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* The objective is to determine the statistical oceanographic variability in the

upper 500 meters of the Central Pacific Ocean over the past two decades.

* A statistical analysis of equatorial Pacific data for 65 TAO/TRITON sites was
performed to facilitate NDBC QC algorithms.

* ENSO relationships to TAO data for possible QC inclusion



. Data analyzed:

iii.
iv.

V.

Vi.

longwave radiation

downwelling shortwave radiation

precipitation

surface meteorology values (air temperature, wind speed and direction, air pressure,
surface water temperature, relative humidity)

subsurface salinity

subsurface water temperature.

* Most products are embedded in PowerPoints or Excel files, and are generated using a
combination of Microsoft’s Visual Basic for Application (VBA) code, GMT, R, and shell scripts.

. Data plots include:

iii.
iv.

Box plots and whiskers

Histograms

Temporal scatterplots

Statistical tables (lifetime, and monthly)

* ENSO relationships to Nifio 3, Nifio 3.4, Niflo 4 Southern Oscillation Index (SOI), the Trans-Nifo
Index (TNI) and the Oceanic Nifo Index (ONI):

Overlays of El Niflo Climate Indices on temporal scatterplots

Correlation matrix

Scatterplots of variables for r>|0.7|, with regression equation, confidence intervals, and
prediction intervals

Spatial plots of ENSO teleconnection correlations, including depth patterns
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Figure 3. Example of longwave radiation box and whisker plots for the buoy located on the equator at 165°E. An
instance of daily observations with year on x axis for July is shown on the left, and two-minute observations
with hour on x axis for July 2007 is shown on the right. The box ranges are from the 25™ to 75™ percentiles,
known as the interquartile range, with a line depicting the median. The arms of the box plot extend out to all

observations within 1.5 times the interquartile range above the 75™ percentile, and the same distance below the
25" percentile. Points outside those bands are outliers.

(11 buoys for longwave, 23 for shortwave)
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Figure 4. Example of histogram plots for rain rate (mm h'l) in ten-minute intervals for the buoy located on the
equator at 95°W. An instance of annual data distribution in 2007 is shown on the left, and February 2007 shown

on the right. Note the contaminated negative values.

(28 buoys)



(65 buoys)
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Figure 9. Examples of different types of monthly surface analysis plots for the equatorial buoy located at 95°W,
all valid for 00 UTC S5T data in January. Top left: Scatterplot for daily value on y axis and year on the x axis.
Bottom left: Scatterplot of monthly averages of the data in the top left, superimposed with atrend line for a
climate index (in this case, the Southern Dscillatioh Index, or SOI). Top right: histogram of frequency tallies
versus SST. Bottom right: same dataset as in top left, but a box and whisker plot. Note how SOl and monthly
mean S5T are somewhat inversely correlated, but as will be seen, the correlation is a modest -0.26 (Fig. 10).



Statistics for lifetime of each buoy, per variable
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Cigtoard 5 font “ Axgnment " Nameer “ Syes oty tdting
Al . Je| station Name
2 A | 8 | 3 ‘ D £ | F G H I | )
Minimum (t0) 15t Qu (t0) Median (10) Mean (t0) 3dQu{0)  Maximum(t0)  Std Dev(t0) Minimun (112)
2 metOnll0w 2055 2318 24.52 24.62 25.75 30.14 192 19.93
3 metdn125w 21.88 20.22 25.2 25.29 263 20.43 166 21.46
4 metOnie0w 22.23 25.42 26.21 26.23 27.06 20.98 142 2.9
S metOniaze 28.56 29.28 205 2053 298 30.37 0.38 28.73
6 met0alSSw 23.82 26.17 27.16 27.08 28.02 30.21 1.3 2357
7 metoniSée 28.23 29.16 29.4 29.38 29.67 30.39 0.45 28.3
8 metOni6Se 26.95 289 29.54 29.35 29.93 30.5 0.76 26.98
9 metOniZow 24.77 27.33 28.24 28.06 28.95 30.5 124 24.68
10 met0a180w 25.62 27.66 28.61 28.45 29.38 30.6 114 25.58
11 metdndsw 18.67 2216 23.38 2012 % 30.48 241 18.68
12 mewn1i0w 2333 25.07 26.08 26.21 7.1 20.92 1.49 2.2
13 merni2sw 2335 25.46 26.32 26.37 27.32 29.32 136 23.13
14 meun13ze 27.26 28.78 20.27 20.16 29.7 30.24 0.69 27.46
15 met2n140w 23.48 26.11 27.07 26.9 27.74 298 1.23 23.31
16 metnidze 28.89 294 29.54 296 2991 30.12 0.37 29.01
17 met2n1SSw 2.1 2.2 27.84 27.76 28.44 29.96 104 2457
18 mewnisée 27.93 28.99 29.25 29.27 29.64 30.17 05 28.01
19 met2ni6se 27.73 29 29.41 29.34 29.79 30.47 0.6 22.74
20 mewn170w 25.21 27.48 28.22 28.16 29.03 30.36 114 251
21 meni8ow 26.04 28.01 28.76 28.69 29.44 30.71 1.02 25.99
2 met2adSw 237 25,65 26.46 26.65 27.61 30.72 1.36 2358
23 mensiiow 20.67 233 2.8 24.95 26.44 20.74 197 20.16
24 mews125w 22.61 24.76 25.81 25.89 27 29.94 149 22,03
25 metsi40w 28 2609 26.99 26.86 7.1 30.08 132 237
26 met2s155w 24.7 27.07 27.88 27.83 28.49 30.26 1.05 24.52
27 met2sisée 28.23 29.21 29.42 29.47 298 30.59 0.45 28.25
28 met2s16se 27.83 29.27 29.71 20.62 30 30.81 0.54 27.87
29 men2sizow 25.4 27.91 .77 286 293 30.73 1 25.28
30 met2s180w 26.21 283 20.19 28.97 29.7 30.76 0.97 2619
31 met2sIsw 183 2184 23.73 23.87 26,15 29 129
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Figure 7, Portion of spreadsheet showing statistical metrics for the lifetime of the each buoy, based on monthly
averages. Spreadsheet tabs exist for SST, air temperature, wind speed, zonal wind, and meridional wind.
Statistical metrics include minimum, 1 quartile, median, mean, 3™ quartile, maximum, and standard deviation.
Columns B through H are for 00 UTC, while columns J through P are for 12 UTC (cutoff in figure). Each stationis
listed in Column A, and if it’s highlighted in blue, the station has at least one moderate to strong correlationto a
climate index (when r>|0.7|) with the surface variable. Clicking on these highlighted nameswill open a
PowerPoint with correlation metrics, discussed in Figure 8.




Statistics for each month per buoy, one spreadsheet per variable
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El Nino relationships
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Figure 10, Correlation matrix for the equatorial buoy located at 95°W, valid for 00 UTC monthly averaged SST
data. Scatterplots are shown in Inwerlleﬂ of matrix for all pairs of datasets, and include a regression line and
correlation ellipse. In general, the narrower the ellipse, the stronger is the relationship. Histograms of the
relationship are shown along the matrix diagonal, with a curve to qualitatively ascertain if the associationis
Gaussian. The correlation coefficient of all pairs is shown in the upper right of the matrix. When available,
overlapping Nifio regions and/or ONI will also be shown in other columns.
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Figure 7, Portion of spreadsheet showing statistical metrics for the lifetime of the each buoy, based on monthly
averages. Spreadsheet tabs exist for SST, air temperature, wind speed, zonal wind, and meridional wind.
Statistical metrics include minimum, 1 quartile, median, mean, 3™ quartile, maximum, and standard deviation.
Columns B through H are for 00 UTC, while columns J through P are for 12 UTC (cutoff in figure). Each stationis
listed in Column A, and if it’s highlighted in blue, the station has at least one moderate to strong correlationto a
climate index (when r>|0.7|) with the surface variable. Clicking on these highlighted nameswill open a
PowerPoint with correlation metrics, discussed in Figure 8.
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Figure 8. Example of a PowerPoint image initiated by clicking on “metOn95w” in Row 11 in Fig. 7. This shows all
correlations in which r=|0.7|. In this case, the equatorial buoy located at 95°W has a correlation coefficient of
0.85 between S5T and the Nifio 2 region at 00 UTC. The corresponding linear regression equation is 55T =
1.5945 Nifio3 — 17.3663. The green line on the scatterplot on the left shows the confidence interval at the
95% confidence level. The red linesindicate the prediction level. A table showing the database range of Nifio 3
valuesis shown in the first column, the linear regression computed value of 55T in column 2, and the confidence
levelrange in columns 3 and 4. These 4 columns can provide quality control guidance if an observation is highly
correlated to ENSO patterns. In this example, S5T at 12 UTC also possessed strong correlations to Nifio 3, and
was contained in Slide 2 of the PowerPoint (not shown). Some buoys can be moderately to highly correlated to
multiple climate indices or regions, such as the buoy at 2°N and 170°W in which SST is correlated to ONI, Nifio 3,
and Nifio 3.4 (not shown).




SurfaceMet SST Regressions

Air and water temperature generally correlated
best with their respective Nifio regions, as well
as ONI in the western half (consistent with its
ONI Nifio 3.4 definition)
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Most wind correlations occur in the center of the domain
from 180°W to 170°W, with correlations to their respective
Nifio regions, SOI, or ONI. The correlations are for wind
speed or zonal wind, with only a single meridional wind
value correlated to SOI on the far western edge of the
domain. It is likely that physical relationships regarding
ongoing ENSO events with these wind variables exist, and
should be explored in follow-up research.

Figure 12. All buoys in which the correlation are r> |0.7], color-coded for ONI, SOI, TNI, Nifio 3, Nifio 3.4, and
Nifio 4. Side by side symbols indicate multiple climate indicesare r=]0.7].



Correlation Values of SST and AIRT vs Climate Indices at hour O (> 0.7 only)

1
+ 55T.00 A AIRT.00
L 2 L 2
0.95 . $ *
» #:o #'1:t.: L de 4 2*. t ¢
E 0.9 A A . A * L
g A L ] '." ‘l A L L L a : " *‘ .
gu.as-—t P ¢ T — h 4 s "’4» * “—a
ﬁ R, * “ ae * ¢ N AL * N z
E 0.8 & n—:n * * A 1‘ ’s—n ey
0.75 N R S
A '
01? 1 1 1 | 1 | |
1] 10 20 30 40 50 60 70

Figure 6. Comparison of 00 UTC SST and air temperature correlations for the 63 cases when r=|0.7|. On average,
(TssT — TT2:)=0.02, indicating that S5T has 2% higher correlation on average than air temperature. rger = 15,
in54 of the 64 cases. 12 UTC gives similar results (not shown].



SubsurfaceTemp Depth Correlations
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Figure 13. Color-coded depths at which the correlations reach r>| 0.7].

The ENSO signal penetrates deepest at the equator, from 125°W to 140 m. From 180°W to

140°W, the ENSO signal reaches from 50 to 105 m. The ENSO correlation is shallow on the far
eastern and western edge of the TAO domain.



Other ENSO tidbits

* ONI’s correlation with SST is on average 0.08 less than the peak Nifio region correlation

* No correlations with air or water temperature met the r>|0.7| threshold for SOI or TNI

* No RH-ENSO relationship was noted based on the r>|0.7| threshold except for a single buoy
located at 125°W and 0°N (r=-0.72 with ONI)

* No TNI relationship is found with RH, wind, or salinity.

* Some ENSO correlations are seen with salinity profiles, but in most cases the data sample is
limited so the significance of the relationship is unclear. Example for 140°W, 0°N is shown below.
The threshold was met down to 60 m.
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Figure14. As in Fig. 8 butan example of a salinity correlation to ONI for the equatorial buoy located at 140°W. Note
that the sample size is smaller, though.










