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ﬁ Forecasting system AqualLog in CR

Sub-catchments coverage at Labe river basin

YAA+

**



Current HFS office procedures at CHMI

(contributed jointly by AqualLogic and CHMI team)
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HFS

operational datacoll, storage & modelling

HMU

Rivel Board data

o d rges
°p itation
e reservoir water levels

* predicted
reservoir outflows

o rainfall (SYNOP,INTER)
 temperature
» discharges

CHMI Operational DBS (ICL)

Data preprocessor
» statistical tests
» gridded precip fcst
(Aladin, radars)
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Modelling systems
Transform hydromet
info into forecasted
state variables at ~130
forecsting points
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NOEL automated
stations
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° temperature
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Predicted data
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HFS Topolog
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Agqual.og:

Semi-distributed modelling
system.

Its library contains:

R-R, snow, river routing, and
re ervoir operation modelling
techniques.

Real time option supported.



Map of adjusted precip and temp grid field

HMU

Areas of e >
QPF selected with

respect to the models
currently installed at
CHMI HFS

<

Map of adjusted
grid field

of forecasted
precipitation
sums and
temperatures
from Aladin.

It provides input
to AQuaBASE



Example
of spring snow-melt affected forecast

Hﬁ http://hydro.chmi.cz/hpps/stdprfdyn.php?seq=20092272
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HFS design, development, implementation.

Task Statement N
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) AqualLog — as the modelling system framework
Built in modelling techniques

6) Case studies of HFS
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Three-step basin decomposition principle
and computational sequence

Why the graph theory? MACRO MEZZO MICRO

Complexity of algorithmic structures ”QQ \@ACW
between various objects in the basin
(hydro processes, hydrotechnic

& fi\o <z -
objects, etc.)

W22 N

peysisrem

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 &
>
S/MIR

Decomposition necessary for complex

systems, where lumped models falil Ml%fmm e

due to distance-velocity lag | |
oY)

| |
Possible solution of parallel processes </ v R ADH )] S 0R )

(hydraulic structures, looped
systems), etc.
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Selected modeling technigues
ﬁ from the Aqualog library for use at HFS
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ﬁ Automatic Optimisation
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Interactive

LOGIC
AQUA

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) | ]79-85

Ziya Zhang, Victor Koren, _ 185-91

Seann Reed, Michael Smith, and
David Wang

I 91-97

I 97 - 103
B 103 - 109
B 109 - 115
B 115- 120

O Observed (from USGS)
— Lumped Simulation
— Distributed (Gridded SAC Param.)
— Distributed (Scaled SAC Param.)

400

300

200

00 B S\ e
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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 AquaLog in HFS



AquaBase GUI

for time series editting
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Case Study: Vitava cascade

Lodi nicky potol]
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Case Study: Vitava cascade
reservoir control feedback

Outflow transformation
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Case Study: Vitava cascade
Orlik reservoir sketch & Petri Net graph PN
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Data
pre-processing, analysis, forecast evaluation
Jan Danhelka, Jakub Krejci, Pavla Ricicova,Tomas Vlasak et.al

Historical time series used for model calibration
average daily discharges and temperatures
daily precipitation totals

Extent of time series
the series should cover both dry and wet years
longer series—positive impact on model calibration
(60, 30, 10 yrs.)

Historical Floods
number of flood hydrographs mostly adequate

lack of relevant meteorological data: 1 hr. precip data
scarcely exist

missing 1 hr. precip in winter season — lack of heated rain
gages



Forecast evaluation,
no precip prediction

Upon running-in the HFS,
the model performance
solely depends on:

Parameter values

Station location
presentability

Reliability of parameter
datasets derived
during calibration



Forecast evaluation,
precip prediction considered

Evaluation of time-constrained and point forecast of 24 and 48
hrs.lead time for selected stations in table and graphical form

Forecasted value inter-comparison for values that drop into the
3-hrs interval

If the value drops into, then success,

otherwise compute the difference from the mean
(if less than 20% then accept)

Apply statistic criteria to evaluate 24 hr forecast
Use the graphics



Forecast evaluation,

Karlovy Vary, AUG2002:

An inter-comparison

of the forecast

22 hr advance

with values varying
from the 3 hrs. interval
(21, 22, 23 hrs.)

Q (m3/s)

220 +
210 +
200 +
190 -
180 -
170 -
160 -
150 -
140 -
130 -
120 -
110 -
100 -
90 -
80 -
70
60 -
50 -
40
30 -
20 -
10 +

precip prediction considered ctnd.

Karlovy Vary 10.8.-20.8.2002

P edpov  Aqualog

Pr mrm enychpr tok ve 21,22 a 23 hodin

M eny pr tok ve 22 hodin

10.8.02 11.8.02 12.8.02 13.8.02 14.8.02 15.8.02 16.8.02 17.8.02 18.8.02 19.8.02 20.8.02

Datum



Evaluation of forecast
by means of statistical criteria

Values may suffer from uncertainties from precipitation
forecast

The values depart from tolerance limits with respect to
recommended values from those evaluated from observed
precipitations

It is possible to compare individual criteria with recording
stations at individual water gaging sites to select the one of best
fit to recommended values

Graphic output comparison is an inevitable part of forecast
computaion



Evaluation by graphics ctnd.

Chlistov - srpen 2002
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Evaluation by graphics

of daily records, precip QPF-forecasted vs. precip observed

Jablonec 13.8.2002
skute né ap edpovidané pr toky a sra ky na 48 hodin

300 - === p edpovidané sra ky ————r 0
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Retrospective inter-comparison of day-by-day forecast

Q[m?/s]

600

500
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300
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at forecasting point Prelouc, Labe river
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Case Study AUG 2002 flood:

Forecast sequences of Berounka river at Beroun.
Retrospective evaluations

Beroun "skute nost"+ p edpov dina 48 hodin — skute nost

2000

10.8.

1800 |
Precip forecast AUG11.:
1600 T-Estimated: - 60mm ——f N\

—11.8. min

oo | ]: 1,5,,mm 77777777777777777777777777777777777777777 11.8. st ed
145 mm
1200 | 11.8. max
é 00 N\ —12.8.
(o4
800 - —12.8. 13:00
eOO+----"-"""""""""""f N —128 1300

Uprava sra ek

400 v+ - Sy —13.8.
200 N\‘\ N ]
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River basin topology,
related theory of graphs

Jirl Zezulak

In semi-distributed parameter modelling definition
of a computational sequence is necessary
Aqualog topological
algorithm uses 2 graph-based principles:

Tree-formed hydrographic network systems are formulated
using matrix of Arc-Node incidences

Looped systems (reservoir-control systems, looped river
systems) are based on the Petri Net technology

Both algorithms control the sequence of selected modelling
techniques operating just as input-output transformers



The graph theory
of nonstationary structured systems. Petri Nets PN

2" %

What are the Petri Nets ? S2%% 7 @A+
= +
/ 5 /2 &2
/ 4 2 %
graph PN is defined by a pentad: >? %% 7 @At
places P, transitions T, forward and
packward incidence matrix F and B and
initial marking M, _
Properties :
PN=(P, T, F, B, M)
Place state of the object
Why PNs in water management ? Transition action
time invariant structure of WRS (time Arc relation P and T
independent relatios between WRS Marking feasibility of the Place

components) is rather an exception
(trees, cicrcles)

Structure-formulation of the WRS objects
is more likely nonstacionary (processes
and objects in a basin and control-systems)

changing computational environment
(in)accessible observation, technological
conditions etc.



Elementary example of PN application: (1/3)
- connection to reservoir balance
- rating curve of the spillway
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CHMI lessons learned
on HFS perfOrmance, (commented by P. Ricicova)

Should the basin outflow be affected by reservoir- or by water management system
flow-control, timely data - exchange between CHMI and Water Boards is inevitable.
Such cooperation applies for both, fot the flood- and dry periods

The RFQO’s office procedures follow the daily basis of forecast issue
(19 forecasting points so far)

The forecasts are however based on observations from reporting network of 150 water
gauging stations

During floods, the time step should be adequately refined. In this respect, headwater
basins require particular consideration

The models should enable runs in continuous mode, re-start facility, solution- and
parameter manual and/or automated updating, if necessary

The HFS should provide for transfer of state variables (discharges, water stages, snow-
cover, reservoir pool levels, etc.) and also updated parameter values from one exec to
the next one

In the CZ basins the natural wave travel time permits forecast lead time in extent from
several hours up to one day at maximum, depending on size of the watershed

The total Labe river lead time down to German border is considerably affected by
operation of Vltava cascade with preference of hydro-power peak production

The snow melt model particularly useful for long term prediction of spring filling the
reservoirs, e.g. Vltava cascade

The density of precipitation reporting network adequate in lowlands of the basins
It has been recently completed in mountains, and in higher elevation basins



CHMI experience
on HFS operation problems

HMU (commented by P. Ricicova)

Running-in period of the Aqualog and HYDROG systems has proven
their potential, particularly in flood forecasting

Timely data collection from CHMI and from River Board MET stations
becomes an essential prerequisite for routine continuous forecasting

Some staff-originated problems appear on free days
and on weekend shifts

Periodic datacoll system maintenance is a must
Forecast adjustment and/or updating necessary

Contiuous support of HFS developper to CHMI and River Boards model
operators essential

Need for continuous gaging network upgrading
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