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Dynamic Mode Decomposition (DMD)

* My goal with this project is to see how well various DMD methods can predict
the evolution of features of the ocean
» Sea Surface Temperature (SST)
e Sea Surface Salinity
* Sea Surface Velocity
e Future work goal is to combine Dynamically Orthogonal (DO) PDE solver with
DMD

* See if DMD can predict ensemble results using one or more other ensembles



Dynamic Mode Decomposition (DMD)

* A method of extracting underlying linear dynamics from complex non-linear data
* Extracts a global modal description of a nonlinear dynamical system

e Equation free method — Do not need equations for underlying dynamics
* Can be used for diagnostics, future state prediction, and control

e Various methods (and emerging methods)
* Exact DMD

Projected DMD

Compressed DMD

Compressed Sensing DMD

Optimized DMD

DMD with Control

DMD of embedded data

...and many more



Algorithm

* Arrange data:

* X =X X2 v Xpme1

* X =|x; X3 - Xp

* Perform Ecbnomy Singular Value
Decomposition on X:

s X = UXV”

* Determine a rank (r) that maintains the
vast majority of data (based on Singular
Values in X). Truncate U to r columns, X

to r rows and r columns, V to r columns.

Goal is to find matrix A such that x,,1 = Axy
* Instead compute 4, the r-by-r projection of A onto
Proper Orthogonal Decomposition (POD) modes:
- A=UXxvz1
Eigendecomposition
« AW = WA
DMD Modes (Eigenvectors of A)
« @ =XVX W (or ® = UW for projected DMD)
Define w = In(4;) /At and 2 = diag(w)
Then any given time can be predicited by
« x(t) = Dexp(2t)b
where b = ®dTx,



Example

300 ensembles of data obtained using a Monte Carlo Simulation
» Off east coast of United States
e 3km grid spacing
 Arbitrarily chose ensemble 100 for DMD runs

85 hours of data use to batch compute DMD data (DMD modes, etc.) using several DMD methods
(Exact, Total, Projected Compressed, Optimized, Koopman Embedded)

Predictions into the future (for each hour up to 12 hours) are compared to a persistence
Note: Some errors likely due to 3D nature of ocean
RMSE: Root Mean Square Error

PCC: Pattern Correlation Coefficient

* Ref. Lermusiaux, P.F.J., 1999a. Data assimilation via Error Subspace Statistical Estimation. Part Il: Middle
Atlantic Bight shelfbreak front simulations and ESSE validation.

e Perfect correlation: 1
* No Correlation: 0
e Perfect anti-correlation: -1



Times to Compute DMD for SST

* Exact DMD
* Elapsed time =0.620610 s

* Total DMD
* Elapsed time =0.926634 s

e Compressed DMD (1/4 of measurements)
* Elapsed time =0.576771s

 Koopman Embedded DM
* Elapsed time = 1.488855 s

e Optimized DMD
* Elapsed time =6.734162 s

* Projected DMD
* Elapsed time = 0.669635 s



Exact DMD Prediction of SSTs for 26-Aug-2018 12:00:00 Ensemble 100 )
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Pattern Correlation Coefficients

PCC for Sea Surface Temperatures

Persistence Exact DMD Total DMD Projected DMD (Compressed DMD E;obr:anc;::e‘d DMD |Optimized DMD
0 hr 1 0.99161263 0.999024829 0.999024829 0.9927343 0.96577593 0.999983405
1 hr 0.984988451 0.990609304 0.991920905 0.991920905 0.991349084 0.965611432 0.996430804
2 hr 0.933986601 0.984606382 0.97284053 0.97284053 0.985241419 0.963345454 0.980268861
3 hr 0.967538491 0.944279184 0.944279184 0.967065725 0.954040636 0.951630882
4 hr 0.943716609 0.912837648 0.912837648 0.941211772 0.936199366 0.919830165
5 hr 0.913416787 0.910543781 0.913519223
6 hr
7 hr
8 hr
9 hr
10 hr
11 hr

12 hr




U and V Velocity

* Exact DMD
e Elapsed time =1.321074 s

* Total DMD
* Elapsed time =1.845198 s

e Compressed DMD (1/4 of measurements)
* Elapsed time =1.133518 s

 Koopman Embedded DM
* Elapsed time = 2.834869 s

e Optimized DMD
* Elapsed time =6.807211s

* Projected DMD
* Elapsed time =1.179153 s



Velocity (cm/s}

Exact DMD of U Velocity Error for 26-Aug-2018 12:00:00 Ensemble 100
RMSE 3.668814e+00
PCC 9.866745e-01

Velocity Error (cm/s}

Exact DMD Prediction of U Velocity for 26-Aug-2018 12:00:00 Ensemble 100
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Pattern Correlation Coefficients

PCC for Sea Surface U Velocity

Persistence

Exact DMD

Total DMD

Projected DMD

Compressed DMD

Koopman
Embedded DMD

Optimized DMD

0 hr

1

0.986674544

0.998256683

0.998256683

0.98436954

0.924693653

0.99998542

1hr

0.965512608

0.98766877

0.984792393

0.984792393

0.985426721

0.931044996

0.994764309

2 hr

0.975052334

0.948320206

0.948320206

0.971977256

0.906259833

0.966508703

3hr

0.932665125

0.928414799

0.901024287

4 hr

5hr

6 hr

7 hr

8 hr

9 hr

10 hr

11 hr

12 hr




Total DMD Prediction of U Velocity for 26-Aug-2006 11:00:00 Ensemble 1
3

Velocity (cm/s}

Total DMD of U Velocity Error for 26-Aug-2006 11:00:00 Ensemble 1
RMSE 1.207565e+00
PCC 9.977659%e-01

Velocity Error (cm/s}
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PCC for AWACS U Velocity

PCC for U Velocity from AWACS

Persistence Exact DMD Total DMD

0 hr 1 0.90125417 0.997765853
1 hr 0.902341941 0.807869751 0.984728918
2 hr 0.960117646
3hr 0.927034197
4 hr 0.885531436
5 hr 0.834481231
6 hr

7 hr

8 hr

9 hr 0.848767888
10 hr 0.874475009 0.876112336
11 hr 0.885060026 0.879733064
12 hr 0.870983144 0.858604361




Questions?



