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The Influence of Sampling Frequency on the Study of Time
Variations of Hydrographic Parameters

by

Staffan Lo66T
national Board of Fisheries
Hydrographic Department
Fack, S-403 10 GoOteborg
Sweden

Abstract

The sampling frequency of some hydrographical
parameters is discussed. Data from the Danish
lightvessel Lasd Nord/Trindel (daily observa-
tions) and from a station at a section between
Goteborg and Frederikshavn (approx 20 observa-
tions per year) are processed. Annual means
calculated from the two sampling series are
compared. The i1nformation obtained from monthly
means and single observations respectively is
discussed. The consequences of a successively
decreased sampling frequency is demonstrated.
Total phosphorus measurements at the light-
vessel and at the section station are compared.
Finally, same simulations are performed: light-
vessel data are used for simulated samplings.



Introduction.

The choice of a suitable sampling frequency is influenced
by many factors. Economic and/or practical considerations
are often limiting. Sometimes a choice must also be made
between high resolution in time or space.

The sampling frequency 1is among other things governed by
the time variations of the parameters to be studied in the
area. The precision of the analytical method is also impor-
tant. If the time variations are roughly known and the rate
of concentration change Is not too big, a lower sampling
frequency may be sufficient. Of special i1mportance is of
course the use of the data. A quantification of transports
e.g- usually puts a high demand on the frequency.

Origin of Data.

The data used below were collected in a project to iInvestigate
the hydrographic conditions in northern Kattegat. At a sec-
tion between GOteborg and Frederikshavn (GF section, see map)
75 expeditions were carried out during August 1974 and
December 1977. Up to November 1977 samples were also taken
once a day at the Danish lightvessel positioned close to the
section station designated GF-6, Unfortunately, the light-
vessel was moved in March 1975 to a new position 5 nautical
miles to the south-east. The name was then changed from L&so
Nord to LasO0 Trindel. It was withdrawn permanently in Novem-
ber 1977.

The temperature and salinity data used in this study were
supplied by the Danish Meteorological Institute. Samples
for the determination of total phosphorus were collected
on board by the crew and was analysed at the National
Board of Fisheries in Goteborg.



The comparison of data from the lightvessel and station GF-6

in order to shorn the effect of varying sampling frequencies

is not entirely correct since data originate from different
populations of measurements. As mentioned earlier, the sampling
sites are not quite identical after the move of the lightvessel.
The bottom depth then decreased from 38 to 28 meters which
necessarily must have influenced the hydrographic conditions.
The bottom depth at GF-6 is approximately 40 meters. Besides,
the recordings are not synoptical. At the lightvessel sampling
took place at 0700 GMT (mostly), at GF-6 at noon.

The daily observations at the lightvessel give rise to 32G-350
casts per year. This is about 15 times the frequency of the
section measurements. Moreover, the section work was very

much steered by the prevailing winds and the state of the sea.
The work on board could hardly be carried out at wind velo-
cities greater than 8-10 m/s. At the lightvessel, on the other
hand, bad weather very seldom hampered the sampling.

Annual Means.

Table 1 gives a hint of the importance of sampling frequency
for the iInvestigation of time developments.

Table 1. Change in the annual mean of salinity {$») from
1974/75 to 1975/76 (+ designates increased
salinity).

Depth interval (m) Station GF-6 Lightvessel

0 ~5 + 2.50 + 1.0
5 -10 2.48 + 0.8
10 -15 + 1.44 + 0.4
15 -20 + 0.34 tQ

Lightvessel data give 2 to 3 times lower values for the dif-
ference between the two periods (the precision of the salinity



determinations on board the lightvessel is one figure less
than for the section determinations). Apparently, there 1is
an over-representation of situations with high salinities
In the section data.

A similar comparison of temperature data reveals that according
to lightvessel observations there was an increase of approxi-
mately one degree centigrade except for surface and bottom.

The section data, however, show a decrease of the same size.
Apparently, there i1s an over-representation of situations

with low temperatures in the section data.

Mean values of temperature, salinity and total phosphorus

have been calculated for all depths for the period July 1975 --
June 1976. They are displayed graphically in figure 1. The
differences are considerable. Lightvessel data of temperature
have a mean value a little more than one degree centigrade
higher than the corresponding GF-6 value. The difference in
salinity is about 0.8 % in the surface, decreasing towards

the bottom. Also for total phosphorus there is a difference

of about U.06 ngat/1l at the surface.

Lightvessel Monthly Means versus Section Single Observations.

It 1s of course difficult to compare mean values with single
observations - mean values naturally have a smoothing effect.
Figures 2 and 3 show the time developments of salinity and
total phosphorus both with single observations (approx. 20
per year) as well as with monthly means based on daily obser-
vations. Since the change of concentration per unit time is
largest in the surface layer, the consistency increases towards
the bottom. At depths below 15 or 20 meters the mean value
curve 1is usually the smoothed counterpart to the single
observation curve.



Mean Values of Thinned Lightvessel Data.

To demonstrate the consequence of louer sampling frequency
monthly means uere computed using a reduced number of daily
observations of total phosphorus at U and 15 m depth at the
lightvessel. First the observations were thinned by a factor 2:
every second observation uas omitted when the mean values

were calculated. After that neu calculations uere performed
with still more thinning of data: only every 7th and every

14th observation respectively uas included in the calculations.
This set of mean values is then based on 15, 4-5 and 2-3
observations respectively (see figure 4).

The curve representing mean values calculated from every
second observation differs very little from the original
one. However, slightly higher values uere obtained for April
1976 at 15 m. The difference is approximately 0.04 ugat/l.

IT only every 7th or every 14th value is used the curve gets
a someuhat different character. At 15 m these neu curves have
feuer details than the original one and the monthly means are
generally louer. This applies to 0 m also but here the month-
to-month deviations are greater and more irregular. This 1is
due to the larger variability in the surface layer.

Comparison of Total Phosphorus Measurements at GF-6 and at
the Lightvessel.

Figure 5 shous the time development of total phosphorus at

GF-6 and at the lightvessel. It is obvious that the choice

of sampling occasions is of great importance. During some
periods the section data curves display both higher and louer
values than the corresponding lightvessel data curves. This

uas e.g. the case during October - November 1976. The variations
in the daily observations are considerable uith among other
things tuo pronounced "spikes'™. If the lightvessel curves are



smoothed a little they mill give values 0.10 - U.15 y.gat/1
lower than the section measurements. During January and
February conditions are opposite: lightvessel data suggests
higher values than section data.

The i1nternational North Sea Project JONSDAP 76, which had

its sea phase during March - June 1976 gave rise to an in-
creased activity in the GF section work. From the middle of
March to the beginning of May 6 cruises were carried out,

i.e. on the average one per week. The total phosphorus con-
centration levels fluctuated considerably during this period
which can be seen from the daily observations. Figure 5 a

(U m) shows that the section measurements nevertheless are
rather nicely representing all these changes. From figure 5 b
(15 m), however, it 1s obvious that occasions with high total
phosphorus values did not coincide with any section measure-
ments. Hence,section data give a false impression of lower
concentrations during the JONSDAP period.

The conclusion is that as for total phosphorus it iIs rather
accidental i1f a series of measurements of a low sampling
frequency really describes the time development in northern
Kattegat. Some pilot parameters of a high sampling frequency
could perhaps be of some help iIn the evaluation work.

Simulated Data Series.

As already mentioned the choice of sampling occasions at

the GF section was governed by among other things meteoro-
logical conditions. During periods of strong winds/rough

sea i1t was not possible to carry out hydrographic expeditions
with the vessel available. Furthermore, no sampling has been
performed on certain days of the week or more frequently

than once a week.



It 1s rather difficult to answer the question wether the
choice of sampling occasions have influenced the final result
of the investigation of the hydrographic conditions. Rough
wind conditions sreusually associated to large mixing and
water exchange. But due to iInertia the water movements do

not stop abruptly when the wind ceases. So nevertheless,
rough weather conditions may sometimes be represented in the

section measurements.

In a previous paragraph (page 4 ) it was shown how the choice
of sampling occasions influenced the result of a series of
total phosphorus measurements. To study this problem closer
some simulated cruise data were produced using the daily
observations at the lightvessel. By means of certain criteria
(see below) a number of section sampling occasions were simu-
lated. Salinity and total phosphorus data for two depths were
sorted out from the lightvessel data bank. These were platted

and mean values were also computed.

Criteria for simulations. 1) Invalid days: every Friday,
Saturday and Sunday, holidays
and some weekdays in asso-
ciation with holidays.

2) Only one sampling per week.

3) Number of sampling occasions
per simulation: 72. This cor-
responds to the number of
cruises at the section up to
the withdrawal of the light-
vessel .

Highest acceptable wind velo-
city (daily means) at the
lightvessel: S m/s. ft samp-
ling occasion generated with

a wind velocity exceeding this
value was rejected and a new

one was sought.



A simulation was accomplished according to the following
procedure. First a time interval was defined within which
all sampling occasions would lie. The first section cruise
took place on August 7, 1974. Therefore August 5, 1974 was
defined as the start of the period since this day was the
first valid day in the first sampling week. This date is
now transferred to a relative time scale and designhated
day no. 0 (zero).

The lightvessel was permanently withdrawn on November 24,
1977. The last day when complete casts were made was
November 21, 1977 which constitutes the end of the period.
This day is designated no. 1204.

With the aid of a computer a series of random numbers in
the interval 0-1204 was now generated. Every number,
equivalent to a day in the period 740805-771121, was
compared with a table containing invalid days according

to the criteria. If found, the generated number was re-
jected and a new one was sought. This was repeated until
72 valid numbers were obtained. They were thereafter
sorted iIn ascending order (the only reason for this 1is
that this will speed up the following processing). Then
the numbers, being relative points of time, were trans-
lated into an absolute scale. The data of salinity and
total phosphorus for the corresponding days were collected
from the data bank and processed (plotting and calculation
of mean values).

A complete simulation has now been carried out. The results
of the processed data can be compared with the real measure-
ments at the section, i e the first 72 expeditions up to the
withdrawal of the lightvessel.

It 1s of course not sufficent with only one simulation in
order to draw conclusions of how the choice of sampling
occasions influences the results of the investigation. One
simulation gives only one combination of sampling occasions.



Therefore ) ) .
several simulations were carried out. However, the

grand mean of a number of simulations rapidly converges
towards a constant value. A test with surface salinity

data shows that a constant value of the grand mean (taking
into account the precision of the measurements) is obtained
after 25 - 30 simulations. Tables 2—-5 display data from a
run with 26 simulations (computor time was available for

26 simulations at the time).

Far salinity sampling was simulated at 0 and 20 meters depth.
Due to the great variability those curves describing the
salinity variations at 0 m display a very irregular pattern.
Figure 6 shows the first 12 months of the period. Only occa-
sionally do the curves constract vertically to a narrow band
which i1s the indication of periods of moderate variations

(it 1s supposed that 26 simulations is enough to avoid statis-
tical interference due to too small a material; compare e.g.
with figure 5 showing the daily observations). Tables 2 and 3
show some statistical data from the simulations. At 0 m the
value vary between 23.0 and 24.3 at 20 m between 31.7 and
32.2 ja. The conclusionis that the mean values for the period
could vary within these limits solely due to the choice of
sampling occasions. The mean values calculated from real
section measurements during this period (rounded to the Tfirst
decimal place) are 23.8 and 32.1 ja respectively. These figures
are to be found within the interval given by the simulations.
This confirms the validity of the above conclusion.

For total phosphorus sampling was simulated at 0 and 15 meters
depth. The great variations of this parameter i1s not, as was
the case for salinity, restricted to the surface layer but
includes all depths. This 1s the reason why the graphs in e g
figure 7, showing the first 12 months of the period, consti-
tute a range of concentrations which do not differ so much
during the year. Tables 4 and 5 display statistics for the



simulations. At 0 m the mean values vary between D.61 and
0.68 pgat/l, at 15 m between 0.61 and 0.69 ugat/i. The mean
values calculated from real section measurements during this
period are 0.62 and 0.65 ugat/l1 respectively. As was the case
for salinity these values are to be found within the interval
given by the simulations.

Table 2. 26 simulations of 72 sampling occasions for
salinity, 0 m

Mean Value (f>) Freq.
23.0 2 Grand Mean: 23.6 fa
23.1 1
23.2 4 Stand. Dev.: 0.34 fa
23.3 1
23 .4 1 Mean Value of real
, Section Cruises: 23.8 fa
23.5 4
23.6 3 Mean Value of Daily
N Observations at the
23.7 Lightvessel: 24.1 fa
23.8 3
23.9 2
240 1
24.1 1
242 0
24.3 1
Table 3. 26 simulations of 72 sampling occasions for

salinity, 20 m

Mean Value Freq.

31.7 3 Grand Mean: 31.9 fa

31.8 10 Stand. Dev.: 0.12 %

31.9 4 Mean Value of real

Section Cruises: 32.1 fa

32.0 u

32.1 0 Mean Value of Daily

32 2 Observations at the

Lightvessel: 31.9 f»
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Table 4. 26 simulations of 72 sampling occasions for
total phosphorus, 0 mEter

Mean Ualue (ugat/l1l) Freq

0.61 2 Grand Mean: 0.64 (igat/1
0.62 2 Stand. Dev.: 0.02
0.63 6 pgat/1
0.64 7 Mean Ualue of real
Section Cruises:
0.65 5 0.62 (igat/l
0.66 2
0.67 1 Mean Ualue of Daily
0.68 | Observations at the
- Lightvessel; 0.65
|1gat/I
Table 5. 26 simulations of 72 sampling occasions for
total phosphorus, 15 meter
Mean Ualue (ugat/l1l) Freq
0.61 1 Grand Mean :0.65 pgat/1
0.62 3 Stand. Dev.: 0.02
0.63 { ugat/1
0.64 4 Mean Ualue of real
Section Cruises:
0.65 ! 0.65 ji.gat/1
0.66 3
0.67 3 Mean Ualue of Daily
0.68 3 Observations at the
- Lightvessel: 0.67
0.69 1 p.gat/1



11.

Summary of Results.

This i1nvestigation has shown that the choice of sampling
occasions and sampling frequency influence both short and
long term mean values of salinity and total phosphorus in
northern Kattegat. It is questionable whether a low sampling
frequency really gives a correct picture of the time varia-
tions.

A series of simulations have shown that the choice of samp-
ling occasions influences the 3-year mean values of salinity
and total phosphorus. The impact on salinity mean values is
worth consideration since different combinations of sampling
occasions gave markedly different values, especially in the
surface layer. Evidently, the impact on"total phosphorus is
of minor importance. This applies to the surface layer as
well as the underlying water column.
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