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Abstract

This project has used data from a SKiYMET radar located at Dragvoll, Trond-
heim, to find the individual components of atmospheric tidal waves. Through
least squares fitting there was found components of both the quaterdiurnal and
terdiurnal, the climatology of these components were then analyzed. The terdi-
urnal tide was the main focus of this project, and found to have amplitudes that
are at times comparable and even greater then the amplitude of the diurnal and
the semidiurnal tide.
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Chapter 1

Introduction

The analysis of the climatology of the higher frequency components of the tidal
oscillations in the upper atmosphere is done to get a better understanding of
atmospheric phenomena. If this part of the atmosphere can be better under-
stood and modeled, it would be possible to include these models in for example
weather/climate models and possibly get more accurate weather predictions.
Phenomena in the lower atmosphere and the upper atmosphere can interact
with each other and it is therefore important to have a better understanding
of both in order to fully understand how the atmosphere will behave and re-
act to different events like solar flares and other changes in heating/cooling. It
has previously been shown that at least one higher frequency components of the
tide, the terdiurnal tide,can at times be of the same magnitude, and even larger,
then the semidiurnal tide. By understanding when and why this happens this
information can be included in current models for the atmospheric tidal oscil-
lations.
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Chapter 2

Atmospheric tidal waves

This chapter is based on [1],[2],[3], [4], [5], [6], [7] and [8].
Tidal oscillations are a well known thermally driven phenomenon observed in
the atmosphere. During the day there is heating of the atmosphere by the ab-
sorption by H2O and O3, however there is no heating when the sun is down.
When the atmosphere is heated, it expands which causes a pressure gradient
and a forcing of the wind. This on/off nature of the atmospheric heating means
this forcing cannot be explained by a single sinusoidal wave, and must instead
be described by a Fourier series. The components of this Fourier series are what
we can observe as the tidal oscillations in the atmospheric wind. Mathemati-
cally the heating can be described by the following equation, as it also depends
on the altitude and latitude:
Jλ(t) =

∑

n

An(z, θ, λ)cos(n2πt

24
+ φn(z, θ)

where different values of n separate the different components. These are called
diurnal (n = 1), semidiurnal (n = 2), terdiurnal (n = 3), quaterdiurnal (n = 4)
and so on.
There are two types of atmospheric tidal waves, migrating and non-migrating
waves. The migrating waves are the ones that follow the sun around, and can
be observed at different times in different parts of the world. Over certain
types of land however, a wave that is non-migrating may be observed. This is
a kind of tidal oscillation that depend on longitude as well as local time. The
non-migrating tide is in general not the dominant part, unless the altitude of
interest is below 30 km. Below that altitude the non-migrating tide may be
dominant.

The latitudinal dependence of the tidal waves is the solution of Laplace’s
tidal equations[1]. This solution consists of an infinite number of eigenfunctions
called Hough functions and their associated eigenvalues or separation constants.
By expanding the forcing in terms of these Hough functions one can find the re-
sponse to the forcing by each eigenfunction, also referred to as equivalent depth.
For the migrating semidiurnal tide, the Hough functions are similar to the La-
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Figure 2.1: Illustration of the different Fourier components of he wind (black)
that are produced the heating (red)

grange polynomials of order two. All the hough functions for the semidiurnal
tide has positive equivalent depths. For the migrating diurnal tide there are two
dominating sets of Hough functions. One with relatively small positive depths
which is restricted to the equatorial side of θ = 30◦. The other set has negative
equivalent depth’s and is situated pole-wards from θ = 30◦. The reason for
this limit is that pole-wards from θ = 30◦ the Coriolis parameter exceeds the
frequency of the diurnal tide. Because of this we can see the situation that the
semidiurnal tide is more dominant then the diurnal tide at some latitudes. The
semidiurnal is generally the dominant tidal wave over Dragvoll, which is where
the radar used for observations in this project is situated.

The theory on the terdiurnal tidal component is that it exists due to non-
linear interactions between the diurnal and the semidiurnal wave. One would
expect that the amplitude of the terdiurnal tide is small compared to the diurnal
and semidiurnal tide, however some papers ([8], [7]) have previously shown that
it may at times have amplitudes comparable to the one of the diurnal and
semidiurnal.

The quaterdiurnal tide is another higher order mode of the tides with a fre-
quency of 6 hours.
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Chapter 3

The SKiYMET meteor

radar

This chapter is based on information from [9] and [10].
The data upon which this project is based comes from a SKiYMET radar located
at Dragvoll, Trondheim. This piece of equipment utilizes eight transmitter an-
tennas and five receiver antennas end receives information about ionized trails
left behind by meteors entering the atmosphere. These trails lasts for up to
about four seconds as they burn up in the atmosphere, and during this time
they will drift with the wind. The information includes the line of sight velocity
of the trail, distance from the radar, azimuth angle, zenith angle and ambiguity.
Due to the high number of transmitter and receiver antennas the SKiYMET
radar can detect meteors in a great span of zenith angle, and it can receive data
from many more meteors each day, compared to older types of radars. This
gives more possibilities when it comes to treating this information. The trans-
mitting antennas transmit at a frequency of about 1 kHz, while the receiving
antennas sample at a frequency of 34.21 MHz, and wavelength λ ≈ 9m. The
eight transmitting antennas are placed in an octagon with about 1λ of distance
to nearest neighbor. This setup is to focus the radiation towards zenith angle
10◦−90◦, and ignore the area around zenith. This setup also causes destructive
interference for some azimuth angles, at multiples of 45◦, while it has positive
interference between these angles.

The receiving antennas are set up as a cross with one antenna in the middle,
and the four placed around it with 90◦ between them (as in figure ??. Two of
the antennas are placed at a distance of r = 2λ away from the middle antenna,
while the two others are placed at a distance of r = 2λ.

Using this setup, the difference in phase at the different antennas makes it
possible to determine the position of the detected meteor. This is done my pre-
dicting several positions where the meteor can have been detected, and choosing
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Figure 3.1: Example of the meteor distribution. Picture from the atmospheric
groups webpage [11]

the one which gives the lowest error, given that the error is smaller then a given
threshold. If two or more positions give the lowest error, the meteor is marked
as ambiguous and the number of ambiguous points is noted in the output file.
The number of meteors detected by the radar varies from day to day and also
within the day, with an average of about 15,000 detections a day. This me-
teor flux varies through the day, since the earth rotates around itself as well as
around the sun and it is usually highest when the radar sees along the earths
orbit around the sun. This means that the tilt of the earth relative to the earth’s
orbit will affect the number of meteors we can detect. For this reason we can
expect to detect more meteors in the summer half of the year, then what we
can expect during the winter.
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Figure 3.2: Overview picture of the setup of the SKiYMET radar at Dragvoll.
Picture from [9]
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Figure 3.3: Example of output file from the SKiYMET meteor radar. Data used
in this project: Time, Ht: Height, Vrad: Line of sight velocity, Theta: zenith
angle, Phi0: Azimuth angle, ambig: ambiguity level
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Figure 3.4: Example of the graphic of the zonal and meridional wind that can
be found at the atmospheric groups homepage [11]
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Chapter 4

Method

To find the tidal components from the wind measurements, the first thing
that had to be done was to find the winds. This was done by assuming
no vertical component of the wind and fit, using a least square routine in
Matlab, a U (zonal) and V (meridional] component to the equation: VLOS =
U · cos(θ)cos(φ) + V · sin(θ)sin(φ)
Here VLOS are the line of sight velocities, θ are the zenith angles and φ are
the azimuth angles of meteors detected in the desired height and time. The
sorting in time and height was set to one hour of data and 76k-81km, 81-84km,
84-87km, 87-90km, 90-93km, 93-96km, 96-99km and 99-104km. As the stream
of meteors in all altitudes is not constant, there would not be fitted any U or
V component if there was less then 3 meteors at the desired altitude at a given
time. The error found from this fit would be used as weighting in the later fits
in the routine given by:
weight = 1

σ2

These U and V values are stored in datasets of 7 days at a time, in order to
investigate 6 days of data with the entire day it is fitting tides to in the middle
of the dataset. These are later in the code saved to a textfile so that they can
be analyzed at a later time without going through the whole sorting and fitting
process.
When trying to find the tidal components of the data from the meteor radar,
the first approach was to fit all components at once to a four day set of the data.
This method would find some amplitudes and phases, however there was some
concern about the higher frequency components. If the six/eight hour tidal
waves were to have a spike of the amplitude over a couple of days, this might
not be seen in the data with this approach. A decision was therefore made to
fit each component over 3λ of that components (six days for a 48-hour, three
days for the diurnal and so on.). This was implemented by fitting the 48-hour
to six days, subtracting it from the data, narrow down to three days, fit the
diurnal, subtract that, and so on. This was done down to 18 hours a 6-hour
component, and the phase, amplitude and error of each fit was subtracted. The
12 and 24 hour as well as a constant was also included in the 48 hour fit and the
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12 hour was included in the diurnal fit. This was done n order to ensure that
the error of these fits would be as accurate as possible, as the 48-hour alone is
not a good fit of data that consists mainly of a semidiurnal component. When
the semidiurnal was fitted, the constant from that fit was also subtracted from
the data. The terdiurnal and quaterdiurnal was then fitted to the data, with no
other components in the fitting routine. For all the fitting routines, the fitted
component would not be removed from the data if the amplitude was found to
be insignificant, i.e. if the amplitude was smaller then 1σ.
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Chapter 5

Results

The following figures contain the results gotten from running the Matlab-routine
on data from September 10th to April 30th. They are represented with contour
diagrams and a corresponding color axis to give the magnitude of the different
points. Times and heights where no significant amplitude could be found are
represented by the blacked out areas which can be found in all the plots. Sig-
nificant values are values greater then 1σ and with more than 2

3
of the points

in the dataset present. All the plots has a greater lack of data in the 99-104 km
range then for the other altitudes, so this altitude has more blacked out areas
then the others.

Figure 5.1 shows the significant amplitudes found for the diurnal wave. Com-
pared to figure 5.3 the amplitudes of the diurnal wave is generally smaller then
the ones for the semidiurnal, which is expected at these latitudes. The zonal
part of the diurnal looks to have a spike in the magnitude of the amplitudes
around the early part/middle of January.
In the datasets for the semidiurnal amplitude two values were removed in order
to make the contour plot practical to look at and understand. One amplitude
in the zonal part of the semidiurnal was found to be 1,477 m/s, which made the
rest of the plot have the same color. In the meridional part of the semidiurnal
an amplitude of 325 m/s was found which had the same impact.

For the terdiurnal component there was found significant amplitudes in
62.7% and 64.9% for the zonal and meridional parts. The altitude with the
lowest percentage was 99-104 km, with 40.3% and 46.4% for U and V. At the
other altitudes the amount of of significant data ranged from 58.4% − 74.7%.
The monthly and annual averages of these can be found in tables 5.1-5.4.
On a few occasions the value of the terdiurnal wave was found to be up to
70m/s for the meridional and 65m

s
for the zonal, however these points also have

2σ-values which are close to or higher then the amplitude. An exception is
October 20th, where the value for the amplitude was found to be 54.9m

s
, while

2σ = 51.4m

s
, which is a small value for σ compared to the other high value
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Figure 5.1: (a) Significant amplitudes for the diurnal wave from the period
September 10th to April 30th. (b) 2σ error of the amplitudes.
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Figure 5.2: Corresponding 2σ to the amplitudes of the diurnal in figure5.1
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Table 5.1: Overall means of the significant amplitudes found of the zonal com-
ponent. The numbers inside the brackets are the mean calculated without the
values removed from the plot.

Altitude 48-hou4 24-hour 12-hour 8-hour 6-hour
(km) (m/s) (m/s) (m/s) (m/s) (m/s)

76 − 81 5.6 ± 3.4 7.8± 3.7 15.1± 7.3 9.1± 3.3 7.6 ± 3.8
81 − 84 5.6 ± 2.9 7.6± 3.1 18.6± 9.2 11.7± 4.9 8.3 ± 3.9
84 − 87 5.8 ± 2.7 7.3± 3.2 20.2± 10.9 12.0± 5.1 8.7 ± 4.1
87 − 90 5.6 ± 2.4 8.1± 3.9 24.1± 12.1 12.5± 5.7 9.5 ± 4.7
90 − 93 5.7 ± 2.2 8.7± 4.3 28.4± 14.3 14.0± 6.2 9.8 ± 4.4
93 − 96 6.5 ± 3.0 10.2± 4.7 35.2± 17.3 15.5± 6.9 11.1± 5.0
96 − 99 7.9 ± 4.1 12.6± 5.8 39.6± 18.6 17.8± 7.3 13.0± 5.7
99 − 104 21.5± 57.9 22.1± 10.8 49.6± 108.9 (41.7± 20.1) 25.9± 9.9 22.8± 12.6

points for the amplitude. The amplitudes for the terdiurnal does also tend to
have the highest values for the amplitudes at the highest altitudes, which is
consistent with what can be seen for the semidiurnal.

For the quaterdiurnal wave there was found significant values of the ampli-
tude in 70.7% of the dataset (73.0% for U, 69.4% for V). As for the terdiurnal
the 99-104km range was the one with the fewest significant values (54.0% and
51.0%), while the others ranged from 66.5% to 82.4%. In the plot of the the
six-hour quaterdiurnal wave a value in the meridional plot was removed. The
reason for this is the same as for the semidiurnal amplitudes. The value was
found to be 2149 m/s, and occurred on the 21st of January.

One value was removed from the plot of the background wind in figure 5.9,
because it had a high value while having an error too great for it to be signifi-
cant. This was done for the Zonal part on 9. February 2012. It is worth to note
that the 2sigma value on the dates 5. December 2012 (U), 31. March (U and
V) and 32. march (V). Have extremely high 2σ values. These were not removed
because the values themselves are of the same order as surrounding points in
the figure. As this project’s main focus is on the oscillations rather then the
background wind, all the points except the one is included in the plot regardless
of whether the value was significant in order to see the overall changes of the
background wind.
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Table 5.2: Overall means of the significant amplitudes found of the meridional
component. The numbers inside brackets are means calculated without the
values that were removed from the plot.

Altitude 48-hou4r 24-hour 12-hour 8-hour 6-hour
(km) (m/s) (m/s) (m/s) (m/s) (m/s)
76 − 81 6.7 ± 3.9 8.6± 4.0 15.8 ± 7.2 10.1± 4.4 7.7± 3.9
81 − 84 9.5± 23.6 8.4± 3.8 18.9 ± 9.5 11.5± 4.7 8.3± 4.0
84 − 87 6.1 ± 2.8 7.8± 3.4 21.3± 11.1 12.0± 5.1 8.7± 4.3
87 − 90 5.6 ± 2.1 8.2± 3.5 24.4± 12.1 12.7± 5.2 8.8± 4.3
90 − 93 6.4 ± 2.4 8.2± 3.0 28.7± 13.7 14.2± 5.9 9.8± 4.5
93 − 96 6.6 ± 3.4 9.4± 3.8 35.0± 16.3 15.4± 6.8 10.7± 5.4
96 − 99 8.7 ± 5.2 12.7± 5.7 39.2± 17.4 18.2± 8.2 12.7± 5.8
99 − 104 19.6± 21.9 23.6± 13.0 44.2± 30.8 (41.7± 20.5) 26.0 ± 11.6 45.7± 196.1 (28.0± 30.1)

Table 5.3: Monthly means for the zonal part of the terdiurnal wave. (2012-2013)

Altitude September October November December January February March April
(km) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
76-81 6.7 ± 2.4 8.7± 3.2 10.7± 3.0 9.9± 3.4 10.1± 3.4 10.3± 2.3 9.0 ± 4.3 7.9 ± 2.6
81-84 11.0± 5.2 12.1± 5.1 13.0± 4.8 11.0± 3.8 12.1± 5.3 15.5± 5.1 10.6± 4.3 8.5 ± 2.7
84-87 10.7± 5.1 12.7± 4.5 14.1± 5.6 12.9± 4.4 11.0± 5.4 15.0± 5.4 11.3± 4.9 8.7 ± 3.1
87-90 11.7± 4.9 11.3± 4.7 14.7± 5.7 13.7± 4.7 13.9± 5.0 15.2± 5.6 10.0± 3.8 11.0± 4.7
90-93 12.6± 5.0 12.3± 6.1 13.5± 4.1 17.3± 7.4 14.2± 5.9 15.5± 6.9 11.5± 6.2 14.4± 5.3
93-96 13.8± 8.3 14.1± 5.7 15.8± 5.2 22, 1± 8.3 13.8± 4.7 14.9± 7.8 13.0± 5.8 15.9± 5.4
96-99 11.0± 5.1 16.5± 8.2 20.8± 7.2 20.9± 8.4 16.8± 6.2 18.9± 6.6 17.3± 5.7 17.4± 5.8
99-104 23.3± 5.3 21.8± 7.5 29.7± 8.9 26.5± 9.8 28.3± 13.9 33.4± 16.0 16.6± 10.6 22.5± 9.5

Table 5.4: Monthly means for the meridional part of the terdiurnal wave. (2012-
2013)

Altitude September October November December January February March April
(km) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)

76-81 5.56± 2.5 11.3± 5.4 10.0± 4.4 10.7± 3.8 10.8± 4.5 13.0± 2.9 10.3± 4.4 7.6± 2.3
81-84 10.2± 4.7 11.3± 4.8 12.0± 5.5 11.9± 3.8 10.9± 4.0 15.0± 5.0 11.4± 4.8 9.0± 3.1
84-87 11.6± 6.4 11.1± 4.0 12.9± 5.0 14.2± 3.6 12.2± 5.6 15.0± 6.1 11.7± 5.4 8.5± 3.1
87-90 12.7± 5.9 10.1± 3.9 12.4± 4.7 12.9± 5.0 14.8± 6.9 16.3± 5.5 11.8± 4.2 11.0± 3.9
90-93 11.6± 6.2 12.9± 5.2 16.0± 4.6 17.3± 7.6 13.2± 5.9 15.7± 7.0 13.0± 3.3 12.7± 4.5
93-96 11.8± 5.4 14.3± 4.7 15.8± 6.6 17.7± 6.5 16.1± 9.8 17.4± 7.5 14.4± 5.2 13.2± 6.5
96-99 13.9± 4.9 14.8± 6.3 19.5± 5.7 19.7± 6.1 20.1± 14.5 20.4± 5.4 17.6± 6.8 17.8± 8.8
99-104 18.4± 8.8 23.3± 10.5 26.2± 10.0 28.7± 11.1 30.1± 17.8 34.7± 10.2 27.8± 11.0 25.8± 11.2
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Table 5.5: Monthly means for the zonal part of the quaterdiurnal wave. (2012-
2013)

Altitude September October November December January February March April
(km) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
76-81 4.7± 1.7 6.8± 2.0 10.1± 4.4 7.5± 3.1 8.5± 4.2 9.9 ± 4.1 6.6 ± 3.2 4.8 ± 2.3
81-84 4.8± 1.5 8.1± 3.4 11.0± 3.9 8.2± 3.2 7.0± 2.8 10.5± 4.7 8.2 ± 4.3 6.1 ± 2.3
84-87 6.4± 3.6 7.9± 3.2 10.0± 4.8 9.5± 4.6 7.9± 3.2 12.2± 4.3 8.5 ± 3.7 6.7 ± 2.0
87-90 6.6± 2.5 8.7± 4.3 11.7± 4.4 11.8± 5.9 9.2± 3.8 11.4± 4.5 8.3 ± 4.3 8.3 ± 4.7
90-93 8.6± 3.5 9.5± 5.0 10.8± 4.7 10.5± 5.2 9.9± 3.8 10.1± 3.6 9.1 ± 5.0 9.2 ± 3.8
93-96 8.8± 3.7 10.2± 4.0 13.0± 5.8 12.3± 5.7 12.0± 5.0 10.4± 5.5 10.4± 4.9 11.1 ± 4.5
96-99 7.0± 2.8 11.1± 4.4 14.5± 5.0 13.5± 4.8 16.2± 9.7 13.1± 3.9 13.8± 4.3 12.0 ± 3.5
99-104 11.9± 5.8 14.4± 5.3 26.3± 12.0 24.0± 14.0 29.3± 14.0 35.3± 14.2 22.7± 12.2 22, 7± 11.3

Table 5.6: Monthly means for the meridional part of the quaterdiurnal wave.
(2012-2013)

Altitude September October November December January February March April
(km) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)

76-81 5.4 ± 1.8 7.9± 4.4 8.3 ± 3.4 9.1± 4.9 7.6± 3.2 10.7± 3.8 6.7± 3.0 5.0± 2.5
81-84 5.5 ± 1.7 8.2± 4.3 8.6 ± 2.9 9.3± 3.4 9.1± 2.8 13.2± 5.8 6.9± 3.0 6.0± 3.2
84-87 6.9 ± 4.0 7.9± 4.4 10.5± 4.9 9.4± 3.4 8.3± 3.4 11.3± 5.5 8.6± 3.2 5.8± 3.0
87-90 6.9 ± 3.5 9.0± 5.5 8.7 ± 3.9 10.0± 4.7 8.7± 3.9 11.0± 4.9 8.3± 3.3 7.3± 2.9
90-93 7.5 ± 3.7 9.2± 4.9 11.1± 5.4 11.7± 4.5 9.4± 4.0 11.9± 3.6 8.3± 3.5 8.2± 3.8
93-96 8.4 ± 3.8 10.0± 5.4 14.1± 7.1 10.6± 4.5 10.5± 5.2 13.3± 5.0 10.5± 5.8 8.2± 3.5
96-99 10.3± 4.1 11.7± 5.9 15.5± 6.2 14.0± 4.7 14.4± 7.4 14.3± 6.1 12.4± 5.1 9.2± 3.1
99-104 14.7± 7.5 20.8± 9.5 22.1± 9.6 40.1± 52.2 173.5± 529.2 (41.7± 50.4) 41.8± 17.9 25.6± 12.2 21.6± 9.6
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Figure 5.3: (a) Significant amplitudes found for the semidiurnal tidal wave in
the period from September 10th 2012 until April 30th 2013. (b) 2σ error of the
amplitudes.
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Figure 5.4: Corresponding phases to the amplitudes of the semidiurnal in figure
5.3.

27



Time (day)

H
e
ig

h
t 
(k

m
)

Amplitude of Terdiurnal, Zonal

 

 

01/10/2012 01/11/2012 01/12/2012 01/01/2013 01/02/2013 01/03/2013 01/04/2013

80

85

90

95

100

5

10

15

20

25

30

35

40

45

50

55

Time (day)

H
e
ig

h
t 
(k

m
)

Amplitude of terdiurnal, Meridional

 

 

01/10/2012 01/11/2012 01/12/2012 01/01/2013 01/02/2013 01/03/2013 01/04/2013

80

85

90

95

100

0

10

20

30

40

50

60

70

Time (day)

H
e
ig

h
t 
(k

m
)

Two sigma terdiurnal, Zonal

 

 

01/10/2012 01/11/2012 01/12/2012 01/01/2013 01/02/2013 01/03/2013 01/04/2013

80

85

90

95

100

0

10

20

30

40

50

60

70

80

90

Time (day)

H
e
ig

h
t 
(k

m
)

Two sigma terdiurnal, Meridional

 

 

01/10/2012 01/11/2012 01/12/2012 01/01/2013 01/02/2013 01/03/2013 01/04/2013

80

85

90

95

100

20

40

60

80

100

120

Figure 5.5: (a) Significant amplitudes found for the terdiurnal tidal wave in the
period September 10th 2012 until April 30th 2013. (b) corresponding 2σ error.
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Figure 5.6: Corresponding phases to the amplitudes of the terdiurnal in figure
5.
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Figure 5.7: (a) Significant amplitudes found for the 6-hour tidal wave in the
period from Septemper 10th 2012 until April 30th 2013. (b) 2σ error of the
amplitudes.
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Figure 5.8: phase for the amplitudes found in figure 5.7
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Figure 5.9: The background wind at different points in the atmosphere, fitted
in the code as a constant.
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Figure 5.10: Scatter plot with the amplitudes of the terdiurnal plottet against
the ampltude of the diurnal tide. (a) Zonal, (b) Meridional.
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Figure 5.11: Scatter plot with the amplitude of the terdiurnal plotted against
the amplitude of the semidiurnal. (a) zonal, (b) meridional
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Figure 5.12: scatter plot of the terdiurnal amplitude against the semidiur-
nal+diurnal. (a) Zonal, (b) meridional
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Chapter 6

Discussion

Since this project was meant to focus on the high frequency components of the
atmospheric tidal oscillations, this will also be the main focus of this discus-
sion. However some interesting features appears also in the other parts of the
result. By looking at the phase plot of the semidiurnal in figure 5.4 one can
see that something is happening in early January. Just before that period the
background wind has a clear change in the meridional part, as can be seen in
figure 5.9. This is apparently a redult of a stratwarming. As previously stated
this is not the main focus of this project, so this will just be pointed out and
not investigated any further here.

It is also worth mentioning that the largest values of the diurnal was found
at times where the semidiurnal was also approaching its maximum values at
99-104 on 16.Jan. 2013 for the meridional and on 6. April 2013 for the zonal.
For the 6. April values, both also show high 2σ values (≈ 70m/s, while for the
16. January value the value for 2σ is in the order of ≈ 40m/s.

Some discussion about the removed datapoints should be done. The ex-
tremely high amplitudes are highly unlikely to be real, however the Matlab-
routine didn’t remove them properly as the error was small enough for them to
be real. It might be a result of some bad datapoints at small zenith angles. If
the assumption of no vertical wind breaks is invalid at some time due to some
atmospheric situation, this would result in a line of sight velocity that is higher
then normal. If three meteors enters this region at that time, the error in the
U and V component would still be low and the weighting should stay fairly
high throughout the fitting routine. If there are some well placed NaN’s in the
dataset around where the oscillation should be at it’s maximum, and some of
the datapoints in between the zero and the maximum have higher values be-
cause of verical motion, this may cause a large fit to have a small error. Take
for example the six hour, where 12 values need to be present for a fit over 18
hours. If 6 of these are zeros and a few of the other points have a high value,
while none of them are where the maximum would be, a large fit can get a small
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error. Over 233 days and 8 heights it is not unlikely that this could occur.

A good amount of amplitudes was found for the terdiurnal, at least for the
altitudes below 99 km. Figures 5.10, 5.11 and 5.12 shows how the amplitude of
the terdiurnal changes with changing amplitude for the diurnal, the semidiurnal
and the two combined. All these plots show a tendency for the terdiurnal tide to
be larger when the two others are large, which suggests that there is a common
driving force of these waves. However this isn’t a clear cut connection, as can
be seen by the large spread in the scatter plots. Based on this there might be
other variables then the thermal heating deciding the amplitude of the terdiur-
nal, one possibility being gravity waves propagating upwards in the atmosphere.

Some days one can see a clear impact of the terdiurnal wave, and an example
of this is the 9th of October 2012. The plot of U and V for this day clearly shows
that more then a semidiurnal wave is present at this date. By plotting the fits
together with the data (figure 6.1 one can investigate what is happening here.
By looking at figure 5 this date doesn’t stand out at all, however by looking at
figure ?? the red data show that the amplitude of the terdiurnal at this point
is much larger compared to the semidiurnal amplitude then what it normally
is, however the terdiurnal itself is less then two times its average value. This
goes to show that the terdiurnal in this point is so visible in this data not only
because the terdiurnal is larger then it normally is, but the semidiurnal is also
much smaller then what is normal. By looking at figure 6.1 we can see that the
amplitude is less then 20m

s
. This data point, and others like it, show that the

amplitude of the terdiurnal can at times be larger then that of semidiurnal.

In order to further accept the results as valid there was done a Fourier
analysis of the residuals after the semidiurnal was removed from the datasets.
Looking at one for the zonal part at 93-96 km in figure ?? one can see that the
main residing components are around f = 0.125, which is where the terdiurnal
should be. The quaterdiurnal should be around 0.17, and at times one can see
that there is a peak here as well, although this isn’t as visible as it is for the
terdiurnal. The Fourier routine isn’t ideal, as a Lomb-Scargle would be better,
however the version of Matlab that was used in this project did not have an in-
built Lomb-Scargle function, and there was not enough time to create one. The
Fourier routine that was used sets all NeN-values to zero, which may introduce
frequencies that would not otherwise be there. With this in mind the figure
included in this project is from a range where there was found semidiurnal am-
plitudes for 94.8% of the dates, which suggests that there was fewer NaN-values
there then in for example the 99-104-range, where the semidiurnal could only
be fitted to 76.8% of the days.

As for the yearly variation in the amplitudes for the terdiurnal and quater-
diurnal components, the amount of months of data that was available for this
project could be better. For the eight months that were analyzed it appears
that the lowest values for most of the ranges for both components were found in
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Figure 6.1: Plot of the data and the fits for 81-84 km, 09.Oct 2012
—

September. This does not really say much, as I haven’t looked at several years
of data. The largest monthly averages were found in February for the terdiurnal
at almost all altitudes both for the zonal and the meridional component. For
the quaterdiurnal component this tendency was not as strong, however Febru-
ary was the only month where all altutudes except one had average amplitude
above 10m/s. It should be mentioned that the average values in table 5.1-??
are calculated only for the significant values found, not with zero for the days
where they were not found to be significant.

In general it should be pointed out that the results from the 99-104 km range
shows a tendency to be uncertain. The fitting routine could not find nearly as
many results in this region as it could in the other regions, and the highest val-
ues for all the components were found in this region (when including the points
that were excluded from the plot.). This is due to the low number of meteors
that burn up in this region, which leads to high uncertainty for the U and V-
fits in this region. One thing that was not done in this project, is a double-fit of
the U and V data. By first fitting the U and V, look at what values that would
give for the Vrad, exclude the points that are outside some set tolerance level
and then fit the U and V again, one would most likely loose even more data
points for U and V, however it would increase the accuracy of these values.
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Chapter 7

Conclusion

Through the least-squares fitting routines there was found occurrences of the ter-
diurnal and quaterdiurnal tidal components in the winds in the MLT-region.For
all the components the amplitudes generally increases with altitude, as well as
the 2σ values. The average values found for the terdiurnal ranged from (increas-
ing with altitude) 9.1−25.9m/s and 10.1−26.0m/s for the zonal and meridional
part of the altitudes that were investigated. For the quaterdirunal the average
values also increased with altitude and were found to be 7.6 − 22.8m/s and
7.7 − 28.0m/s for the zonal and meridional component.
The amplitude of the terdiurnal tide was at times found to be of the same mag-
nitude and even larger then the semidiurnal tide. This suggests that there may
be other driving forces of the terdiurnal then the thermal forcing from the sun,
as one would also expect the semidiurnal to react similarly. One possibility may
be that it is related to gravity waves propagating in the atmosphere. To further
investigate this, one should see how the magnitude of the terdiurnal varies in
relation to gravity wave activity in the atmosphere.
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Appendix A

Matlab code

A.1 Main program file and control file when

finding the amplitudes and phases

function [ amps , F]=getAmps(U,Uw, I , oldAmps , f i leName )
%amps (U,Uw, I , oldAmps , f i l ename ) t a k e s the va l u e s in U, f i t s a 48 ,24 ,12 ,8&6
%hour wave to i t as w e l l as a cons tant us ing w e i g h t ing Uw, over I t imes the
%wave l ength of the components . I t uses oldAmps as s t a r t i n g va l u e s f o r the
%f i t and a l s o s t o r e s the o r i g i n a l U wi t w e i g h t ing to f i l ename . Outputs are
%the ampl i tudes and phases of the components w i th 2sigma conf idenc e bounds
%in amps and/or the f ou r i e r of the

amps=zeros ( 1 1 , 3 ) ; %Amplituddes , phi−va l u e s and va lue of the cons tant
%[A48 A24 A12 A8 A6 Phi48 Phi24 Phi12 Phi8 Phi6 C] ,
%wi th conf idence i n t e r v a l s in amps ( : , 2 : 3 )

f 48=@(x ,amp, phi ) amp∗cos ( x∗2∗pi/48+phi ) ;
f 24=@(x ,amp, phi ) amp∗cos ( x∗2∗pi/24+phi ) ;
f 12=@(x ,amp, phi ,C) C+amp∗cos ( x∗2∗pi/12+phi ) ;
f 8=@(x ,amp, phi ) amp∗cos ( x∗2∗pi/8+phi ) ;
t =(1:(2∗ I +1)∗24) ’ ;
Utemp( : , 1 )=U( : ) ;
Utemp( : , 2 )=Uw( : ) ;

dlmwrite ( f i leName , Utemp ( : , : ) , ’ d e l im i t e r ’ , ’ \ t ’ , ’ p r e c i s i o n ’ , 6 ) ;
% %Saving U to t e x t f i l e , w i th w e i g h t ing Uw.

[ tempAmp , tempClevel ] = f i t 4 8 ( t ( 1 2 : ( ( 2∗ I +1)∗24−12)) ,U(1 2 : ( ( 2∗ I +1)∗24−12)) . . .
,Uw(1 2 : ( ( 2∗ I +1)∗24−12)) , [ oldAmps(1 ) , oldAmps(2 ) , oldAmps(3 ) , oldAmps ( 1 1 ) , . . .
oldAmps(6 ) , oldAmps(7 ) , oldAmps ( 8 ) ] ) ;%Fit−f unc t i on .
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%They a l l p r e t t y much look the same , but w i th d i f f e r e n t wave l engths .
amps(1 ,1)=tempAmp ( 1 ) ; amps(1 ,2)= tempClevel ( 1 , 1 ) ; amps(1 ,3)= tempClevel . . .
( 2 , 1 ) ;%Saves the va l u e s found f o r the ampl i tudes to the matrix amps .
amps(6 ,1)=tempAmp ( 5 ) ; amps(6 ,2)= tempClevel ( 1 , 5 ) ; amps(6 ,3)= tempClevel ( 2 , 5 ) ;

i f ˜ isnan ( tempClevel (1))&&tempAmp(1) >0.5∗( tempClevel (2 ,1)− tempClevel ( 1 , 1 ) ) ;
Utemp( : , 1 )=Utemp( : , 1 )− f 48 ( t ( : ) , tempAmp(1 ) , tempAmp ( 4 ) ) ; %Removes the 48−hour
end %from the datase t , i f i t i s s i g n i f i c a n t .

[ tempAmp , tempClevel ]= f i t 2 4 ( t ((2∗ I+1)∗12− I ∗12 : (2∗ I+1)∗12+ I ∗ 1 2 ) , . . .
Utemp((2∗ I +1)∗12− I ∗12 : (2∗ I+1)∗12+ I ∗12 ,1 ) ,Utemp((2∗ I+1)∗12− I ∗12 : (2∗ I +1 )∗ . . .
12+I ∗ 1 2 , 2 ) , [ tempAmp(2 ) ,tempAmp(3 ) ,tempAmp(4 ) ,tempAmp(6 ) ,tempAmp ( 7 ) ] ) ;
amps(2 ,1)=tempAmp ( 1 ) ; amps(2 ,2)= tempClevel ( 1 , 1 ) ; amps(2 ,3)= tempClevel ( 2 , 1 ) ;
amps(7 ,1)=tempAmp ( 4 ) ; amps(7 ,2)= tempClevel ( 1 , 4 ) ; amps(7 ,3)= tempClevel ( 2 , 4 ) ;

i f ˜ isnan ( tempClevel (1))&&tempAmp(1) >0.5∗( tempClevel (2 ,1)− tempClevel ( 1 , 1 ) ) ;
Utemp( : , 1 )=Utemp( : , 1 )− f 24 ( ( t ( : ) ) , tempAmp(1 ) ,tempAmp ( 4 ) ) ;%Removes the
end %diur na l wave

[ tempAmp , tempClevel ]= f i t 1 2 ( t ((2∗ I+1)∗12− I ∗ 6 : ( 2 ∗ I+1)∗12+ I ∗ 6 ) , . . .
Utemp((2∗ I +1)∗12− I ∗ 6 : ( 2 ∗ I+1)∗12+ I ∗6 ,1 ) ,Utemp((2∗ I +1)∗12 − . . .
I ∗ 6 : ( 2∗ I+1)∗12+ I ∗ 6 , 2 ) , [ tempAmp(2 ) ,tempAmp(3 ) ,tempAmp ( 5 ) ] ) ;
amps(3 ,1)=tempAmp ( 1 ) ; amps(3 ,2)= tempClevel ( 1 , 1 ) ; amps(3 ,3)= tempClevel ( 2 , 1 ) ;
amps(8 ,1)=tempAmp ( 3 ) ; amps(8 ,2)= tempClevel ( 1 , 3 ) ; amps(8 ,3)= tempClevel ( 2 , 3 ) ;
amps(11 ,1)=tempAmp ( 2 ) ; amps(11 ,2)= tempClevel ( 1 , 2 ) ; amps(11 ,3)= tempClevel ( 2 , 2 ) ;

i f ˜ isnan ( tempClevel (1))&&tempAmp(1) >0.5∗( tempClevel (2 ,1)− tempClevel ( 1 , 1 ) ) ;
Utemp( : , 1 )=Utemp( : , 1 )− f 12 ( ( t ( : ) ) , tempAmp(1 ) ,tempAmp(3 ) ,tempAmp ( 2 ) ) ;
end %Removes the semidiurna l , i f s i g n i f i c a n t .

F=f ou r i e rAna l y s e (Utemp((2∗ I+1)∗12− I ∗ 4 : ( 2∗ I+1)∗12+ I ∗4 ,1 ) , t ( (2∗ I +1)∗12 − . . .
I ∗ 4 : ( 2∗ I+1)∗12+ I ∗ 4 , 1 ) ) ; %Four ier ana l y s i s o f U.

[ tempAmp , tempClevel ]= f i t 8 ( t ((2∗ I+1)∗12− I ∗ 4 : ( 2 ∗ I+1)∗12+ I ∗ 4 , 1 ) , . . .
Utemp((2∗ I +1)∗12− I ∗ 4 : ( 2 ∗ I+1)∗12+ I ∗4 ,1 ) ,Utemp((2∗ I +1)∗12 − . . .
I ∗ 4 : ( 2∗ I+1)∗12+ I ∗ 4 , 2 ) , [ oldAmps(4 ) , oldAmps ( 9 ) ] ) ;
amps(4 ,1)=tempAmp ( 1 ) ; amps(4 ,2)= tempClevel ( 1 , 1 ) ; amps(4 ,3)= tempClevel ( 2 , 1 ) ;
amps(9 ,1)=tempAmp ( 2 ) ; amps(9 ,2)= tempClevel ( 1 , 2 ) ; amps(9 ,3)= tempClevel ( 2 , 2 ) ;

i f ˜ isnan ( tempClevel (1))&&tempAmp(1) >0.5∗( tempClevel (2 ,1)− tempClevel ( 1 , 1 ) ) ;
Utemp( : , 1 )=Utemp( : , 1 )− f 8 ( ( t ( : ) ) , tempAmp(1 ) , tempAmp ( 2 ) ) ;
end%Removes the t e r d i u r na l , i f s i g n i f i c a n t .

[ tempAmp , tempClevel ]= f i t 6 ( t ((2∗ I+1)∗12− I ∗ 3 : ( 2 ∗ I+1)∗12+ I ∗ 3 ) , . . .
Utemp((2∗ I +1)∗12− I ∗ 3 : ( 2 ∗ I+1)∗12+ I ∗3 ,1 ) ,Utemp((2∗ I +1)∗12 − . . .
I ∗ 3 : ( 2∗ I+1)∗12+ I ∗ 3 , 2 ) , [ oldAmps(5 ) , oldAmps ( 1 0 ) ] ) ;
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amps(5 ,1)=tempAmp ( 1 ) ; amps(5 ,2)= tempClevel ( 1 , 1 ) ; amps(5 ,3)= tempClevel ( 2 , 1 ) ;
amps(10 ,1)=tempAmp ( 2 ) ; amps(10 ,2)= tempClevel ( 1 , 2 ) ; amps(10 ,3)= tempClevel ( 2 , 2 ) ;

close a l l

clear a l l

%This f i l e runs through da t a s e t s from the SKiYMET radar and e x t r a c t s the
%ampl i tudes f o r diurna l , semidiurna l , t e r d i u r na l , 48−hour and 6−hour t i d e .
%These va l u e s are s t o r ed in matr i ces .

I =3; %Number of wave l engths to e va l ua t e f o r the d i f f e r e n t f r e quenc i e s

formatOut=’yyyymmdd ’ ;
s t a r t da t e = datenum( ’ 09/10/2012 ’ ) ; %Deciding s t a r t and end date .
end date = datenum( ’ 04/30/2013 ’ ) ;
dates = ( s t a r t da t e : 1 : end date ) ;
N=length( dates ) ; % Number of days to e va l ua t e
ampU=zeros ( 1 1 , 3 , 8 ) ;
ampV=zeros ( 1 1 , 3 , 8 ) ;
f our i erU=zeros (125 ,N, 8 ) ;
f our i erV=zeros (125 ,N, 8 ) ;
UAmp6=zeros (N, 8 , 3 ) ; %Creat ing matr i ces where va l u e s f o r ampltude and
UAmp8=zeros (N, 8 , 3 ) ; %phase f o r d i f f e r e n t f r e quenc i e s can be s t o r ed
UAmp12=zeros (N, 8 , 3 ) ; %for l a t e r e va l ua t i on . Both f o r U and V.
UAmp24=zeros (N, 8 , 3 ) ;
UAmp48=zeros (N, 8 , 3 ) ;
Uconst=zeros (N, 8 , 3 ) ;

UPhi6=zeros (N, 8 , 3 ) ;
UPhi8=zeros (N, 8 , 3 ) ;
UPhi12=zeros (N, 8 , 3 ) ;
UPhi24=zeros (N, 8 , 3 ) ;
UPhi48=zeros (N, 8 , 3 ) ;

VAmp6=zeros (N, 8 , 3 ) ;
VAmp8=zeros (N, 8 , 3 ) ;
VAmp12=zeros (N, 8 , 3 ) ;
VAmp24=zeros (N, 8 , 3 ) ;
VAmp48=zeros (N, 8 , 3 ) ;
Vconst=zeros (N, 8 , 3 ) ;

VPhi6=zeros (N, 8 , 3 ) ;
VPhi8=zeros (N, 8 , 3 ) ;
VPhi12=zeros (N, 8 , 3 ) ;
VPhi24=zeros (N, 8 , 3 ) ;
VPhi48=zeros (N, 8 , 3 ) ;
U=zeros ( (2∗ I +1)∗24 ,8 , 3 ) ;
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V=zeros ( (2∗ I +1)∗24 ,8 , 3 ) ;

for Ncurr =1:N

date = da t e s t r ( dates (Ncurr ) , formatOut ) ;
NAME=st r ca t ( ’ mpdf i l es /mp ’ ,date , ’ . trondheim .mpd ’ ) ;
FID=fopen (NAME) ;
FORMAT=’%s%s%∗s%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f ’ ;
DATA = textscan (FID ,FORMAT, ’ HeaderLines ’ , 2 9 ) ;
DATA{1 ,1}=strrep (DATA{1 ,1} , ’ / ’ , ’ ’ ) ;%These l i n e s f i nd the f i l e s w i th
DATA{1 ,1}=str2doubl e (DATA{ 1 , 1 } ) ; %data from the meteor−radar , and
DATA{1 ,2}=strrep (DATA{1 ,2} , ’ : ’ , ’ ’ ) ;%read the r e l e v an t pa r t s o f them
DATA{1 ,2}=str2doubl e (DATA{ 1 , 2 } ) ; %in t o the matlab−v a r i a b l e DATA.
DATA=cel l 2mat (DATA) ; %From t h i s the U’ s and V’ s are found
f c lose (FID ) ; %and added i n t o a v a r i a b l e w i th 7
U(1 :24∗2∗ I , : , 1 : 3 )=U(25 : ( 2∗ I +1 )∗ 2 4 , : , 1 : 3 ) ;%days worth of data . This way
V(1 :24∗2∗ I , : , 1 : 3 )=V(25 : ( 2∗ I +1 )∗ 2 4 , : , 1 : 3 ) ;%the day in que s t i on w i l l be
[ newU, newV]= f i l lUV (DATA) ; %in the middle of the matrix .
U((2∗ I )∗24+1:(2∗ I +1)∗24 , : , : )=newU ( : , : , : ) ;
V(24∗ (2∗ I )+1:(2∗ I +1)∗24 , : , : )=newV ( : , : , : ) ;
clear DATA;
clear FID ;
clear FORMAT;
clear newU ;
clear newV ;

% i f Ncurr>= 4&&Ncurr<N−2;
% da t e s t r ( dates (Ncurr ) , ’ dd/mm/yyyy ’ ) %This was used i f the U’ s and V’ s
% [U,V]=loadUV( date ) ; %were a l r eady saved to t e x t f i l e s .
% %but I wanted to t r y something
% %new el sewhere in the code .

for i =1:8
f i leName=st r ca t ( da t e s t r ( dates ( Ncurr ) , formatOut ) , ’U2 ’ , int2str ( i ) ) ;
[ampU(1 : 1 1 , 1 : 3 , i ) , f our i erU ( : , Ncurr , i )]= getAmps(U( : , i , 1 ) ,U( : , i , 2 ) , I , . . .
ampU( : , 1 , i ) , f i leName ) ;

UAmp6(Ncurr , i ,1)=ampU(5 ,1 , i ) ; %This i s not the most e l e g an t way to s t o r e
UAmp6(Ncurr , i ,2)=ampU(5 ,2 , i ) ; %the s e va l u e s in t h e i r r e s p e c t i v e matrices ,
UAmp6(Ncurr , i ,3)=ampU(5 ,3 , i ) ; %but i t sure does the t r i c k .

UAmp8(Ncurr , i ,1)=ampU(4 ,1 , i ) ;
UAmp8(Ncurr , i ,2)=ampU(4 ,2 , i ) ;
UAmp8(Ncurr , i ,3)=ampU(4 ,3 , i ) ;

UAmp12(Ncurr , i ,1)=ampU(3 ,1 , i ) ;
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UAmp12(Ncurr , i ,2)=ampU(3 ,2 , i ) ;
UAmp12(Ncurr , i ,3)=ampU(3 ,3 , i ) ;

UAmp24(Ncurr , i ,1)=ampU(2 ,1 , i ) ;
UAmp24(Ncurr , i ,2)=ampU(2 ,2 , i ) ;
UAmp24(Ncurr , i ,3)=ampU(2 ,3 , i ) ;

UAmp48(Ncurr , i ,1)=ampU(1 ,1 , i ) ;
UAmp48(Ncurr , i ,2)=ampU(1 ,2 , i ) ;
UAmp48(Ncurr , i ,3)=ampU(1 ,3 , i ) ;

UPhi6(Ncurr , i ,1)=ampU(10 ,1 , i ) ;
UPhi6(Ncurr , i ,2)=ampU(10 ,2 , i ) ;
UPhi6(Ncurr , i ,3)=ampU(10 ,3 , i ) ;

UPhi8(Ncurr , i ,1)=ampU(9 ,1 , i ) ;
UPhi8(Ncurr , i ,2)=ampU(9 ,2 , i ) ;
UPhi8(Ncurr , i ,3)=ampU(9 ,3 , i ) ;

UPhi12 (Ncurr , i ,1)=ampU(8 ,1 , i ) ;
UPhi12 (Ncurr , i ,2)=ampU(8 ,2 , i ) ;
UPhi12 (Ncurr , i ,3)=ampU(8 ,3 , i ) ;

UPhi24 (Ncurr , i ,1)=ampU(7 ,1 , i ) ;
UPhi24 (Ncurr , i ,2)=ampU(7 ,2 , i ) ;
UPhi24 (Ncurr , i ,3)=ampU(7 ,3 , i ) ;

UPhi48 (Ncurr , i ,1)=ampU(6 ,1 , i ) ;
UPhi48 (Ncurr , i ,2)=ampU(6 ,2 , i ) ;
UPhi48 (Ncurr , i ,3)=ampU(6 ,3 , i ) ;

Uconst (Ncurr , i ,1)=ampU(11 ,1 , i ) ;
Uconst (Ncurr , i ,2)=ampU(11 ,2 , i ) ;
Uconst (Ncurr , i ,3)=ampU(11 ,3 , i ) ;

f i leName=st r ca t ( da t e s t r ( dates ( Ncurr ) , formatOut ) , ’V2 ’ , int2str ( i ) ) ;
[ampV(1 : 1 1 , 1 : 3 , i ) , f our i erV ( : , Ncurr , i )]=getAmps(V( : , i , 1 ) ,V( : , i , 2 ) , I , . . .
ampV( : , 1 , i ) , f i leName ) ;

VAmp6(Ncurr , i ,1)=ampV(5 ,1 , i ) ;
VAmp6(Ncurr , i ,2)=ampV(5 ,2 , i ) ;
VAmp6(Ncurr , i ,3)=ampV(5 ,3 , i ) ;

VAmp8(Ncurr , i ,1)=ampV(4 ,1 , i ) ;
VAmp8(Ncurr , i ,2)=ampV(4 ,2 , i ) ;
VAmp8(Ncurr , i ,3)=ampV(4 ,3 , i ) ;
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VAmp12(Ncurr , i ,1)=ampV(3 ,1 , i ) ;
VAmp12(Ncurr , i ,2)=ampV(3 ,2 , i ) ;
VAmp12(Ncurr , i ,3)=ampV(3 ,3 , i ) ;

VAmp24(Ncurr , i ,1)=ampV(2 ,1 , i ) ;
VAmp24(Ncurr , i ,2)=ampV(2 ,2 , i ) ;
VAmp24(Ncurr , i ,3)=ampV(2 ,3 , i ) ;

VAmp48(Ncurr , i ,1)=ampV(1 ,1 , i ) ;
VAmp48(Ncurr , i ,2)=ampV(1 ,2 , i ) ;
VAmp48(Ncurr , i ,3)=ampV(1 ,3 , i ) ;

VPhi6(Ncurr , i ,1)=ampV(10 ,1 , i ) ;
VPhi6(Ncurr , i ,2)=ampV(10 ,2 , i ) ;
VPhi6(Ncurr , i ,3)=ampV(10 ,3 , i ) ;

VPhi8(Ncurr , i ,1)=ampV(9 ,1 , i ) ;
VPhi8(Ncurr , i ,2)=ampV(9 ,2 , i ) ;
VPhi8(Ncurr , i ,3)=ampV(9 ,3 , i ) ;

VPhi12 (Ncurr , i ,1)=ampV(8 ,1 , i ) ;
VPhi12 (Ncurr , i ,2)=ampV(8 ,2 , i ) ;
VPhi12 (Ncurr , i ,3)=ampV(8 ,3 , i ) ;

VPhi24 (Ncurr , i ,1)=ampV(7 ,1 , i ) ;
VPhi24 (Ncurr , i ,2)=ampV(7 ,2 , i ) ;
VPhi24 (Ncurr , i ,3)=ampV(7 ,3 , i ) ;

VPhi48 (Ncurr , i ,1)=ampV(6 ,1 , i ) ;
VPhi48 (Ncurr , i ,2)=ampV(6 ,2 , i ) ;
VPhi48 (Ncurr , i ,3)=ampV(6 ,3 , i ) ;

Vconst (Ncurr , i ,1)=ampV(11 ,1 , i ) ;
Vconst (Ncurr , i ,2)=ampV(11 ,2 , i ) ;
Vconst (Ncurr , i ,3)=ampV(11 ,3 , i ) ;

% end %This ”end” needs to be here i f the program runs wi th a l r eady found
end %va l ue s f o r U and V.
end
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A.2 Codes to sort the data and fit U’s and V’s

function [U,V]=loadUV(date )
% loadUV( date ) Loads the f i l e w i th U and V s t r i pped of the 48 ,24 & 12 hour
% wave . date in the form yyyymmdd .
% This was used to load in data t ha t was a l r eady s t o r ed f o r U and V, in
% order to make the p r o j e c t f i l e run f a s t e r . I t a l s o comes in handy i f one
% wishes to examine a p a r t i c u l a r date at a l a t e r time .

for i =1:8

NAMEU=st r ca t (date , ’U2 ’ , int2str ( i ) ) ;
FID=fopen (NAMEU) ;
FORMAT=’%f%f ’ ;
DATAU = textscan (FID ,FORMAT) ;
DATAU=cel l 2mat (DATAU) ;
f c lose (FID ) ;
U( : , i , : )=DATAU( : , : ) ;

NAMEV=st r ca t (date , ’V2 ’ , int2str ( i ) ) ;
FIDV=fopen(NAMEV) ;
FORMAT=’%f%f ’ ;
DATAV = textscan (FIDV,FORMAT) ;
DATAV=cel l 2mat (DATAV) ;
f c lose (FIDV) ;
V( : , i , : )=DATAV( : , : ) ;

end

function [U,V] = f i l lUV (DATA)
%This f unc t i on e x t r a c t s U and V components from d i f f e r e n t h e i g h t s and
%t imeper iode s of the da t a s e t DATA. These are s t o r ed the 24 x8x3 matr i ces U
%and V, containing the va lue , l ower conf idenc e bound and upper conf idence
%bound f o r 24 hours and 8 d i f f e r e n t h e i g h t i n t e r v a l s .
U=zeros ( 2 4 , 8 , 3 ) ;
V=zeros ( 2 4 , 8 , 3 ) ;
TH=getTH1(DATA) ; %Co l l e c t s the time and he i g h t i n d i c i e s f o r DATA.

%Or i g i na l l y c a l l e d getTH , but got modi f i ed and renamed .
%The same t h i ng happened to getSpeed−>getSpeed2 .

for i =1:24
for j =1:8

l=l engde (TH( i , j , : ) ) ;
i f l >=3;
x=DATA(TH( i , j , 1 : l ) , 7 ) ;
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y=DATA(TH( i , j , 1 : l ) , 8 ) ;
v=DATA(TH( i , j , 1 : l ) , 5 ) ;
W=0∗x+1;%Opt iona l w e i g h t i ng of the d i f f e r e n t po i n t s . No we i gh t ing
R=getSpeed2 (x , y , v ,W) ;%was used here in the p r o j e c t , but i s e a s i l y
c o e f f=c o e f f v a l u e s (R) ;%implemented i f one wishes to do i t .
c i n t=con f i n t (R, 0 . 6 8 ) ;%2sigma chosen as conf idenc e l e v e l .
else

c i n t =[NaN, NaN;NaN,NaN ] ;
c o e f f =[NaN NaN ] ;
end

U( i , j ,1)= c o e f f ( 1 , 1 ) ;
V( i , j ,1)= c o e f f ( 1 , 2 ) ;
U( i , j ,2)=1/( c o e f f (1 ,1)− c i n t ( 1 , 1 ) ) ˆ 2 ;
V( i , j ,2)=1/( c i n t (2 ,2)− c o e f f ( 1 , 2 ) ) ˆ 2 ;

end

end

function TH = getTH1(DATA)
%This f unc t i on t a k e s the da t a s e t DATA and returns i n d i c i e s in TH sor t e d in
%he i g h t and time .
T1=findTimeIndex (DATA) ; %Finds the f i r s t t ime i nd i c i e s f o r each hour of data .
K1=1;
Ks=[1 1 1 1 1 1 1 1 ] ;%These are i n d i c i e s f o r the d i f f e r e n t h e i g h t s .
for i = 1 : 2 4 ;

K2=T1( i ) ; %Star t i ng index f o r each hour .
for j =K1 :K2 ;

H=DATA( j , 4 ) ;
i f DATA( j ,6)<=5.5
i f H>=81 && H<99 && DATA( j ,9)==1&&DATA( j ,7)>15&&DATA( j , 7 ) <55 ;%These

J=f loor (1/3∗ (H−81))+2;%are the middle h e i g h t i n d i c i e s .
TH( i , J , Ks (J))= j ;
Ks( J)=Ks(J )+1;

e l s e i f H>=76&&H<81 && DATA( j ,9)==1&&DATA( j ,7)>15&&DATA( j , 7 )<55 ;
TH( i , 1 ,Ks(1))= j ;%These he i g h t s weren ’ t r egu lar , in t ha t they
Ks(1)=Ks(1)+1 ; conta ined% 5km’ s i n s t e ad of 3 , and they t h e r e f o r e

% had to be found in a d i f f e r e n t manner .
e l s e i f H>=99&&H<104 && DATA( j ,9)==1&&DATA( j ,7)>15&&DATA( j , 7 )<55 ;

TH( i , 8 ,Ks(8))= j ;
Ks(8)=Ks(8)+1 ;

end

end

end

K1=K2+1;
Ks=[1 1 1 1 1 1 1 1 ] ;

end
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function t im e Ind i c i e s = findTimeIndex (DATA)
%This f unc t i on isn ’ t pre t ty , but i t ’ s r e l a t i v e l y f a s t and f i nd s the
%s t a r t i n g index f o r d i f f e r e n t hours of the day . This was made very ea r l y on
%in the p r o j e c t and s t i l l worked , so I f e l t no need to r e v i s i t i t .
l=s ize (DATA, 1 ) ;
t im e Ind i c i e s=zeros ( 1 , 2 4 ) ’ ;
t im e Ind i c i e s (24)= l ;
i =1;
reachedEnd=f a l s e ;
while i<l && reachedEnd == f a l s e ;

D1=DATA( i , 2 ) ;
D2=DATA( i +1 ,2) ;
i f D1 <= 10000 && D2>10000;

t im e Ind i c i e s (1)= i ;
e l s e i f D1 <= 20000 && D2>20000;

t im e Ind i c i e s (2)= i ;
e l s e i f D1 <= 30000 && D2>30000;

t im e Ind i c i e s (3)= i ;
e l s e i f D1 <= 40000 && D2>40000;

t im e Ind i c i e s (4)= i ;
e l s e i f D1 <= 50000 && D2>50000;

t im e Ind i c i e s (5)= i ;
e l s e i f D1 <= 60000 && D2>60000;

t im e Ind i c i e s (6)= i ;
e l s e i f D1 <= 70000 && D2>70000;

t im e Ind i c i e s (7)= i ;
e l s e i f D1 <= 80000 && D2>80000;

t im e Ind i c i e s (8)= i ;
e l s e i f D1 <= 90000 && D2>90000;

t im e Ind i c i e s (9)= i ;
e l s e i f D1 <= 100000 && D2>100000;

t im e Ind i c i e s (10)= i ;
e l s e i f D1 <= 110000 && D2>110000;

t im e Ind i c i e s (11)= i ;
e l s e i f D1 <= 120000 && D2>120000;

t im e Ind i c i e s (12)= i ;
e l s e i f D1 <= 130000 && D2>130000;

t im e Ind i c i e s (13)= i ;
e l s e i f D1 <= 140000 && D2>140000;

t im e Ind i c i e s (14)= i ;
e l s e i f D1 <= 150000 && D2>150000;

t im e Ind i c i e s (15)= i ;
e l s e i f D1 <= 160000 && D2>160000;

t im e Ind i c i e s (16)= i ;
e l s e i f D1 <= 170000 && D2>170000;

t im e Ind i c i e s (17)= i ;
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e l s e i f D1 <= 180000 && D2>180000;
t im e Ind i c i e s (18)= i ;

e l s e i f D1 <= 190000 && D2>190000;
t im e Ind i c i e s (19)= i ;

e l s e i f D1 <= 200000 && D2>200000;
t im e Ind i c i e s (20)= i ;

e l s e i f D1 <= 210000 && D2>210000;
t im e Ind i c i e s (21)= i ;

e l s e i f D1 <= 220000 && D2>220000;
t im e Ind i c i e s (22)= i ;

e l s e i f D1 <= 230000 && D2>230000;
t im e Ind i c i e s (23)= i ;
reachedEnd=true ;

end

i=i +1;
end

function [ f i tR e su l t s , go f ] = getSpeed2 (x , y , Vr ,W)
%This f unc t i on f i t s a U and V to the da t apo i n t s in Vr based on the z en i t h
%and azimuth ang l e s x and y . I t i s p o s s i b l e to use the w e i g h t ing W, however
%t h i s wasn ’ t done in t h i s p r o j e c t .
f t=f i t t y p e ( ’U∗ s ind (x )∗ cosd (y)+V∗ s ind (x )∗ s ind (y) ’ , ’ indep ’ ,{ ’ x ’ , ’ y ’ } , . . .
’ depend ’ , ’ z ’ ) ;
opts = f i t o p t i o n s ( f t ) ;
opts . D i sp lay=’ o f f ’ ;
opts . Lower=[−Inf −Inf ] ;
opts . S t a r tpo in t =[0 . 7 0 . 6 ] ;
opts . Upper=[ Inf Inf ] ;
% opts . Weight=W; %I f one wishes to weight the point s , one can s imply
% uncomment t h i s l i n e .
[ f i tR e su l t s , go f ]= f i t ( [ x , y ] ,Vr , f t , opts ) ;
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A.3 Example of fitting function to get the

amplitudes and phases.

function [ amp12 , c l ev e l 1 2 ]= f i t 1 2 ( t ,U,W, o ld12 )
%This f unc t i on f i t s the 12 hour wave and a cons tant to the data s e t U based
%upon the w e i g h t ing W and the time ve c t o r t . o l d12 was used as s t a r t i n g
%point f o r the ampl i tudes and phases un l e s s they were too smal l / b i g , as
%t h i s type needs to s t a r t in reasonab l e proximi ty of the t rue va lue in
%order to converge p r ope r l y .
sigma =0.68 ;
k=1;
nans=0;
for i =1: length( t )

i f isnan (U( i ) ) ; %Finding the NaN’ s in the da t a s e t .
nans (k)= i ;
k=k+1;

end

end

i f anta l lPunkter (U)>=2∗ length(U)/ 3 ; %Checking t ha t t h e r e are enough
%da t apo i n t s .
%an t a l l Punk t er i s a s ho r t program which i s b a s i c a l l y the l eng t h of the
%vec t o r minus the number of NaN’ s in the v e c t o r .

FT=f i t t y p e ( ’A12∗ cos ( x∗2∗ pi /12+phi12)+C ’ , ’ independent ’ , ’ x ’ , ’ dependent ’ , . . .
’ y ’ ) ;

opts = f i t o p t i o n s ( FT ) ;
opts . D i sp lay = ’ Off ’ ;
opts . Lower = [ 0 − i n f −2∗pi ] ;
opts . Upper = [ i n f i n f 2∗pi ] ;
opts . Weight=W;
i f sum( nans )>0;%Could be anything , j u s t check ing f o r NaN’ s .
opts . exclude=excludedata ( t ,U, ’ I nd i c e s ’ , nans ) ; %Removing the NaN’ s i f t h e r e
end %are any .
i f o ld12(1)>10&&old12 (1) <70;

opts . StartPo int = o ld12 ;
else

opts . StartPo int = [ 3 0 , 0 . 5 , 0 . 5 ] ;
end

R=f i t ( t ,U, FT, opts ) ;
% f i g u r e (3) %This would p l o t the data and the f i t , so t ha t I could see
% p l o t ( t ,U( : ) ) %i f the program ran pr ope r l y .
% hold on
% p l o t (R)
% hold o f f
amp12=c o e f f v a l u e s (R) ;
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c l ev e l 1 2=con f i n t (R, sigma ) ;
else

amp12=[nan , nan , nan ] ;
c l ev e l 1 2 =[nan , nan , nan ; nan , nan , nan ] ;

end
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