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Abstract. The dissipation rate of turbulent kinetic energy, E, and the temperature structure function 
parameter, C& have been measured over water from the near surface (Z = 3 m) to the top of the boundary 
layer. The near surface values of E and C; were used to calculate the velocity and temperature Monin 
Obukhov scaling parameters u. and 7’,. The data collected during unstable lapse rates were used to evaluate 
the feasibility of extrapolating the values of s and C+ as a function of height with empirical scaling formulae. 
The dissipation rate scaling formula of Wyngaard et al. (1971a) gave a good fit to an average of the E data 
for Z < 0.8 Zi. In the surface layer the scaling formula of Wyngaard et al. (1971b) disagreed with the 
C+ values by as much as SOY& This disagreement is due to an unexpected reduction in the measured 
values of C$ for Z < 30 m. At this point it is not clear if the discrepancy is a unique property of the marine 
boundary layer or if it is simply some unknown instrumental or analytical problem. The mixed layer 
scaling results were similar to the overland results of Kaimal et al. (1976). 

1. Introduction 

This paper is a report on measurements of temperature structure parameter, C$, and 
rate of dissipation of turbulent kinetic energy, E, made from a light aircraft using 
microthermal sensors as part of a study of turbulence in the marine boundary layer. 
A typical flight included measurements as low as 3 m above the sea surface in an effort 
to characterize surface-layer turbulence parameters. The flights were usually extended 
well above the inversion - a maximum altitude of 3 km being typical. The data were 
gathered near Panama City, Florida as part of a program of marine boundary-layer 
research, the ultimate goal of which is the formulation of a model that will allow 
reasonable estimates of atmospheric turbulence and mean properties from the 
surface throughout the entire marine boundary layer and immediately above. Such 
a model would have application to such varied subjects as turbulent transport of heat, 
water vapor and pollutants, optical propagation, aerosols, radar propagation and 
communications. 

This paper will focus on the utilization of the data to examine certain aspects of 
the Monin-Obukhov similarity (MOS) expressions for the dimensionless temperature 
structure function and the dimensionless dissipation function in the marine atmos- 
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pheric boundary layer. The validity of existing empirical expressions of asymptotic 
height dependencies, variance of the data from surface extrapolations and the 
influence of the height of the boundary layer will be explored. Of the nine days on 
which flights were made, seven were characterized by unstable surface layers and two 
by stable surface layers. Since the height of the boundary layer was so low on the 
stable days (typically 100 m), the influence of the height of the boundary layer tended 
to dominate surface-layer conditions causing most of the quantitative analyses 
mentioned immediately above to be of dubious relevance. In view of this, the analysis 
of surface-layer scaling properties was restricted to unstable cases. 

2. Theoretical Background 

Kaimal et al. (1976) divide the unstable boundary layer into three regions: the surface 
layer (Monin-Obukhov scaling), the free convection layer and the mixed layer. 
Panofsky (1977) points out that the free convection layer is a region where Monin- 
Obukhov scaling and mixed layer scaling both apply; hence he has called this region 
the convective matching layer defined by -1, < Z < 0.1 Zi. 

In the surface layer the scaling parameters for velocity, temperature and water 
vapor (u, T*, and q*) are defined (those interested in a more complete treatment 
should refer to Businger, 1973 and Wyngaard et al., 1971a and 1971 b) 

70 = pul (14 

Q. = -u,T, (lb) 

M, = -u*q* (lc) 

where p is the density of air and zO, Q,,, M, are the fluxes of momentum, sensible heat 
and water vapor, respectively. 

The Monin-Obukhov length, L, is defined as 

L = - Tu?/rcgQ,, (2) 

where K = 0.35 is von K&-man’s constant, g is the acceleration of gravity, T the 
absolute temperature and Qov is the virtual temperature flux equal to Q. + (0.61 
TM,Id 

In the surface layer, one can write expressions for E and C; 

8 = (ul/~-w,(5) 

c; = x2z-2’3f(t) 

(34 

(3’4 

where 5 = Z/L. The present form of the dimensionless dissipation function, 4,(t), 
is (Wyngaard et al., 1971a). 

cj,(() = (1 + o.51412’3)3’2 &j < 0 (44 

c#&) = (1 + 2.5j(/2’3)3’2 4 > 0 (4b) 



AIRCRAFT STUDY OF MARINE ATMOSPHERIC BOUNDARY LAYER 455 

while that for the dimensionless structure functions parameter, f(t), is (Wyngaard 
et al., 1971b) 

f(5) = 4.9(1 - 7&2’3 5 < 0 b-4 

f(t) = 4.9 (1 + 2.4c2’“) < > 0. W4 

The appropriate velocity and temperature scaling quantities for the mixed layer are 
(Kaimal et al., 1976) 

(64 
8, = Qo/w. (W 

where Zi is the height of inversion, In the convective matching region, the mixed-layer 
scaling of the turbulent quantities gives 

EZi/O? ~ A (74 

c+zf’“/el + B(Z/Zi)- 4’3 (3 

where A and B are constants. Kaimal et al. (1976) found that Equation 7 applies not 
only in the convective matching layer but well into the mixed layer. 

3. Instrumentation and Analysis 

The platform for these measurements is a single engine turbo-charged Bellanca Viking 
operated by Airborne Research Associates. The aircraft is also equipped to allow 
simultaneous instrumental measurements of air temperature, pressure, dew point, 
electric field, and infrared surface temperature. Details of the instrumentation and 
data acquisition are contained in a technical report (Fairall and Markson, 1979). We 
will only discuss certain aspects of the turbulence measurements deemed relevant to 
the interpretation of the data. 

Dissipation rate, E, was determined from velocity fluctuations sensed with a 
constant temperature anemometer employing tungsten wires 4.5 ,um in diameter and 
1.7 mm in length operated at a 50% overheat. The signal was bandpass filtered 
(fi = 50 Hz and f, = 500 Hz) before being squared and averaged. One can calculate 
E from the filtered mean square fluctuations using 

0 271 - 2’3 ~ 2 ((u - 913 - - 42h,u 
u 3(0.52) (fi- 2’3 - f;,- 2’3) (8) 

where ii = 60 m s-l is the average aircraft true airspeed (with the assumption that 
f; and f, are within the inertial subrange). 

Temperature structure function, C& was determined from temperature difference 
fluctuations sensed with paired tungsten wires separated a distance d = 0.85 m. Two 
complete systems were used (one a.c. Wheatstone’s bridge and one d.c.) each em- 
ploying an independent pair of wires. The frequency response of the sensors and 
bridges were approximately 800 Hz. The two systems systematically disagreed by 
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about 20%, probably due to inaccurate calibration of the d.c. bridge. The velocity 
sensitivity of the sensors as a function of bridge current was carefully measured at 
u = 60 m s-’ in the laboratory to optimize the temperature fluctuation measure- 
ments. The mean-square temperature fluctuation data were corrected for velocity 
effects using the known velocity sensitivity and the values of velocity fluctuation 
intensity measured simultaneously with the hot-wire anemometer. Furthermore, one 
temperature bridge was operated at half the sensor current of the other in order to 
flag possible velocity sensitivity problems, should they occur. In practice, the velocity 
contribution to the temperature signal was considerably less than the system noise. 
C+ was calculated using the equation 

c; = ((T(x) - T(x + d))2)dd-2’3 (9) 

which is based on the assumption that the probe separation, d, is within the inertial 
subrange. 

Because the larger scale eddies are under the boundary influence as one approaches 
the sea surface, the measured values of Cg and E are subject to error due to the assump- 
tions of isotropy in Equations 8 and 9. This is particularly important for these data 
because of the unusually low altitudes (Z % 3 m) employed. We have examined this 
question by replacing the inertial subrange forms of S:, and S, with forms valid over 
the entire range of k. Thus, we can compute the actual measured values of the mean 
square fluctuations 

(104 

((T- T)2)6 = 2 [I - cos(dk)]S,(k)dk (lob) 
b 

where we have used the formulae for S, and S, given by Kaimal et al. (1972) for 
neutral stability. Since Kaimal et al. (1972) indicate that the size scales for unstable 
conditions are considerably larger than the neutral case, this calculation should serve 
to establish an upper limit on the effects. We have expressed the result in terms of the 
calculated ratio of the measured to the actual value (E,,& or C&,/C$ as a function 
of altitude (Figure la) for filter frequencies and probe spacing used in the experiment. 
Based on this calculation, one can conclude that the isotropy effects on the measure- 
ments of E were negligible and that the upper limit of the effects on the C+ were on 
the order of loo/,. This conclusion was tested by making simultaneous Cg measure- 
ments with two pairs of sensors spaced at d = 0.85 m (d.c. bridge) and d = 0.30 (a.c. 
bridge). The ratio of these Ct measurements is given in Fig. 1 b. Violation of the 
isotropic turbulence assumption would show up as a decrease of this ratio as one 
approaches the surface. The fact that the ratio actually increases (although this small 
increase is of marginal significance) suggests that some other phenomenon is influenc- 
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Fig. la. The expected effect of the lower isotropic limit on the turbulence measurements as the aircraft 
nears the sea surface. The measurement error is expressed as the ratio of the measured value to the actual 
value (X. JX) for E (dashed line) and C$ (solid line) from calculations using Equations IOa and lob. Empirical 
expressions for the turbulence spectra were taken from Kaimal et al. (1972) for neutral stability and are 
intended to vield an estimate of the upper limit of the effect. The short horizontal line with the vertical __ 

arrow indicates the minimum altitude of the aircraft. 

100 _ 

Z(m) 

10 - 

I I I I I 
0.8 0.9 1.0 

CG (0.85m)/Cf (0.30m) 
Fig. lb. Ratio of C+ as measured with d = 0.85 m to that measured with d = 0.30 m as a function of 

altitude. Each point represents the average of two 4-min. level runs. 
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ing the C; measurements near the surface. The influence of this effect is discussed 
later. 

4. Flight Pattern 

Aircraft are particularly useful for atmospheric research because they are able to 
sample large volumes of atmosphere in relatively short time periods. Unfortunately, 
even at 60 m s-r, one cannot expect to tranverse the larger scale eddies normally 
associated with turbulence in just a few seconds. As a result, if one wishes to define 
the turbulence properties of the atmosphere with some reasonable statistical con- 
fidence, an averaging period of a few minutes (on the order of 10 km) )is required. 
Obviously for the surface layer investigation, one not only requires very low altitude 
data but a greater density of measurement altitudes near the surface. The final choice 
of flight pattern consisted of a series of constant altitude runs of 2-min duration each 
at successively greater altitude. In order to maintain the same approximate location, 
the flight direction was reversed at alternative altitudes. Normally the process was 
started at the lowest altitude of 3 m, as ‘eyeball’ estimated by the pilot. At this point 
the aircraft altimeter was set to 3 m and subsequent altitudes were based on this 
setting. The altitudes of the level runs were increased approximately exponentially. 

This type of flight pattern has been named a ‘ladder profile’ with the 2-min runs 
being the rungs of the ladder. The total time required to execute a complete ladder 
profile was on the order of 30 min. 

5. Surface-Layer Scaling Parameters 

The Monin-Obukhov scaling parameters for each profile were obtained from the 
lowest two or three data points. First, q* was calculated from a simple bulk formu- 
lation using a 10 m drag coefficient 

q* = O.O36(q - q,) (11) 

where q is the mixing ratio at Z = 10 m and q, is the value for the sea surface calculated 
from the sea surface temperature assuming 100% relative humidity. Given the relativ- 
ely smaller contribution of q* to L, a more sophisticated treatment of water vapor 
was not considered to be worthwhile. At this point, values of u* and T, were selected 
that gave good fits of Equations 3a and 3b to the lower altitude values of a and Ct. 
Since l<l was usually much less than unity in this region, the actual form of 4,(t) and 
f(l) would be de-emphasized in the determination of u., T, and L. The sign of T, 
was determined from the air-sea temperature difference. The scaling parameters for 
all 21 profiles taken are given in Table I. 



AIRCRAFT STUDY OF MARINE ATMOSPHERIC BOUNDARY LAYER 459 

TABLE I 

Surface-layer scaling parameters for the ladder profiles obtained. N is the number of points in each profile; 
the other quantities are defined in the text 

Profile 
No. 

Date Time u. 
(m s-l) 

1 1 l/26 1252 0.40 
2 1 l/26 1436 0.23 
3 12102 1405 0.24 
4 12103 1108 0.29 
5 12103 1201 0.24 
6 12103 1232 0.18 
I 12/03 1339 0.34 
8 12105 1532 0.24 
9 12105 1624 0.36 

10 12107 1511 0.25 
I1 12107 1601 0.23 
12 12/10 1259 0.53 
13 12/10 1324 0.38 
14 12/10 1410 0.32 
15 12110 1523 0.34 
16 12/10 1637 0.34 
17 12/l 1 1021 0.28 
18 12112 1642 0.28 
19 12113 1154 0.19 
20 12113 1459 0.17 
21 12/13 1721 0.14 

-0.082 -0.160 - 125 850 14 
-0.095 -0.160 - 50 900 14 
-0.135 -0.180 - 29 230 18 

0.030 0.000 233 200 11 
0.015 -0.018 420 60 10 
0.024 - 0.009 120 60 9 
0.03 1 - 0.040 403 120 11 

-0.260 -0.410 - 15 700 10 
- 0.270 - 0.400 - 16 700 13 

0.015 - 0.007 390 75 12 
0.025 0.010 171 100 11 

- 0.440 0.000 - 53 760 10 
-0.350 0.000 - 34 760 11 
- 0.490 - 0.490 - 15 760 15 
- 0.480 - 0.470 - 17 820 14 
- 0.490 -0.500 - 16 980 14 
- 0.440 - 0.430 - 13 700 12 
-0.180 -0.500 - 24 800 18 
-0.210 - 0.470 - 10 600 17 
- 0.200 - 0.420 - 9 550 14 
-0.120 - 0.440 - 5 450 17 

N 

6. Ladder Profiles 

The locations of the profiles are indicated in Fig. 2 by profile number. Overland 
profiles, 12 and 13, were not used in the results presented later. Since the profile data 
are completely catalogued elsewhere (Fairall and Markson, 1979) we will give only 
a few examples here. The situation encountered for the stable surface layers is illus- 
trated in Fig. 3 where the deviations of C$ from the surface-layer expression (Equa- 
tion 3b) extend down to the lowest altitudes. The example given is one of the extremes; 
there were other stable profiles where the lit was much better, but, in general, the 
stable surface layers appeared to be dominated by the shallowness of the boundary 
layer. 

The boundary layer was much more extensive on unstable days (the inversion 
height was typically 800 m). In profile No. 1 (Fig. 4a) the surface layer expression 
for C; is a good fit up to at least 300 m. Note that in this case the upper altitude 
values of E are smaller than expected based on the near surface values, while in profile 
No. 19 (Fig. 4b) the reverse is true. This effect may be due to the fact that we ignored 
the possible existence of wind roll vortices (LeMone, 1973) or other two-dimensional 
structure. In Fig. 4b the Cg data display a feature that often occurred. The higher 
altitude values are well lit by a .Ze413 curve but the actual values are not consistent 
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Fig. 2. Locations of the ladder profiles in the vicinity of Panama City, Florida. The 0 and x represent 
offshore platforms known as Stage I and Stage II, respectively. The numbers are the corresponding ladder 

profile designations. 
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Fig. 3. Ladder profile No. 4. The data points plotted are virtual potential temperature (+), dew point 
temperature (*), C+ ( x ) and E (0). The solid line is the MOS expression for Cs and the long-dash line is 
the MOS expression for E. The extreme left-hand side of the graph shows an expanded scale plot of virtual 
potential temperature. The date, time and MoninObukhov stability length, L, are given in the lower 

center of the graph. 



AIRCRAFT STUDY OF MARINE ATMOSPHERIC BOUNDARY LAYER 461 

-7 
-1%--c 

+ + i 
10’ I- + * 

* 

-30 -20 -10 

I T I I 

l . 
t’ 

-I : i + 
i t’ 
t : 

+ 
f + 
t + 
I + 
I t 

I 1 1 , 

0 10 20 30 

TEMP (“C) Cf (“C*m-*$I, E (m2sec3) 

Fig. 4a. Ladder profile No. 1. The data points plotted are virtual potential temperature (+), dew point 
temperature (*), C; (x) and s(O). The solid line is the MOS expression for C+ and the long-dash line is 
the MOS expression for E. The extreme left-hand side of the graph shows an expanded scale plot of virtual 
potential temperature. The date, time and Monin-Obukhov stability length, L, are given in the lower 

center of the graph. 
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Fig. 4b. Ladder profile No. 19. The data points plotted are virtual potential temperature (+), dew point 
temperature (*), C$ (x) and E (0). The solid line is the MOS expression for Cf and the long-dash line is 
the MOS expression for E. The extreme left-hand side of the graph shows an expanded scale plot of virtual 
potential temperature. The date, time and MoninObukhov stability length, L, are given in the lower 

center of the graph. 

with the near surface values, which were somewhat lower than expected on the basis 
of the Ze413 region. This aspect will be discussed in Section 9. 

7. Surface-Layer Scaling Results 

Given values of u* and T, for an unstable profile, the dimensionless quantities EKZ/U? 
and C+Z2’3/(4.9 T?) were calculated for each data point. Because u+ and T, were 
determined from the near-surface values of E and Cg, the dimensionless quantities 
automatically have values near unity for -Z/L < 1. The dimensionless values were 
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then averaged in bins of different dimensionless stability length allocated according 
to log (Z/L(. Since the number of profiles taken on a given flight varied from one to 
five, a weighted average was used to avoid overemphasizing conditions during flights 
with more profiles. Each profile was assigned a weight W = l/M where M was the 
number of overwater profiles in that flight. In order to eliminate effects due to the 
inversion, the data had to be restricted based upon Zi. The criteria that allowed the 
most data to be used without introducing inversion effects were 

Z < 0.8 Zi for e (124 

z < 0.4 zi for C+. WV 

-Z/L 

.Ol - 
I I I I II I I III I I II 

.lO 1.0 10 100 

-Z/L 

Fig. 5. Dimensionless turbulence measurements as a function of dimensionless atmospheric stability. 
The points represent the weighted average of the profile data, the vertical bars represent the statistical 
error in the mean estimate and the number is the weighted number of points in the average. (a) Dimension- 
less dissipation rate for Z < 0.8 Z,. The solid line is from Equation 4a. (b) Dimensionless temperature 

structure function for Z < 0.4 Zi. The solid line is from Equation 5a. 
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The results are given in Fig. 5a and 5b, the solid curves representing Equation 4a 
and Equation 5a, respectively. 

In order to examine the absolute height dependence (rather than the scaled height 
dependence), a quantity R was calculated for each data point where R is the ratio 
of the dimensionless turbulence value to that value one would expect based on 
Equations 4a and 5a. 

R, = (dd/u~)(I + 0.5(Z/L(2'3)-3'2 (134 

R, = (C;Z2'3/4.9 X2) (1 - 7 Z/L)2’3. OW 

The values of R were then averaged in bins of different altitude in a manner similar 
to that just described. The averages of R are shown in Fig. 6 and the ratio of the 
standard deviation, IS~, to R is shown in Fig. 7. Taken together, these two figures 
illustrate one’s ability to predict E and Cg as a function of height from near-surface 
measurements. The 20% standard deviation for the near-surface values (Fig. 7) is 
due to the scatter inherent in the 2-min averages, 

I I I I I I 
1.0 1.2 1.4 1.6 1.8 2.0 

R 
Fig. 6. Weighted average of R US altitude where R is the ratio of the measured value of the turbulence 
quantity to that value expected from Equation 3a or Equation 3b. The circles are for E and the x’s are 
for Ct. The horizontal bars represent the errors in the mean estimate (the errors for C; and E were similar). 
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Fig. 7. Fractional random error in predictions of turbulence profiles form near surface measurements 
using Equation 4a and Equation 5a. The circles are for E and the x’s are for C$ The near surface value 

of a,/R = 0.2 is due to the measurement scatter of the two-minute averages. 

8. Mixed-Layer Scaling Results 

The average profiles of virtual potential temperature and water vapor mixing ratio 
are shown in Fig. 8 (see Wyngaard et al., 1978, for comparison). In order to compare 
with the over-land results of Kaimal et al. (1976), we have plotted the turbulence data 
(Fig. 9) in the dimensionless forms 

C;/3.2 O?Z, 2’3 -+ B(Z/Zi)-4’3. (14’4 

The convective limit of Equation 4a gives A = 0.36. Lenschow (1974) has found 
A = 0.43 while Kaimal et al. (1976) measured values of A between 0.5 and 0.7 over- 
land. Actually, an asymptotic limit was reached only on profile 21 which happened 
to be more consistent with A = 0.5. 
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Fig. 8. Average profile of virtual potential temperature (circles, TV = 17.0 “C) and water vapor mixing 
ratio ( x ‘s, in = 6.1 g kg- ‘) for the Panama City unstable data. The data are plotted as Ax = x - x where 
X is taken at Z = 0.1 Zi. 

The convective limit of Equation 5b gives B = 0.83 which agrees with the mixed- 
layer value obtained by Kaimal et al. (1976). The solid line in Fig. 9b is a representa- 
tion the results of Kaimal et al. (1976) with B = 1.30. The mixed-layer turbulence 
results can be viewed in a different perspective by plotting the quantity R (Equation 
13) as a function of Z/Zi (Fig. 10). A value of 1.0 for the ratio would indicate agreement 
between the surface-layer scaling parameters and equations (Equation 3) with the 
lower mixed-layer results. The fact that R = 1.55 in the lower mixed layer is a reflection 
of the larger value of B (1.30 rather than 0.85) required to lit the data in Fig. 9b. 

Frisch and Ochs (1975) have defined a dimensionless temperature structure function 
parameter for the mixed layer based on Equation 7b: 

G(Z/Zi) = C;/3.2 H?Z; 2’3(Z/Zi)-4’3. (15) 

In Fig 11 the Panama City data are compared with the over-water data of Frisch 
and Ochs (1975) and the over-land data of Kaimal et al. (1976). 
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Fig. 9. Average profile of dimensionless turbulence quantities in mixed layer scaling (Equation 14). 
(a) Rate of dissipation of turbulent kinetic energy (b) Temperature structure function parameter. The solid 

line is a reproduction of the overland results of Kaimal et al. (1976) with B = 1.30. 

9. Discussion 

The results for E agree with the empirical formula of Wyngaard et al. (1971a) from 
the near surface to Z/Z, = 0.8. The C$ results require discussion. In Fig. 5b we can 
see considerable deviations of the C+ from the surface-layer scaling formula (Equa- 
tion 5a). The fact that the data lie on the expected curve for -Z/L @ 1 is not signi- 
ficant since the values of T, were selected to force a lit in this region. In the lower 
mixed layer (0.1 Zi < Z < 0.4 Z,), where C: is relatively uninfluenced by the inver- 
sion, we expect compatibility between the surface- and mixed-layer C$ profiles. Since 
the lower mixed-layer C+ data (Fig. 10) are about 55% higher than expected, we 
conclude that the near surface (Z < 30 m) Cg values are in basic disagreement with 
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Fig. 10. Average of R (Equation 13) in the mixed layer. The horizontal bars show typical uncertainties 
in the mean estimate. 
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Fig. 11. The average mixed layer dimensionless temperature structure function parameter (Equation 15). 
The solid line is from Frisch and Ochs (1975) where .Zi = 300 m. The dotted line and circles is the Panama 

City data where Zi = 700 m. The dashed line is from Kaimal et al. (1976) where Z, = 1700 m. 
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those from the lower mixed layer. It is of interest to speculate on the possible signi- 
ficance of this. Recall that Equation 5a was based on over-land measurements (Wyn- 
gaard et al., 1971b) with only a few points for --Z/L > 1. However, the more recent 
mixed-layer C+ measurements of Kaimal et al. (1976) were compared with the con- 
vective limit of Equation 9b and excellent agreement was found for 0.1 Zi < Z < 0.5 Zi. 
Thus, one can have confidence in Equation 5a for the over-land case. The over-water 
measurements of Davidson et al. (1979) show disagreement with Equation 5a similar 
to that of Fig. 5b but this disagreement is attributed to probable sea-salt contamina- 
tion of the sensors. Although we initially rejected the hypothesis of an altitude mea- 
surement error because of our success with the s data, the greater height dependence 
of R, at lower altitudes (Fig. 6) does imply that the discrepancy is some type of surface 
effect. It is conceivable that, in fact, the altitude measurement is in error and both C: 
and e depart from the over-land results near the surface. Recall that in Section 3 the 
isotropy effect on the C; measurement process was estimated to have an upper limit 
of 10 y0 at 2 = 3 m (Fig. 1 a). The probe spacing comparison shown in Fig. 1 b indicates 
the effect is slightly greater with narrower probe spacing. This suggests a frequency 
response or noise drift problem with the measurements. Neither of these effects is 
very large and it is not clear that they would be height-dependent. Furthermore, we 
have discovered that this effect is not unique to temperature measurements but has 
also been observed in microwave Ci data recently acquired in the Bahamas. Certainly 
this does not preclude the possibility of some other measurement error but no such 
effects have been discovered as yet. Since we are unable to propose a physical mechan- 
ism for this discrepancy, we prefer to leave it as an interesting unexplained result. 

Even without a resolution of the surface-layer disagreements, the mixed-layer 
results shown in Fig. 11 are significant. They strongly suggest that the mixed-layer 
dimensionless temperature structure function, G(Z/Z,), is not a ‘universal’ similarity 
function. It is likely that G(Z/Z,) is influenced by Zi (note that different values of Zi 
for the three sets of data) or the temperature discontinuity at the inversion. 
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