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Two problems identified in the Triaxus data collected at Manitowoc River are
outlined below. We seek guidance on the proposals suggested below for addressing
these problems in analyzing the Triaxus datasets. We would be glad to discuss these
issues further.

1. Data Alignment Problem

There are 4 sensors in Triaxus and these sensors have different sampling
frequencies. SeaBird CTD sensor samples every 0.5 seconds and BBE Fluoroprobe
sensor samples every 2 to 4 seconds. In the data file, the measurements from the CTD
sensor are recorded line by line. With the Fluoroprobe sensor, which has lower sampling
frequency, the previous measurement is repeated until a new measurement is recorded.
This causes a problem. It takes some time for the Fluoroprobe sensor to analyze the water
sample taken at depth d/. When the result is returned, the sensor has moved to another
depth (d2) and the recorded Chl-a value at the d2 line in the file reflects the attributes of
the water sample taken at d/, instead of d2. So on each line, the CTD sensor gives a
measurement at depth value of d2 while the Fluoroprobe sensor gives the Chl-a data from
the water sample at d1. In other words, they are not sampling the same water
simultaneously.

Each line in the data file indicates a location (i.e. ship distance and sensor depth).
And both SeaBird CTD sensor and BBE Fluoroprobe sensor give measurements of depth
so there are two depth measurements in each line. However, these two depths are not
consistent. Consider one pass of the Triaxus (called Manitowoc 02) shown in Figure 1.
In this path, the two different depth values at the same line are shown in Figure 1(a). Red
dots are depths value from the Fluoroprobe sensor and black dots are from the SeaBird
CTD sensor.

The Chl-a data with SeaBird CTD sensor depth and Fluoroprobe sensor depth are
plotted in Figure 1(b) and 1(c), respectively. In Fig. 1(b), low Chl-a concentrations (black
dots) and high concentrations (green dots) show an alternating pattern. Fig. 1(c) is more
reasonable indicating the Fluoroprobe sensor depth is the correct depth value for the Chl-
a data.
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(C) Total phytoplankton visualization with Fluoroprobe sensor depth

Figure 1. Conflicting depth values and their effects on chlorophyll data

The coordinates of the sampling points in Fig. 1(c) are the same as the red dots in
Fig. 1(a), which are sparser due to the lower sampling frequency of the Fluoroprobe
sensor and are different from the black dots in Fig. 1(a). The black dots are the locations
defined by the SeaBird CTD sensor and are regarded as the accurate sampling positions
of the Triaxus sensor package. In order to have the correct Chl-a data value at each
Triaxus sampling position (i.e. each line in the data file or the black dots in Fig 1a), a data
modification method is proposed as follows.

Proposed Solution:

(1) Identify each undulating cycle for two sensors according to their depth values.

(2) For each cycle, linearly interpolate the phytoplankton value onto the SeaBird CTD
depth based on depth and phytoplankton value of the Fluoroprobe sensor.

After linear interpolation, the total Chl-a value with SeaBird CTD depth and
distance is shown in Figure 2, which looks much more consistent.



Chl-a(ug/L)

T ITTIXT) o wemesmme me mA e e o o oo o S
[PPrT I XYY .- womnn o

AEXTEAL Y

Pl 22", ey B
SO 0 % % W% 00000 Se e 0 me o som B mooem

2 oncmes ww w
e T U Uy

el R X1 P

900 0% mem 0 % o wmoomz o,
es MEmEmSIIRIIRtmEn @s MRomn S WSS =
L L L X Ty

-
- S SRS R—
- I TINIL T R T T X
’ st mwessnnewesnn # BuEESRantED
B L . e = ene mmem

omonm .
-8 ST ST R R L P T e

-
e 0000 woo ® waw som o0
o e mmmoe wn W o

SR LYY

et

I....ll.........l...l....
cemcome e et e e o oun P U
..................

L L LU EXTE Hig
- -SSR -

-
- - ‘o on 0 o SIS

12 WL TS
- T 3T

- wees oo waones
il X IR R

125

10.0

Distance along ship path (km)
Figure 2: Linear correction of raw data
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Figure 3: Dissolved Oxygen visualization of raw data
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Dissolved oxygen (DO) shows an unusual phenomenon. From Figure 3 below, DO
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2. Dissolved Oxygen Problem

Proposed Solution



(1) Separate the dataset into two parts: the upward dataset and the downward dataset
(Figure 4).
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Figure 4: DO data when sensors go up (a) and down (b)

(2) Interpolate each dataset separately. (Figure 5)
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Figure 5: Interpolation result for upward (left) and downward (right) datasets.

(3) Combine the two interpolated results by averaging (Figure 6). Alternatively, one
of the two datasets could be eliminated if the data are thought to be corrupted (e.g.,
perhaps the upward dataset has errors introduced by mixing).
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Figure 6: Final interpolation result of DO

It should be mentioned that the zooplankton data (zooplankton biomass and
zooplankton density) have similar alternating behavior as shown in Figure 7. The
zooplankton data are higher when the sensor goes up (see the data in the blue circle)
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Figure 7. Zooplankton data visualization at Manitowoc River
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