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SODA: Simple Ocean Data Assimilation

Carton and Giese, MWR, 2008

A Synthesis of:
Global Ocean Observing Systems

Fine resolution Global Ocean Model

Uses:
— State estimation for the global oceans

— Boundary conditions for regional models
— Analysis of climate variability



20™ Century Atmospheric Reanalysis
1871 - 2008

* Uses a consistent set of observations
* Surface pressure and reconstructed SST

* Provides winds and atmospheric variables
needed for the ocean model bulk formulae



SODA 2.2.4

Numerics

— Parallel Ocean Program
Domain

— Global (including Arctic)
Resolution

— 0.4x0.25 on eq. (~25km x 25km midlat) horizontal
— 40 levels: 10m near surface to 450m in deep ocean

Winds

— 20C_r daily stress 1871 — 2008
Heat and Salt fluxes

— Bulk formulae using 20C_r daily variables
SODA Data Assimilation

— WODO09 Hydrographic and ICOADS SST data



Assimilation details

Sequential Estimation - like OI but......

Error covariances:

— Flow-dependent, anisotropic, latitude/depth-dependent
Updating Equations

— Analysis = Forecast - L(Obs-H( Model Forecast))

— 10-day Incremental Updating

Data
— WODO09

— Hydrography ( MBTs, XBTs, CTDs, floats, moored thermistor
chains, Argo, etc.)



The SODA Cycle

A 5-day forecast is made with the ocean-only model
An analysis of the forecast - observations 1s done
The analysis 1s used to construct “innovations” which
are added to an integration for 10 days

Repeat

FORECANT
AMALYSIY

TIME —*

* 120 processors on Hydra
*  Still took 3 months to complete
* Or...30 years on a single processor machine
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Global (60s-60n) SST
RED — SODA_2.2.4 BLACK - HADISST
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The 1918/1919 El Nino



The 1918/1919 El Nino

A collaboration between TAMU, the University
Of Colorado, and the University of Maryland

Published in: the Bulletin of the American
Meteorological Society, 2010
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Camp Funston, Kansas 1918
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All-India Summer Monsoon Rainfall, 1871-2003
(Based on IHITM Homogeneous Indian Monthly Rainfall Data Set)
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WEST PEAST 57

Major Hurricane: Category 3 or higher.
Hurricane: Reached hurricane intensity.
Iropical Storm

Trapical Depression

Extratropical Stage

Position/ date at 7:00 am E5.T.
Pasition at 7:00 pmES.T.

Tropical Cyclone Number
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December 1997 SST Anomaly
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QUINN ET AL.: EL NINO OCCURRENCES OVER PAST FOUR AND A HALF CENTURIES

Quinn et al. 1987 14,452

TABLE 2. ElNifio Events of Moderate and Near-Moderate Intensities, Their Confidence Ratings, and Information Sources

El Nifio Event Confidence
Event Strength Rating Information Sources

1806-1807 M 3 Stevenson [1829], Remy [1931], and Unanue [1815]
1812 M 4 Palma [1894] and Gonzalez [1913]
1817 M+ 5 Eguiguren [1894], Labarthe [1914],

Portocarrero [1926], and Taulis [1934]
1819 M+ 4 Eguiguren [1894] and Taulis [1934]
1821 M 5 Eguiguren [1894], Fuchs [1925], Remy

[1931], and Taulis [1934]
1824 M 5 Spruce [1864], Basadre [1884], and Eguiguren [1894]
1832 M 5 Spruce [1864], and Eguiguren [1894]
1837 M 5 Eguiguren [1894], Labarthe [1914],

Portocarrero [1926], and Taulis [1934]
1850 M 5 Eguiguren [1894], Fuchs [1925], and Taulis [1934]
1854 WwW/M 4 Spruce [1864], Eguiguren [1894], and Taulis [1934]
1857-1858 M+ 5 Eguiguren [1894], Labarthe [1914],

Portocarrero [1926], Gaudron [1925],

Zegarra [1926], and Taulis [1934]
1860 M 4 Labarthe [1914], Portocarrero [1926], and Taulis [1934]
1866 M 4 Eguiguren [1894], Labarthe [1914],

Bachmann [1921], and Portocarrero [1926]
1867-1868 M 4 El Comercio (January 10, 1872), Raimondi

[1897], Taulis [1934], and Eguiguren [1894]
1874 M 4 Bravo [1903], La Patria (February 9, 1874),

and Bachmann [1921]
1880 M 4 Eguiguren [1894], Puls [1895], and Taulis [1934]
1887-1889 wW/M 5 Eguiguren [1894], Labarthe [1914],

Portocarrero [1926], and Taulis [1934]
1896-1897 M+ 4 Bravo [1903], E! Comercio (February 3, 1897,

and February 22, 1897), and Bachmann [1921]
1902 M+ 4 El Comercio (February 17, 1902), Bachmann

[1921], and Taulis [1934]
1905 W/M 4 Bachmann [1921], and Taulis [1934]
1907 M 3 Remy [1931], and Paz Soldan [1908]
1914 M+ 5 Labarthe [1914], Portocarrero [1926],

Petersen [1935], Taulis [1934], and Schweigger [1961]
1918-1919 w/M 5 Murphy [1923], Portocarrero [1926],

Vogt [1940], Hutchinson [1950], and

Taulis [1934]

1923 M 5 Lavalle y Garcia [1924], Balen [1925],
Zegarra [1926], Gunther [1936],
Hutchinson [1950], and Schweiggar [1961]

1930-1931 W/M 5 Petersen [1935], Hutchinson [1950],
Schweigger [1961], Miller and Laurs
[1975], and Woodman [1984]

1939 M+ 5 Vogt [1940], Schweigger [1940], Mears
[1944], Hutchinson [1950], Sears [1954],
Mugica [1983], and Woodman [1984]

1943 M+ 5 Schweigger [1961], Miller and Laurs
[1975], Caviedes [1975], Mugica [1983],
and Woodman [1984]

1951 wW/M 5 Garcia Mendez [1953], Schweigger [1961],
Wooster and Guillen [1974], and Miller
and Laurs [1975]

1953 M+ 5 Rudolph [1953], Sears [1954], Wooster and

Jennings [1955], Merriman [1955), Avila
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Official NOAA El Nino Definition

A positive sea surface temperature departure from normal in the Nino
3.4 region greater than or equal in magnitude to 0.5° C averaged
over three consecutive months.
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Nino 3.4 SST Anomaly - Kaplan et al. (1998)




SST reconstructions

18,578 KAPLAN ET AL.: ANALYSES OF GLOBAL SST 1856-1991

(a) GOSTA observations: Dec 1918 . (b) Full OS: Dec 1918
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AAAAAAAAAAAAAAAA

Looks like the 1997 El Nino
— except weaker!



Nino 3.4 SST Anomaly
RED — SODA 2.2.4 BLACK - HADISST

_2.0 —]

m e I L A R R L R R A R LR AL AR
1880 1900 1920 1940 1860 1980 2000

——— TEME L D =B Lt 0,
=0
TEWF, HOM




DJF 1918/1919
- DJF 1917/1918

DIJF 1997/1998
- DJF 1996/1997




DJF 1918/1919
- DJF 1917/1918

Surface Air Temp

SST




Conclusions

* We used Hydra to complete a reanalysis of the global
Oceans that spans the 20" Century

* The reanalysis 1s being used to explore global warming and
climate variability in the 20® Century

* The 1918/1919 El Nifio may have been much stronger than
previously believed
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