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Surface layer meteorological data collected at a coastal site, at Vasco-Da-Gama (15◦ 21 N, 73◦ 51 E,
58.5 m MSL) (13–18 July, 2002) with prevailing southwesterly surface winds are analyzed to study
the characteristics of internal boundary layer at a short fetch using an instrumented tower (9 m).
The spectral and turbulence characteristics of wind are compared with earlier measurements made
at a comparatively homogeneous terrain and the standards available in literature. The study show
the smaller eddies in the vertical velocity spectrum attains equilibrium with the underlying surface
at a short fetch itself and follows spectral similarity. However, this is not followed by longitudinal
and transverse velocity spectra under unstable as well as stable conditions.

1. Introduction
Coastal atmospheric boundary layer (ABL) is
inherently heterogeneous, dominated by variations
in topography, large temperature gradients and
change in surface roughness. Surface heterogeneity
leads to diﬀerent aerodynamic and thermodynamic
parameters resulting in signiﬁcant spatial variability of surface energy ﬂuxes and proﬁles of variables
in the surface layer (Ma et al 2008). The coastal
atmospheric surface layer (∼ 0.1 zi , zi is the height
of ABL) is a transition zone under the inﬂuence of
interactions of dissimilar surfaces and ﬂow adjustments. Estimation of surface ﬂuxes of momentum,
heat and water vapour within the transition zone
is important for parameterization of ﬂuxes over
inhomogeneous terrain as horizontal homogeneity
assumption (required for Monin–Obukhov, M–O
similarity theory) is not satisﬁed. Internal boundary layers (IBL) that develop at coastal sites need
to be considered while estimating surface ﬂuxes as
the fetch is limited to satisfy homogeneity of ﬂow
assumption. For surface layer turbulent ﬂux estimation from vertical gradients using M–O theory,
all measurements are to be made well within the

homogeneous layer with suﬃcient upwind fetch lest
it would result in erroneous ﬂux that may not represent the local terrain. The limit up to which the
IBL characteristics apply is deﬁned by the depth of
IBL; hence it is required to know the IBL height.
A thorough review of IBL height formulae and simple models based on IBL concepts which are used
for predicting the IBL height within both the neutral and diabatic atmospheric surface layer, given
by Savelyev and Taylor (2005), are discussed in
context with the IBL height determination at the
Goa coast (our ﬁeld site).
Spectra of turbulence provide useful information on the scales of motion contributing to the
production and dissipation of energy, and the
turbulent transport of various atmospheric properties. According to Monin–Obukhov similarity
theory, the spectra of wind (u, v, w components
spectra) when non-dimensionalized with friction
velocity, u∗ , reduce to a set of universal curves that
are function only of stability, z/L in the homogeneous surface layer, L is Monin–Obukhov (M–O)
length, a measure of stability, z is the measurement height (Kaimal and Finnigan 1994). Temperature stratiﬁcation and static stability depend on
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Figure 1. (a) Micrometeorological tower (9 m) on the west coast of India at NCAOR, Goa. Inset: LI-7500, Sonic and Gill
anemometers at 5 m above surface (L to R). (b) Schematic of experimental setup of tower and sensors.

local circulations induced by spatial gradients in
temperature and humidity across the coast. Modiﬁcation of spectral characteristics of wind by the
terrain induced circulation by the lee side of the hill
has been investigated by Murthy and Dharmaraj
(2001). The inﬂuence of local circulations like sea
breeze manifests in the general spectral characteristics of horizontal wind (Prakash et al 1993).
The present study deals with the turbulence and
spectral characteristics of IBL in a complex coastal
terrain with a very limited fetch in the upwind
direction.

2. Topography of the site
The 9 m high instrumented tower installed by the
Indian Institute of Tropical Meteorology (IITM),
Pune, in the premises of the National Centre for
Antarctic and Ocean Research (NCAOR), VascoDa-Gama (15◦ 21 N, 73◦ 51 E), Goa is shown in
ﬁgure 1(a) and ﬁgure 1(b) gives the schematic
of the actual sensor deployment on the tower.
Figure 2(a) shows an approximate sketch of the
terrain surrounding the tower (ﬁgure 2a), development of IBL (ﬁgure 2b) and wind proﬁle over the
land surface (ﬁgure 2c) when the ﬂow is from sea to
land. The tower is ∼ 30 m away from the Arabian
Sea coast and its base height is ∼ 12 m from the

coastal sea surface (ﬁgure 2a). The NCAOR buildings are to the north, about 100–150 m away from
the tower. During ARMEX (phase-1) the prevailing surface winds were southwesterly to westerly
at Goa. The Arabian Sea is located in the S–W sector relative to the tower. There is a sharp change
in surface roughness and surface temperature for
the wind from sea to land, hence internal boundary
layer develops at the boundary between land and
sea with its depth increasing inland. The experimental site has a limited fetch of land in the upwind
S–W direction. The footprint of the measurement
on the tower signiﬁes mostly the maritime air. As
shown in ﬁgure 2(b), the wind ﬂowing in, gets fully
adjusted to the land surface in the layer near to
the surface (equilibrium layer) and the wind speed
decreases due to the increase in surface roughness.
In the layer just above equilibrium layer, the ﬂow is
under transition and not fully adjusted with underlying land surface and is called ‘transition layer’.
Further above the transition layer, the ﬂow is
unmodiﬁed and is the same as that over upwind sea
surface. In neutral conditions, wind speed increases
log-linearly in equilibrium layer and then rapidly
in transition layer. In the layer of unmodiﬁed ﬂow
above transition layer wind speed follows log-linear
proﬁle. The IBL height is deﬁned as an intersection
point of the two log-linear wind proﬁles; one representing the land surface and the other, sea surface
(ﬁgure 2c).
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Figure 2. (a) Schematic of the terrain around the tower, (b) schematic of the development of IBL as wind ﬂows from sea
to land illustrating the diﬀerent layers. zo-land , zo-sea represent roughness lengths for land and sea surfaces respectively and
(c) schematic of wind proﬁle over land at fetch, x = 30 m. Solid curve is observed wind proﬁle. Dashed lines are extrapolations
of linear part of wind proﬁle. zo-land and zo-sea indicate roughness lengths for land and sea surfaces respectively.
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Table 1. Sensor specifications.
Parameter

Sensor/instrument

Range

Accuracy

Threshold

Response time/
resolution

Wind speed

3 cup anemometer

0–65 m s−1

0.2 m s−1
up to 10 m s−1

0.3 m s−1

8.33 s

Wind direction

Potentiometric
wind vane

0–357◦

±3◦

0.5 m s−1

1◦

Air temperature

Platinum
resistance
thermometer

−40◦ to 60◦ C

±0.2◦ C

–

0.1◦ C

Relative humidity

Solid state
capacitance type

0–99%

±3% of FSR

–

1%

Solar radiation

Radiometers
(Eppley)

0.3–3 μm
(SW) and
3–60 μm (LW)

±1 Wm−2

–

22 s

Rainfall

Tipping bucket
rainguage

Unlimited

+5%

0.5 mm

0.5 mm

Sonic anemometer (Applied Technology, USA)
Measurement range

Wind velocity: 15 m s−1

Temperature: −20◦ to +50◦ C

Accuracy

Wind speed: ±0.05 m s−1
Sonic temperature: ±0.05◦ C

Direction: ±0.1◦

Resolution

Wind speed: 0.01 m s−1
Temperature: 0.01◦ C

Wind direction: 0.1◦ C

3. Experimental setup and data
The instruments to measure wind speed, direction,
air temperature and relative humidity are installed
on cross booms ﬁtted on the tower, extending
1.5 m on each side, at four levels, i.e., 1, 2, 5
and 8 m (ﬁgure 1). Turbulence measurements at
a sampling frequency of 10 Hz are made using
sonic anemometer (Applied Technology, USA) and
H2 O/CO2 gas analyzer (Licor-7500, USA) at 5 m
above surface. Eppley radiometers are installed
at 2 m height above the surface that measure
solar radiation (short wave-incoming, short wavereﬂected, long wave-incoming, long wave-outgoing)
and a Gill propeller anemometer mounted at
5 m height measures the three wind components. The data from the slow instruments, viz.,
wind speed (cup anemometer), direction (vane), air
temperature (PT1000), humidity (Humicap), rain
fall (tipping bucket), atmospheric pressure (barometer) and radiation (radiometers), are logged
into a data logger, mounted at the foot of the
tower. The data from sonic anemometer, infrared
hygrometer and Gill anemometer are stored in
a PC-based data logger in the laboratory near
the tower. Various details on the range, accuracy of the measured parameters, threshold limits
and sensor response time/resolution are tabulated
in table 1. Slow response sensors are sampled at

1 Hz and 1 minute mean values are logged. Digital
data at 10 Hz sampling frequency from sonic
anemometer and H2 O/CO2 gas analyzer are logged
in a PC.
Cup anemometers and Gill propeller anemometer are calibrated in wind tunnel at India
Meteorological Department (IMD), Pune. Temperature sensors are calibrated using water bath
thermostat and humidity sensors using standard
chemicals in the laboratory at IITM. Proﬁles
of 30 minutes-mean wind and temperature are
used; 48 proﬁles in a day and for 15 days, to
study the characteristics of IBL very close to
the sea coast. Surface ﬂuxes of momentum and
sensible heat (including the contribution from
moisture; buoyancy ﬂux) are estimated from the
turbulence observations (30 minutes duration) by
sonic anemometer.
The background meteorological conditions at the
station at the time of campaign may be summarized as follows. The period of analysis, July 2002
has been one of the driest months (Hatwar 2005)
on record with a regional deﬁciency of 59% monsoon rainfall as per India Meteorological Department. Rainfall measured at the ﬁeld site for July
is 272 mm with only two signiﬁcant rainfall events
of 74 and 91 mm. An anti-cyclonic circulation was
noticed oﬀ the west coast of India. The frequency
distribution of wind direction at 5 m above surface
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Figure 3.
2002.

Wind direction and speed during July 13–28,

(from sonic anemometer) showed that 45% of the
time during the period 13–28 July 2002, wind blew
from 260–280◦ , i.e., WSW–WNW (ﬁgure 3) with
wind speed 4–6 m s−1 .
4. Results and discussion
4.1 IBL height determination at the station
Parameterization of ﬂuxes by M–O similarity
theory assumes homogeneity of terrain. When the
terrain is heterogeneous such as sea coast, the wind
ﬂow undergoes transition according to the underlying surface and an internal boundary layer starts
developing at the interface of the two dissimilar
surfaces. The depth of this IBL increases with
fetch and its turbulent characteristics are diﬀerent from the conventional ABL. It is important
to ﬁnd its depth to know the location of sensors within this layer. Therefore, we attempted
to estimate the height of the IBL present
here with the available formulae and observations. Moreover, as the wind spectra obtained
from sonic anemometer are studied, we have
to know in which layer the measurements are
made.
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Figure 4. Proﬁles of temperature and wind for neutral
stability conditions. Stability, z/L is between −0.002 and
+0.002, indicating neutral condition. Dashed lines intercept
give land surface (downwind) roughness lengths in the range
0.02–0.07 m. Mean roughness length, zoD = 0.045 m.

4.1.1 Estimation of IBL height using
the formulae
Wind speed proﬁles within and above the IBL
are required for determining the near-neutral loglinear wind proﬁle (ﬁgure 2c) that represent land
(downwind) and sea (upwind) surfaces (Savelyev
and Taylor 2005). Their extrapolated intersection
point marks the depth of IBL as in ﬁgure 2(c). Proﬁles of horizontal wind and temperature for neutral stability with prevailing winds of 4–6 m s−1
(at 8 m above surface) are shown in ﬁgure 4 for
the period July 13–28, 2002. In this dataset, we
have winds at 1, 2, 5 and 8 m with an inﬂection
point observed at 2 m separating the equilibrium
layer and transition layer. Winds are relatively high
at 5 and 8 m, apparently falling in the transition
layer of IBL. Unfortunately, measurements are not
available above 8 m to conﬁrm the log-linear wind
proﬁle representing the unmodiﬁed ﬂow over the
coastal sea. Thus to ﬁx the top of the transition
layer (i.e., IBL height) winds at higher levels till
the undisturbed ﬂow are required.
The land surface roughness length, zo-land
(= zoD ) can be obtained by extrapolating the
wind proﬁle in the equilibrium layer (up to
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Table 2. IBL heights obtained from various formulae for neutral stability.
Formula

Reference

δ/zoD = 10.56(x/zoD )

IBL height (m)

Remarks

Cheng and Castro (2002)

δ = 4.06

zoD = 0.045 m, obtained
from log wind proﬁles in
equilibrium layer, up to 2 m

δ/zor = 0.28(x/zor )0.8

Wood (1982)

δ = 2.29

zor = max(zoD , zoU )

δ = 0.09x

Jegede and Foken (1999)

δ = 1.37

For x = 140 to 260 m

Bergstrom et al (1988)

δ = 2.84

z/L = −0.001
(from sonic anemometer)

Observations at Goa

δ>8

Wind proﬁle up to undisturbed ﬂow is necessary for
accurate determination of δ

δ = 0.2x

0.33

0.8

0.78−0.32z/L

Wind proﬁle

x = fetch (m), zoD = downwind (land) roughness length (m), zoU = upwind (sea) roughness length, zor = maximum
of zoD and zoU , z height of measurement (m), L = Monin–Obukhov length (m).

2 m). As shown in ﬁgure 4, zo-land varies from
0.02 to 0.07 m for neutral stability (z/L = −0.002
to +0.002). Monin–Obukhov length, L is calculated as:
−u3∗
,
L= 
k (g/Tv ) w T  v

(1)

where k = 0.4, Von-Korman constant and all other
parameters (u∗ , the friction velocity and Tv , the
virtual temperature) except ‘g’ obtained form
sonic anemometer. The mean roughness length
(zoD = 0.045 m) has been used in the equation
(Panofsky et al 1982),
δ
zoD


= aIBL

x
zoD


bIBL

(2)

zoD is downwind (land) roughness length to
estimate the IBL height for diﬀerent stability conditions. The IBL height (δ) is found to
be 0.62, 4.09 and 12.53 m respectively for stable (aIBL = 0.2, bIBL = 0.65), neutral (aIBL = 0.5,
bIBL = 0.8) and unstable (aIBL = 0.8, bIBL = 0.9)
conditions. IBL heights are also estimated using
various formulae available in literature applicable
for short fetch (table 2). For neutral conditions
(−0.002 < z/L < +0.002) IBL heights estimated
from the formulae vary from 1.37 to 4.06 m. The
wind proﬁles at this site indicate the IBL height
at a fetch of 30 m to be at least 8 m (table 2). The
complexity in existing conditions at the site, viz.,
change in temperature, change in surface roughness, change in slope and the very short fetch, are
not taken care of altogether in any of the existing
formulae and hence they fail to arrive at the proper

IBL height. It may well be concluded that for accurate determination of IBL height over a complex
coastal site with very short fetch when signiﬁcant
spatial gradients in surface roughness, temperature
and slope existing together, can only be determined
from wind and temperature proﬁles up to suﬃcient
height and not by the currently available empirical
formulae for IBL height in literature.
4.2 Spectra of wind
Since the sonic anemometer is well within the IBL,
we have decided to study the spectral characteristics of this layer. Shao et al (1991) examined the
similarity of turbulence within the TIBL (Thermal
Internal Boundary Layer) and the eﬀectiveness of
local scaling for inhomogeneous conditions. It is
suggested that, even in advective conditions, turbulence can be considered as being in local equilibrium. Our interest here is to study how far the
spectra of wind follow similarity laws at a coastal
site with complex terrain. The time series data for
30 minutes is processed to remove means, trends
in the signal and then cosine tapered before subjecting it to Fast Fourier Transform (FFT) analysis
following Stull (1988). Since the terrain is uneven
and sloping, three dimensional co-ordinate rotation
is performed to ensure mean transverse (v) and vertical (w) wind to be zero and to minimize the error
in ﬂux estimates. The ﬁrst rotation makes mean-v
zero and the second one mean-w. This procedure
was established by independently checking the heat
ﬂuxes and heat ﬂux balance calculation (Kaimal
and Finnigan 1994). The raw spectrum is block
averaged to smoothen the spectrum with more
number of points averaged for higher frequencies.
Such smoothed spectra of wind (u, v and w), norare shown in ﬁgure 5 for a range
malized by u2∗ ϕ2/3
ε
of atmospheric stability (−0.838 < z/L < 0.926)
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Figure 6. Mean near-neutral spectra of u, v and w for Goa
and Anand.
Figure 5. Normalized spectra of longitude (u), transverse
(v) and vertical (w) wind components as a function of
non-dimensional frequency n(= f z/U ) for various stability
(z/L) conditions. U is mean horizontal wind. Line indicates
inertial sub-range with −2/3 slope. Solid curve is the mean
spectrum for neutral stability at Anand, a comparatively
homogeneous terrain.

conditions, f is frequency and S(f ) is spectral
density at f and
= (1 + 0.5!z/L!2/3 )3/2 , −2 ≤ z/L ≤ 0
ϕ2/3
ε
= (1 + 5z/L),

0 ≤ z/L ≤ 1

(3)

is the non-dimensional turbulence energy disϕ2/3
ε
sipation function (Kaimal and Finnigan 1994).
A reference spectrum for neutral stability over
homogeneous terrain (Anand, Gujarat) is shown
for comparison (ﬁgure 5). Characteristic slope of
−2/3 in the inertial sub-range is seen in the spectra
of all the three wind components. Inertial subrange is characterized by minimum energy dissipation, isotropy and gradual cascading of energy from
large eddies to small eddies. It is noticeable that
the spectral energy at Anand for neutral condition
is even higher than Goa for unstable conditions.
Gradual shift in the peaks with increase in stability
for stable (z/L +ve) conditions is observed for

w spectra. Elaborating on ﬁgure 5, ﬁgure 6 compares the spectral characteristics of u, v and w
of Goa (heterogeneous) and Anand (comparatively
homogeneous) for near-neutral conditions. Evidently the spectral energy at Goa (z/L = 0.02)
for all the wind components is lesser than Anand
(z/L = 0.13) with higher stability. This might be
the result of the presence of IBL at Goa. However,
the spread to the lower frequency is more extended
in Goa possibly due to the higher prevailing wind
speeds (4–6 m s−1 ) than Anand (< 1 m s−1 ). The
peak frequency of u-spectrum for Goa (0.037),
lower than for Anand (0.086) indicates the presence of relatively large eddies at Goa.
Local heterogeneity of the ﬂow could increase
the turbulence intensity in the vertical wind (σw )
relative to that over a more homogeneous terrain, simultaneously causing a reduction in turbulence in the horizontal (σu ). A comparison
of turbulence statistics is given in table 3 that
compares a heterogeneous (Goa) to a relatively
homogeneous (Anand) and the referred (Kansas
experiment) homogeneous (Stull 2000) terrain; the
ratio (σw /σu ) is increasing as the heterogeneity
increases, with a maximum (0.71) at Goa.
Figure 7(a) shows w-spectrum plotted against
non-dimensional frequency, n(= f z/U ) for unstable, near-neutral and stable conditions that
shows clearly the gradual shift in the frequency
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Table 3. Comparison of turbulence statistics.
Parameter

Goa

Anand

Stull (2000)
(page 83)

σw /u∗
σu /u∗
σv /u∗
σw /σu

1.27
1.80
2.00
0.71

1.50
2.40
2.45
0.63

1.25
2.50
1.60
0.50

(w) at this coastal site. Spectral peaks (nm ) for u
and v spectra do not show any systematic variation with instability (−z/L) as expected due to the
inﬂuence of larger mesoscale eddies on the surface
layer turbulence.
In stable conditions, over a homogeneous terrain, u and v spectra (Kaimal’s data not included
in ﬁgure 7b) follow M–O scaling (Kaimal and
Finnigan 1994), but in the IBL at Goa, they are
not observed to be shifting to higher frequencies as
z/L increases. This may be due to the large eddies
in u and v spectra having long memory that take
longer fetch to come in equilibrium with the new
surface.
Variation of peak-frequency, nm with z/L is
given in table 4 along with u∗ and buoyancy ﬂux
H = ρCP w T  v,

Figure 7. (a) w-spectra for z/L in the range −0.838
to +0.926. Axes breaks and scale change may be noted.
(b) Peak-frequencies (nm ) for u, v and w spectra as a function of stability, z/L. Kaimal’s data points for w-spectrum
are also included for reference.

corresponding to maximum energy as z/L changes
from unstable to stable (negative to positive
values) conditions. Breaks in the axes are meant
to illustrate clearly the shift in energy peaks and
the corresponding frequencies. Spectral energy also
falls as stability increases. Figure 7(b) shows the
variation of non-dimensional frequency maximum,
nm (= f z/U ) with z/L for w, u and v-spectra. nm
for w-component (nm − w) increases rapidly with
z/L on stable conditions. As instability increases
(−z/L), nm − w decreases. Peak frequencies of
w-spectrum at Goa at all z/L values fall below that
of Kaimal’s data points (ﬁgure 7b). The orderly
shift in w-spectrum with z/L conﬁrms that M–O
similarity laws are well followed by vertical velocity

(4)

estimated by eddy-correlation technique where w
is vertical velocity ﬂuctuation, T  v, virtual air temperature ﬂuctuation, CP , speciﬁc heat at constant
pressure and ρ, air density. T  v and w are obtained
from sonic anemometer measurements of three
wind components (u, v, w) and virtual temperature. Sensible heat ﬂux is also estimated (results
not shown) with simpliﬁed proﬁle method (Bolle
and Streckenbach 1993) to ensure the layer properties exists, viz., equilibrium (1–2 m) and transition (2–8 m). Friction velocity, u∗ values are of
the same order while there is gross mismatch in
sensible heat ﬂux calculated by proﬁle method in
1–2 m and those obtained by sonic anemometer
at 5 m, whereas the values for layer 2–8 m are
comparable.
According to Panofsky et al (1982) small eddies
in the upstream ﬂow attain equilibrium with the
new surface at a small fetch itself whereas the large
eddies, with long memory, get partially adjusted.
Over the coastal site here, small-scale turbulence
seems to be not so sensitive to spatial heterogeneity whereas proﬁles of mean wind and temperature show multiple inﬂection points. This may be
due to the rapid adjustment of small eddies with
the underlying surface that results in w-spectrum
following M–O similarity laws. Large eddies contained in the wind ﬂow over sea will have to travel
a few kilometers inland to attain equilibrium with
the land surface due to their long memory. Hence
u and v spectra (involving large eddies) at a short
fetch from the coast are not observed to scale with
stability under stable (+z/L) conditions (ﬁgure 7b)
unlike over a homogeneous terrain. Al-Jiboori et al
(2004) studied power spectra of longitudinal and
vertical components of wind velocity over a variety of terrain types: uniform, inhomogeneous and
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Table 4. Variation of nm , u∗ , and buoyancy flux, H with stability, z/L.
Peak-frequency, nm for w-spectrum
z/L
−1.0
−0.838
−0.315
−0.299
−0.007
0.00
0.04
0.725
0.926
1.0

Coastal site
(Goa)

Kansas expt.
(Kaimal 1982)

u∗
(m s−1 )

0.05
0.08
0.12
0.22
0.29
0.35
0.42
0.56
0.78
0.84

0.17

–
0.14
0.22
0.21
0.43

0.5

1.2

0.31
0.07
0.06
–

urban. Their results show that the spectral shapes
and peaks of u-spectra are sensitive to local terrain, while those of w-spectra are not aﬀected by
changes in roughness surface. Their results support
our ﬁndings.
5. Conclusions
Conclusions of the above study may be summarized
as:
• There exists an equilibrium layer extending up
to ∼ 2 m above surface at 30 m from the coast
for prevailing south-westerly winds of 4–6 m s−1 .
The layer between 2 and 8 m seems to represent
transition region with a relatively sharp increase
in wind speed.
• The IBL formulae in literature are found to be
inadequate to estimate the IBL height due to terrain complexity such as change in temperature,
surface roughness and slope in addition to very
short fetch present due to their inherent limitations in assumptions. Wind proﬁles of upwind
and downwind up to the height of undisturbed
ﬂow are necessary to determine IBL height.
• Ratio of standard deviation of w and u, σw /σu
is 0.71 at Goa and 0.63 at Anand indicating
an increase with increase in heterogeneity of the
upwind terrain.
• Heterogeneity of the terrain appears to have little eﬀect on vertical velocity spectrum as the
peak frequency shifts systematically with stability, since small eddies in the ﬂow adjust rapidly
and come in equilibrium with the underlying
surface.
• Peak frequencies in u and v spectra in the transition layer of IBL do not shift systematically
under stable conditions as over a homogeneous
terrain. This might be due to the large eddies

Buoyancy
ﬂux, H
(Wm−2 )
–
42
59
48
10
–
−21
−4
−4
–

Virtual air
temp (◦ C)

Mean
horizontal
wind, U (m s−1 )

–
25.1
25.9
25.8
24.9
26.0
24.3
23.8
–

–
0.6
2.7
1.9
5.8
–
3.9
1.2
2.1
–

with long memory that adjust only partially with
the surface at a short fetch.
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