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Hydrological Forecasting




Hydrological forecasting to support water management at
different time scales
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Hydrological forecasting and data assimilation

On-line measurements Ensemble weather forecasting
In-situ: Seasonal, long-term
* River water levels / forecast (NWP, WG)
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» Groundwater levels Medium-range,
» Soil moisture profiles < NWP forecast 5

Remote sensing:
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« Soil moisture
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Integrated hydrological modelling — MIKE SHE
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Ensemble forecasting
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Ensemble hydrological forecasting

« Multiple model simulations with an ensemble
of weather forecasts

* Ensemble of multiple models, e.g.
» Different model structures
» Different model parameterizations

» Different model schematisations (e.g.
embankment breaches)
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Data Assimilation
Framework




Data assimilation framework
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Data assimilation framework

Basic features T
« Generic run-time interface to Confleuration || oA Framework 'B ‘
models Core OpenMI 2.0 Model { MikeSHE )
« Assimilation of multivariate v ‘*%'"': 3
observations from in-situ and / 1 1 r5> |
remote sensing Observations T ﬁ!!u..,.i!
* Library of assimilation Time Series T o |
methods (10,20, 3D) ‘ Deterministic KF ‘
 Feasible for real-time )
application i | / Covariance ‘
ar localization
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¥

http://www.openmi.orqg/

OpenMI|
Proprietary Model
- DHI
Deltares 3
Innovyze ‘@
Alterra OpenMI|
KISTERS

Open “Model Interface” Standard

» Exchange data with a model during run time
> get/ set variable (state)
» spatial information (location)
« Control
» Ccreate instance
» time step propagation
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http://www.openmi.org/

v

OpenDA  http://www.openda.org

Free open-source Data Assimilation library

Methods available
* Ensemble KF (EnKF)
« Ensemble Square Root KF (EnSR)
« Steady State KF
» Particle Filter
« 3DVar
* ... and more in development.
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http://www.openda.org/

v

OpenDA  gpenM|

Open DA-MI Framework — tying the two together

OpenM| Y
OpenDA

 Creates ensemble of model instances

* Runs ensemble based filter
« Perturb models (noise model)
Results (Matlab, Octave)

Model Instance j;ﬁM
Note
- IKVM automatic translation of OpenDA to C#
- OpenMI 2.0
- Will be freely available (with DHI example)
- Very little is model specific Observation
- observation operator . time, data, confidence

- model factory ;ﬁ
DHI
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Statistical regularisation

» Localisation (distance regularisation)
» Update state only in local region around measurement

» Covariance or Kalman gain smoothing
» Temporal smoothing of covariance or Kalman gain

K" = l-a) K" +aK, ,0<a<l

a = 0: Steady-state Kalman filter
a = 1. Normal Kalman filter

Sgrensen et al. (2004)
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Bias aware Kalman filter

« Account for bias in measurements (or
in model)

Classical KF

» Include bias using augmented state |
formulation ol o Model
 Separate bias Kalman filter (Dual 260 300 520 340 360 360 400
Kalman filter) Biac
0.8
0.6
04
02
0
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© DHI #16

4.5

1

0.8

06

04

02

0

ColKF no feedback

== Truth

< Observations
-=- Model
— Assimilated

4 L i n I N J
280 300 320 340 360 380 400

Bias

280 300 320 340 360 380 400

DHI)




Hybrid data assimilation and error forecasting

» Error forecast model applied to forecast innovation in measurement points

-> virtual measurement

« Filtering using virtual measurements

A [nnovation forecast

Time in forecasting period
>

Madsen and Skotner (2005)
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DA Experiment

1. State updating in integrated hydrological
modelling




Karup Catchment

A 4

OpenMI|

MIKESHE

- unsaturated
- saturated

- overland flow
MIKE11

- river

Setup

Assimilate groundwater levels

—> 35 observation wells, 2 obs. / month
Model uncertainty

—> forcing (precipitation, reference ET)

-> parameters
9 years (3 spin-up, 3 assimilation, 3
forecast)
Validation: groundwater level and discharge
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Hydraulic head (m)

Results: groundwater level at validation point
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Results: groundwater level at validation point
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Discharge (malsec)
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Results: discharge at validation station@
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Results with localization

groundwater level at validation point

« Distance-dependent scheme

—>Gaussian scale (radius of 5000 m)

» Avoids spurious correlations
» Smaller ensemble size (50)

= Truth

— Assimilated
—Without Assimilation

[ l95% Confidence Interval

215 N — -
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DA Experiment

2. Joint state updating and parameter
estimation in integrated hydrological modelling




Setup

« Karup catchment
 Assimilation data

» 35 groundwater head observations
(weekly)

> 4 stream discharge observations (daily)
» Perturbed Asynchronous EnKF

» Update frequency = 1 week
* Model uncertainty

» Precipitation and potential ET

» Model parameters

Jarn Rasmussen, PhD student, University of Copenhagen
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Setup

» Updated state variables:

> Hyd rau IiC head Canogy interception v
. Net precipitation
» Stream discharge = &
Snow melt _“"M— e Pumping an
» Stream water level - Recha
- Estimated parameters ifitration > Fiow
Root zone s
» Hydraulic conductivity
Unsaturated flow
» Stream leakage coefficient R . S

» Experiments:
» Groundwater level observations only Grounduwater flow

» Both groundwater level and discharge
observations

Jarn Rasmussen, PhD student, University of Copenhagen 2§
DHI
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Leakage Coefficient

Parameter convergence

Leakage coefficient

=—=\/lith discharge assimilation
= \/\fithout discharge assimilation ||
=== True parameter value

1%71

Jarn Rasmussen, PhD student, University of Copenhagen
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DA Experiment

3. Flood inundation modelling
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Twin test experiment

» False run: Model forced with
erroneous boundary conditions

« Update of false model using water
level measurements at two locations
(from reference run)
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Concluding Remarks




Concluding remarks

» Hydrological forecasting supports water management at different time scales

» Probabilistic forecasting provides information about confidence of model predictions
which is important for operational risk assessment and decision making

« Data assimilation in integrated hydrological modelling utilises multivariate
measurements from in-situ and remote sensing

» Generic data assimilation framework based on open modelling standards (OpenMl)
and supports open-source data assimilation library (OpenDA)

» General Kalman filter framework allows joint updating and estimation of model state,
forcing, parameters and bias
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