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I . I N T R O D U C T I O N .

As part ot the CONVEX field program, UNH’s Ocean Process Analysis Laboratory (OPAL) deployed
cluster of moored buoys in Wilkinson Basin in the western Gulf of Maine between late fall of 1997 and
early winter of 1997-1998 (Figure 1, Table 1). The main instrument buoy (A) was equipped with
meteorological sensors, an array of eight water temperature and conductivity sensor pairs, and an
upward-looking/downward-looking pair of ADCPs. (See Figure 2and Tables 2a-d). Two 10-sensor
temperature chains (B and C) with apressure sensor on their subsurface buoys were deployed nearby
mooring A. Two of the "guard" buoys (D, E) were equipped with fixed-depth water
temperature/conductivity sensor pairs. The third guard buoy was not instrumented.
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Figure 1: Location map of the moored CONVEX array in Wilkinson Basin between October 1997
and May 1998.

The inset shows the relative locations of the moorings. The main array Ais at 42° 42.102’ Nand 69°
3 8 . 1 3 0 ’ W.
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Figure 2: CONVEX Wilkinson Basin Mooring Schematics.

Table 1. Buoy Locations
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ID llType N . L a t i t u d e W. Longitude
|Met/ADCP/T/CA 42° 42.102 ’ 69° 38.140 ’

B T - C h a i n 42° 42.138 ’ 69 °38 .080 ’
T - C h a i n 42 °42 .085 ’ 69 °38 .040 ’

D Guard T/C 42° 42 .199 ’ 69 °38 .080 ’

|GuardT/CE 42° 42.148 ’ 69° 38.120 ’
G Guard T/C 42 °42.098 ’ 69 °38.027 ’

Table 2a. Buoy Ainstrumentation for measuring two-minute samples from 10 January 1998 through 17
M a r c h 1 9 9 8 .
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Depth
[meters] Sensor Description V a r i a b l e

- 2 Epply Model PIR Infrared Pyrgeometer Long-Wave Radiation
- 2 Epply Model PSP Spectral Pyranometer Short-Wave Radiat ion
- 2 Young Model 05103 Wind Monitor

Rotronic Model MPOlOA Humidity Temperature
Meteorological Probe 	

Wind Speed and Direction
Air Temperature
Relative Humidity

- 2

Temperature and
Conductivity

6 Seabird SEE 3S Oceanographic Thermometer

Temperature and
Conductivity
Temperature and
Conductivity

2 5 Seabird SEE 3S Oceanographic Thermometer

3 9 Seabird SEE 3S Oceanographic Thermometer

Temperature and
Conductivity

7 0 Seabird SEE 3S Oceanographic Thermometer

Temperature and
Conductivity

9 9 Seabird SEE 3S Oceanographic Thermometer

Temperature and
Conductivity

1 2 9 Seabird SEE 3S Oceanographic Thermometer

Rotronic Model MPOlOA Humidity Temperature
Meteorological Probe
Rotronic Model MPOlOA Humidity Temperature
Meteorological Probe

1 3 3 C u r r e n t P r o fi l e s

1 3 6 C u r r e n t P r o fi l e s

SeaEird MicroCat SEE 37-SM Conductivity and
Temperature Recorder	
SeaEird MicroCat SEE 37-SM Conductivity and
Temperature Recorder	

Temperature and
Conductivity

1 7 2

Temperature and
Conductivity

2 1 6

Table 2b. The Euoy Etemperatures were measured with an Aanderaa temperature chain. Apressure
sensor at the top of the array allowed us to estimate the actual mean depths of the sensors. The mean and

standard deviation of each of the 15-minute series from 3October 1997 through 17 March 1998 are
listed. (See Fig. 3.)
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Sensor |Pepth [m] ||Sensor Description Va r i a b l e M e a n Std. Dev.
1 7 |TR-7 Silicon Piezoresistive Bridge Pressure 2 7 . 5 9 3 1 . 0 1 2

1 17 Model 2862 Thermistor Temperature 7 . 7 9 8 2 . 9 4 0

2 3 2 Model 2862 Thermistor Temperature 7.695 2 . 4 9 3

3 4 7 Model 2862 Thermistor Temperature 7.481 1.936

]|Model 2862 Thermistor4 62 Temperature 7.360 1.549
5 7 7 Model 2862 Thermistor Temperature 7 . 2 8 7 1 . 3 2 1

]|Model 2862 Thermistor9 2 Temperature 7.301 1.154
7 1 0 7 Model 2862 Thermistor Temperature 7 . 3 4 8 0 . 9 8 8

IlModel 2862 Thermistor8 1 2 2 Temperature 7 . 4 9 8 0 . 7 8 1

[Model 2862 Thermistor9 1 3 7 Temperature 7 . 5 4 3 0 . 5 6 2

[[Model 2862 Thermistor1 5 2 Temperature 7 . 4 5 6 0 , 3 7 5

Table 2c. The Buoy Ctemperatures were measured with an Aanderaa temperature chain. The mean and
standard deviation of each of the five-minute series from 10 January 1998 through 17 March 1998 are

listed. (See Fig. 4.)

S e n s o r Depth [m] Sensor Description
TR-7 Silicon Piezoresistive Bridge

V a r i a b l e M e a n Std. Dev.
2 1 P r e s s u r e 3 2 . 1 5 7 1 . 0 3 8

5 . 1 1 6[[Temperature1 2 1 Model 2862 Thermistor 0 . 8 3 4

[[Temperature2 3 6 Model 2862 Thermistor 5.368 0 .669
3 5 1 Model 2862 Thermistor [Temperature 5.629 0.555
4 6 6 Model 2862 Thermistor [Temperature 5 . 8 4 7 0 .484
5 81 Model 2862 Thermistor [Temperature 6 . 0 9 4 0 . 4 5 0

6 96 Model 2862 Thermistor [Temperature 6 . 3 3 9 0 . 4 8 5

[[Temperature [6.7347 111 Model 2862 Thermistor 0 . 6 4 2

[Temperature8 1 2 6 Model 2862 Thermistor 7 . 2 2 6 0 . 6 5 6

[Temperature9 141 Model 2862 Thermistor 7 . 5 0 0 0 . 5 3 0

[Temperature1 0 156 Model 2862 Thermistor 7 . 5 7 6 0 . 3 7 5

Table 2d. Sea Bird instrumentation for measuring 2-minute samples of temperature and conductivity.
The mean and standard deviations of Buoy Dand Etemperature and salinity between 3October 1997

and 5December 1997; and Buoy Abetween 10 January 1998 and 3May 1998 are listed.



Buoy ID Depth [m] Measurement Description Va r i a b l e M e a n Std. Dev.

Temperature
Salinity
Conductivity

1 0 . 8 0 0
3 2 . 6 1 0
3.645

1 . 8 9 8
D 2 2 0 . 2 1 5

0 .153
SeaBird Microcat SBE 37-SM

Temperature
Salinity
Conductivity

7.827
3 3 . 0 9 3
3 . 4 3 3

0 .983
0 . 2 6 6
0 .104

E 9 7
SeaBird Microcat SBE 37-SM

Temperature
Salinity
Conductivity

7 . 3 9 7
3 4 . 1 4 3
3 . 4 9 6

0 . 0 3 3
0 .070
0 .009

D 2 1 5
SeaBird Microcat SBE 37-SM

Temperature
Salinity
Conductivity

7 . 3 6 7 0 . 2 6 8
0.183
0 . 3 9 0

A 1 7 2 3 3 . 4 7 4
3 . 4 3 0

SeaBird Microcat SBE 37-SM

Temperature
Salinity
Conductivity

7 . 4 0 2
3 3 . 3 8 7
3 . 4 2 7

0 .062
0 . 1 2 4
0 . 0 1 2

A 2 1 6
SeaBird Microcat SBE 37-SM

I I . T E M P E R AT U R E C H A I N C A L I B R AT I O N S .

The calibrations of the Buoy Btemperature chain (T-chain B) were conducted in a2m diameter x2m
deep cylindrical concrete tank, beginning on 25 September 1700 UTC and ending at 2000 UTC the same
day. The tank temperature was increased in steps of about 2degrees from about 8dC to 16 dC. The
"steady" segments of the original one-minute T-chain Bthermistor series at each step were fit to the
corresponding one-minute MicroCat 209 reference temperature time series. We assumed alinear
relation between the MicroCat 209 reference temperature and the n̂ ^ thermistor temperature T(n)
according to:

Ttrue =a(n) +b(n) *T(n) (1)

The offset (a) and slope (b) of the linear correction relationship, as well as the misfit standard deviation
(sigma) for each T-Chain Bthermistor (Table 3a) was determined using the REGRESS routine in the
Ocean Analysis Software Package (OASP, Irish and Brown, 1986). The typical misfit standard deviation
{Le. precision uncertainty) of acalibrated T-Chain Btemperature was +/- 0.015 dC.

Table 3a. T-Chain BThermistor Calibration Coefficients and Misfits.



Sensor ID |Regression Coefficient
a(n)

Regression Coefficient M i s fi t S t a n d a r d D e v i a t i o n

sigma(n)	b(n)n

1 0 . 1 5 8 0 0 . 9 7 8 2 0 . 0 1 6 0

2 0 . 0 2 2 2 1 . 0 0 0 1 0.0163

|0.0532 1 . 0 0 0 0 0 .0166

|0.0601 0 . 9 9 3 4 0 . 0 1 3 9

|0.0594 0 . 9 9 6 9 0 . 0 1 5 7

|0.14876 0 . 9 8 6 9 0 . 0 1 6 8

|0.16837 0 . 9 9 0 7 0 . 0 1 7 2

0 . 0 7 0 9 0 . 9 9 6 9 0 . 0 1 6 3

9 - 0 . 2 6 0 0 1 . 0 3 2 3 0 . 0 2 2 6

|0.109810 0 . 9 9 5 7 0 . 0 1 6 4

The calibrations of the 10 thermistors on the Buoy Ctemperature chain (T-Chain C) were also
conducted in the 2m diameter x2m deep cylindrical concrete tank, beginning on 7January 1998 at 2200
UTC and ending on 8January 1998 1239 UTC. Linearly increasing segements (beginning on 08 January
98 0315 UTC and continuing for 541 minutes) from each of the original five-minute T-chain C
thermistor time series were linearly interpolated to the one-minute sample interval of the MicroCat 251
reference temperature time series. For this calibration run, temperatures ranged from approximately 2
dC to approximately 6.5 dC. In determining the corrections, we assumed alinear relation between the
MicroCat reference temperature and the n̂ ^ thermistor temperature according to Equation (1) (see
Table 3b). The typical precision uncertainty of acalibrated T-Chain Ctemperature record was +/- 0.008
d C .

Table 3b. T-Chain CThermistor Cal ibrat ion Coefficients and Misfits.



Sensor ID Regression Coefficient Regression Coefficient iMisfit Standard Deviation
|sigma(n)a(n) b(n)n

1 0 . 0 0 0 3 1 . 0 0 1 0 . 0 0 7 7

i0.0Q832 0 . 0 0 9 6 0 . 9 9 9 8

3 0 . 0 6 6 2 0 . 9 9 5 7 0 . 0 1 0 5

4 0.0055 0 . 9 9 9 4 0 .0080
- 0 . 0 3 0 0 1 . 0 0 0 0 0 . 0 0 7 9

]|0.0076- 0 . 0 2 9 0 0 . 9 9 8 0

|0.0082- 0 . 0 1 6 0 1 . 0 0 0 8

- 0 . 0 3 7 4 0 . 9 9 9 7 0 . 0 0 8 6

9 - 0 . 0 2 3 7 1 . 0 0 2 1 0 . 0 0 8 8

10 -0 .0194 1.0061 0 . 0 0 8 9

I I I . D ATA P R O C E S S I N G .

T- C h a i n C o r r e c t i o n s .

The measured temperatures (based on the factory calibrations) on both T-chain Band T-chain Cwere
corrected according to the Tables 3a and 3b calibration relationships. The 15-minute T-chain Btime
series are presented in Figure 3. Acomparison of the 5-minute T-chain Ctime series and the
corresponding segment of the T-chain Btime series is shown in Figures 4a and 4b.

The instantaneous depths of the T-chain water temperature measurements (see Figure 4) varied from
their nominal depths, due to the effects of current drag and tidal sea level change. The pressure
measurement at the top of the thermistor chain (nominal depth of 20m) was used to estimate the
instantaneous depth Zj(t) of the î *̂  sensor of each T-chain using the following procedure.

1. Determine the instantaneous depth of the pressure sensor at the top of the array, Zp(t) according to the
hydrostatic relation -correcting for atmospheric pressure patmos.

)/(roe *g)2p =(Pjt)-p (2)a t m o s

where p^ (̂t) is measured pressure, p is atmospheric pressure, roe is water density, and gisa t m o s



gravitational acceleration.

2. Determine the depth of the î *̂  T-chain temperature sensor according to

ZjCO =Zp(t) +delta-Zj (3)

where delta-Zj is the depth of the i* temperature sensor relative to the pressure

The depth-time contour plot of these depth-correlated T-chain temperature measurements is presented i
Figure 4. These depth-corrected 10-temperature time series Tj(Zj(t),t) have also been used (via linear
interpolation) to create constant-depth temperature time series from 20m to 155m in 15m increments.

s e n s o r .

i n
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(Click on image to see full-size version.)
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Temperature-Conductivity Chain Corrections.



The Buoy ASeaBird temperature/conductivity sensors and MicroCats were mounted on ataut mooring
wire and thus were constrained to be at constant depths (except for tide-induced water depth changes of
around 2m). Thus no depth-correction was necessary. Unfortunately, the Buoy Atemperature and
salinity time series at 6m, 70m and 129m ended before the others (see Figure 6and Table 4). To permit
amore comprehensive analysis, we augmented these short series with "patches" generated by
temperature and salinity correlations.

#To estimate the missing part of the Buoy A6m temperature and salinity series, we linearly regressed
the overlapping parts of the 6m and 25m records and used the fits to predict the missing end sections.

#The missing portion of the Buoy A70m salinity time series was estimated by taking vertical
distance-weighted averages of the measured salinity records at 39m and 99m respectively.

#The missing portion of the Buoy A129m salinity time series was estimated by taking vertical
distance-weighted averages of the measured MicroCat salinities at the 99m and the 172m salinities (see
Figure 6) respectively.

#The missing portions of the 70m and 90m temperature series from Buoy Awere replaced by the
appropriate sections of the linearly interpolated, depth-corrected, temperatures from the T-chain C.

Figure 6illustrates the results before and after the augmentation procedure. The temperature and salinity
time series were used with the International Equation of State of Seawater (Pond and Pickard, 1983) to
compute the Brunt-Vaisala frequency (BVF, i.e. water column stability).

Temperature and salinity records from the guard buoys Dand Eare presented in Figure 7. The 97m
MicroCat temperature record, which was corrupted by instrument failure, was repaired by a
depth-weighted interpolation of the T-chain 92m and 107m records. This replacement temperature was
used with the measured conductivity to produce what appears to be an unusually noisy salinity record.
Time-depth contour plots of the Buoy ABrunt-Vaisala frequency, temperature, and salinity series are
presented in Figure 8.

Table 4: The start time/date of the temperature and salinity patches to the Buoy Atime series.

Depth
[meters]

S t a r t T i m e
[ U T C ]

S ta r t Da te
[ U T C ]

1 0 1 4 29 Jan 1998
1 3 1 0 22 Jan 1998

1 2 9 2 1 8 27 Jan 1998
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Figure 8: Depth-Time Contour Plot of Buoy ABrunt-Vaisala Frequency (BVF) (top),
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series are presented. BVF, T, and Scontour intervals are Icph, 0.2 dC and O.I psu respectively.
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Doppler Currents.



Apair of RD Instrument 4-Beam Sentinel Broadband Workhorse Acoustic Doppler Current Profilers
(ADCP) were deployed in an upward-downward looking configuration on mooring A, at depths of 133m
and 136m respectively, in 270 meters of water. Ensembles of 180-pings-per-10-minutes were obtained
in 15 eight-meter bins centered at depths between 15 and 127 meters (inclusive) (ADCP-up) and 15
eight-meter bins centered at depths between 142 and 254 meters (inclusive) (ADCP-down). These
obtained for the period beginning 11 January and ending on 25 April 1998 or ADCP-up and ending on 6
May 1998 for ADCP-down. Aselected set of the horizontal currents are presented in Figure 9. (See
Table 5for statistics of the 11 January 1998 0000 UTC through 25 April 1998 0000 UTC currents.)

w e r e

Table 5. Selected ADCP 10-Minute Horizontal Current Statistics for 0000 UTC 12 January -25 April
1 9 9 8 .

Bin Depth
[meters]

M e a n u

[cm/s]
M e a n v

[cm/s]
Maj Axis Amp
[cm/s]

Maj Axis Dir
[degT]

Min Axis Amp|Min Axis Dir
[cm/s] [degT]

1 9 - 6 2 . 9 - 2 1 . 8 1 5 7 . 0 1 4 4 . 1 1 0 9 . 2 2 3 4 . 1

I235.23 5 - 5 7 . 4 - 1 9 . 3 1 4 9 . 7 1 4 5 . 3 9 0 . 3

I237.45 1 - 4 5 . 9 - 1 8 . 6 1 4 1 . 2 1 4 7 . 4 7 8 . 2

6 7 - 3 9 . 1 - 2 0 . 4 138 .1 1 4 7 . 5 7 4 . 8 2 3 7 . 5

|238.18 3 - 3 6 . 3 - 1 8 . 4 1 3 8 . 4 1 4 8 . 1 7 3 . 3

9 9 - 3 5 . 1 - 1 7 . 7 1 3 6 . 5 1 4 7 . 6 7 3 . 3 2 3 7 . 6

11 5 - 3 3 . 1 - 1 7 . 0 1 3 2 . 7 1 4 5 . 1 7 0 . 4 2 3 5 . 1

1 2 3 - 3 1 . 5 - 1 5 . 9 1 2 8 . 4 1 4 5 . 1 69.0 2 3 5 . 1

1 4 6 - 1 9 . 5 - 1 7 . 5 1 0 9 . 0 1 4 3 . 2 6 9 . 3 2 3 3 . 2

1 6 2 - 1 1 . 0 - 1 2 . 9 1 0 3 . 2 1 5 7 . 3 7 1 . 9 2 4 7 . 3

1 7 8 - 5 . 5 - 3 . 1 1 0 5 . 4 1 6 7 . 5 7 0 . 7 2 5 7 . 5

1 9 4 - 0 . 3 7 . 1 11 2 . 8 169.3 6 4 . 2 2 5 9 . 3

2 0 6 1.2 11 . 5 11 8 . 7 1 6 8 . 5 6 0 . 0 2 5 8 . 5

2 1 0 - 1 . 9 1 3 . 0 1 2 1 . 0 1 6 8 . 0 5 7 . 9 2 5 8 . 0

2 2 6 - 6 . 6 1 2 . 0 1 2 2 . 7 1 6 8 . 9 5 8 . 3 2 5 8 . 9



Ten minute ADCP Northward Currents in Wilkinson Basin
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Figure 9. Representative set of ADCP northward currents between 0000 UTC 12 January and 6
February 1998.
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