect, smoothed in Fig. 9 by averaging IS-

Turning now from a general climatological site de- min sequences over 89 d, is, in fact, produced by the
scription to an analysis of the development of the day- increased frequency of short turbulent bursts which for
time mixed-layer, let us examine the detailed changes this class appear to begin about 11/2 h after sunrise.
in measured quantities during the morning transition. The warming at I I m is apparently confined withil,
Even when all seasons and days with varying cloud the tower layer (i.e., between I I and 60 m) for almost
amounts are combined to represent average conditions, 1t/ 2 h. It is not until about 2 h after sunrise that the
the results reveal a remarkably logical and well-ordered slow cooling and uniformly low c, values at 60 m art
transition from stable nighttime conditions to the well- interrupted. At about 2 h after sunrise, however, mixing
mixed surface layer characteristic of the daytime. begins to reach the upper level, warming begins, and
Strong predawn inversions tend to persist longer even the wind speed drops as momentum is exchanged with
though low-level heating begins sooner, as illustrated lower layers. By about t = 3 h, lapse conditions are
for SHNP in Fig. 7. By contrast, for weaker inversions reached, the tower layer is fully coupled, and the 60 1,.
warming is less dramatic and begins more nearly si- wind is starting to increase as lost momentum is r(
multaneously at both levels. It is noteworthy that the placed from progressively higher levels. In most respec
cumulative solar radiation, ZG, is greatest on mornings the trends ofwind speed at both levels closely resemble
with strongest predawn inversions as illustrated in Fig. those obtained during the Wangara experiment and ;.t
8. A nonparametric test using Wilcoxon scores indi- Riso, Denmark, as illustrated by Mahn (1981).
cates that the differences in 2G are significant among The trend curves for a#, shown in Fig. 9 represent
all inversion classes even as early as 2 h after sunrise, only average values. Full frequency distributions of a,
This is not surprising since inversions develop most at I I m before and after transition are illustrated in
readily under cloudless conditions which generally Fig. 10. To present smooth representative curves. AT
persist after sunrise. classes 5 through 9 are combined. Predawn conditions

As the inversion breaks down, changes in surface- are represented by combining all 15 min average a,
layer structure can be interpreted physically. Again, values in these classes for 3 h before sunrise. Likewise,
these changes are most dramatic for days with the conditions after transition are represented by all , val-
strongest predawn inversions, as illustrated for class 9 ues for 3 to 5 h after sunrise. Other than an obvious
in Fig. 9, for example. The I I m temperature stops its shift to the right by about 100 . the frequency distri-
gradual dosnward drift and begins warming as early bution of a, is remarkably similar for day versus night.
as 30 to 45 min after sunrise. This is in response to Further partitioning of classes by wind speed or a bulk
very small amounts of local insolation. The distant stability parameter might yield different results.
stand of deciduous forest toward the east delays local When the transition at RNP is compared with that
sunrise at the toser base by roughly 20 to 25 minutes, alread. described for SH NP, differences are surprisingly
although during winter, vegetation is less dense and small, Figures I Ia and I lb compare trends at the two
the delay is reduced. Thus, it is probably advection of sites for similar wind groups For this comparison,
'%armer air from nearby sunlit surfaces that produces classes 7 through 9 are combined. At SHNP this com-
the slight %,arming at I I m dunng the first half hour. bined class was reduced from numbers gisen in Table

Son after measurahle %%arming occurs, the standard 2 so that A Tat sunns is comparable %kith that at RNP.
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SHNP ,5
UITRAL LOCEATE IWVL~ON STRONG INVERSION

I :m.. .5 71
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62m

FiG. 6. Wind frequency hodographs before and after the morning transiton for both tower level.
ThreeT classes are illustrated for both sates.

characteristic of the nocturnal inversion over land. the mixing height to 100 m by 1/2 to 2 h after sunrise.
Note that a, at 61 m before dawn is greater for lake Also, in the Ames, Iowa study by Takle (1983) and
winds than for any other group. Takle et al. (1976) it was found that on clear mornings

The whole process from sunrise to establishment of 1-2 h were required from sunnse to establishment of
lapse conditions in the tower layer at both sites takes unstable conditions through a 32 m layer.

about 3 h for classes 7 through 9. Inspection of Fig. 7 At first glance, the difference at Ames versus the
reveals that for SHNP the average time varies from 2.2 Carolinas might be attributed to the difference in tower
to 3 h depending on AT. height, since the towers at both RNP and SHNP are

This average transition time is much longer than nearly twice as high as at Ames. However. Takle el al.
that deduced from a study of inversion transition at a (1976) state that there is little difference in the transition
rural site near St. Louis (Godowitch et al., 1979). The time for any tower interval based at 2 m. The difference
latter, for which detailed measurements were available among sites may, nevertheless, be largely due to sam-
for 52 summer mornings, documented the growth of piing differences. For example, if a shallou superadi- "1

"1
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CLASS I CLASS 5 CLASS 7-9
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FIG. 6. (Contnued)

abatic layer becomes established at the surface during under average cloudiness (Singer and Raynor, 1957).
the morning, then the placement of the lowest tern- The lowest temperature sensor at Brookhaven was at
perature sensor may critically determine the apparent I I M.
onset of neutral condiiions as monitored through a The differences among these studies may also stem
coarse vertical sampling interval. Thus, apart from true from differences in choice of variables used to describe -

site differences. it may be that the location of the lowest the state of the transition. For example, in our case
sensor produces the climatological differences. With a with only two measurement levels, the mixing height -

sensor at 2 m at Ames we would expect a more rapid may be very close to the upper level when both sensors
apparent transition than at SHNP or RNP where the measure th same temperature. If this "isothermal"
lowest sensor is at I I m. state is used to indicate the end of the morning tran-

In closer agreement with our result, the Brookhaven sition for the tower layer, the transition time is greatly
data, representing two years of measurements over flat reduced. Figures I 3a. b illustrate the distribution of the
terrain, show that superadiabatic conditions become latter transition time for both sites.
established in the lowest 60 m at about 4 h after sunrise On the other hand, if turbulence is selected as the
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FIG. 7. Class-average temperature trends during the morning transition for SHNP. 1976-82.
Both tower levels are included for each class Dot shading indicates the presence of the inversion,
while line stippling indicates a superadiabatic lapse rate in the tower layer.

variable to monitor transition, the longer transition appears to follow an orderly pattern at both sites. The -

times of 2 to 3 h are obtained. The latter choice is examination of average behavior of large classi- sed
generally most physically meaningful since this is the on A Tbefore sunrise shows that the transition I Ioc is
time it takes for a, to reach its typical daytime value proportional to YT. This was also found true b) Mde
at the 60 m level, et al. (1976).

So far we have seen that although there are several
important differences in the surface layer at RNP and
SHNP, especially at night, by and large, the transition
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FIG. 10. Frequency distnbution of 0. at I I m for ET classes 5 3
through 9 at SHNP The solid line represents conditions during the 2
3 h prior to sunrise, while the dashed line represents conditions from I
3 to 5 h after sunnse. o

700600 ,

The question then arises as to whether other vari- 500
ables. such as wind shear or insolation are significantly 400

300related to the morning transition time. Certainly, for ! 200-
example, changes in cloudiness after sunrise ought to ,oo SOW Rod-1a-
have an effect. Also, there is the key question of whether 0 -
the highly organized transition behavior for class-av- - -t 0 r S 3 5

Hours After Sunnite

eraged data implies a reasonable predictability of the
time of morning transition on a daily basis. Would
such a predictive scheme be similar at both sites? To
explore these questions, a regression model was devel- b

oped and tested at both sites. 5j

Regression models. There are many procedures 3.
available for constructing a regression model; Draper 2. e.,on

and Smith (1981) recommend the stepwise procedure. ,. strength
In the present case, the standard stepwise procedure 0 o-
has been supplemented with the maximum R2 (coef- s1

ficient of multiple determination) improvement tech-
nique (MAXR) developed by J. Goodnight ofthe SAS
Institute (1982). Goodnight considers this technique 2-
superior to the standard stepwise method and nearly . 0"
as good as the "all-possible" regression approach. 0.

The Goodnight procedure does not attempt to find 41.
the single best model. rather, it attempts to find the .
best one-variable, two-variable, etc., model. Initially, 2-
MAXR finds the one-variable model yielding the high-
est R2 . The next variable to enter the model is the one 0Too.

that provides the greatest increase in R2. With the two- oo.
variable model in hand, each variable included in this 5oo
model is compared with each variable which is not in " 400

the model. Each time a comparison is made, MAXR 5 300

ascertains if removing one variable and substituting Soo. S odot-or,another in its place will increase R 2. Once all possible o- --

replacements have been considered, the one that yields -3 -2 -, 0 , 2 3 4 5
the greatest increase in R2 is made. This procedure Hours Aft, sun.,s
continues until the best two-variable model has been FIG. I1. Comparison of the morning transition for RNP (dashed)

identified. At this point no variable switch would in- and SHNP(solid) fordays with similar predaw-n inversions, Included
crease R2; MAXR then moves on to the best three- for comparison: vtical temperature difference, with laRsie contliuons

ivariable model, ndicated by the horizontal line; wind speed at the upper (tnarfJes)
faced withl. teako and lower (squarea) levels and solar radiation for (a) west winds and

The modeler is ultimately faced with the task ofhay- (b east winds. In each case n indates the number of davs in the
ing to ,clect a final model from among the best one-, sample

[.. . " •.. .
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20- G 0.213 ln(E1) - 0.813 (1.24. RNP

20. where G* = GIEI; and
1. . 2) For the 15-min interval i,

G ,- O.0 5G;_,. (2

0--

2e .. SHNP

'26
3 2 -' 0 2 3 5

Hours After Sunris1

12 ,

S204t I 'NP'

ceq

,6F.1.Sndrdeato of win -~o a)frtesm

ine ,i as ,e Fg . Soi in~e ae. ends. duigwetwnd n

- -2 -,A0 2 3 4

Hours After Sunrisel,

FIG- 12. Standard deviation of wind dirmlion (a#) for the same .-
inversions as in FW 11. Solid lines are trends during wesi %inds and",

dashed lines are those for east mnds. 1
two-, etc., variable models provided by MAXR. In the
present case, the model selected had the least number
of independent variables while maintaining a high R' '

value. r
Preliminary results of the regression models high-

lighted the importance of ATas a predictor of inversion
breakdown. but its predictability was reduced by vani-
ations in cloudiness after sunrise. Thus, it seems rea-
sonable to partition the data into clear and nonclear
mornings, examine their prior and conditional prob-
abilitie and model each separately.
The following procedure was used to define and

identifN clear mornings:

1) for times %4hen the extra-atmospheric irradiance o
El, defined as the total solar radiation incident on a .. r ....... C Ih

horizontal surface at the top of the atmosphere, is FIG. 13 Distribution of the time from sunn,, until both upper

greater than or equal to 300 Wm-', the following must and lo-er IemI7aturers are equal for all modeled davs at (at SHNP

be true for every 1 5-min average and (b) RNP

|1.

1. . . .... -. . -. . • . . _ . - : .-.. -- .- ...a . § . ,' . -. , .. .., . . .- .
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TABLE 3 Clear da) probabilties. each of the four models was lig. the time froil, local '
sunrise until the temperature at both I I and 60 m was

Annual Winier/spnng Summer/fall the same. Thus, based on the previous discussion. wt -

Probability RNP SHNP RNP SHNP RNP SHNP are modeling a state which marks a stage in the tran-
sition which occurs I to 2 h before daytime a, values

P(3/1.5), 047 0.35 0.52 0.33 0.39 0.42 are reached. The best independent variables were ET
r P(2/2.5) 0.70 0.70 0.77 0.69 0.60 0.70 the dew point from the II m lithium chloride instru-

P(I1/3.5) 080 0.83 0.88 0.85 0.68 0.79 ment. T the wind speed at the upper and lower levels
P(3/1.5)" 053 0.65 0.48 0.67 0.61 0.58 V and I'I, respectively, and the component wind shear.
P(2/2.51 0.30 0.30 0.23 0.31 0.40 0.30 S =(u)2 + ((A12 where overbars denote a I-h ,'.'crage
P(I/3.5) 0.20 0.17 0.12 0.15 0.32 0.21 ending at sunrise and deltas denote height diflciences

Conditional probability of 3 more clear hours given that the The models developed are as follows:

first I 5 h after sunnse were clea, etc.
"• Conditional probability ofat least one of the next 3 hours being (i) Shearon-Harris Nuclear Plant

nonclear given that the first 1.5 hours after sunrise were clear, etc. Clear day

ta = 0.9253 + 0.1731 IT-T + 0.0220F-d L

lfboth criteria I and 2 were met for all 15-min averages
for the 4 h after sunrise, the day was designated as R' = 0.76
clear. Equation (1) was empincally derived from fre- N = 100
quency distributions of GI over varying El intervals
for a large number ofdays at both sites. As El increases, Nonclear day
the highest values ofG? form a discernible, sharpening 1.238 + 0.1843T + 0.01 6OTd
peak in the frequency distribution. This peak represents
clear sky conditions, while the background of noisier, R' = 0.31
lower G* values represents nonclear conditions. Equa-
tion (2) represents the lower-bound in the G* peak. A = 675

Tables 3 and 4 contain the clear and nonclear-day (ii) Robinson Nuclear Plant
empirical probabilities for the first 4.5 h after sunrise Clear day N,

at both power plants. Nonclear conditions dominate
the probabilities at the two sites on both an annual and ta = 1.220 + 0.2350AT - 0.0751TV
seasonal basis. Even when the first 1.5 h have been R2 = 0.55
clear, the conditional probability that the next 3 h will
be clear ts generally less than 0.5. When the first 1.5 h N = 274
have been nonclear, the conditional probability that
nonclear conditions will prevail until the end of the Nonclear day
period is generally above 70%. t,= 1.587 + 0.309YT- 0.1414V/

Regression models were developed for Robinson
Nuclear Plant and Shearon-Harris Nuclear Plant for R' = 0.42
clear and nonclear days. The dependent variable in N 681

Figures 14a. b illustrate the best and worst ,ase

TABLE 4. Nonclear day probabilities, models for comparison.
A careful examination of the residuals for eact of

Annual Winter/spring Surnmerfall the four models gae no indication that these exar;,Ies
were not appropriate and that our modeling assunmp-

Probability RNP SHNP RNP SuNP RNP SHNP tions were not valid.

P_1 5) 073 078 072 068 074 088 The dened models were designed to be forr-,ast
P(2/2.5) 090 0.95 0.91 0.93 089 0.% models: consequently, this attribute required te:,. 'g.
PMI/3 5) 0.94 0.98 096 0.97 092 098 The derived models can be used in conjunction ,kith

P(3/I 5)- 0.27 022 0.28 032 026 0 12 the entire dataset emploved in their development to
P(2/2.5) 0.10 005 0.09 00' 011 0.04 produce forecasts of the dependent variable. The fore-
P0/3.5) 006 002 004 0.03 008 002 cast error which arises in this case is an apparent CiTor

(e--i) rate (see Efron and (tong, 1983) whi'ch is likely to
Conditional probability of 3 more nonclear hours giv.en that underate e ru an o 1e8) whic iscluse ounderestimate the true error (er) rate because of the

the first I ' h after sunrise were nonclear. etc.
** Conditional probability of at least one of the next 3 h being \a\ the forecasts were produced. Table 5 shows the

clea given that the first 1.5 h after sunne were nonclear. etc apparent error rates for each of the four models. A
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random variable of interest is the overoptimism, which
is true error rate minus apparent error rate. The ex-

pected overoptimism equals the expected value of the
difference (err - Err). Since the true error rate is un-
known, the overoptimism is estimated by subtracting
the apparent error rate (E-H) from the cross-validated
estimate (err*) of the true error (err). The cross vali-

1 0 dation estimate of the true error is thus the error rate
• 00 0over the obser,ed dataset, not allowing a certain portion

of the data to enter into the construction of the equation
_ .o. to be used for its own prediction.

SIn the present case, the cross validation estimate was
0" obtained by randomly extracting 10% of the data points

, .,from each model, reestimating the model using the
oa __' stepwise procedure, and then using the reestimated
0 o- o model to forecast t for the 10% sample that was ex-

a .J ' traded. This procedure was repeated ten times for each
of the four datasels. The forecast errors were averaged

a ° 0and appear in Table 5 under the heading "'cross-vali-
dation estimate." The difference (err* - Err-) is an es-

, timate for the overoptimism given by (err - dRi). It
appears in the last column of the Table 5. The results
seem to indicate that overoptimism was not a problem
and that the apparent error proides a good guide to

,, ,5 *,, , , , ~the way in which the model will perform. See Efron
0,-.,. ,,and Gong t993) for additional comments on the re-

lationship between (err* - "f), overoptimism, and ex-
pected overoptimism. The authors raise a question

b concerning the ability of (err') to provide a good es-
timate of (err).

One interesting test using both models and sites is
0 0( to determine the error involved in modeling t at one

a a, site with the model developed for the other site. Such00 T co a test quantitatively assesses the effect of local factors
a on the inversion breakdown. Table 6 documents the

9 0 * a .oresults of the model/site intercompanson.
06C ,It is of interest to know how both the R2 and rms

. 09 .,Fp 0 error values vary when the models are interchanged.
: °Surprisingly, the clear-day RNP model actually per-

.- 0 forms better at SHNP than at the site for which it was

-" 0 0 a developed. This result is due to the fact that there is
0 0 greater variability in both the independent and depen-

0 a " 0 dent variables at RNP than at SHNP Such vanabilht.
-0 * 0" * *is entirely consistent with results shovn pre,,iousl, in

which the lake influence was descnbed. To place the

T/ti 5 Model cross-.aidai on eror analNsis

CrO s-. alidation

App.arrni es imJte err*)

error (-enl ofierr) err - err
Datat (h) () hi

S 1 1 1 1 2 0 2' 6 S 4 a I I RNP (clear 0 329 0 116 -01)13
RNP(n)n,ar 05e 0 5)7 .0010

SH"P 1.ieari 0 " 0 -0 w1
Fi(; 14 %,taie f r,ulis for SIiNP for fa) clear dav% and SHNP nmnt~ear 0 5 0 ,(3 o0 -1

hi non,!eir da'.i - .
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TABLE 6. Results of exchanging models. The morning transition process is quite similar at
both sites also. This is apparent from comparison of

Model results mean trend curves as well as the regression models.
The most important local predictor of the transition

Base model predicted R' rms error time at both locations is the predawn AT. It is inter-
esting that interchanging the models developed sepa-

Clear day rately for each site does not always increase the forecast

RNP RNP 0.55 0.33 error. In fact, when the RNP clear day model is used
SHNP 0.67 0.31 to predict the SHNP transition time, the model per-
SHNP 0.76 0.27 formance actually improves.
RNP 0.53 0.34 It is not surprising that the best skill in predicting

Nonclear day the time of inversion breakdown at both sites is evident

RNP RNP 0.42 0 56 for clear days. Here R' values are highest (0.76) at

SHNP 0.28 0.55 SHNP. Root-mean-square errors at both sites were
SHNP 0.31 053 similar, approximately 0.3 h for clear and 0.5-0.6 h.

SHNP RNP 0.36 0.60 for nonclear mornings.
Observations of cloud cover were, unfortunately, not

available from the sites investigated. Such information,

modeling in its proper context, however, one should if available at dawn would undoubtedly be useful in

note that for a given site, the model developed for that improving the precision of the forecast time of tran-

site gives the best results. sition for the non-clear days. This is true because prior
and conditional probabilities of cloudiness at both sites

5. Conclusions show a reasonable persistence of cloud conditions
throughout most of the transition period. However, it

The microclimate of the two sites differs in many is doubtful that a model incorporating cloud infor-

significant ways. Most of these differences appear to be mation would improve the prediction over that attained

associated with the presence of Lake Robinson adjacent by the clear-sky model.
to the RNP site, rather than to its valley location. For
example, the low frequency ofstrong inversions, espe- Acknowledgments. The authors are grateful for the
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ABSTRACT

KIESS, RAYMOND BRIAN. Exploration of Synoptic Influences on
Inversion Strength and Transitions into the Daytime Boundary

Layer. (Under the direction of Allen J. Riordan.)

Synoptic influences on the inversion strength and its

transition to well-mixed daytime conditions for two rural

sites in the piedmont of the Carolinas for the years 1976 -

1982 were explored.

Eigenvector analysis of sea-level pressure data for the

eastern third of the United States differentiated four

patterns explaining 90.7% of the variance. Six more

patterns were obtained by graphical averaging among the

first four. These patterns represented such realistic

features as the Atlantic seaboard high .and the Ohio valley

trough. Each day in the study was then objectively assigned

a pattern through a scoring scheme. The orientation and

magnitude of the geostrophic winds at each site were also

used in a separate typing scheme to examine effects of the

horizontal pressure gradient upon inversion strength.

Frequency analysis of inversion strength by the eigenvector patterns

revealed a significant relationship between the pressure types and

the inversion strength at both sites. Inversions occurred often.

However, one pattern, with high fressure centered over Georgia, had 
the

highest association with inversion occurrence, particularly

.. tc.... . .. -.



strong inversions. Patterns associated with troughs showed

less of a tendency for inversion occurrence. An averace

correlation coefficient of 0.7 for all patterns produced

evidence that the synoptic patterns influenced inversions at

both sites. However, predicting one site's inversion

strength based upon the other site's was only marginally

useful as root mean squared errors were nearly equal to the

magnitude of the inversion strength. Geostroohic wind

results showed that the orientation of the horizontal

pressure gradient did not have much effect, but the

magnitude did. It was found that a geostrophic wind of

18 m/s corresponding to 2 mb/103 km was sufficient to

prevent strong inversions at SHNP while 9 m/s was sufficient

at RNP.

Examination of the eigenvalue patterns upon the daytime

boundary layer transition showed that there were no large

time variations on the average transition time of 1 to 3

hours to isothermal or neutral conditions between the

patterns. Though different parameters such as wind speed

and solar radiation showed characteristic differences in

transition for each pattern, average transticn times still

genecally ranged in the I to 3 hour time span.
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