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Boundary Conditions (A)
NWP
-EPS
-high resolution
Initial conditions (C)
Data assimilation
- manual
- automatic methods
Quality hydrologic/hydraulic model (or model chain) (B)
Model calibration
Resolution, parameterization etc

Statistical post processing (D)
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Generic model formulation oPenDA
State Parameters
dx A *
— =M
- [x(®), i"(t)’ P, vy(t)]

Forcings Noise

Improve the model outcome by applying systematic perturbations
to [x,u,p,w]

Optimization through knowledge of model uncertainty (multiple instances)
What is systematic? DA method
What is the reference?  observations + observation error/uncertainty

Data assimilation with OpenDA De l ta re S
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OpenDA

OpenDA is an open source toolbox for data assimilation and parameter

calibration in a generic modeling context

It encompasses:
*An architecture for applying (stochastic)

data assimilation algorithms to deterministic
models

*A set of interfaces that define

interactions between components

*A library of data assimilation, UA and
calibration methods:
*EnKF, EnSR, EnKFD, AENKF, PF-RR, 3DVar, ...
*Dud, Simplex, Powell, Conjugate Gradient, ...
*GLUE, DELSA,...

Data assimilation with OpenDA
5-7 November HEPEX
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Open source (LGPL)
Written in Java / C / Fortran
Current version: OpenDA 2.1

OpenDA: an open-source data-assimilation toolkox - Mozila Firefox

Eile Edit View History Bookmarks Tools Help
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OpenDA : an open-source data-assi 4+

MAIN MENU

& OpenDA applications
 The OpenDA assaciation

= Downloads

Available for Windows, Linux & Mac

« Forum

= Support

&=
Integrating models and observations

GpenDA is an open interface standard for (and free implementation of) 3 set of
1o0ls to quickly implement data-assimilation and calibration for arbitrary
numerical models. OpenDA wants to stimulate the use of data-assimilation and
calibration by lowering the implementation costs and enhancing the exchange of
software among researchers and end-users

Amodel that conforms to the OpenDA standard can use all the tools thatare
available in OpenDA, This allows experimentation with

= Getting involved

dat: methads without the need for extensive

Website: www.openda.org with

TUDe

Enabﬁng Delta Life THE SCIENTIFIC SOFTWARE ENGINEERS

LOGIN FORM

downloads, documentation, support sy

discussions on the forum. For

Done

The OpenDA Association:

Deltares v RTechH BV

Data assimilation with OpenDA
5-7 November HEPEX

Reversely, of dat software
that make their implementations compatible with the OpenDA interface will make
their new methads usable for all OpenDA Users (either for fres or on a
commercial basis)

GpenDA has been designed for high performance. Hence, even large-scale
models can use it Also, OpenDA allows users to optimize the interaction
between their model and the data-assimilation/calibration methods. Hence,
data-assimilation with OpenDA can be as efficient as with custom-made

ups £ hardware v

Announcements

Fullrzlease now
available

The full sources for
OpenDA version 1.0 are
now available on this
OpenDA website. Glick
here to download the
source, binaries for
windows and linux,
examples and more

OpenDA 1.0 rzleased
OpenDA version 1.0 has
heen officially released
atMay 10., 2010 during
the JonsMod workshop
at Deltares in the
Netherlands
Information relating to
the release can be
found here

P
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OpenDA

Deltares




S

OpenDA

* More efficient than development for individual applications
* Shared knowledge between applications

* Development of algorithms with e.g. universities

* Easier to change algorithm

* Easier to test, which should result in fewer bugs
* Optimized building blocks

* Development template

 Comparing algorithms in one framework!

Data assimilation with OpenDA De tta res

5-7 November HEPEX



OpenDA Main Application |

Single program

GUIl and command line OpenDA

Multiple configuration files
Calibration and Filtering

‘All’ models

‘All’ observation sources

Sequential and parallel

Data assimilation with OpenDA De tta res

5-7 November HEPEX



/

Configuration

Ny e ]

StochObserverConfig

StochModelConfig

AlgorithmConfig

MainProgram

DUD/Simplex

/ CtaStochObs

OpenDA

SwanWrapper
| SWAN |

SwanWrapper

Data assimilation with OpenDA De l(ta res
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BlackBox coupling:

required)

use model input/output files

$TIME wildcards in configuration

model requirements: .
v’ accurate restart

v' good documentation of files

v run from the command line

Observations

Native model wrapper Open DA

model executable (no source .

model as a library

communicate directly with model

data objects (double precision

arrays)

model library requirements:

v accurate restart (or fix it)

v' good code documentation

v' go back in time / instance
management / time

Data assimilation with OpenDA
5-7 November HEPEX

library

management
disadvantage : N\p@rgecom
Method wrapper
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http://oss.deltares.nl/web/delft-fews/

Deltares
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' Delft-FEWS

export

model

X
é exef:ute
v / \

Pre adapter

S

Post adapter

simulation model

1. input 2. simulation 3. output

. 4

5-7 November HEPEX
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openDAINFEWS é

v / ¥> Ensemble-KalmanFilter

I - KalmanFilter-SteadyState

Pre

OpenDA model wrapper BL—

model )d openDA Delft-FEWS

) simulation model y
1. input 2. simulation 3. output

5-7 November HEPEX D e lta re S




openDAINFEWS

openDA Delft-FEWS

Ensemble-KalmanFilter

OpenDA model wrapper

KalmanFilter-SteadyState

model

Pre adapter || Post adapter

simulation model

5-7 November HEPEX
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Open Source OpenStreams
Distributed Hydrologic Model = Lumped hydrologic model chains

(Belgium — Ourthe catchment) (Tennessee Valley USA)
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Rakovec et al. (2012a) presented a spatially distributed
hourly ensemble rainfall generator which was used in

Rakovec et al. (2012b) to study effect of update
frequency, number and location of streamflow gauges

HBV-96
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Fig. 8. Real world experiment, simulation period from 15 August 2002 to 15 January 2003. Root-mean-square error at
Tabreux for different discharge observation vectors. Forecast issued every 6 h. EnKF assimilation every 24 h (left),
12 h (centre), 6 h (right).

Conclusions:

« Best results in terms of the RMSE were achieved using
all observations, which includes all six discharge
gauges.

- Given the travel time of the catchment, an updating
frequency of 12 h seems to be the most appropriate

+ Most sensitivity in routing stores Deltares

12 Septémber CAHMDA-
DAFOH



Asynchronous Ensemble Kalman Filter (Sakov et al., 2010)
updates model at the analysis step using past observations over a
time window:

d d> ds dy Time
AEnKF:

Updates

The|Asynchronous EnKF is particularly attractive from a forecasting
perspective as more observations can be used with hardly any
extra additional computational time!

Rakovec et al. 2014 (submitted to WRR)

Deltares
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EnKF updates model states at time k as:
Xi = Xp + Ky — HilXp),

where X;" is the new updated (posterior) model state matrix, X; is
the forecasted (prior) model state matrix. K; is the Kalman gain
(a weighting factor of the errors in model Hi X, and observations y;)

Asynchronous EnKF is a simple modification of the EnKF, in which
X is augmented with the past forecasted observations from W
previous time steps H; X;:

(X )

Hj— 1 X1
X; = | Hi—2Xi—2

\ Hi_wXi_w /

5-7 November HEPEX D e lta re S
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AEnKF(W=0)

SM

UZ

(a)

up.all, as.1

(b)

AEnKF(W=11)
up.all, as.1
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8 largest flood peaks observed since 1998

Model noise: perturbation of soil moisture reservoir with
spatio-temporally correlated error model (36 members)
Sensitivity of the AEnKF to the assimilated time window:

W =0h, W =5h, W =11h

Four partitioned state updating schemes for model states being
updated (thus included in the model analysis).

name Q H SM UZ LZ
no update

all v vV
noSM v v
HQ

Model states: discharge (Q), water level (H), soil moisture (SM), upper zone (UZ),

and lower zone (LZ). Snow and interception storages not shown.

Deltares
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Conceptualization
into a grid
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Results
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With RTI, NCAR & Deltares USA for Tennessee Valley Authority

Main goal: Guide the manual modification process and realize
considerable time gains

# Tennessee Valley Authority (Stand alone) . . . — e -—_‘ —-&«-
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Delft-FEWS is wrapped (via piwebservice) in OpenDA to enable
parallel execution of FEWS workflows (and the chained models
within these workflows, including SACSMA, UNITHG and LAGK) in
a DA framework;

Multiple DA algorithms configured for testing
* EnKF, AEnKF, PF, (DEnKF, EnSR,...), etc

Verification results for a variety of basins (4) will be presented at
AGU 2014;

Current idea is that the Ensemble DA analysis runs provide a
single (mean) estimate of the state at TO which will be used to
determine the MOD in an automated manner and present this to
the forecaster as a suggestion for a deterministic forecasi
%9 Peltares
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A lot of research has been conducted the last couple of years on the
topic of Hydrologic Ensemble DA,

In operational hydrologic DA, there is not yet a preferred DA method,
AENnKF seems like a promising alternative to EnKF (and maybe
variational methods shown before as well, MLEF presented at
CAHMDA-DAFONH lll also showed promise);

Operational ensemble based (guided) DA is becoming feasible and
the obstacles for usage are mainly institutional (e.g. resources,
forecasts process, other priorities, etc);

Community-based generic modeling/DA tools are needed and a useful
tool also to cross the bridge between research and operations;

Deltares



