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3alance and partitioning of energy at different scales

some pontification

\ little speculation

\ sprinkle of some hard results for good measure and credibi



Observation Impacts

The “analysis equation”:
x,=x,2*BH {HBH"+R| '|y,— H(x,)|
The Kalman gain matrix:
K=BH'|HBH"+R|"'
common approach to quantifying observation impact involves

In 4D-Var and ensemble-based approaches contains the model
dynamics.

The impact of the obs will depend the underlying dynamics,
even if B and R are known perfectly.

Setting aside the practical challenges and issues of DA let’s
revisit how the underlymg dynamlcs of the ocean circulation
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Energy Partitioning

Based on Gill (1982)

Vorticity conservation:

PV and energy conserved

Energy partitioning ratio:

where is the horizontal wave number and Rossby radius of deforfRHfRgE number, )
For scales Rossby radius, so stretching relative vorticity mass field dominates
For scales Rossby radius, so relative vorticity stretching velocity field dominates
For scales ~ Rossby radius, so (energy is equipartioned)

Can generalize to a continuously stratified ocean by summing the vertical modes



Geostrophic Adjustment

Temperton (1973) building on Washington (1964) offers a more
general DA perspective:

final i / initial
velocit| = |velocit| T ( -« ) mass
field field field

GZK%_ICZZ/(K%_IGZ+1)

initia

For scales Rossby radius, , velocity adjusts to mass field
For scales Rossby radius, , mass field adjusts to velocity field
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The Importance of Balance

* The Rossby number implies that rotation dominates and
the flow Is quasigeostrophic.

 Quasigeostrophy provides a diagnostic relation between
the mass and velocity field.

 Thus, the extent to which is small (or smallish) is very
handy for DA.

 The nature of the balance is important and the question
then becomes one of energy partitioning (i.e. where is
most of the information?)



Let’s think about the large scales first...

Zonal average ocean densityt¢ U//L<1.Fr U/NH <1&6¢
(rotation important)(stratification important)
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- Modal structure

- Thermal wind and vertical shear

- Ventilation, subduction and thermocline -
structure

For steady state sUFBR density (SST+SSS) determines full 3D density field solution of nonlinear PV equa

- provide critical information, and
velocity will adjust accordingly.
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What about intermediate scales..

“Nature run”

(2km resolution) Baroclinic instability:

arguably the major source of

mesoscale eddies
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Assimilation of mass field obs
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Interdependent scales:

- the submesoscale is conditioned on the
mesoscale

l l - the mesoscale is conditioned on the gyre

= iy T scale -
74 YVint Y su rf | - energy cascades are scale dependent which S

classical QG solution mesoscale eddies j. gErewe heed to get a lot of things right!

via baroclinic instability Mesoscale %\x%
surface QG frontogenesis adding ML 2
leads to instabilities
Submesoscale

STume T 210

. iy




)MS Triply Nested Confi
(d) G1: NLM

(e)

%uratlon
0-way

G2: NLM, two-way

(f) G3: NLM, two-way

..........................

60°W

NSF OOI Pione

UPSTREAM

66°W

78°W  T2°W

COASTAL PIONEER ARRAY

e{ Arre

| N S H O R E
ISPM
uuuuuuuuuuuuuuu (cooawssw

W T2°W T0°W  68°

7°W T1°W 70°W  69°W

Simultaneous 4D-Var DA across all
three nested grids (1- & 2-way nesting)

CENTRAL 12
(

OFFSHORE 435-460 M

: SST (AVHRR, GOES, TRMM, AMSR2, WindSat)

SSH (Jason, AltiKa, CryoSat)
in situ T,S (NDBC buoys, Argo, XBT, drifters, glids
in situ u,v (moorings, HF radars)

GLIDERS &
AUTONOMOUS UNDERWATER
VEHICLES (AUVS)

NEAR SURFACE

MULTI-FUNCTION
INSTRUMENT FRAME NODE




)MS Triply Nested Conﬁ?uratmn
(d) | G1: NLM, two-way (e) G2: NLM, two-way (f) G3: NLM,two-way

..... 30’

Mesoscale Submesoscale
Eddles circulations

stern
Boundary

Current

ciieagreranaenaceecn, - . . . . ... ..iaaipaseaesaen

78°W  T2°W  66°W  60°W W T2°W T0°W  68° 7°W T1°W 70°W  69°W

COASTAL PIONEER ARRAY NSF 00| Plonee{ Arrz

UPSTREAM

Simultaneous 4D-Var DA across all
three nested grids (1- & 2-way nesting)

jlimse

INSHORE

: SST (AVHRR, GOES, TRMM, AMSR2, WindSat)
SSH (Jason, AltiKa, CryoSat)

: in situ T,S (NDBC buoys, Argo, XBT, drifters, glid

e R in situ u,v (moorings, HF radars)

rofiler Mooring (CPO40SPM)
ce Mooring (CPO40SSM

GLIDERS &

AUTONOMOUS UNDERWATER NEAR SURFACE MULTI-FUNCTION
VEHICLES (AUVS) INSTRUMENT FRAME NODE



¢/f

— 4

80ct 2015<= R, O(1]

-n

Cross-shelf transport increments

. ; ; 1 (0.01 . , ! [ . , 1
@npact of Temp obs pact of Salinity ob@pact of Velocity obs

Svo_

Sv0

g SVO_F_. .I st |

I'_0.01

-0.5

ﬁwwﬁ

017N T
j —

GL3801 0/07

10/07 10/21 10/07 10/21

6 gliders & 7 moorings

10/21

Ratlo of KE to pE G3 Spectral Transfer

2. Sf 2 Function
nner-most grld — No DA X5
2t 1 30km  — 4D-Var

10km

01.5]
e
(O
0.5
0 ' ' o0 0.050. N
01 050.1 5 1
O (P od 35 ;
K27 (km™)



Final Thoughts and Reflections

* The primary balances in the ocean can provide a useful
guide as to which type of observations will be most
impactful.

 Similarly, they can help us to understand the impact of
the observations that we already have in hand.

* More broadly, these balances can guide our choice of
balance operators for B.

* Perhaps with if we pay closer attention to the
underlying dynamics of the circulation regimes that we
are attempting to recover we can make make better
use of existing observations.
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