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Outline:

» Uncertainty of long-term O, high-quality baselines for
climate variability assessment? Comparing in situ O,
values derived from the World Ocean Atlas (WOA13) and
the Global Ocean Data Analysis Project (GLODAP2).

* Sensor-based in situ O, data are a relatively new observing
system: Could we use these data to complement O,
chemical measurements?



Global Ocean Data Analysis Project (GLODAP) Bottle Data (version 2)
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Ocean profile data in the World Ocean Database (WOD) by year and probe type

https://www.nodc.noaa.gov/OC5/WOD/pr_wod.html
15.5 million oceanographic casts from 1772-present
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WOA-GLODAP basin-scale zonal difference (60°S-60°N)

WOA-GLODAP average difference t average standard deviation

Variable Depth range (m) Atlantic Pacific Indian Global
0-500 0.02+0.11 0.01+£0.13 -0.01£0.12 0.01+£0.12
Phosphate (umol/kg)
500-5500 -0.01 £0.05 -0.02 £ 0.07 -0.02 £ 0.08 -0.02 £ 0.07
: L 0-500 0.02£1.60 -0.20+1.87 -0.34+1.69 0.18+1.78
Nitrate+Nitrite (umol/kg)
500-5500 -0.16 £0.70 -0.23 £1.02 -0.24 £ 0.98 -0.22 £ 0.95
" 0-500 0.1+3.1 1.0£35 09£39 08136
Silicate (umol/kg)
500-5500 0.5t2.7 08141 0.2+39 03138

, 0-500 -0.256 £ -0.928 -0.224 +-0.945 -0.212 +-0.856 -0.229 £ 0.927

Temperature (°C)
500-5500 -0.001 £ 0.154 0.005 £ 0.153 0.002 £+ 0.163 0.003 £ 0.160
Salinit 0-500 -0.007 £ 0.141 0.000 £ 0.120 -0.016 £ 0.122 -0.005 £ 0.127
Y 500-5500 0.001 £ 0.019 -0.001 £ 0.012 0.002 £ 0.017 0.000 £ 0.015

g




phos_aave_differences

		WOA-GLODAP phos (umol/kg)

		Level		Avg Difference(world)				Standard Deviation(world)		Avg Difference(atl)		Standard Deviation(atl)		Avg Difference(pac)		Standard Deviation(pac)		Avg Difference(ind)		Standard Deviation(ind)

		0		0.056				0.135		0.080		0.126		0.059		0.144		0.020		0.115

		10		0.055				0.139		0.076		0.124		0.060		0.152		0.021		0.116

		20		0.064				0.131		0.076		0.112		0.076		0.146		0.022		0.105

		30		0.059				0.124		0.068		0.106		0.070		0.135		0.023		0.109

		50		0.034				0.132		0.054		0.115		0.032		0.139		0.018		0.131

		75		0.011				0.140		0.048		0.121		0.007		0.132		-0.022		0.166

		100		-0.001				0.132		0.025		0.108		-0.004		0.125		-0.021		0.163

		125		-0.012				0.124		0.012		0.101		-0.016		0.121		-0.031		0.148

		150		-0.019				0.123		0.001		0.110		-0.019		0.126		-0.038		0.125

		200		-0.027				0.128		-0.006		0.106		-0.029		0.140		-0.046		0.117

		250		-0.028				0.118		-0.009		0.091		-0.031		0.129		-0.042		0.114

		300		-0.029				0.112		-0.021		0.100		-0.033		0.120		-0.029		0.103

		400		-0.037				0.106		-0.031		0.099		-0.039		0.114		-0.038		0.095

		500		-0.032				0.097		-0.031		0.094		-0.030		0.099		-0.035		0.097

		600		-0.021				0.096		-0.015		0.088		-0.028		0.096		-0.013		0.100

		700		-0.019				0.087		-0.014		0.077		-0.025		0.087		-0.013		0.097

		800		-0.024				0.089		-0.022		0.076		-0.028		0.089		-0.016		0.100

		900		-0.029				0.076		-0.030		0.061		-0.029		0.077		-0.027		0.088

		1000		-0.027				0.075		-0.025		0.059		-0.030		0.080		-0.023		0.081

		1100		-0.023				0.071		-0.022		0.051		-0.027		0.077		-0.017		0.075

		1200		-0.020				0.072		-0.016		0.055		-0.024		0.076		-0.017		0.079

		1300		-0.020				0.066		-0.013		0.049		-0.023		0.067		-0.019		0.077

		1400		-0.015				0.064		-0.011		0.047		-0.021		0.065		-0.006		0.074

		1500		-0.020				0.071		-0.012		0.054		-0.026		0.072		-0.014		0.082

		1750		-0.015				0.060		-0.008		0.043		-0.023		0.065		-0.005		0.060

		2000		-0.016				0.062		-0.010		0.043		-0.017		0.066		-0.020		0.069

		2500		-0.016				0.060		-0.008		0.037		-0.014		0.065		-0.027		0.065

		3000		-0.015				0.060		-0.012		0.039		-0.012		0.066		-0.025		0.063

		3500		-0.016				0.058		-0.013		0.043		-0.014		0.064		-0.026		0.058

		4000		-0.017				0.060		-0.013		0.049		-0.014		0.059		-0.028		0.071

		4500		-0.014				0.057		-0.012		0.043		-0.013		0.059		-0.020		0.068

		5000		-0.016				0.068		-0.008		0.053		-0.017		0.068		-0.023		0.086

		5500		-0.009				0.055		-0.003		0.038		-0.011		0.053		-0.008		0.084

		Surface		0.01				0.12		0.02		0.11		0.01		0.13		-0.01		0.12

		Bottom		-0.02				0.07		-0.01		0.05		-0.02		0.07		-0.02		0.08



								WOA-GLODAP ≥ 500 m average difference ± average standard deviation

				Variable				Atlantic		Pacific		Indian		Global

				Phosphate (µmol/kg)				0.02 ± 0.06		-0.02 ± 0.07		-0.02 ± 0.08		-0.02 ± 0.07

				Nitrate+Nitrite (µmol/kg)				-0.16 ± 0.70		-0.23 ± 1.02		-0.24 ± 0.98		-0.22 ± 0.95

				Silicate (µmol/kg)				-0.5 ± 2.7		0.8 ± 4.1		-0.2 ± 3.9		-0.3 ± 3.8

				Oxygen (µmol/kg)				-0.4 ± 4.4		0.9 ± 4.6		0.1 ± 4.9		0.4 ± 4.7

				Temperature (°C)				-0.001 ± 0.154		0.005 ± 0.153		0.002 ± 0.163		0.003 ± 0.160

				Salinity				0.001 ± 0.019		-0.001 ± 0.012		0.002 ± 0.017		0.000 ± 0.015



								WOA-GLODAP average difference ± average standard deviation

				Variable		Depth range (m)		Atlantic		Pacific		Indian		Global

				Phosphate (µmol/kg)		0-500		0.02 ± 0.11		0.01 ± 0.13		-0.01 ± 0.12		0.01 ± 0.12

						500-5500		-0.01 ± 0.05		-0.02 ± 0.07		-0.02 ± 0.08		-0.02 ± 0.07

				Nitrate+Nitrite (µmol/kg)		0-500		0.02 ± 1.60		-0.20 ± 1.87		-0.34 ± 1.69		0.18 ± 1.78

						500-5500		-0.16 ± 0.70		-0.23 ± 1.02		-0.24 ± 0.98		-0.22 ± 0.95

				Silicate (µmol/kg)		0-500		0.1 ± 3.1		1.0 ± 3.5		0.9 ± 3.9		0.8 ± 3.6

						500-5500		-0.5 ± 2.7		0.8 ± 4.1		-0.2 ± 3.9		-0.3 ± 3.8

				Oxygen (µmol/kg)		0-500		1.1 ± 9.8		1.8 ± 11.5		0.9 ± 10.6		1.4 ± 10.9

						500-5500		-0.4 ± 4.4		0.9 ± 4.6		0.1 ± 4.9		0.4 ± 4.7

				Temperature (°C)		0-500		-0.256 ± -0.928		-0.224 ± -0.945		-0.212 ± -0.856		-0.229 ± 0.927

						500-5500		-0.001 ± 0.154		0.005 ± 0.153		0.002 ± 0.163		0.003 ± 0.160

				Salinity		0-500		-0.007 ± 0.141		0.000 ± 0.120		-0.016 ± 0.122		-0.005 ± 0.127

						500-5500		0.001 ± 0.019		-0.001 ± 0.012		0.002 ± 0.017		0.000 ± 0.015
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WOA-GLODAP 0O, (umol/kg) basin-scale zonal differences (60°S-60°N)
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South Atlantic regional WOA-GLODAP O, differences (umol/kg)

700 m 1750 m 2500 m



GLODAP?2 is relatively saltier, warmer, and lower in O,
when compared to WOA for near surface and thermocline
waters warmer than about 4°C depending on basin.

Atlantic
Observations 688,477 4,945,707
Profiles 45,306 877,400
Time coverage 1972-2013 1955-2017
Pacific o
Variability fields (1°x1°) Annual Annual,
seasonal,
monthly
Depth levels 33 102
Grid size 1-degree 1-degree

Indian
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Contours are mean O,
values 0-500 m.

A local |10 pmol/kg| O,
difference represent as
much as 30% magnitude
of the observed signal

0, concentration averaged difference (pumol/kg)



m) 949,465 profiles

|:}Z>687,903 profiles

Number of profiles

Year

Impact of O,
Observing Systems:

Sensor-based O, in
situ data are
becoming increasingly
abundant and likely
will have greater
temporal and spatial
coverage than OSD.




O, Sensor Data (687,903 profiles)

= Drifting Buoys (37,812 profiles)

= Undulating Oceanographic Recorder (361 profiles)
=Glider Data (450,084 profiles)

=Profiling Float (12,216 profiles)
=Conductivity-Temperature-Depth (187,430 profiles)

O, measurements in the NCEl World
Ocean Database (WOD) as a function of
observing system as of May 2018

O, Chemical Data (949,465 profiles)

= Ocean Station data (Discrete measurements)




Profile Analysis to identify profiles with systematic
depth offsets (approximately parallel profiles)

Independent O, profiles with ~covariance and ~“normal population

“Parallel” profiles =
systematic
calibration depth

T2=[c(X-7)| [( )cs C] [c(x-Y)] < d? <j et

Where C is a contrast matrix, S, is a pooled covariance matrix,
and d? is given by

Xq, -+, Xp With n; measurements and y4, ..., y, with n, measurements

Test metric statistic (ellipse):

Reference Observed
n+n, —2 -1

ny +n, —

Assumption: Systematic depth offsets represent sensor calibration
issues (Type /Il errors)

/)



WOD Dissolved Oz (ml/l)

56 —

52 —

48 —

LSR Adjusting systematic CTD O, profile depth offsets

Example for data with 0.8 <r?< 1.2; Z> 500 m depth
Y= (-0.36 + 0.39) + (1.11 + 0.09)x; R2= 0.94

Adjusted
o profile

A=0;,+ U

Uncorrected
No QC

L L D WOA Climatology

4.2 4.4 4.6 4.8 5
WOA Dissolved O, (mifl)
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Case study:
Gulf of Mexico CTD

1598 Profiles with O,
(456 profiles > 500 m)

Depth (m)

Integrating WOD in situ data with sensor-based O, data for WOA:
Statistical calibration of systematic depth offsets with uncertainties

Dissolved O, (umol/kg)

50 100 150 200 250 300 350
-1000
0001  Before

Uncorrected
-3000 - CTDO,
WOA O,

'4000 T T T T T T T

50 100 150 200 250 300 350

-1000 -
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-4000

100

150

Dissolved O, (umol/kg)

200

250 300 350

—— WOADOQ,
—— CTD O, corrected

Total: 1598 Profiles
Pool: 456 profiles > 500 m
Offset corrected: 258 profiles (~57%)

Goal: pool WOD CTD 02: 66,405
profiles > 500 m depth

50

100

150

200 250 300 350
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Summary

WOA13 and GLODAP2 O, deep basin fields are in agreement within long-term O,
measurement uncertainty (< 1 pumol/kg) and do not show significant systematic depth offsets.

Significant measurable O, differences exists at the local and regional level as a function of
depth. These differences could be attributed to near surface seasonal bias, longer time scales
variability (thermocline), and data coverage differences. WOA O, has greater spatial and
temporal coverage than GLODAP.

The number of sensor based O, measurements have increased significantly in the past few
years. The addition of Bio ARGO and other emergent observing systems will greatly increase
the spatial and temporal coverage of more traditional O, chemical measurements.

Carefully quality controlled O, sensor data could complement existing in situ based
climatologies along with well documented corrections. WOA2018 will include separate
climatologies, one for in situ and another for in situ + sensor (e.g., CTD, BIO-ARGO, Gliders,
etc).

Hernan.Garcia@noaa.gov
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