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* The World Ocean Database 2005
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» Examples of variability and trends
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NODC OCL

With NOAA OGP & ESDIM support, the NODC Ocean Climate Laboratory
(OCL) has been building global ocean profile databases to study the role of the
ocean as part of the earth’s climate system.

This includes:

1) Creating and distributing climatologies;

2) Creating anomaly fields of temperature, salinity, and oxygen by
yearly or pentadal (5-year) averaging periods to study interannual-to-

decadal variability;

3) Creating derived and integral fields from the above variables for
studying changes in heat content, steric sea level, chemistry, etc.

This talk focuses on recent results that are a result of systematic investigations
by the OCL that begin with large scales. I emphasize examples of the value of
historical integrated databases to examine oceanic variability. 4




WOD Generalities

1) Database development and maintenance is labor—intensive.

2) Nearly every data set we receive has some type of problem that
requires (+/-) human intervention (e.g., A research ship traveling at
warp speeds between observations, a profiling float sampling on
land, ...).

3) We actively work with all data “operators” (providers) by providing
feedback on problems we encounter.

4) We check our database to identify and correct errors. We provide
data and metadata corrections and comments online monthly.

The WOD is a work in progress



WOCE 3.0 CD-ROM: Profiling Floats

Floats on land in southern South America
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Latitude

Example of data with incorrect hemisphere- UKHO card file
Accession # 0000450

Problem identified by CSIRO, Australia
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Example of data quality flags in WOD98 not being used

Bottle data for WMO Square7306: 30-40°N, 60-70°W

A user showed this T-S plot as an
example of problems in WOD9Y8.

The vertical lines centered on S = 36.5
is not a “feature” of the ocean.
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However, when we tried to reproduce
the plot on the bottom left we found
the user had included data that we had
flagged as being erroneous.
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Impact of quality control on January, 800 m depth temperature climatology

January temperature climatology at 800 m depth, January temperature climatology at 800 m depth,
without “final, subjective ” quality control. with quality control.
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What’s New in WOD 2005

* More historical (GODAR), modern data, & metadata

1) ~800,000 new temperature profiles
2) ~200,000 new salinity profiles
3) 216,842 replaced profiles (e.g., moored buoy data from PMEL ...)

WODO0S ~ 7,983,414 profiles (~10% increase from W0OD01)

 New variables: e.g., Tritium, He, Ar, Ne, dHe3, dC14,
dC13, Freons, dO18, beam attenuation coefficient,
open to suggestions.

10



New data for WOD05 WODO0S5 final?
803,301 profiles (June 2005) 7,983,414 profiles
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Latitude

New WODO0S data by instrument type as of June 2005
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Latitude

MEDS CTD data 1966-1980 as of March 2005
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Accession 0002023, Marine Environmental Data Service (MEDS), Canada, CTD data 1966 - 1980 POSTMERGE
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Additional data available...when to stop? L




Distribution of plankton data in WODO1 from 1905 to 2000
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Variability in Ocean
Heat Content

&
Thermosteric Sea Level

Levitus S., J. Antonov, and T. Boyer, 2005, Warming of the World Ocean, 1955-2003.
Geophys. Res. Lett., 32, 1.02604, d0i:10.1029/2004GL021592

Antonov J.I., S. Levitus, T. P. Boyer, 2005, Thermosteric sea level rise, 1955-2003.
Geophys. Res. Lett., 32,1.12602, d0i:10.1029/2005GL023112
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Heat content (1022J)

Time series of ocean heat content (1022 J). Levitus ez al., 2005
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Linear Trend of the zonally integrated heat content (x 10!® J/year) for
100 m thick layers (1955/59 to 1994/98). Levitus et al., 2005]

Latitude Latitude

-60 0 20 40 60 80 -
1 ot 7
‘“yD @[;’ e
b b
% 250
]
ﬂ -450
5 . 0 i [ e 7
g 650 A 650 & s 8
Q ~ [ Q Q
£ ( E £ £
g & g g
& 850 i -850 & 8 2
& o. | = a a
L1050
. L
Atlantic
T T T T T T T T T T T T T T T T 1450 T
60 40  -20 0 20 40 60 80 -80
Latitude Latitude
Latitude Latitude
60 40 20 0 20 - 80 80 -
IR Y
AT =5 _
v/ N\ ‘ 250 250 250
1 1 =3 i
450 450
g 650 e 1 8 g 650 1650 3
Q Q Q Q
E E E E
g U g g g
2 9 g 2 850 -850 ¢
a a a o | a2
1050 1050 L1050
[~}
& n la 1250 1250 L1250
— s . 1450 1450 . —+1450
60 40 - -80 80 |7

Latitude Latitude



Thermosteric Sea Level Variability (1955-2003). Antonov ez al., 2005
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Figure 1. Time series of yearly thermosteric sea level (mm) for the 0-700 m layer Figure A1. Time series of yearly thermosteric sea level (mm) for the 0-700 m layer for
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Variability in Ocean
Salinity
& Halosteric Sea Level

*Boyer, T.P., J. I. Antonov, S. Levitus, R. Locarnini, H. Garcia, 2005: Linear
trends of salinity for the world ocean, 1955-1998. Geophys. Res. Lett., 32,
L01604, doi: 10.1029/2004GL021791

Levitus S., J. Antonov, T. Boyer, H. Garcia, R. Locarnini, 2005, Linear Trends
of Zonally Averaged Thermosteric, Halosteric, and Total Steric Sea Level for
Individual Ocean Basin and the World Ocean, (1955-1959)-(1994-1998),

Accepted
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Linear Trend in Salinity (x 104 year!) of the zonally averaged

pentadal salinity anomaly (1955/59 to 1994/98). Boyer et al., 2005.
Glo]ga,l, Ocean Data Archeology and Rescue (GODAB?}
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Linear trends of zonally averaged thermosteric & halosteric Sea Level Variability
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Linear Trends of Steric Sea Level Components

(mml/year)

World Ocean, 1955/59-1994/98
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Variability in Ocean
Oxygen Content

*Garcia H., T. P. Boyer, S. Levitus, R. A. Locarnini, and J. I. Antonov, 2005a, On
the variability of dissolved oxygen and apparent oxygen utilization content for the
upper world ocean: 1955 to 1998, Geophys. Res. Lett., 32, 1L.09604, doi:
10.1029/2004GL022286.

*Garcia H., T. P. Boyer, S. Levitus, R. A. Locarnini, and J. I. Antonov, 2005b,

Climatological annual cycle of upper ocean oxygen content anomaly. Geophys. Res.
Lett. , V. 32,1L09604, doi:10.1029/2004GL022286.
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Comparison of standard error of the O, mean at each 1° grid box
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Ocean O, content

- (0-100 m; x10" pumol)

6 ] ] ] ]

4 - L

< > i

- '-{::1'5;. - t 0 - B

1982 to 1986 | i

0" N G0N )
NN — ﬁ —30°N ~ _4 | L
0 ' : (g I
\ / % —6 T T T T T T T T
30°S 30°S 1960 1970 1980 1990 2000
n-' 180 {.r e Year
—_— 1958101962 =

A 0 3 Garcia et al., 2005



Attribution? Significance? bias?

Observation-based estimates

Worthington (1956). The temperature

increase in the Caribbean deep water
since 1933. DSR 3:234-235.

Roemmich and Wunsch (1984).
Apparent changes in the climatic
state of the deep North Atlantic.
Nature 307:447-450.

Levitus ef al., (1989a,b,c,d,

aly, 1500:2500 dbar

1994,1995)
Station “S”
% ® @ w0 & 7 @ % Ocean warming: Model and observations
time, yr. LeVitllS et al., (2001)
Temperature time series (1-1.5 km) Barnett et al. (2001)

extended using NODC data near Station Reichert ef al.(2002)
“S”. After Joyce and Robbins (1996). J. Hansen et al. (2002)
of Climate 9(12):3121-3131. Barnett et al., (2005)

Other papers... el



Future work

1) Describe spatial and temporal variability of T and S
anomalies, ocean heat content, steric sea level, chemical
variability...

2) Add “new” historical and modern data;

3) Argo profiling float data will allow improved estimates of
important quantities such as ocean heat content,
thermosteric sea level, etc.

This will not be routine due to need for extensive quality
control of the data stream because of problems with data and
sampling of mesoscale phenomenon.

Thank you 31



Percentage of pentads with data for 1955/59 — 1994/98
BEN I | Sl e
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Comparison of heat content computed using all temperature data
and all temperature with concurrent O, data (70°S-70°N; 0-100 m)
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Estimates of variability in O, or AOU concentration in the World Ocean

Location Time span Depth range AO, AAOU
(years) (m) (umol/kg) (umol/kg)
(2f5'0‘§1::£i°0n) 1981-1992 800-2200 =7
(bljéiiagfa"n) 1972-1990 1000-1750 -4
gz'oP_ jzifll\?) 1980-1997 100-600 -9 to -20
(Ijéf_ 2?;511\(1:) 1950-2000 50-900 +5 to +25
SR 1967-1995 800-1200 -5 to -8

(28°S section)

S. Indian rod e 300-800 -7 to -8
(32°S section) 2500-4000 +3
Southern Ocean
(500-6008) 1965-1995 > 400 _5 tO _15

34
Updated from Keeling and Garcia (2002) . Other references: 1. Garcia et al (1998); 2. Keller et al (2002); 3. Emerson et al 2001; 4. Andreev and

Watanabe (2002) ; 5. Shaffer et al. (2000); 6. Bindoff and McDougal (2000); 7. Matear et al. (2000)



O, content (10'® umo
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Figure S1. Variability in
oxygen content of the 0-100
m depth layer for major
ocean basins (1957-61 to
1994-98). The 1957-61 to
1986-90 grand mean content
has been removed. The
vertical lines about each
pentad value represent £1
standard errors. The red lines
are linear least-squares fits
for the 1957-61 to 1994-98
period.
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Linear Trends of the Zonal Means

(a) Dissolved oxygen trend (10? wmol m™ yr'!)
|

Depth (m)

Latitude

Linear trends (1955-59
through 1994-98) of the
zonally averaged pentadal
(a) Oxygen, (b) Apparent
Oxygen Utilization (AOU),
and (c) temperature
anomalies. Shading denotes
negative trends. The contour
intervals are 0.25 x 10?
umol m-3 yr-! for O, and
AOU, and 0.2 x 10~ °C yr!
for temperature.
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Extra-tropical World Ocean
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Yearly heat content based on EOF (Levitus et al., 2005 submitted)
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Empirical temperature-salinity frequency distributions for the
5-degree square (70-75°W, 35-40°N) at 500 m depth. 2208 T-S

Bin width: 1.0°C x 0.1 pss 15
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m, = arithmetic mean;

s, = standard deviation;

:x = sample median;

Syap = robust estimator for standard deviation based on MAD
(median absolute deviation from median)

m,, = estimate of the mean based on the winsorized series of data

s,, = estimate of the standard deviation based on the winsorized
series of data

Qg 5 = lower quartile;

Q, 5 = median

Qg 75 = upper quartile;

a3 = direct estimation of the coefficient of skewness 42

a3q = quartile coefficient of skewness (a robust estimator)



Utility of NODC/WDC profile-plankton data as indicated by citations
in the scientific literature
(Source: ISI Scientific Citation Index as February 2005)
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