Last Interglacial Sea-Surface Temperature Reconstruction: A Preliminary
Wl Approach Using Reduced-Space Optimal Interpolation (130-115 ka)
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Methodology

We implemented Reduced-Space Optimal Interpolation (RSOI) on sparse
Last Interglacial (LIG) SST data, using 1870-2020 as the modern baseline
for Empirical Orthogonal Function (EOF) analysis. An animation of 1°X1°
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» N. Pacific, S. Pacific, and S. Atlantic reveal strongest warming up to +4°C
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1. Modern Data Empirical Orthogonal Function (EOF)
We implement Reduced-Space Optimal Interpolation (RSOI) on the Hoffman et
al. (2017) compiled data set of paleoclimatic proxy records. Annually-averaged
1°-by-1° SST fields from the U.K. Hadley Centre’s HadISSTI1 data set for the
1870-2020 period are arca-weighted by ETWE =1 such that the area-weighed
EOF, E, is orthogonal. Then, Empirical Orthogonal Function (EOF) analysis is
performed as:

X =EXTV.,

2. LIG Proxy Data Interpolation and Area-weighing
Optimal estimation of LIG proxy record time-series ensured a single temperature
value is produced on 0.1 ka intervals. Rank-20 reduced EOFs form the basis of a
low-dimensional linear space (“reduced space”) within which the solution (an
interpolated SST field) 1s sought for each specified time value, based on the
proxy records available for that given time.

3. Reduced-Space Optimal Interpolation (RSOI)
RSOI constructs the SST field solution as a weighed sum of the EOF patterns,
ecach weighed by i1ts own coefficient. These coefficients form a vector of a low-
dimension — a reduced space dimension — found using a low-dimensional
Optimal Interpolation (OI) procedure:
p, = AZN(H AHT+R) 1y,

where #°, = H,E 1s the factor of a time-variant selector matrix H, that selects the
location of the proxies at the given time ¢ and the matrix of eigenvector E, A is
the diagonal matrix of eigenvalues of the spatial covariance matrix C from EOF
analysis (C = EAET), y, is the paleo-proxy SST data vector at 7.

4. Error Analysis

The error matrix, R,, 1s constructed from the sum of two components:
R, = [E(%{ed(%fed)T) + [E(%?bs(%?bsﬂ
T
where [E(%tobs(%fbs)T) = diag( [012 0'22 6,%] ) 18 the standard deviation
reported by the Hoffman et al. (2017) dataset from observational and transfer

function errors. E(&7*4(&"¢)T) = H Ep, is the error of truncation of the full-

dimensional SST field to its reduced space, where tilde represents the unused
eigenvectors and RSOI solutions beyond Rank 20.

5. Reconstruct the Global Field

The global field SST 1s reconstructed via the RSOI solution and un-doing area-
weighting at each tilmestep f:

I, = W_%Ept
Animation of reconstructed global-field SST at every 0.1 ka time-steps over
115.0-130.0 ka 1s produced.
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