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1. MOTIVATION

3. TECHNIQUE VALIDATION

2. FORMALISM OF REDUCED SPACE OBJECTIVE ANALYSES

.

The principal goal of this project is to use sea surface temperature
(SST) data from the MODIS instrument to improve the estimate of 
global fields of SST over the past two centuries. Climate change studies
require long historical data sets to put the present and future
changes in the context of natural variability, and to verify climate
models.  Studies of interannual, decadal, and longer climate
variations require timeseries long enough to encompass many
realizations.  Since raw historical data does not provide consistent
coverage over large areas, investigators use analyzed gridded fields,
such as the well-known SST products of Reynolds and Smith, Kaplan, 
or the Hadley Center (GISST).  All of these analyses products require
estimates of observational error, including the sampling error arising
because the few observations available within a given grid box and
time period are not representative of the average over that grid box
and period.  This sampling error is a consequence of sub-grid scale
variations, here referred to as small-scale variability (SSV).  The
almost 200 years of SST data in the historical archive does not have
the spatial and temporal resolution to estimate SSV globally.  But the
few years (3 years at present) of high resolution MODIS data are
adequate to provide what is needed for sampling error estimates.

8. CONJECTURED VARIABILITY

4. SMALL-SCALE      
VARIABILITY

5. AUTOCORRELATION 
STRUCTURES IN SMALL-

SCALE VARIABILITY

6. AVAILABLE ESTIMATES OF SMALL-SCALE VARIABILITY

Classical data assimilation and objective analyses techniques require 
dealing with covariance matrices (P,Q,R) whose order is equal to the 
dimension of the system space. Reduced  space versions carry error 
covariance calculations in the low-dimensional space of the 
predetermined set of patterns (E) for which we take a set (<100) of 
leading empirical orthogonal functions from a model run.

7. DISCREPANCY IN THE ANALYSES

There is a lot of room for 
improvement , as far as 
reconstruction of small-scale 
variability is concerned.
We need to know its statistics.

Clearly 
non-stationary 

covariance 
structure!

Existing estimates of small-scale 
variability in the SST are clearly 
inadequate. This results in 
incorrect analysis error estimates 
and suboptimal analyses too.

1. Maps of SSV-SST inside bins of sizes varying from 0.25 to 5 degree spatially and from a week to a month temporally will 
be produced. Systematic comparison of MODIS data with other satellite mission products (AVHRR, ATSR) and high-
resolution model analyses will be performed. This analysis will be repeated for both skin and bulk SST products, in order 
to evaluate possible influences of the skin-to-bulk conversion algorithms on our results; possible cloud contamination and 
the effects of diurnal warming will be investigated as well.
2. The total spacextime SSV-SST will be separated into spatial and temporal components.  Estimates of the latter from 

MODIS will be compared with estimates from TOGA-TAO buoys.
3. Results obtained in earlier parts of the project will be summarized in an isotropic approximation: dependence of the 
mean SSV on the size of the spacextime bin will be presented as a function of location. Conversely, these dependences will 
be evaluated by a modified variogram technique, and results compared.
4. More sophisticated descriptions of the SSV via anisotropic approximation of covariance will be attempted as well. We 

will characterize local autocorrelation maps in various locations and will study a possible connection of large-scale and 
small-scale variability in SST.
5. We'll apply the filtered spectral analysis of  to MODIS data. We will attempt to produce frequency and 2D location-
dependent wavenumber spectra of sea surface temperatures.
6. Finally, the consistency and utility of our findings will receive a field test: we will redo the OI analysis of the 20 years of 
COADS data using improved estimates of the  SSV-SST from MODIS. We will then redo our analysis of historical SSTs.

9. PLANNED TASKS


