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Upgrade and further development of existing flood
forecasting systems (FFS) for Maritsa and Arda
rivers

1. Assessment of existing hydrological forecasting and early warning system (EWS) for
Maritsa River basin

Development of the Early warning system for the Maritsa River and Tunzha rivers
watersheds https://maritsa.meteo.bg was finalized in 2009 with the official name of the
project "Technical Assistance for Flood Forecasting and Early Warning System for the
Maritsa and Tunja Watershed". It was implemented by an international consortium with a
Mike 11 type rainfall-runoff hydrological model (NAM) and hydrodynamic model (HD). The
system was completed in 2009 with funding from the PHARE program. The water levels of
the rivers in 15 settlements in the Maritsa river basin and 6 settlements in the Tunzha river
basin are forecast for up to 5 days ahead with a step of 1 hour (Fig. 1).
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Fig. 1 Forecast of the Maritsa River levels in Plovdiv for the next 5 days is shown after the
vertical red line. Waring levels are located at 157, 158, 159 a.s.l. levels associated with the
elevation of river embankment.

The system is fed by data measured by NIMH and forecasted by the Limited Area Regional
Atmospheric Model ALADIN-BG. Former software Mike-11 FLOODWATCH is using single core
of the processor and is not scalable over the modern multi-core processors. Moreover it is
built to run in tandem with GIS software ArcGIS version 9 that is not fully supported


https://maritsa.meteo.bg/

anymore The forecast part of the model has the name FLOODWATCH and since 2009 has
been superseded by a new version running under Windows 10 with the name Mike-HYDRO.
The old version is depreciated and support is not available from the software producer -
Danish Hydraulic Institute (DHI). Visualization of the forecasts is performed by a highly
intuitive MapServer interface (Fig. 2).
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Fig.2 MapServer web interface of the former Maritsa-Tundzha EWS.
2. Evaluation of possible upgrades of the EWS for Maritsa River basin

An upgrade of the software of EWS Maritsa-Tundzha is needed in order to implement the
multi-core version Mike-HYDRO and to ensure sustainability of the forecasting and early
warning system. Related to that, the database for the forecasting results and visualization of
forecasts needed to be adapted to the new Mike-HYDRO output with a modern web
interface. It was decided to implement the new version Mike-HYDRO only for Maritsa River



basin as Tunzha River is out the projects eligible area (Tundzha is flowing through Bulgarian-
Turkish border).

3. Assessment of existing hydrological forecasting and early warning system (EWS) for
Arda River basin

To predict riverflow many different methods may be used. In the past more often statistical
methods were used for large river basins. Knowing the precipitations and the water levels in
the upper part of the basin, with statistical approach were forecasted water levels in the
lower part of the basin. Nowadays with the increasing intensive rain and respective
flashflood frequencies this approach is no more suitable. Flashfloods occur for periods
sometimes as short as one to three hours after the intensive precipitation is registered.
Therefore we must if possible predict the event days before its happening. Here come to
help numerical weather models that more or less successfully are predicting the
precipitation intensity and location. When we feed a hydrological model with data coming
from a forecasting meteorological model we can predict to some extend the water levels
corresponding to the forecasted precipitation intensity and location. In ARDAFORECAST
project finalized in 2013 we combined precipitation and air temperature data from the
following weather forecast models: A. Regional scale short range ALADIN model—3 days
ahead forecast; B. Global scale model - European Centre of Medium Range Forecast
(ECMWF)—5 days ahead forecast.
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Fig. 3. Schematic of SURFEX LSM with detailed processes parameterization
(http://www.cnrm.meteo.fr/surfex)



http://www.cnrm.meteo.fr/surfex

The hydrological model usually deals with predefined amounts of runoff and drainage water
that it routes through the river network until it reaches a river cross-section of interest (that
we “hot-point”) for which we compute the forecasted discharges. The computing of surface
runoff and drainage per-unit area here is made by the surface scheme ISBA. ISBA (Interface
Soil Biosphere Atmosphere) as other specific models is built into SURFEX—the Land and
Ocean Surface Platform for the simulation of earth surface variables and fluxes (Fig. 3)
developed by the scientific community lead by CNRM—Meteo-France. The hydrological
model coupled with ISBA is a version of TOPMODEL that is based on the basin topography.
The coupling was firstly developed for the simulation of fast floods in Mediterranean region
in France. That makes the models suitable for the ARDAFORECAST project dealing with

Mediterranean rivers too.

4. Evaluation of possible upgrades of the EWS for Arda (ARDAFORECAST) and additionally
Byala (Erithropotamus) River basins
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Fig.4 Hydrological (left) and meteorological cells (right) of distributed model SURFEX —
RAPID

More detailed approach to the river flow forecasting needed reduction of meteorological
grid of the LSM SURFEX. Enhanced resolution (Fig. 4) is permitting better simulation of high
flow peaks both in timing and spatial distribution. Therefore we estimated reduction in
spatial resolution and additionally a reduction in the temporal step of ARDAFORECAST
system from 3 h to 1 h. The new routing model RAPID was chosen in order to simplify
extraction and simulation of more river segments as “hot-points”. At the same time we




increased the number of “hot-points” where the streamflow is forecasted from 19 for
ARDAFORECAST to 24 including Byala River (Erithropotamus) in FLOODGUARD project.

5. Further development of existing flood forecasting systems (FFS) for Maritsa River

After the purchase, installation and testing of DHI Mike-HYDRO software by DHI staff the
NIMH team involved in the FLOODGUARD project studied the new software (Fig. 5),
prepared new data base and new dataflow to feed the FLOODGUARD EWS. About Maritsa
River basin new Mike-HYDRO model is put into operational regime.

B MIKE Zero - Maritsa_2020.mhydro
File Edt View Run Window

Help

DEE +B2R 2N

i StartPage x @ Maritsa_2020.mhydro - Modified X

- Map configurations

- o Coordinate system

- of Background map
Background layers (0)

- o Working area
River network
- f Branches (9)
-~ o Routing method (0)
Alignment ines (0)
i~ o Cross sections

2 Variables (0)
- PID parameter (0)
Control es (0)
- o Storages (0)
- of Catchments
- o Catchment definiions (27)
Combined catchments (0)
o Riverlinks (27)
o Hotstart files
Hydrodynamic parameters
- o Bed resistance (43)
Boundary condtions
- o Standard boundaries (17)
Wind friction
- 3 Groundwater leakage(0)
MIKE SHE Couplings (0)
i conditions

- of Data as ion
- o General parameters

<

- & Digtal Blevation Model (DEM)

L. of Observations defintions (14) v

H Setup | Symbology  Result

Ex|@HAEANG YHER QA

| Setup
= o Introduction Al Proect | Mep | Branches
J- o Smulaton specfications =
- Modues « ~ w0
+f Description @ N
+ Simulaton period Undo Redo | Pan Zoom
- o Time step control
- of Computational control paramete Eot

Cross sections.

in Feed o
o0min o1

Catchments

>

Boundaries.

S 6N 8

wed  Zoomto Zoomto

Storages

3 @ =

Down Lleft  Right

Spatialdata  Smulation

¥

Identfy Select Unselect

Selection

Tools

Delete  Zoomto
selection  selection

R
A ‘I@z C

=T 2
seie
ennweno

R,
X

‘ng’ i
& -

Map scale: 1295874

2009

%

Haskovo
Xackoso

A
SRR

I Xopudlgn

Ko
5

77

i ') &7

{7 ks 1
S kursongrsd
iKpypionipos

Map dat

Fig. 5 The screen of development tool for Mike-HYDRO software for Maritsa River

6. Further development of existing flood forecasting systems (FFS) for Arda and Byala
river basins

Project Number of | Size of the| Number of “hot-| Time
cells cell points” step

ArdaForecast 129 8 km 19 3h.

FLOODGUARD 468 4 km 24 1h.

Tab. 1. Differences between the modeling parameterization of the ARDAFORECAST and
FLOODGUARD systems for simulation and forecasting of streamflows of Arda and Byala

rivers.




New coupled model SURFEX-RAPID' was developed based on knowledge on SURFEX and
newly adapted in NIMH RAPID? routing software (both with open source software licensing
rules, see https://www.umr-cnrm.fr/surfex/spip.php?rubrigue8 and http://www.rapid-
hub.org/download.html) and tested over Arda River basin and two tributaries of Maritsa River.
Hydrological model, consisting of SURFEX land surface scheme and RAPID river routing model
over the meteorological grid of 4x4 km grid was developed, calibrated and tested for basins of
Maritsa and Arda rivers with RAPID runoff model. Data series with 1h step of measured
precipitation, air temperature and relative humidity, global and atmospheric radiation as well as
the forecasted fields (ECMWF, ALADIN, AROME models) of the same variables are analyzed and
stored continuously in a MySQL database (Fig. 7). The hydrological model and the data series
where tested for the catchments in Arda River basin with good results. Automation software
(Fig. 6) and Linux shell procedure was programmed in order to implement the new set-up of the
hydrological model for Arda river basin in the NIMH working environment.
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Fig. 6. Interface screen of the new software for model set-up, initialization and starting of
the modeling system FLOODGUARD for Arda and Byala river basins
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codenum ¥ A' name_BG name name2 location
7959 pexa Cv3nuiika - rp. Meavboso Sazliyka - 7959 - HPoint-Water level Galabovo
9595 pexa Mupseneuxa - ¢. Xpabpuro Parvenetska - 9595 - HPoint-Water level Hrabrino
10084 pexa Yenurcka - c. Bapsapa Chepinska - 10084 - HPoint-Water level VetrenDolVarvara
18015 pexa Mapuua - rp. Cennenrpag Maritsa - 18015 - HPoint-Water level 73850_H
18565 pexa Bvuka - rp. Kpuunm Vacha - 18565 - HPoint-Water level Kritchim NUL
18694 pexa Yenenapcka - rp. AceHoerpag Chepelarska - 18694 - HPoint-Water level Asenovgrad
_ 21064 pexa flypa Aina - c. Pocen Ludayana - 21064 - HPoint-Water level Rosen
16 28257 pexa Tononnuua - ¢. flecuyeeo Topolnitsa - 28257 - HPoint-Water level Lesichovo
. 50713 pexa Mapuua - rp. Xapmannun Maritsa - 50713 - HPoint-Water level 73750_H
? K,IB 69930 pexa Mapuua - rp. Cumeoroerpag Maritsa - 69930 - HPoint-Water level Simeonovgrad
ol 91966 pexa Mapuua - rp. lumutposrpas Maritsa - 91966 - HPoint-Water level 73380_H
132543 pexa Mapuua - rp. Mupeomait Maritsa - 132543 - HPoint-Water level 72850_H
180516 pexa Mapuua - rp. Maosaune Maritsa - 180516 - HPoint-Water level 72700_H
222493 pexa Mapuua - rp. Masapaxuk Maritsa - 222493 - HPoint-Water level 71800_H
252780 pexa Mapuua - rp. Benoso Maritsa - 252780 - HPoint-Water level L

Fig. 7. Database table for the storage of new “hot-points” attributes for FLOODGUARD
project implementation for Arda and Maritsa rivers.

7. Development of new visualization and the web site of EWS Maritsa-Arda-Byala with
three warning levels https://plovdiv.meteo.bg/floodguard

Daily update at 10:45am and 10:45pm GMT+02 (standard time)

Further refinement of the Maritza and Arda River predictive model
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This development is part of the Floodguard project "Integrated actions for joint coordination and overcoming flood risks in the cross-border area", funded by the
Interreg V-A Programme Greece-Bulgaria, through the European Regional Development Fund and the National Budget of the Republic of Bulgaria.
Integrated actions for joint coordination and responsiveness to flood risks in the Cross Border area "FLOODGUARD"
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Fig.8. The web site of the project FLOODGUARD with EWS for Maritsa, Arda and Byala
rivers.


https://plovdiv.meteo.bg/floodguard

The new dynamic web site is realised using Leaflet mapping interface and Java script.

English version is also available at https://plovdiv.meteo.bg/floodguard/en. Warning levels

are different for Maritsa Basin Rivers and Arda (Byala) basins because natively the first ones

are attached to river embankment levels while those of Arda River basin correspond to 1%,
5% and 50% probability of high flow occurrence (Fig.9, 10).
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Fig.10.

Dimitrovgrad

Example of visualization of forecasted levels from the web site for Maritsa — at


https://plovdiv.meteo.bg/floodguard/en

