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1 HYDROLOGICAL ACTIEST

1.1. Monitoring network

Thenet wor k of the Hungarian hydrological stations
network of surface water monitoring sites in the whole Danube watershed area. (Fig. HU-1.)

Danube River Basin District: Surface Waterbody Monitoring Stations MAP 17

e KRR (IJ""\N 74

&y

N ":/-2 /

0
Mure

5
5 s
otcay -, TIMISOE ROMANIA
G Ramnicy

LEGEND

[ oanube River Basin District (DRED)
(] Black Sea Coastal Catchments
= Danube
—  Tibutaries (river basins > 4,000 km?)
Surface Waterbody Monitoring stations: Cities:
©  surveillance Monitoring Stations (SW1) > 1,000,000 inhabitants 0
W surveiliance Monitoring Stations (SM2) 7 §
- 1,000,000 inh A i,

®  Operational Monitoring Stations (OM) 250000% 1,000,000 inhabltanty a2

100,000 - 250,000 inhabitants X
[ Lok waer bodies (surface > 100 km?) N
I ormtioni s bodkis 0 50 100 150 200 250 Kilometers
B Cosstal water bodies e N
~ Artificial water bodies Scale: 1:4,500,000 A <
— National borders (Scale 1:6 millin A4 lsndscape paper ormat)

Product of ICPDR, Vienna

s pvoduct incldes geographica dta censed from European Notional Mapping Agences. EuraGiobalbap v1.0 (EuroGeographics) was uved 5 the baskc Topographic Gper for 06, AT CZ, 1. S1 ot HB. The dots for the oth s b bused on
s g he DRSO f1am DE.AT CHL CZ, . 5. HR.8A. RS 86, R0, UA ant MD. For L. ME. AL MK At 7 the s o he Europaan Commission ot Research Con

Prepared by w FLUVUS, Vienns, March 2007; The production of this map was financially supported by @Pag® e,

Fig. HU- 1. The principal gauging stations in the Danube Catchment

1.1.1. Description of water gauge stations

In Hungary, according to the environmental situation, three types of staff gauges are operated:
o Staff gauge with measuring scale (human measurement/reading)

o Staff gauge with data registration and collection for archive (human
measurement/reading)

FAWP3VITUKUINEWADA_Act.3.1_SQR on hydrology_HU_VITUKI_VKKI_final.doc
Paged of 36
Jointly for our common future



* *
* *

SOUTH EAST e

LR
EUROPE *NEWADA R
Transnational Cooperation Programme EUROPEAN UNION

o Staff gauge with totally automatic registration, forwarding/transfer and archive (no
human measurement/reading)

Along the Hungarian stretch of the River Danube the mostly used type of staff gauge is the
totally automatic one. Figure HU-2. shows a general, typical arrangement of an automatically
operated station. In case of these stations there is no human intervention.

Fig. HU-2. General arrangement of an automatically operated station

Regarding the type of the staff gauge there are three possible types of construction:
¢ Inclined gauge (Fig. HU-3.)
e Vertical gauge

e Staircase shaped gauge
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Fig. HU-3. Inclined staff gauge

The widely used type of construction is the inclined one in contrast to other devices e. g. vertical
or staircase shaped gauges. Vertical gauge i which is applied on fewer places than the inclined
type - although one of the main staff gauges in Budapest is a vertical construction - consists of
one or more parts depending on the dimension of the riverbed and the riverside. Along the
Danube staircase shaped gauges are applied just occasionally i they are used in smaller
tributaries.

Implementing the national staff gauge network all around the country there are a lot of stations
which are used not continuously but only periodically, especially just during the time of flood
events. These gauges are situated on theoretically flood prone areas between the main gauges
for helping to determine the most exactly downstream of the floods for the defence crew and

many other stakeholders (incl. for the shipbs

measuring scale and human measurement (reading).

On all of the elements of the staff gauge network the measurement (and registration) happens
basically once a day - every day at 6.00 a.m. In case of flood events the measurement is more
frequent according to the following water |

o Ist alert water level - twice a day (6.00 a.m. and 18.00 p.m.)
e lIind alert water level - every six hours (from 6.00 a.m.)

e llird alert water level - every two hours (from 6.00 a.m.)

The different adequate flooding water levels have been determined and fixed for all gauges -
incl. for all rivers suffered by flood - all around the country. This timetable is referring to the
above mentioned flooding staff gauges as well. The automatically operated stations are able to
measure, register and transmit i among others - water level data with hourly frequency too,
providing a lot of additional information for the defence in these dangerous situations.
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1.1.2. Gauge equipments

In the automatic staff gauge stations the settled equipment are working with different methods in
a very wide scale for the field of the measurement, especially the following three of them:

e equipment with pressure sensor,
e equipment with float operated sensor,

e equipment with bubbler level sensor.

The most important gauge stations operate with pressure sensor type equipment. Of course,
equipment can measure - beyond the water level - lots of other parameters such as water
temperature, water discharge, very different water quality data, etc.

The Hungarian Hydrological Service measures the water velocity at its gauging stations
measuring water level and discharge data, and the water discharge is calculated on the basis of
the measured water velocity.

In the Hungarian hydrological praxis there are basically two equipments (and methodology) for
measuring the water velocity.

One of them is the propeller current meter, where the measured number of revolutions shows
the speed. All equipments used are tested and calibrated annually at the central service of the
Hungarian Hydrological Service.

The other equipment is the ADCP (Acoustic Doppler systems for water velocity measurement)
usingtheprinci pl e of sound waves called the Doppler ef
a constant frequency into the water, and measuring the parameters of their backscattering from

the particles suspended in the moving water, i.e. from the bottom of the riverbed. (Fig. HU-4)
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Fig. HU-4. ADCP

1.1.3. Quantity and quality of measurements

On the Hungarian rivers, in 2009 there are altogether 334 gauging stations. Among them 207
stations yield not only water level, but also discharge data. 180 stations report telemetrically.
From the 334 stations the 20 most important ones were selected and displayed in Fig. HU-10
(of the SQR 0 Fhe dairodparaateribtigsco) these 20 stations are listed in Table
HU-3.
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Table HU-2 : Principal hydrographic water stage and discharge stations in the Danube Catchment (Hungary)

Geagraphical position of Observed extreme

_ _ Name of station and| [ o | | Distance from the station Zero of the water stage (M) | pesign (critical)

Station Mo. River rethod of the . . 2 | the mouth gauge (m above water stage
o installation | area (km*) i
rreasuring (k) latitude longitude Baltic sea) Hax, 1% (1)
minimurm | rmaxirmurm
P A

1 1949.10.23 131475 18458 4 4870 15" | 17 14'50" 122 58 -3,25 6,43 654
"""" 2 18720101 | 183534 | 16946 | 47°47'19"| 1@°s7'407| 9943 | 053 | 744 | 7ER
"""" 3] 18170101 | 1p4r93 | BG5S | 47°29'4p"| 19°1'42" | 9457 | 0&1 | 8g0 | 870
"""" 1] 18720101 | 1gazr3 | 15806 | 4g°s@s2’| 1@ese'dgr| 9030 | 051 | 742 | aar
"""" 5 18880101 | 1gos3s | 15068 | 4B°25'21"| 1@°53'44"| @352 | 050 | 894 | 1147
"""" B | 18520101 | 209064 | 14469 | 45°s59'34r| 1@eav4nr| 7820 | 0F2 | 984 | wmgr
"""" 7] 1930101 | 230 | 102 | 47ess'a | a7eqvare|  121m0 0 | 035 | 3o | 2a00
"""" g | 18750101 | gm0 | 290 | 47°30'48"| 17°24'4" | 11313 | 15 | 586 | 584
"""" g | 920t | zres | 107 | 4gcar3x | 19cqg'47r|  13ER | 126 | 446 | 471
40 | Tisza | Tiszabecs (3) | - 19230801 | g7or | 7443 | ABTE 12" | 22°4g 4dn| 11434 | 282 | 73 || B70
11 | Tieza | Srolok (@ | 1854.0101 | 73113 | 34E | 47000110 | 2001200 878 | 279 [ s | 961
12 | Tieza | Szeged (@) | 18320101 | 13s408 | 1736 | AEe15' 1 | e | 7370 | 250 | wps | a7t
13 | T | Gabole@ | 1930.01.01 | oa4 | 77| 47°57'26" | 22°52'39" | 1BAD | a45 | BAG | | BA7
14 | Szamos | Csenger(3) | 18750101 | 15283 | 94 | A7°50'28" | 22eavazr|  113EE | A6 | g2 | a7
15 | Bodrog | Felsherecki (3) | 19280101 | 12888 | 77 | 45021 24" | 210413 9225 | 043 | 795 | 757
16 | Hemad | Gesztely () | 19460923 | s108 | a4 | 48°F'28" | 20°57 417 10808 | 015 | a7 450
17 | Saj@ | Felstzsolca () | 18730101 | gaan | g4 | sgesan | 2005t | 10718 | 013 | 512 | 543
18 | Zagwa | Szentlrinckata (2) | 19550325 | 1954 | 878 | 47°31 28" | 190450477 | 10375 | am | 34 | 277
19 |Hammas-Korbs|  Gyoma (3 | 1873.0101 | 19715 | 792 | AGP5R 42" | 20080 39| 7868 | SR 918 | | 897
""" 0] R N X Y - I Ak A S el C - I I Ve = -
* Method of measuring:
(11 manual reading, (2] measuring station with onside data loging, (3) telemetric station for water level
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Table HU-3 : The number of discharge data series of various lengths of observation
on the operation areas of the DEWDs of Hungary

Symbol Name Lenght of the daily discharge series (years)
of District Environmental and Water
Directorate (DEWDlj 1-20 21-40| 41-60| 61-80 | 81-100{ > 100 Total
1 Nord-Transdanubian DEWD 12 15 7 1 35
2 Middle Danube Valley DEWD 4 12 2 2 2 1 23
3 Lower Danube Valley DEWD 1 5 1 7
4 Central-Transdanubian DEWD 4 11 7 3 25
5 S outh-Transdanubian DEWDQ 4 6 8 1 19
6 West-Transdanubian DEWD| 3 11 8 2 24
7 Upper-Tisza DEWD 7 6 2 1 1 17
8 North Hungarian DEWD 1 8 11 3 1 1 25
9 Trans-Tisza DEWD 2 8 1 11
10 Middle-Tisza DEWD 6 1 1 1 9
11 Lower-Tisza DEWD 1 1 1 3
12 YI'NJa 5925 1 4 3 1 9
1-12 Hungary 39 88 49 20 6 5 207

1) The geographical situation of the 12 DEWDs see on the map of Figure HU-10

1.1.4. Elaboration of data

In Hungary the water level and discharge measurements, the collection of data, data
procession, their upload to the database (Hungarian Hydrological Database) and archiving are
performed by the 12 district environmental and water directorates, according to a nationally
unified technical specification and the ISO quality assurance and quality management system.

Information about the collection of hydrological data characterizing the national area of Hungary

is available from about two millennia. Most of the data of earlier ages had been destroyed, so

that hydrological information in a well-ordered and systemized form is available only starting

with the first half of the last century. The Hydrographic Section established in 1886 by the

Ministry of Public Works and Transport, was the first organization responsible for the collection,
measurement and evalwuation of the countryds hydr
This was the first organized Hydrographic Service in the Carpathian Basin. As for its content

and comprehensiveness, the Hungarian collection of hydrological data was ahead of other

similar services abroad.




€. P SOUTHEAST .

| B |
s
¥ EUROPE . N E W A D A Programms co-unded by the
Transnational Cooperation Programme EUROPEAN UNION

The Hydrographic Service determines the data necessary for the protection against water-
related damages, for water utilization, for a water management harmonizing with sustainable
development as well as for estimating the impact of human activities on the water, as an
element of the environment. A part of the hydrological data is published in the Hydrographic
Yearbooks, issued regularly since 1887. The 110. volume of this series of Yearbooks has been
published in 2009.

1.2.Hydrological conditions
1.2.1. Regime and operative data

The physico-geographic characteristics determine the water budget of the area of Hungary. This
latter can be characterized by the quantities of water entering and leaving the country, plus the
quantity generated on her territory, as shown in Fig. HU-30of t he SQR A.Wwdtheogr aph
viewpoint of climate and hydrology the country can be divided into two large regions: the area to
the west of the River Danube, which receives more abundant precipitation and the one to the
east thereof, the overwhelming part of which forms part of the River Tisza catchrnent, which is
much drier with frequent droughts. About three-fourth of the total runoff is carried by the rivers
Danube and Drava, while the rivers of the Tisza Basin, with their catchment covering about half
of the country's territory, carry hardly one-fourth of the total flow. Thus the areal distribution of
surface waters is rather uneven.

The distribution of surface waters in time is also uneven. The autumn to spring period is
normally abundant in precipitation, spring arriving frequently with heavy rains and high snowmelt
flows. August, in contrast, offers only 5% of the total annual flow, while water demand is the
highest in this period. Consequently water short age is frequently encountered mostly in the
Al feld plains to the East of the Danube.
Flood plains covering close to one-quarter of the country's territory are endangered by river
floods, while other flat, low-land areas by un drained rain and snowmelt runoff, which cause
shorter or longer lasting inundations (Fig. HU-5) nearly two-third of the arable land.

In Hungary precipitation deficit is not encountered in every year. The normal rainfall depth in the
summer half-year is illustrated in Fig. HU-6 (cfr. with Fig. HU-6 of the SQR Hydrography
characterising the whole year). In some years inundation by undrained runoff and water
shortage occur simultaneously. The severity of the ten-year drought is illustrated in Fig. HU-6 of
the SQR Hydrography . A drought-index higher than 7, is liable to result in severe crop losses.
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1.2.2. Discharge series

For the 207 gauging stations, yielding also daily discharge data, the series of the latter are
available in the archives of the Research Institute for Environment and Water VITUKI, Budapest
and of the 12 Regional Directorates for Environment and Water of the country.

The length of the available series of daily flow discharges are displayed in Table HU-3.

1.2.3. Designed data

According to Hungarian regulations, flood protection facilities have to protect metropolitan areas
and settlements generally against the flood level of 100 years returning time and arable land
against that of 30 years. Thus the latter design flood levels have been established for all
gauging sections of the country (cfr. Table HU-2). These design values are periodically updated
every 5 years, by using also the most recent observation values.

The low-flow design discharge value of 1100 m3 /s along the Hungarian Danube has been
prescribed by the Danube Commission, in order to ensure a minimum water depth of 27 dm for
inland and international navigation. In an average year, discharges of the Danube do not reach
this design value during approx. 40 days of the year (including ice-free days)
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1.3. Extreme floods and droughts
1.3.1. Floods regime

The flood-prone part of the area of Hungary (Fig. HU-5) i.e. 23% of the territory of the country i
is a protected fluvial floodplain, which is unique in Europe. Therefore the flood control is a key
consideration. Crucially, this area includes 1.8 million ha arable land, 32% of the rail network,
15% of roads and more than 2000 industrial plants, 646 endangered communities. Affected

population is 2,3 millions and the total val ue at ri sk is about
discharge in Danube is 20 times low flow; flooding on the major rivers can last several months.
I n small er rivers e.g. the K°r°s system, t

develop in a few hours. Devastating, fast-rising ice-jam floods are especially dangerous. Flood
control over past centuries has resulted in the construction of 4183 km of defences (mainly
earthen embankments (Fig. HU-9). Ten emergency lowland flood reservoirs (with a total volume
of 360 million m®) provide protection for 97% of the floodplain area.

From the total main river flood control length of 4183 km, 1350 km occur in the Danube basin.
They are maintained together with the important secondary line of 260 km and 18 km in the
capital Budapest directly by the Environment and Water Directorates. (They operate in 12
headquarters in all around the country.)

Typical downstream condition is, that 96% of surface water resources, as well as floods, are
generated outside the country. The significant flood duration in Danube valley (in Hungarian
stretch of the river) is 5-20 days. Inthe A T i s z a 6 in theHuhgarign stretch of the river - 25-
100 days. (Tisza River is the main tributary of Danube in Hungarian territory.)

Frequency of damages caused by water in Hungary:

e Floods: smaller scale - every 2-3 years
significant - every 5-6 years
devastating - every 10-12 years

e Standing/excess water/too high groundwater inundations: every 2-3 years

e Drought: - every 3-5 years

The biggest flood discharges caused the highest water level in the last about two and half
centuries in Danube River at Budapest can be seen at the next Fig.HU-8. We have represented
on separate scales the icy flood and flood events without ice as well.
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Fig. HU-8. The most significant floods registered at Budapest

The process of river regulation involves artificial control of the natural flow of a stream to reduce
the flood peaks causing damage, and to achieve the discharge at specific points serving specific
purposes. Control measures include: fortification and building of embankments along the course
of the river to confine flood waters; dredging to deepen the channel and increase its cross-
section, to concentrate the scouring effects of the current; increasing the gradient of the river by
cutting across loops, thus shortening its course; removal of shoals and storing or diverting the
flood water. From the description presented above it is evident in which sections of its long
course the natural conditions are so unfavourable that it is necessary to perform flood control
measures and engineering works so as to achieve the given objectives exploitation and
settlement of the river basin, navigations.

1.3.2. Drought regime

In Hungary the precipitation deficit is not encountered in every year. The normal rainfall depth in
the summer half-year is illustrated in Fig. HU-6. In some years inundation by undrained runoff
and water shortage occur simultaneously. The severity of the ten-year drought is illustrated in
Fig. HU-7. A drought-index higher than 7, is liable to result in significant crop losses.
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The autumn months (Sep i Nov) are the main period of low water, but it can arise T sometimes
even long lasting - whenever during a year in various Hungarian rivers.

1.4.Hydrological forecasting and warning

1.4.1. Flooddefense in Hungary

As mentioned above, of the 93.000 km? large territory of the country 21.248 km? (22.8%)
are floodplains, the levees protecting 97 % thereof against inundation.

Another notable feature of the river network that flows in channels formed by river
training activity and a system of flood protection structures protects more than 98 % of
floodplains against flooding. First order flood embankments cover the length of 4 184 km (see
Fig. HU-9).

N

\
A

‘ S&KESFE{IE‘;L( “,:’."" NN

N
B

flood levee
reclamied
flood plains

Fig.HU-9. Main flood defence lines and the protected floodplain in Hungary

Facts and figures characterizing the reclaimed flood plains are: 2.5 million people in
close to 700 communities are exposed to flood hazard; one-third of the arable lands in Hungary,
18 000 km? valuable farmland; the flood plains contain 32% of the railway lines and 15% of the
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roads; over 2000 industries have settled here, and about 25% of the gross domestic product is
produced here.

The level of flood exposure in terms of the ratio of flood plains is the highest in Hungary
of all European countries and is comparable with the situation in the Netherlands.

The Tisza and its tributaries responded to the cutting of meanders and reducing the
width of the flood plains by considerably higher flood levels, the fast sizing process continuing to
these days on the Hungarian rivers.

The existing flood defenses built since the middle of the 19" century comprise the main-
line levees of 4003 km total length (3973 km earth embankment, 30 km flood wall) along the
rivers. The total volume of the embankments is approximately 120 million m?.

The standard against which the defenses are assessed is the design flood (Table HU-2),
which these are required to withstand.

1.4.2. Floodmonitoring system

Abbreviations:

OMSZ-Or sz8gos Meteorol -gi ai Szol g8l at/ Hungari an
Vi z ¢idistrict Environmental and Water Directorates network

Meteorological observation:

Radar networ :

3 radar stations (OMSZ) (Fig. HU-10)

Rain gauge stations:

610 OMSZ +590 Vizugy

Rain gauge telemetric stations:

103 OMSZ + 70 Vizugy

Climatological stations:

118 OMSZ + 30 Vizugy

Precipitation forecast:

ALADIN-Hu 48 h ahead; ECMWF 10-day and 14-day ahead (on aregular bases only 6-day
QPF is used) DWD 7-day, ocassionnaly COSMOLEPS
Hydrological information:

Number of baseline informational water gauge stations:
337 water level out of those 205 discharges
Telemetric data transmission:

180 stations

1.4.2.1 The system of meteorologi@bservations

1.4.2.1.1 The network of meteorological radars
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Hungarian Meteorological Service (OMSZ) surveys the atmosphere in the geographic
area of Hungary and its immediate neighbourhood, using one of the state-of-art meteorological
radar networks in Europe (Fig. HU-11). The radar network was modernized few years ago. Each
radar equipment provides a proper, complex set of standard and operational radar products
which can be displayed individually at the headquarters of all Regional Meteorological Centres.
At the same time, the radar informations from all the equipment are integrated into a several
product T like the national radar composit (available in every 15 minutes). This product is
disseminated to the users.

The radar equipments can provide not the only intentsity of the rainfall, but originated
data too (like cumulated precipitation of 24 hours, Fig. HU-12).

1.4.2.1.2 Lightning detection network

Hungarian Meteorological Service (OMSZ) operates the lightning detection network
(LDN) of Hungary. Name of the LDN is SAFIR which contains 5+2 stations. The location of the
lightning or discharge can be defined from the 7 stations together.

L8 £
“Pestlorinc

e
Poganyvar

Fig. HU-10. National radar coverage of Hungary

FAWP3VITUKUINEWADA_Act.3.1_SQR on hydrology_HU_VITUKI_VKKI_final.doc
Pagel8of 36

Jointly for our common future



r\ i
{‘ SOUTH EAST st

| B |
= |
EUROPE . N EW‘& D“ Programme co-funded by the
Transnational Cooperation Programme EUROPEAN UNION

[mm]

Fig.HU-11. Example of 24 hours cumulated precipitation product.

1.4.2.1.30bservations from the meteorological satellites

The european organisation EUMETSAT operates the METEOSAT geostationary satellite
family. The new generation satellites of the satellite family can provide pictures in every 15
minutes and in 12 bands from Europe and Africa. Like the old ones these also can measure in
the visible and infrared range, but in more band. The resolution of the pictures above the
territory of Hungary is approximetaly 4x4.5km in 11 bands and 2x3km in the high resolution
visible band 12 (Fig. HU-12).
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Fig.HU-12. Example of satellite map

1.4.3. The Flood Management Information System

1.4.3.1 Institutional background, the emergency organisation

Control in flood emergency situations is assigned by law to the state. Within the central
government it is the Minister of Environment and Water Management, who is responsible for the
water management functions, thus also flood management, and who is vested i in grave
emergencies T with the powers of a government commissioner. He is assisted in performing
these functions by the staff of the water department supervised within the ministry by an
undersecretary of state. The national professional agency subordinated to the minister to
perform the operative functions of water management is the Central Directorate for Water and
Environment. In handling emergency situations the 12 Disctrict Environmental and Water
Directorates (DEWD) organized by catchments play a role of decisive importance. The Central
Water Emergency Organization is presently responsible for performing the special tasks of
emergence control all over the country, like operating the emergency squad, the icebreaker
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fleet, blasting ice jams, etc. Collection and dissemination of hydrologic data, the compilation of
flood forecasts are performed by the National Hydrological Forecasting Service, a unit of
VITUKI.

The 12 DEWDs organized by catchments are state agencies financed from the central
budget to perform the water management functions of the state. They function in a practically
unchanged form since 1953 and are substantially the legal successors of the land drainage and
river engineering districts established in the last third of the 19™ century. With a total staff of
approximately 5000, they operate also the hydrologic observation network (some 5600 gagging
stations).

Flood fighting is listed among the priority functions of the DEWDs. The procedure is
controlled by acts of legislation, in which the persons responsible for specific activities are also
identified. Implementation of emergency control includes engineering and administration
measures.

e The engineering measures include operations on the levees, hydrologic forecasting,
confinement of inundating water.

e The administration measures are: mobilization of the public workforce for flood fighting on
the levees, taking care of the population in the event of a levee failure (rescue, evacuation,
accommodation), saving property, health care, restoration.

The water agency is required to provide guidance for the engineering measures of
emergency control, for which the manpower and technical equipment are secured by the
municipalities, the civil defense and the army.

According to the provisions of Act LVII of 1995 on Water Management, national control
of flood emergency operations belongs to the sphere of authority of the minister up to the
announcement of highest alert level. The minister discharges his duties via the Central
Directorate of Water and Environment (VKKI). For the highest alert period the minister is vested
with the powers of a government commissioner in guiding emergency operations. In especially
grave hazard (disaster) situations a state of emergency is declared at set forth in the
Constitution and national guidance of operations is transferred to a government committee.

In major flood fighting operations (for instance the recent 1998 November and 1999
spring floods) 5000 employees of the water service and 10-15 thousand other emergency
workforce were mobilized.
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Ministry Central Directorate for Water and Environment (VKKI)
Conceptual control Operative control

District Environmental and Water Directorates
Local guidance, organisation, implementation of emergency measur

1C

1 |8
ey

Central Water Emergency Organisation, VITUKI National Hydrological Forecasting
Service
Central agency, special tasks

Fig.HU-13. Functions and hierarchic relations in flood emergency control in Hungary

Major flood emergencies are impossible to control, unless a number of agencies

cooperate in a concerted manner. Their functions and hierarchical relations are set forth in laws
and other acts of legislation. The main agencies involved in implementing emergency measures
on the state-owned inundation control structures and their functions are as follows (Fig. HU-13):

the twelve DEWDs and the Capital Budapest i local organization, guidance and actual
implementation of flood emergency measures;

the Ministry of Transport, Communication and Water Management, the National Water
Authority i national level organization and control;

the Central Flood Fighting Organization and the Water Resources Research Centre
(VITUKI), National Hydrological Forecasting Service i national level special functions.

A wealth of information covering a broad range of subjects is exchanged between the

co-operating agencies (17 at the present). This has been reviewed, screened for potential
overlaps, and rationalized where necessary when the various modules of the flood management
information system were planned. Establishment of the communication links capable of handling
this flow of information is one of the important goals of the envisaged system, parts of which are
being built, parts operating already.
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Fig.HU-14. Links of one of the regional water authorities during flood emergency in Hungary

All co-operating agencies have extensive horizontal communication relations, forwarding
information to, and receiving information from, the co-operating partners (Fig. HU-14). Data
transfer between these partners involved in the horizontal relations of the emergency control
organizations is effected over conventional channels. Data reporting and information forwarding
to them is handled in the system as outputs, the technical solution of which depends on the
means and technology available at the receiving partner.

According to the level of control, the co-operating agencies are grouped into local
(regional) and national categories. This classification means at the same time that whereas
actual emergency operations are also performed at the local level, the incoming information is
summarized and evaluated at the national level. The local level can be subdivided further into
levee sections and local emergency center. The latter comprises the emergency officer, the
emergency staff and the special groups (hydrologic forecasting, soil mechanics, supplies, etc.)
at their service (Fig. HU-15).

The resources, methods and types of information needed for carrying out the emergency

operations can be listed under the following headings:

e manpower and materials;
communication equipment;
calculation equipment and aids;
local data base, files;
imported information;
engineering computation methods, models algorithms;
instructions, regulations (decision tables).
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- National level

‘Regional level

Regional control centre

. Special sections Levee sections

Fig.HU-15. Flood emergency control levels in Hungary

1.4.3.2 The FMIS organisational structure

The FMIS sub-systems comprise:
Information on the hydrological situation
Surveillance reports on the defenses
Emergency diaries, emergency administration
Reports, information
Management of emergency resources
Flood fighting aids

Depending on the levels of emergency control at which information is processed and
between which information is exchanged, five FMIS application levels are distinguished:
¢ Information processing at the defense section centers
e Information exchange between the defense section centers and the local (regional) control
center
¢ Information processing at the regional center
¢ Information exchange between the regional and the national control levels
e Information processing at the national control center

The flood management information system functions continuously, in that the basic
modules operate without interruption, switching on additional modules depending on the
hydrological situation liable to call for emergency operations.
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The central FMIS module is a program, which keeps record on the completed parts of
the system, on the contents and interrelations thereof, operates continuously the module
keeping track and assessing the hydrometeorologic and hydrologic situation, and issues alerts
as required.

Based on the Lotus Notes software a complete closed-system communication network
has been set up to cover all water agencies of the state. This is of paramount and decisive
importance for further information developments. FMIS is not confined to supporting emergency
control activities alone, in that the possibility of processing further the electronic documents
creates a the data base of flood emergency measures accumulating a wealth of practical
experience.

1.4.3.3 Functionality of the system

Our implementation of FMIS is a complex and integrated automated application suite
based on Lotus Domino/Notes technology. It has been developed by UniOffice System House in
close co-operation with the national flood management authorities. Version 1.0 was
implemented in 1994, 1999 saw the transition to version 3.0 of most system components.

1.4.3.3.1 Functional components

The system consists of four main functional components:

e Subsystem of logging and preventive measures (defense levels module, organizational
setup module and people module)

e Subsystem of reports (briefing modules, maintenance module, daily defense reports
module)

e Subsystem for providing hydrological information (module for hydrological communication,
integrational module for the hydrological information system integrative module)

e Subsystem of additional components (professional Help databases i e.g. professional and
legal manuals, IT application manuals 7 e.g. Lotus Notes, flood management information
dictionaries, summative overview module, special Hungarian mailing module).

1.4.3.3.2 Commurication functionality

The primary functionality of the system is communications. This means 0t r adi t i ona
transfer of messages as well as automated and scheduled forwarding of flood management
data. Such messaging and replication technology (a feature of Lotus Domino servers and Notes
clients) is part of the appropriate FMIS module databases. A latest addition to the
communication functionality is the transfer of data records stored in an SQL server table at one
location to another server table stored at another location through Notes mailing technology.

1.4.3.4 Date sharing functionality

Accessibility to public data is not limited to internal (Lotus Notes) users. Data are also
published on the web on-line, providing appropriate internal and external availability (intranet
and Internet functionality). Data stored in certain back-end Lotus Domino databases is made
accessible to relational database management systems through Lotus Enterprise Integrator on
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an automated and scheduled basis. Data produced by reporting modules are accessible to
office applications through the standard ODBC interface.
1.4.3.5 System architecture

List of components:

e 51 Lotus Domino application servers (which optionally function web servers and SMTP
MTAs as well)

e 15 Microsoft SQL servers

¢ more than 400 Lotus Notes workstations in 17 regional centers and at about 100 locations
across the country

e telephone communication lines (33600 bps), leased analog lines and ISDN connections

¢ Lotus Domino Fax Gateway at regional centers for outbound faxing

e Lotus Enterprise Integrator based data connection between Notes and relational
databases

e 45 unigue FMIS-oriented Lotus Notes application-modules

e 4 additional Lotus Notes modules (sequential number generator, attach, detach, trashcan)

e cc:Mail connectivity

1.4.4. Flood Forecasting in Hungary

Flood Forecasting domains in Hungary
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Fig.HU-16. The territory covered by the Danube, Drau/Dr8va and Tisza domains of the VITUKI hydrological
modelling system in Hungary
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Fig. HU-17. Modules of the VITUKI NHFS model

1.4.4.1 The HOLV Snomelt Module

The HOLV snowmelt model has a flexible structure; it is able to change its own structure
in function of the data availability. In case of availability precipitation and air temperature data
only temperature index method is used, when further data are accessible too (cloudiness, dew
point, speed of wind), using of energy balance model is to be preferred.
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Fig.HU-18. The total water input predicted by the HOLV snowmelt module and estimated liquid precipitation
added

1.4.4.2 The TAPI RainfdRunoff Module

The current model ' s name ATAPI O specifies tt
moi sture status is accounted for. The ATAPI O par
Il ndex, whi | e ta thes curfert anethodssf senilasity to the Tank Model structure

developed by M. Sugawara.
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Fig. HU-19. Scheme of the precipitation - runoff modules

1.4.4.3 The Discrete Linear Cascade Model and other modules

The model is based on the assumption that the watershed responds to precipitation as a
series of n reservoirs or storage elements. The Discrete Linear Cascade Model (DLCM)
developed by 6] O ONagl (1982) utilizing an approach similar to the one reported by Szolgay
(1984) serves for the routing of flow components and channel routing. First version of the
complex GAPI model with modular structure was designed by Bartha et al. (1983). The choice
of the model was proved by a number of inter-comparison studies (WMO, 1992). The first model
version was extended by a snowmelt module (Gauzer, 1990) and the complexity of the system
was raised gradually. The backwater module utilizes simplifications similar those suggested by
Todini and Bossi (1986).

The large number of nodes (69) makes the system in fact semi distributed in the basin
scale. Out of the total number of nodes 46 are related to forecast stations. Real time mode runs
are carried out in 12 hourly time steps. Input/output values and state variables of the
precipitation i runoff modules are integrated over sub-basins as weighted or simple arithmetic
average of station or grid values. Simulation runs are possible in 6, 12, 24-hour time steps.
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