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HFS design, development, implementation.
i Task Statement o
Jakub Krejci, Jiri Zezulak

Problem formulation and developmental phases:
1) HFS data collection and preprocessing

2) Model setup

3) Calibration and verification

4) Implementation and operational use of HFS

5) Agualog — as the modelling system framework
Built in modelling techniques

6) Case studies of HFS
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i Raingauge networks
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Local networks of stations (precipitation,
temperature, discharge and water
equivalent)

Radar data (reflectivity, radar precipitation,
adjusted radar precipitation)

Output from meteorological models
precipitation and temperature (ALADIN,
ECMWEF -European Centre for Medium-
Range Weather Forecasts)
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Case of Sazava catchment: M
calibration and operational networks
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Inverse Distance Weights (number of stations, max.
distance, exponent)

Inverse Distance Weights — QUADRANTS
Kriging and Co-Kriging — (http://www.gslib.com/)
Thiessen Polygon Network
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http://en.wikipedia.org/wiki/Inverse distance weighting
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Inter-comparison
of radar with raingages data quality
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Three-step basin decomposition principle

and computational sequence
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Why the graph theory?
Complexity of algorithmic structures
between various objects in the basin

(hydro processes, hydrotechnic
objects, etc.)

Easy objects-connectivity formulation
In form of a matrix (incidence, vicinity)
enables computational sequence
construction and avoids necessity

of a single-purpose scripting in case
of semi-distributed models

Decomposition necessary for complex
systems, where lumped models fall
due to distance-velocity lag

Possible solution of parallel processes
(hydraulic structures, looped
systems), etc.
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Selected modeling techniques
ﬁ from the AqualLog library for use at HFS
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ﬁ HFS preliminary setup
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Calibration system main features

Parameter estimation/optimisation
and watershed simulation

Input

Point or areal estimates of historical precipitation,
temperature, and potential evaporation (diurnal variation)

Initial hydrologic conditions

Output
Basin areal averages for point value inputs
Simulated hydrographs
Parameter values for models in operational forecast
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Calibration system main features ctnad.

Parameter estimation/optimisation
and watershed simulation

Input

Point or areal estimates of historical precipitatio  n, temperature
and potential evaporation (diurnal variation)

Initial hydrologic conditions

Output
Basin areal averages for point value inputs
Simulated hydrographs
Parameter values for models in operational forecast

Characteristics
Perform computations for few forecasting points for period as long as possible
Compatible with operational system
Produces graphical output for manual calibration
Includes algorithms for automatic optimisation

Applications
Historical watershed simulation
Model calibration



Interactive calibration SAC-SMA
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Calibration data issues, discharge
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ﬁ Automatic Optimisation
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Automatic Optimization, ctnd.

Objective function
Daily RMS error
Monthly volume RMS error
| Qsim - Qobserved [**exp
| log Qsim - log Qobserved | **exp
Correlation coefficient
Maximum Likelihood Estimator
Nash-Sutcliffe
Pearson‘s correlation coefficient



LOGIC
AQUA

Multistep algorithms

%
% ) LOG:J i (log(Qsim), - log(Qobs),)?
% ) HRMS= J 1; ((Qsim), - (Qobs),)?

0% ) LOG :\/ 1 i (log(Qsim), - log(Qobs),)?

t=1
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Automated

Emphasis on Component
Process Representation

Emphasis on Overall Model Fit
to Data

Requires Good Knowledge of
Physical Model Basis

Treats Model as Nonlinear
Regression

Personnel Intensive

Low Personnel Requirements

Use of a Multitude of
Performance Criteria

A Small Number of Statistical
Criteria

Less Affected by Data Quality
Problems

Sensitive to Data Quality

Requires Well Designed
Graphical interfaces

Requires Robust Optimization

Likely to Produce Parameter
Estimates Which Would Allow
Reliable Simulations of Future
Events

Likely to Produce Parameter
Estimates with Uncertain Value
for the Simulation of Future
Events




Comparisons of Simulation Results

Using the NWS Total Precipitation

67-73
Hydrology Laboratory's Research I 173-79
Modeling System (HL-RMS) | 179-85
: : . 185-91
Ziya Zhang, Victor Koren, 91 - 97
Seann Reed, Michael Smith, and I 97 - 103
David Wang I 103 - 109
I 109 - 115
I 115-120

400 - O Observed (from USGS)

— Lumped Simulation

— Distributed (Gridded SAC Param.)
300 - — Distributed (Scaled SAC Param.)
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Implementation
ﬁ of calibrated model

Possible pitfalls to be expected in using
calibrated model within the HFS:

Potential differences between calibration and
operational precipitation data

Different time steps of available data

Use of the forecasted precipitation values
to force the model

Forecast-adjustment and/or updating
necessary



HFS
Forecast Adjustment/Updating

Adjustment of Outputs to Observed Data -
Updating

(phase shift, last value shift, interactive)
Updating Model States (currently not used in CR)

SNOW - 43 model is a state-space version of the snow
accumulation and ablation model. The Kalman filter
accounts for the relative uncertainties of observed and
simulated water-equivalent values in a procedure that
optimally updates the model simulated states using areal
estimates of snow-water-equivalent based on observations.

Modifying the Inputs and/or Parameters
(run-time mods)



ALUPDATE
ﬁ Interactive updating



SAC-SMA
ﬁ Why optimisation of initial conditions ?

Continuous simulation

Model outputs depend on accurate representation of
the current hydrological conditions

Errors in: observed precipitation
snowmelt simulation

General limitations of the rainfall/runoff model

Soil moisture updating techniqgue which modifies
current soil moisture states



SAC-SMA
ﬁ result of initial conditions adjustment



Run time modification of selected:
- state variables
ﬁ - parameters

temporary adjustments to time series or
carryover values. The forecaster uses MODs
at forecast execution time to adjust these
values in an attempt to improve the results of
the forecast model computations.

MODs are also available for making
temporary or, in a few cases, permanent
changes to selected parameters.




Mostly used MODs

BASEF
MFC

SACBASEF

SACCO

UHGADJ

UHGCHNG
WEADD

changes the recessing base flow amount
In base flow operations

changes the melt factor correction value
for SNOW-17 operations

multiplies the base flow runoff

from the SAC-SMA model by a constant

changes the SAC-SMA soil moisture carryover
values UCBASEF change the constant base flow
amount for unit hydrograph operations

modifies a unit hydrograph with horizontal
and/or vertical adjustment factors

changes the ordinates of a unit hydrograph
adds the value of snow water equivalent
for a specified date

WECHNG changes the value of snow water equivalent

PXADJ

for a specified date
multiplies the input rain data by a constant



ﬁ ALMODS



Operational database AguaBase

Automatic interface between primary real-time data collection
system including archiving of the passed data and the modelling
and forecasting system

Provides for both automated and man-supervised data
pre-processing and quality control, using graphical and
statistical data-validation procedures

In general, AquaBase consists of set of procedures, that are
used as the tool in analysis and pre-processing of raw
climatological and hydrological data to update time series used
by AqualLog in HFS



ﬁ AquaBase basic tasks
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AgquaBase GUI



AquaBase GUI
for time series editting
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AL Bulletin table



AL Bulletin Graphs



AL WEB publishing



AL WEB publishing



Forecast viewer allows user to browse through
Issued forecast in graphical and tabulated form.

ALVIEW The data for viewer are generated automatically
and distributed via E-mail or FTP.
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ase Study:
ltava cascade operation - flood 2002
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Case Study: Vltava cascade
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Case Study: Vltava cascade
reservoir control feedback

Outflow transformation



Case Study: Vitava cascade
Orlik reservoir sketch & Petri Net graph PN
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Case Study: Vitava cascade
Orlik dialogue reservoir control



Case Study: Vitava cascade
Orlik dialogue reservoir control flood 2002
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