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1. ERROR SUBSPACE STATISTICAL ESTIMATION (ESSE)
2. BIOGEOCHEMICAL-PHYSICAL SMOOTHING IN MASSACHUSETTS BAY
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Coupled Interdisciplinary Error Covariances

Physics:  xO = [T, S, U, V, W]

Biology:  xB = [Ni, Pi, Zi, Bi, Di, Ci]

Acoustics:  xA = [Pressure (p), Phase (ϕ)]

x = [xA xO xB]

xO
cO

P = ε { (x – x t ) ( x – x t )T}ˆ ˆ

PAA PAO PAB

P =   POA POO POB

PBA PBO PBB
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BIOGEOCHEMICAL-PHYSICAL SMOOTHING IN MASSACHUSETTS BAY

Cartoon of horizontal circulation patterns 
for stratified conditions in Massachusetts 
Bay, overlying topography in meters (thin 
lines).

•Patterns drawn correspond to main 
currents in the upper layers of the
pycnocline where the buoyancy driven 
component of the horizontal flow is often 
the largest 
•Patterns are not present at all times 
•Most common patterns (solid), less 
common (dashed)



Harvard University P.F.J. Lermusiaux et al.

ESSE BIOGEOCHEMICAL-PHYSICAL ERROR COVARIANCE  (FCST FOR SEP 2)
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ESSE ERROR EIGENMODE 2  (FCST FOR SEP 2)
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Cross-sections in Chl-a fields, 
from south to north along 
main axis of Massachusetts 
Bay, with:

a) Nowcast on Aug. 25

b) Forecast for Sep. 2

c) 2D objective analysis for 
Sep. 2 of Chl-a data collected 
on Sep. 2–3

d) ESSE filtering estimate on 
Sep. 2
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e) Difference between 
ESSE smoothing estimate 
on Aug. 25 and nowcast 
on Aug. 25

f) Forecast for Sep. 2, 
starting from ESSE 
smoothing estimate on 
Aug. 25

(g): as d), but for Chl-a at 
20 m depth

(h): RMS differences 
between Chl-a data on 
Sep. 2 and the field 
estimates at these data-
points as a function of 
depth (specifically, 
“RMS-error” for 
persistence, dynamical 
forecast and ESSE 
filtering estimate)
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Coupled bio-physical sub-regions of 
Massachusetts Bay in late summer:

Dominant dynamics for trophic 
enrichment and accumulation


