
The Elbe, Vltava, Ohre, Berounka, Sazava and 
Jizera river-basins ara subdivided into lesser 
subsystems. Elbe hydrological model consist of
210 main river reaches, where the transport 
diffusion (TDR) model is used for channel routing, 
173 sub-catchments, where the SAC-SMA rainfall-
runoff model coupled with ablation and snow-melt 
SNOW-17 model is applied and 27 dams with 
forecasted outflow.
The model is subdivided at 5 parts, according of 
regional offices.
The models are daily- and continuously operated. 
Simulation time step is one hour.

Catchments are subdivided into zones (1-20). 
The area of the zone is aprox, 10-40 km2. 
Each zone has individual parameters. Typical 
subdivison for Becva catchment.

Automatic interface between primary real-time data collection
system including archiving of the passed data and the modeling and
forecasting system. Provides for both automated and man-
supervised data pre-processing and quality control, using graphical
and statistical data-validation procedures. 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 in forecasting by AquaLog.

• historical and operational data collection
-input of regularly observed data from data collection

system (stations, radar etc.) 
-input of forecasted data (QPF by ALADIN and ECMWF)

• database management, including the data validation, 
primary and secondary data processing system (validation, 
screening reconstruction and missing data entry

• graphical, tabular and statistical tools for primary processed 
data and their validation in manual or automated mode

• methods of supplementary processing and analysis of time 
series

• creation and maintenance of station files (characteristics of 
meteo- and hydro- stations)

• topographical representation of the basin, river system and 
location of the stations based on GIS generated data

Methods of MAP, MAT, MAE (Mean Aerial Precipitation,
Temperature and Water Equivalent)

• Inverse Distance Weights (number of stations, max.
distance, exponent)

• Inverse Distance Weights – QUADRANTS
• Kriging and Co-Kriging – (http://www.gslib.com/)
• Thiessen Polygon Network 

Input Formats: ESRI ASCII Grid, GeoEAS, ESRI shapefile
Export Formats: HEC-RAS (DSS-VUE),CSV etc.
Conversion utilities WGS-84, UTM,  S-42 and S-JTSK

Reservoir optimization control
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Data processing - AquaBase

Jakub Krej� i1) , Ji�í Zezulák2) 1) Aqualogic Consulting  2) Czech Agricultural University, Czech Republic

Software HISTORY
· Late 1970s the first application on Mainframe (SIMFOR) 
· Mid 1980s SIMFOR is ported on PC with GUI (OS DOS)
· Mid 1990s AQUALOG is a fully MS Windows based application
· Mid 1990s AquaBase is added to AquaLog
· Mid 2008 AQUAESP is added to AquaLog
· Most of the core code is Fortran, GUI is in Visual Basic and 

VB.NET

Run time modifications represent temporary adjustments to time 
series or initial conditions. 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 available for 
making temporary or, in a few cases, permanent changes to selected 
parameters. 
•Modifications of processed input time series
Modification of PXADJ – Input precipitation is multiplied by 
PXADJ parameter based on radar data and other information. 
Modification of TXADJ –input air temperature may be adjusted by 
change of TXADJ, usually when it rains and air temperature is close 
to 0 °C 
• Optimalisation of initial conditions
SACRAMENTO and SNOW-17 initial condition are kept from 
previous simulations to keep continuity of soil saturation and 
characteristics of snow. AQUALOG uses automatic 

Optimalisation of SAC-SMA initial conditions using different 
optimalisation criteria to adjust simulated hydrograph to
observed discharge time series. 
•Temporary modification of parameters
Modification of initial snow water equivalent (SWE) for snowmelt
model is performed quite often in spring months if  measured and
calculated SWE differs significantly. Manual changes of initial 
condition is made trough MODS module. 
BASEF changes the recessing base flow amount in base flow
MFC changes the melt factor correction value for SNOW-17
SACBASEF multiplies the base flow runoff from the SAC-SMA
SACCO changes the SAC-SMA soil moisture carryover values  
UCBASEF change the constant base flow amount for IUH
UHGADJ - modifies a unit hydrograph with horizontal and/or 
vertical adjustment factors  
UHGCHNG changes the ordinates of a unit hydrograph  
WECHNG changes the value of snow water equivalent
PXADJ multiplies the input rain data by a constant 
PXADJ adds number of degrees to temperature data

Updating of forecast
Simulated hydrograph always more or less differs from the
observation. Therefore forecast usually doesn’t “start“ at last
observed value and have to be update. Automatic updating mode is
extended by module UPDATE has been developed for advanced 
manual updating. It enables complete interactive modification of
forecasted hydrograph in every time step.

Contacts: 
Jakub Krejci j.krejci@aqualogic.cz, AquaLogic Consulting, Ltd, 
Roklinka 224. 25244 Psary, Czech Republic
Jiri Zezulakzezulak@fzp.czu.cz, Czech University of Life Sciences 
Prague, Kamýcká 129, 165 21 Praha 6 – Suchdol, Czech Republic

Introduction

Since mid 1990’s, the hydrological modeling system AquaLog 
became of service to the Czech Hydrometeorological Institute 
(CHMI) ´office´ procedures in real-time flow forecasting in whole 
Elbe river basin. The models have been already installed for 
catchments, river network and reservoirs of the Elbe basin, including 
Vltava, Ohre, Berounka, Sazava, and Jizera rivers and Becva
catchment, which is part of Morava river basin.
The software empowers step-wise strategies in forecasting system 
implementation. In this manner, the structure of models already 
completed and operational is being gradually propagated to entire 
Elbe system, from its headwaters to downstream. Upon they become
fully operational, the models are integrated into a single entity of the 
Elbe forecasting system.

Y
1

The CHMI guaranties the regional-scale hydrological forecasting through the Czech Republic. When- and wherever the man-supervised flow-control 
becomes of concern, the Institute collaborates with respective River Boards. In the Elbe system, the regional forecasts are issued daily for 54 water gauging 
sites  (forecasting points). The forecast lead time ranges from several hours up to one day. CHMI produce hydrological forecast of 2 days lead time (1h time 
step resolution) for catchments of size from about 100 km2 up to large basins of several thousands of km2. Due to geographical position of the Czech 
Republic, the main uncertainty of the forecast in the head water basin is caused by inputting quantitative precipitation forecast (QPF) and also by quantitative 
temperature forecast (QTF) in the winter and spring snow melting period. QPF and QTF of NWS ALADIN computed at CHMI input 

Calibration Characteristics
• Performs computations for few forecast points for many time 

steps
• Long time series
• Compatible with operational system. 
• Produces graphical output for manual calibration
• Includes algorithms for automatic optimisation
Applications
• Historical watershed simulation
• Reconstruction of historical events, scenario analysis
• Model calibration
Optimisation schemes 

• Rosenbrock
• Pattern search
• Shuffled complex evolution

Convergence criteria – different criteria available
• Daily RMS error
• Nash-Sutcliffe 
• Pearson coefficient of corelation
• Multi-Step Automatic Calibration Scheme (MACS)

Simulation characteristics
• Interactive versus non-interactive
• Modifications of processed input data
• Optimalisation of initial conditions (Rosenbrock)
• Modifications through special adjustment runtime parameters 
• Temporary modification of parameters
• Updating of forecast
Statistics
Hourly, Daily and yearly basis

Calibration and Simulation Run-Time Modification

Probabilistic Forecast

MAN – Interactive Reservoir Control 

AquaLog

AquaLog is multipurpose decision-supporting system in field of 
water management and hydrology and uses methods of deterministic
modelling to investigate hydrological and environmental processes 
in the real and historical data and, possibly, also on artificially 
generated data. Apart from field of operative hydrology AquaLog 
can assist as a tool to judge the measures taken in water management 
processes and scenarios.

Aqualog system consit of main modules, AquaLog itself and 
AquaBase, SOLWIN, AquaESP, Mods, Manipul and ALVIEW.

AquaLog 

Operational mode Planning, 
training

Deterministic 
forecast

Probability forecast

Scenarios              
(pseudo –
real time)

AquaLog was designed to be a modular system that contains a variety of 
modeling techniques and utilities and allows the user simulate the following 
hydrological processes:

•snow accumulation and ablation
•rainfall-runoff processes
•river routing
•simulation and control of reservoirs

AquaLog provides for solution in a several distinct computational options: 
Calibration, Parameter optimisation, Simulation and Forecasting. 
Under a compact AquaLog GUI shell a user can make use of three
categories of modeling techniques accommodated in its library
•group of hydrological routing models

•TDR transport - diffusion analogy
•MC Muskingum-Cunge
•FLD tree-shaped or looped system of interconnected river branches 
based on full solution of St.Venant system by a implicit scheme
(according to US NWSRFS)
•SLF self-tuning auto regressive techniques for real time forecasting of 
stage, discharge

•group of hydrological catchment models
•SNOW 17snowmelt simulation (according to US NWSRFS)
•APIc the Antecedent Precipitation Index Continuous model
•SAC-SMA Sacramento model (according to US NWSRFS)

•group of interactive simulation of hydraulic flow-control units
•MAN kinematic reservoir equation, controlled spillways and bottom 
outlets, power house discharge and transfer of water fee-flow channels

AquaLog CHMI Hydrological Forecasting System
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Basic Scheme of AquaLog System
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Short time deterministic hydrological forecasting has became a 
standard real time practice. The experience from recent flood events 
in the Czech Republic proved the increased forecast user demands
for the longer lead time of the forecast and some probabilistic 
interpretation of forecast outputs. Longer lead time hydrological 
forecast is necessary for effective water management of reservoirs 
to successfully combine their different, often antagonistic, purposes 
such as the flood protection on one side and water supply and 
hydropower generation on the other hand. However with prolonging
lead time the need of probabilistic expression is increasing what 
was proved by common evaluation of QPF uncertainty as well as by
some case studies of QPF and QTF impact on real time 
hydrological forecast.
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Petri-net algorithm 
offers a powerful tool 
for decomposition of a 
system and for 
subsequent user-
independent numerical
simulation

Models
•Reservoir
•Rating
curve
•Spilway
•Bottom
outlet
•Power
generator
•Release

Reservoir 
Intreractive

Module

Forecast Dissemination 

AquaLog provides export of forecast to the WEB sites and 
to the special client program ALView.

Flood 1890
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Method was originally inspired by ESP US NWS procedure, 
however because of using deterministic hydrological forecasting 
system the aim was to reduce number of ensembles. There is not 
enough historical meteorological data (since 1961) to apply simply 
random selection of few years from the historical dataset; therefore 
LARS-WG generated long time series were used instead of 
historical observation of precipitation and temperature.
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The Sacramentomodel 
represents an attempt to 
parameterize soil moisture 
characteristics in a manner that: 

• would logically distribute 
applied moisture in various 
depths and energy states in 
the soil 
• would have rational 
percolation characteristics
• would allow an effective 
simulation of streamflow

SAC-SMA 
scheme


