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Introduction Aqualog CHMI Hydrological Forecasting System

Since mid 1990's, the hydrological modeling sysiqual og AquaLog was designed to be a modular system thaaicmna variety of The CHMI guaranties the regional-scale hydrologioetcasting through the Czech Republic. When- aherewer the man-supervised flow-control
became of service to the Czech Hydrometeorologjicsitute modeling techniques and utilities and allows thersimulate the following | P&comes of concern, the Institute collaborates vaspective River Boards. In the Elbe system, éggonal forecasts are issued daily for 54 water gaug

; ep : : S : : \_ | sites (forecasting points). The forecast lead tiamges from several hours up to one day. CHMI pcechydrological forecast of 2 days lead time (hheti
(CHMI) “office” procedures in real-time flow foreds) in whole hydrological processes:

step resolution) for catchments of size from alddl@ kn# up to large basins of several thousands of Kne to geographical position of the Czech
public, the main uncertainty of the forecasti lhead water basin is caused by inputting quangtarecipitation forecast (QPF) and also by quatite
emperature forecast (QTF) in the winter and spsimgw melting period. QPF and QTF of NWS ALADIN camgd at CHMI input

*snow accumulation and ablation
srainfall-runoff processes

sriver routing

esimulation and control of reservoirs

Elbe river basin. The models have been alreadwglladtfor
catchments, river network and reservoirs of thesfiasin, including
Vitava, Ohre, Berounka, Sazava, and Jizera rivellsBatva

A

ich i i ' ) . - : : The Elbe, Vitava, Ohre, Berounka, Sazava and : e _
catchment, which is part of Morf':lva rver b_aS|r_1. _ Aqualog provides for solution in a several distioomputational options Jizera river-basins ara subdivided into lesser Scheme of Elbe River flood 5 P f;
The software empowers step-wise strategies in éstewg system Calibration, Parameter optimisation, Simulation and Forecasting. subsvstems. Elbe hvdrological model consist of ~ forecasting system . TN
Implementation. In this manner, the structure otlels already Under a compact AquaLog GUI shell a user can makeofithree UL y g T
: : : : : : : o 210 main river reaches, where the transport o
completed and operational is being gradually prapedjto entire categories of modeling techniques accommodatets library e : : = ¥
| ¢ s N g b . t hvdrological routi del diffusion (TDR) model is used for channel routing, i = i
Elbe syster_n, rom its eadwaters_ to ownst_reqmnupey ecome group of hydrological routing models 173 sub-catchments, where the SAC-SMA rainfall- oy ‘“‘?*}?
fully operational, the models are integrated intirgle entity of the :I/I[():Rl\;lfanks_port - %ﬁUSIOH analogy runoff model coupled with ablation and snow-m o
Elbe forecasting system. uskingum-=unge SNOW-17 model is applied and 27 dams with

*FLD tree-shaped or looped system of interconnected loranches forecasted outiow,

based on full solution of St.Venant system by a ionpscheme . . :
Aqualog according to US NWSRFES The model is subdivided at 5 parts, according o
( J ) regional offices.

Aqualog is multipurpose decision-supporting systefiield of ;?;‘gzszlizggpggeamo regressive techniques for reagtiarecasting of - | the models are daily- and continuously operated.

water management and hydrology and uses methaist@fministic| | .qroun of hydrological catchment models Simulation time step is one hour. e . %ﬁ\\‘@"&% Bhdone
modelling to investigate hydrological and environta¢processes | \ -SNOW 17snowmelt simulation (according to US NWSRFS) Catchments are subdivided into zones (1-2 > e =p BB = V2 N « wﬁ@i
In the real and historical data and, possibly, alsartificially - APIc the Antecedent Precipitation Index Continuous model The area of the zone is aprox, 10-40?km | . e 0T Ny : g 4
generated data. Apart from field of operative h{olyg AqualLo SAC-SMA Sacramento model (according to US NWSRFS) Each zone has individual parameters. Typif \; s - N e
can assist as a tool to judge the measures takeater management | *group of interactive simulation of hydraulic flogentrol units subdivison for Becva catchment. | eSO
processes and sceng=~- d *MAN kinematic reservoir equation, controlled spillwaysl bottom
E Aqualog @ outlets, power house discharge and transfer ofnfegeflow channels), | s%&l | o @& L o a8
TheSacramentomodel | | A4S a3 eessEMearl | SIS, e e (L DN o\
_ _ (g\%@ SA(;'SMA represents an attempt to
Operational mode Planning, - Mgttt scheme parameterize soil moisture | | LWy /S akdS TR 0 o dese s N ST
— training N r—— characteristics in a manner thal: | /000 s aan Y Crn 20RO ae ()
@ = S o O e would logically distribute | | <200 FREEEE e > 3, N7 | e T el
B I S ; applied moisture in various
Deterministic @ l | : : depths and energy states in
forecast
v Scenarios
(pseudo —
Probability forecast real time)
Agualog system consit of main modules, AqualLog itself and e
AguaBase, SOLWIN, AquaESP, Mods, Manipul and ALVIEW.
Basic Scheme of AqualLog System Short time deterministic hydrological forecastiraglbecame a
Data processing - AquaBase standard real time practice. The experience fraraneflood events
Autoratc tefacebetusen piay reaime catiocton . e e e s oo
;s,ystemtl.ncludlntg arcg |V|n_g of ]Ehe t')O a;isedtdatat Iaglg:](()fellng an\l Historical interpretation of forecast outputs. Longer leacetimydrological
orecasting system. Provides for both automate —  Data : g .
supervised data pre-processing and quality contsihg graphical International Analysis *| Hydrological forecast is necessary for eﬁgct!ve water manage_nfe_neservows
and statistical data-validation procedures. Cossistet of Exchange of a”dMHﬁdrla“"C . PStaJ‘S;?ﬁts to successfully combine their different, often antagtic, purposes
procedures, that are used as the tool in analgsipee-processing aitzgﬁ'\gyg'):’ N | . R gr:c;g f\ugroaz\t/\?eer ﬂ%?1%gt?;icgﬁqh()enoﬁﬂgrséiisnﬂ(my a_nlcclm -
of raévx_/ c:cimatolotgicalloarf hy?_rological data to upHlame series ARE— [ /42\ Ie>;1d ti?ne thegneed of probabilistic express.iormciseiasinlqgjmwhagtJ )
used in forecastin ualLog. :
. historical 3ndyopgrationgal data collection Péog‘:‘:‘\'l?:gl B as proved by common evaluation of QPF uncertaistyell as by
-input of regularly observed data from data coitatt Stations SOne case studies of QPF and QTF impact on real tim
system (stations, radar etc.) A oo | [ rychological and rological forecast.
-input of forecasted data (QPF by ALADIN and ECMWF) Network of e -
« database management, including the data validation Voluntary REEEEI Models Precipitation + Hydrological .
primary and secondary data processing system (¥miga QbServes Temperature Forecast Models veriieation
screening reconstruction and missing data entry ; Automatic -~ L . = ‘-‘
« graphical, tabular and statistical tools for pnignprocesse : _ Preprocessor of Hydrological
data and their validation in manual or automatedeno Osbtzfirc\)/:]r;g Optimalization of Intia Meteorological ‘ Ensemble [ Generator
 methods of supplementary processing and analysise Conditions
series Radar And Interactive Forecasting t ‘
 creation and maintenance of station files (charéstics of Remote Program S
meteo- and hydro- stations) Sensing Assimilator Products
» topographical representation of the basin, riystesm and
location of the stations based on GIS generateal dat f
Observed
Methods of MAP, MAT, MAE (Mean Aerial Precipitation, ) e Modificatia Time Series
Temperature and Water Equivalent) Calibration Characteristics Run time modifications represent temporary adjustsiemtime
o ° . e  Performs computations for few forecast pointsmfany time series or initial conditions. The forecaster us€34 at forecast
o ° . :§§§§§§ steps execution time to adjust these values in an attémjpbprove the
o S ielie  Long time series results of the forecast model computations. MODsaagglable for
_ _ _  Compatible with operational system. making temporary or, in a few cases, permanentgdsto selecteqd Method was originally inspired by ESP US NWS praged
. I_nverse Distance Weights (number of stations, max. « Produces graphical output for manual calibration parameters. however because of using deterministic hydrolodgmadcasting
distance, exponent) « Includes algorithms for automatic optimisation Modifications of processed input time series system the aim was to reduce number of ensembieseTs not
. In\_/e_rse Distance \_/v_e|ghts — QUADRANTS Applications Modification of PXADJ — Input precipitation is multiplied by enough historical meteorological data (since 196 Bpply simply
* Kriging and Co-Kriging —ittp://www.gslib.comy « Historical watershed simulation PXADJ parameter based on radar data and otheniafaon. random selection of few years from the historicatbdet; therefore
* Thiessen Polygon Network | « Reconstruction of historical events, scenario asialy Modification of TXADJ —input air temperature may be adjusted|by| LARS-WG generated long time series were used idstéa
Input Formats: ESRI ASCII Grid, GeoEAS, ESRI shapefi « Model calibration change of TXADJ, usually when it rains and air tenaure is close | historical observation of precipitation and tempere.
Export Formats: HEC-RAS (DSS-VUE),CSV etc. Optimisation schemes to 0 °C
Conversion utilities WGS-84, UTM, S-42 and S-JTSK e Rosenbrock « Optimalisation of initial conditions
«  Pattern search SACRAMENTO and SNOW-17 initial condition are kepirh
. Shuffled complex evolution previous simulations to keep continuity of soilsation and
Convergence criteria— different criteria available characteristics of snow. AQUALOG uses automatic , o
«  Daily RMS error Moldau Cascade  ______ Jﬁ_____V
. Nash-Sutcliffe Optimized and original
«  Pearson coefficient of corelation hydrograph. Initial conditions
e Multi-StepAutomaticCalibrationScheme(MACS) of SAC-SMA model
optimized by automatic

optimisation using
Rosenbrock optimisation
scheme.

Forecast Dissemination
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Controlled di

Optimalisation of SAC-SMA initial conditions usingfférent
optimalisation criteria to adjust simulated hydrqardo

observed discharge time series.

Temporary modification of parameters

Modification of initial snow water equivalent (SWEr snowmelt
model is performed quite often in spring monthgnéasured and
calculated SWE differs significantly. Manual chas@é initial

Petri-netalgorithm

. |7 | offers a powerful tool
1., | for decomposition of
| system and for

ot

condition is made trough MODS module. Models
BASEF changes the recessing base flow amount in base flow cReservoir
MFC changes the melt factor correction value for SNOWV-1 *Rating
Simulation characteristics SACBASEF multiplies the base flow runoff from the SAC-SMA curve
e Interactive versus non-interactive ~ | SACCO changes the SAC-SMA soil moisture carryover values -Spilway
* Modifications of processed input data UCBASEF change the constant base flow amount for IUH -Bottom
« Optimalisation of initial conditions (Rosenbrock) UHGADJ - modifies a unit hydrograph with horizontal and/or outlet
* Modifications through special adjustment runtinaggmeters | | vertical adjustment factors -Power
« Temporary modification of parameters UHGCHNG changes the ordinates of a unit hydrograph generator
e Updating of forecast WECHNG changes the value of snow water equivalent Release
Statistics Nash - PXADJ multiplies the input rain data by a constant
Hourly, Daily and yearly basis Sutcliffe PXADJ adds number of degrees to temperature data
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Software HISTORY 199000 3 03 199008 08 ;;;;‘;;;;z;.;;‘;;;m‘ o‘e;‘;;;;;;.;;“;g‘o‘;;‘;;;;‘u‘.‘as‘;;‘o‘;;‘;;;‘o‘.‘a;;
Late 1970s the first application on Mainframe (SIBF) Updating of forecast Reservc_)ir
M?d 1980s SIMFOR is ported on PC With GUI (OS DOS) ) Contacts: Simulated hydrograph always more or less differmftbe Intreractive
m:g 18882 ﬁQUALOG_IS a fully MS Windows based ajoplion Jakub Krejci.krejci@aqualogic.czAqualogic Consulting, Ltd, observation. Therefore forecast usually doesn’trt“_SEq last |
| quaBase is added to Aqual.og - - observed value and have to be update. Automatiatigdmode is
Mid 2008 AQUAESP is added to AquaLog Roklinka 224. 25244 Psary, Czech Republic
Most of the core code is Fortran, GUI is in VisBakic and Jiri Zezulakzezulak@fzp.czu.c:Czech University of Life Sciences | €xténded by module UPDATE has been developed formaexa
VB.NET Prague, Kamycka 129, 165 21 Praha 6 — Suchdol, Gzephblic manual updating. It enables complete interactiveifivadion of

forecasted hydrograph in every time step.




