
Reduced Space Data Assimilation and Reduced Space Data Assimilation and 
Historical Sea Surface Temperature Historical Sea Surface Temperature 

AnalysesAnalyses

Alexey KaplanAlexey Kaplan
Lamont-Doherty Earth Observatory (LDEO) of Columbia University



















Example of Optimal Interpolation Example of Optimal Interpolation 

T=T=TTBB+e+eBB
HT=HT=TToo+e+eoo

<<eeBB>=< >=< eeoo >=< >=< eeBBeeoo
TT>=>= 00

< < eeBB eeBB
TT >=C       >=C       Hard to know in detail!Hard to know in detail!

< < eeoo eeoo
TT >=R >=R 

Solution minimizes the cost functionSolution minimizes the cost function
S[T]=(HTS[T]=(HT--TToo))TTRR--11(HT(HT--TToo)+(T)+(T--TTBB))TTCC--11(T(T--TTBB))

T=(HT=(HTTRR--11H+CH+C--11) ) --11(H(HTTRR--11TToo+C+C--11TTBB))



Projection of OI solution on Projection of OI solution on 
eigenvectors of eigenvectors of CC (EOFs)(EOFs)

C = EDEC = EDETT

T = EaT = Ea
For simplicity:For simplicity: H = I,  R = H = I,  R = rIrI,   T := T,   T := T--TTBB
Then Then a = D(D+R)a = D(D+R)--11EETTTToo

D(D+R)D(D+R)--1 1 = = diagdiag[ [ ddii/(d/(dii+r+r) ],   ) ],   aaoo==EETTTToo
Therefore  Therefore  aai/i/aaoo = = ddii/(d/(dii+r+r) ) 

In many applications (for spectrally red signals) In many applications (for spectrally red signals) 
diagonal elements of this matrix decrease from ~1 to diagonal elements of this matrix decrease from ~1 to 
~0. In effect, the solution is constrained to the ~0. In effect, the solution is constrained to the 
subspace spanned by the patterns with subspace spanned by the patterns with ddii>>r. >>r. 











SpagettiSpagetti--western properties of leastwestern properties of least--
squares estimates of spectrally red squares estimates of spectrally red 
signals: signals: (good)(good) can be approximated by a can be approximated by a 
few modes, few modes, (bad)(bad) have less variance than have less variance than 
the true signal, and the true signal, and (ugly)(ugly) redder than the redder than the 
true signal. true signal. 

It helps to remember that 
C=<TTT>+P







Number of observations in ICOADSNumber of observations in ICOADS

http://http://icoads.noaa.govicoads.noaa.gov//



Given a choice, climatologists in Given a choice, climatologists in 
general would rather use the general would rather use the 
righthandrighthand panel below than the panel below than the 
lefthandlefthand one  one  





EOFs of SST (#1,2,3,15,80,120)EOFs of SST (#1,2,3,15,80,120)
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VERIFICATION OF REDUCED VERIFICATION OF REDUCED 
SPACE SST ANALYSESSPACE SST ANALYSES











Independent ENSO indicesIndependent ENSO indices



1877-1878

1888-1889

1902-1903

1982-1983

1997-1978

1972-1973

Chen et al., 2004LDEO5

NINO3 (SST 5S-5N,150W-90W)



SST El Nino indices SST El Nino indices vsvs QuinnQuinn’’s historical rankingss historical rankings



OUTSTANDING PROBLEMSOUTSTANDING PROBLEMS





Sea Surface Temperature Anomaly
(Reynolds and Smith’s NCEP OI v.2)



MODIS Scanning Swath



Satellite Sea Surface Temperature Measurements for one day



Pathfinder SST:
Monterey Bay,
Oct 8, 1996
4km resolution



Operational Sea Surface Temperature and Sea Ice 
Analysis (OSTIA), from U.K. Met Ofice and GHRSST, 
blend of many satellite data streams 



INVESTIGATION OF WHAT IS INVESTIGATION OF WHAT IS ““LOSTLOST””::

ERROR OF TRUNCATIONERROR OF TRUNCATION







Truncation error autocovariance patterns:
Eastern Equatorial Pacific at 110W         Western Equatorial Pacific at 140E







OBSERVATIONAL ERROR OBSERVATIONAL ERROR 
OF IN SITU DATAOF IN SITU DATA



**
NN obsobs **

*        **        *
**

*                   **                   *

F(x,yF(x,y) ) [or [or F(x,y,tF(x,y,t)])]

Error varianceError variance
for the meanfor the mean
of N of N observobserv isis

σσ22/N/N

What is the error in the binned What is the error in the binned obsobs mean mean 
(as estimates of the (as estimates of the ““truetrue”” bin area average)? bin area average)? 



High spatial and temporal resolution of High spatial and temporal resolution of 
satellite data can help pinpointsatellite data can help pinpoint
natural SST variability on small scales natural SST variability on small scales 
(below 1 deg) and short terms (within 1 (below 1 deg) and short terms (within 1 
month).month).

A few weeks of background A few weeks of background 
processing of 20 years of daily 4kmprocessing of 20 years of daily 4km
maps of Pathfinder SST gave us the SST maps of Pathfinder SST gave us the SST 
variability inside 1x1 monthly boxes variability inside 1x1 monthly boxes 
estimated.estimated.
[http://[http://rainbow.ldeo.columbia.edu/~alexeyk/Satellite_SST.htmlrainbow.ldeo.columbia.edu/~alexeyk/Satellite_SST.html]]







Measurement error (or very Measurement error (or very 
smallsmall--scale variability) has to scale variability) has to 
be taken into accountbe taken into account



Combining the two estimates Combining the two estimates 
to obtain to obtain σσ::



Does left look like right?Does left look like right?
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