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““Progress in Refreshing the
Tropical Atmsphere Ocean
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? . Background

Pacific Marine Environmental Laboratory
(PMEL) built and serviced the TAO array
(1984 — 2007), still provide sensors

PMEL 1 TAO Array to NDBC (2004 —
| " e ; B - =
-~ NDBC Refresh testing-began in 2006

tlng (2007)




= “TAO System Components

= " ¢"Wind Sensor

« Compass
o Air Temperature/ReIatlve Humidity Sensor
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— Sensors

TAO Legacy TAO Refresh
RM Young 05103 RM Young 05103

Sparton SP3003D
Compass

Rotronic MP-101A Air
' Temperature/ReIatlve____




- . Climate Principles

Management of Network Change
Parallel Testing
Meta Date

ical Significance

s : -i:,-v .__,-_‘_Fv__,p I__e_’_]_elgtw
o R oy ] o .
= &equn’e ] > ]

o Cllmat

NRC (1999) recommended prlncugles proposed by Karl, et al. (1995)

e ——— e e
.

- —
——y - =T




TAO Refresh Testing

T . _

 Laboratory Tests
— Ocean sensor/transmission test

 Buoy System Tests
— buoy at 14N 46 W near PIRATA buoy

s > r)*buoys near Buoy 42040 in Gulf of
-

— Two refresh buoys in western Gulf of Mexico

. Fleld Comparisons

T I Twentystwo co’!ocatedeeff.esh and Legacy
buoys at fifteen m@oringiocatio

— Deployed throug out the TAC
concentrated in the W@‘are,r’n '.
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Laboratory Comparisons

Temperature

Watar Tesparature Comparizon
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System Comparisons

Wind Speed

Air Temperature

R = 1.00 3 3

= 035<C Sl y rms diff = 0.86 mfs

= 2 C max diff = 7.40 m/s
mean diff=  -0.11 m/fs

o mis

rms diff
max diff 2.
mean diff=  -0.11«C . =
min diff = -2.81<C ) min diff =
slope = 1.0 e ’ | slope
bias = -0.02-C :

N = 16050

2B70(m/s)

4

15

42A70 (-C)




Field Side-by-Side Comparisons

TAO/TRITON Array
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2S 140W Deployment a
Refresh-Legacy Comparison

— e T .

Mean Linear Regression
Difference Regression Coefficient
e (slopel/intercept)

Salinity1 -0.043PSU  0.882/4.200 0.98
 Tompelfit m |, 0016C  0998/-0011  >0.99

— 0.021°C ™! 0.997 / 0.065 > 0.99
60  0.027.C 0.965 / 0.830 0.97
s a2 QQG?C o 9771.0.442 0.98

140 001% '0.9691-0.428 0.97
180 0.006C 0:979/0.269 i 056

300 0.003C #0.965/0.396"" 097
500 -0.005C ~--0.992/0.070 0.96
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2S 140W Deployment b
Refresh-Legacy Comparison

e T il

Mean Linear Regression
Difference Regression Coefficient
(slope/intercept)
_.‘ﬁy 1 0.040PSU  0.472/18.640 0.40

“Temperature 1 0.028C  1.008/-0.223 >0.99
- ..m ¥ 0031C _ 1.009/-0.264 > 0.99

0.040C  0.989/0.246 0.98
, 80 0.208C ' 0.931/1.549 0.85
s e S i OORE.C B @R5EE2.190 0.91

140 0147067 QW/Z 780 i 0.88

180 0.099 C @@15»/ 895
300 0.045C- ’595140‘5'_.." 0.96
500 0.108C - 0.880/0.921 0.94
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2S 140W Deployment b
“"Refresh-Legacy Temp Comparison

Depth (m) Mean Standard Deviation Variance
. Refresh/Legacy SEHE IR

iESGQ /24599  1.030/0.943 0.002

9,&2;4, 700 1.357 /1.354 0.008

- h

___?“.5 24214124241 T 1.194/1.196 0.097

120 16.683/16.621 3.012 / 3.006 0.445

e en 21400 14378114893 1687/ 1. 693 0.155
' 180 13.002/ 13. oosjp,_h o) 37?J" 5 0.010

300 11.448/11.451 o.;gsr:gz,;_smﬁ,%dg

500 7.841/7.836 -0:350-/0.3380"" 0.010




Temperature [deg C)

Temperature | deg C)

2S 140W Deployments

40 m Temperature

aDeployment: Temperature 40 m Dates [03-Oct-2007 06:40:00] to [11-May-2008 18:10:00]
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b Deployment: Temperature 20 m Dates [12-May-2008 08:20:00] to [27-Oct-2008 16:30:00]
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2S 140W Deployment a
120 m Temperature Excursions

aDeployment: Temperature 120 m Dates [03-Oct-2007 06:40:00] to [11-May-2008 18:10:00] aDeployment: Temperature 120 m Dates [03-Oct-2007 06:40:00] to [11-May-2008 18:10:00]

Blue: pm70ga Red: ts003a

Temperature (deg C)

Refresh-Legacy Overplot (deg C)

Temperature (deg C)

Difference (deg C)
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—Pepth Offset Error Magnitudes

Depth Average Legacy T Refresh Delta Gradient New

Depth i T T Delta
1 1.014 26.452 26.423 0.029

20 | 20285 | 26.385 26346 0039 0003995  0.038

mizgzgg 26.229  0.040. 0.002884  0.037
80 | 81148 25397 © 25482 0215 0.051609  0.150
120  121.722 16585 16.301  0.284 0.222025 -0.129
140 142009 - 14212192063 . 0149  0.11190 = -0.094
180 182583 12623 412523 /7000, 0.03850  -0.008

300 304305 11.112 1f'ifb'érf'i‘”§“045ﬁmﬁz -0.011
500  507.175  8.562 84%_ *o}efmoss 0.005
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Internal Wave Examples

TAO Refresh
TAO Legacy
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Temperature and Salinity
Calibration Drift Results

Parameter Average of Average Maximum Minimum
Abs Values

Temperature
(N=226) 0.000146 -0.000072 0.0008

SBE-39
(N=202) 0.000133 -0.000080 0.0008

SBE-37
(N=24) 0.000257 -0.000016 0.00053

Salinity
T 0.001729 0.001646 0.0052

|

Temperature driftis<C per ye
Temperature accuracy-imit = 0.01°C
Salinity drift ispsu/month
Salinity accuracy{imit = 0.02 psu
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Refresh System Testing

. Before Incorporation into the TAO array to take the
place of TAO Legacy buoys

» Refresh data were transmitted over the GTS under
a differ der than the Legacy data

users to alter code to be able to
i‘Ix average value, as averages are not
- ir | real-time.data stream.

. Led to a smooth transition, when the Refresh
_ system was de

= -
’_..,.d--l' - g e e =il x

'.'f:_:_._,-l =F% Et




Refresh Buoy Deployments

Lat/Lon
2S165E
5S125W
8S155W
SN165E
8S165E
25180
8S95W
2N125W
8S125W
5S140W
SN140W
9N140W

WMO ID
52002
51018
51302
52003
52007
52312
32305
51016
51308
51004
51007
51006

Deployment
2-3-11
12-8-11
13-10-11
10-11-11
16-11-11
24-11-11
16-2-12
31-3-12
5-4-12
9-4-12
15-4-12
17-4-12

Payload
dm019a
dm023a
dmO025a
dmO027a
dm029a
dm030a
dm032a
dm033a
dmO034a
dmO035a
dmO036a
dmO037a

Lat/Lon
8N170W
2N170W
001700W
2S170W
2N 180
00 180
8S 180
8S 170W
5S 155W
00 155W
SN 155W
8N 155W

WMO ID
51308
51305
51010
51306
52310
52311
52316
51310
51019
51023
51020
41301

Deployment
13-5-12
15-5-12
15-5-12
18-5-12
22-5-12
22-5-12
26-5-12

5-6-12
10-6-12
12-6-12
14-6-12
15-6-12

Payload
dm038a
dm026b
dm039a
dmO040a
dmoO41la
dmO031b
dmo042a
dm043a
dmo044a
dmO045a
dmO46a




~ Results

 Refresh systems are replacing Legacy systems in
the TAO Array

— Twenty-four locations are Refresh buoys as of Sep 2012

» Climate principles governed the TAO Refresh Effort
Inaging network change, parallel testing, data quality and
ontinuity

- s?s'fem was. tested

— Comparlson data supplied by Legacy System

, — Twenty-two Refresh systems have been deployed and
wemes ~ - gighteen tested a@ns‘f‘Legagy systems in the TAO Array
) « Both daily-averaged andgt0- mlnu’ietp} “ésolution data compared

— TAO Refresh data wel transm’ thr TS as
development data for testmgﬁMgdél
_* Iridium communications continue toexceed 98%
A Plan to complete Refresh of the TAO array in 2015 f‘" \

—




Refresh Benefits
© " “Commercial Off-The-Shelf (COTS) components

— SeabBird-39 and -37 systems use same “sensors” as
Legacy

— Electronics/Processing have been upgraded, standardized

- P long has to provide systems

0 Modular Processing System (AMPS)
el NDBC buoy systems
es all sensor data (including sub-surface) on-board

o Ir|d|um satellite communications

s

A = Hourly data transmission

— High resolution (10 nute) da}{ara.yaﬂable In near-real-time
— If transmits are co%@ﬁnc to nsor data

« Currently, data may not be ready fo,:e'uﬁl
after retrleval of moorlngs ,crws )
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