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WHAT IS DATA ASSIMILATION?

« Data assimilation is about
combining computer models
with empirical data.
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Ozone data from the NOAA-20 satellite, taken on
July 17th, 2023. Source:
https://www.ospo.noaa.gov/data/atmosphere/ozone/
Products_atmosphere_ OMPS.html.
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* Data assimilation balances
the uncertainty in the data
against the uncertainty in the
model, finding a middle ground
which is closer to the truth.
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PROJECT OBJECTIVE

e

roject Objective: we build an ensemble data assimilation\
system for forecasting ocean biogeochemistry in a
single-column ocean model. Our system allows forecasts of
the Marine Biogeochemistry Library (MARBL) to be combined
with real world measurements using the Data Assimilation
\Research Testbed (DART). /
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MOM6 + MARBL
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BATS

e BATS is the Bermuda Atlantic e Station BATS
Time-Series Study. ‘ '

+35°
+30°
+25°

+20°

-85° 55

75" 65

Location where Bermuda Atlantic Time-Series
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BATS

e BATS is the Bermuda Atlantic . Station BATS
Time-Series Study. | '

e Measurements of physical and
biogeochemical variables at
various depths, taken from a
water column in Bermuda.

e Examples:

— Temperature . 5

—  Salinity 85 75" 65" 5

— Concentrations of 02, CO2

— Nutrient concentrations (nitrate, Location where Bermuda Atlantic Time-Series
phosphate, etc) data is taken [2].

» 35 years of data, spanning from
1988 to present.
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DART is the Data Assimilation
Research Testbed [1].
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A trajectory of the Lorenz system, a small model
which is used to test DART algorithms. Source:

http://imperfectlens.com/growing-a-lorenz-butte
rfly-in-r/
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DART is the Data Assimilation
Research Testbed [1].

Fortran software developed by
NCAR in the Data Assimilation
Research Section (DAReS).

Capable of running many
different algorithms for
ensemble data assimilation.

Built for portability; can be
interfaced to any model by
implementing a few functions.

Includes small, self-contained A trajectory of the Lorenz system, a small model

models which serve as data which is used to test DART algorithms. Source:

assimilation tutorials http://imperfectlens.com/growing-a-lorenz-butte
' rfly-in-r/
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PUTTING THE PIECES TOGETHER
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Current State ﬁ ¢

@ Interface N
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DATA PREPARATION

/Variables obs_sequence
Id , yyyymmdd, decy , time , latN °b5—type—de;1"1t1°“5

1000100112 19881020 1988.80311 2230 31.783 67 POLY_ELECTRODE_OXYGEN

1000100111 19881020 1988.80311 2230 31.783 68 TITRATION ALKALINITY

1000100110 19881020 1988.80311 2230 31.783 69 CATALYTIC_CARBON

1000100109 19881020 1988.80311 2230 31.783 70 UV_OXY_NITROGEN

1000100108 19881020 1988.80311 2230 31.783 71 CFA_NITRATE

1000100107 19881020 1988.80311 2230 31.783 72 CFA_SILICATE

1000100106 19881020 1988.80311 2230 31.783 73 CFA_PHOSPHATE
num_copies: 1 num_qc:

1000100105 19881020 1988.80311 2230 31.783 - 118 max-nun obss

1000100104 19881020 1988.80311 2230 31.783 observation

1000100103 19881020 1988.80311 2230 31.783 Converter Data QC

1000100102 19881020 1988.80311 2230 31.783 [::::::::::::i:> first: 1 last:
1000100101 19881020 1988.80311 2230 31.783 0BS 1

201.600000000000
0.000000000000000E+000
2

1000108112 19881021 1988.80330 455 31.833
1000108111 19881021 1988.80330 455 31.833
1000108110 19881021 1988.80330 455 31.833
1000108109 19881021 1988.80330 455 31.833
1000108108 19881021 1988.80330 455 31.833 1.117010721276371 0.5410520681182421
1000108107 19881021 1988.80330 455 31.833 i
1000108106 19881021 1988.80330 455 31.833
1000108105 19881021 1988.80330 455 31.833 £ado8 o

1625.70240000000
1000108104 19881021 1988.80330 455 31.833 0BS 2
1000108103 19881021 1988.80330 455 31.833 2384.20000000000
1000108102 19881021 1988.80330 455 31.833 0.00000000000POOE+000
1000108101 19881021 1988.80330 455 31.833 1 3

67

BATS Data Format DART Data Format
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MODEL INTERFACE

 DART and MOMG6 + MARBL are :
completely different softwares. Estimates of
They need to talk to each other. Current State

ﬁ Interface

MARBL
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NCAR

UCAR Part 3: Building a Data Assimilation System



MODEL INTERFACE

« DART and MOM6 + MARBL are -
completely different softwares. Estimates of
They need to talk to each other. Current State
« This requires a set of interface [ ]
Iunctlons which tell DART how Interface
o:
— Read outputs produced by
the model. N
MARBL
Interface
N

Predictions of
Future State

BEQE Part 3: Building a Data Assimilation System




MODEL INTERFACE
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MODEL INTERFACE
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HOVMOLLER DIAGRAMS

Dissolved Oxygen (mmol/m~3)
in MOM6 + MARBL (Without DART)
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Height (km)

DART DIAGNOSTICS
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WHAT’S GOING ON WITH ALKALINITY?

Alkalinity [meq/m°]
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CONCLUSIONS AND FUTURE WORK

MARBL-DART provides the novel capability to assimilate data into the MARBL
biogeochemistry model.

Broadly, MARBL-DART produces forecasts that are more accurate than those
produced by MARBL alone.

More work is needed to explain MARBL-DART’s anomalous alkalinity forecasts.

Future work: we will build on MARBL-DART to create a data assimilation system for
biogeochemical parameter optimization.

This means using data assimilation to modify the underlying model itself, instead
of just modifying the model forecasts.

To accomplish this we will assimilate new sources of data, e.g. satellite chlorophyll
data.

This will also allow us to assimilate data more frequently than what we are
currently capable of.
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