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DECISION SUPPORT SYSTEM – DSS FOR INTEGRATED WATER 
MANAGEMENT IN ROMANIA 

1.  Introduction to Water Management DSS  
 
A Decision Support System (DSS) for water management is an integrated, interactive 
computer system, consisting of analytical instruments and information management 
capacities, designed to support decision makers whom it helps solve relatively broad and 
unstructured water management problems.  In this context, the decision makers are the 
planners, managers and operators of water resource systems in charge of solving water 
related problems or meeting water supply demands.   
 
 
 
 
The water management decision making process follows a cyclic pattern of data collection 
and processing; problem analysis; use of analysis and specialist decision support ort plan 
formulation assistance; and, finally, implementation of the established decisions (see Figure 
1).  DSS for water management consists of three main interactively integrated sub-systems:  
(1) user interface;  
(2) set of models integrated with the interface and database; and  
(3) information management sub-system (i.e. a database).   
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Figure 1. 
 
The WATMAN decision support system (DSS) will provide otherwise unavailable 
information for well documented water management decision making in Romania.  It is 
designed for use by the engineers and researchers of the \national Administration Apele 
Române (ANAR) and may be operated, maintained and repaired by the ANAR personnel and 
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their consultants.  It uses real time data collected by ANAR, and historic data validated by the 
National Institute of Hydrology and Water Management (INHGA). Both types of data are 
stored in the databases created and managed by ANAR. 
 
The WATMAN DSS is integrated with the products and services provided by water 
management projects in Romania, including the Destructive Waters (DESWAT) and 
Integrated Meteorological Surveillance Forecast and Alert System (SIMIN) Projects. DSS is 
designed to allow integration and applications with older software developed and 
successfully used by INHGA.  The WATMAN DSS is designed for rapid rollout, but the 
design strategy allows for phased extension and development.   
 
Figure 2 illustrates the proposed WATMAN DSS concept — main components and 
connections for data and information flow between components. The purpose of this DSS is 
to provide timely information to the decision makers in regard to river conditions; so that 
actions may be taken to minimize the adverse effects of excess or dearth of water or low 
quality water. 
 
The basic DSS components, described in detail below, include: 

• Sensors and data processing hardware and software that measure and transmit the 
state of the system; 

• The data base in which they are managed; 
• A forecast system that estimates future states; 
• Dispecer Ape, a dispatcher system to disseminate information on system conditions, 

calculation results and evaluation against an expert system; 
• Analytical processing components, including flood, spill and water supply condition 

evaluation models; and 
• Expert software system and associated database to organize information 

characterizing flood, spill, and water abstraction emergencies and execute routine 
tasks in hazard recognition and notification 
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Figure 2. 
 

2.  Decision Areas for the Water Management DSS  

2.1  Introduction 
 
The integrated water management in Romania is described in the National Environmental 
Action Plan which stipulates a balance between water use and nature protection.  Related 
water management decisions concern: 
 

• Providing good water quality supply to the population; 
• Protecting water source quality; 
• Reconstructing riverside ecosystems; and 
• Reducing flood risks. 

 
ANAR has the following main responsibilities in which the WATMAN DSS will be of major 
help: 

• Administration and operation of the National Water Management infrastructure; 
• Surface and ground water resource management and development; 
• Development of River Basin Management Plans; 
• Developing hydrological, hydro-geological and water management yearbooks, 

reports, case studies and rules, monographs, impact studies, environmental audits; 
• Hydrological and water resource monitoring, including the development of 

diagnostics and forecasts; 
• Set up and management of the National hydrological, hydro-geological and water 

management Database; 
• Warning and prevention, control and remediation of flood effects through hydro-

technical works; and 
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• Warning and preventing flood and spill effects. 
 
The National Institute of Hydrology and Water Management (INHGA) is the technical and 
research body of ANAR.  INHGA is involved in the following activities for which the 
WATMAN DSS will be of major assistance:  

• Develop and improve data collection, transmission, and quality control, modeling 
systems for the preparation and dissemination of flood related forecasts; 

• Develop and improve flood forecasting models; 
• Prepare hydrological measurement schedules of flood characteristics; and 
• Warn, forecast and inform on floods. 

 
INHGA provides the specialist knowledge for hydrological data collection and processing 
and river and flood modeling.  ANAR provides specialist support for water quantity and 
quality management and transmission of adequate hydrological information to the public and 
to private agents.   
 
In developing the WATMAN DSS three main water management decision areas have been 
considered: 

• Water allocation, regulation and quality – in regard to water supply and quality for 
municipalities, agriculture, industry, power and environmental protection; 

• Flood management – in regard to reservoir operation, derivation of flood flows, 
hydraulics in channels and facility operation; and  

• Spills – in regard to unintentional introduction of chemical or biological agents into 
the waters. 

 
Decision making regimes tend to differ in these areas due to availability of time for decision 
making (days or months in the first case and hours in the second).  Each of these areas and 
how the WATMAN DSS addresses them will be discussed in the following sections. 

2.2  Water allocation, regulation and quality 
 
The WATMAN DSS is designed to assist system managers and operators handling a 
multitude of water allocation, regulation and quality problems, including:  
(1) River basin management – reservoir operation for various purposes;  
(2) Non-point surface pollution – development of plans for the use of chemicals in agriculture 
or the protection of vulnerable water bodies, watercourses and aquifers and  
(3) Groundwater management – planning and management of groundwater uses and aquifer 
protection.   
 
The following describes three modules included in the WATMAN DSS:  
(1) Alloc – a water allocation and distribution model de,  
(2) Mike-Basin – a multifunctional river basin management model, including surface water 
quality and links to groundwater abstractions and  
(3) GMS – a comprehensive groundwater modeling system including aspects of supply 
quality. 
 
• Alloc – the Alloc model is designed to be used by water system managers and operators 

in planning monthly and quarterly operation of reservoirs.  It is a general model that may 
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be adapted to any water management system, irrespective of form, number of reservoirs 
or water uses.   

 
The water management systems are represented in the model as arc-node grids (see Figure 3) 
where system operation becomes a problem of finding flows in the networks according to 
prioritized objectives and a variety of restrictions.  The nodes and orientated arcs, and their 
characteristics (upper and lower limit and associated costs) represent the direct analog of the 
physical and operational characteristics of the system.  Arcs represent the rivers, channels or 
pipes, water demands or other requirements, reservoir volumes, etc.  The nodes are 
intersections of at least two arcs and represent reservoirs, river confluences, water inflows or 
wastewater discharge points, etc.  Water sources, consumer demand and infrastructure 
capacity are expressed as restrictions with the upper and lower limits represented by arcs.  
Operations, i.e. storage/emptying of water into /from the reservoirs or derivation from one 
part of the system to another in order to meet demand and the economic benefit /loss ratio for 
the user are defined by the objective function and expressed as costs associated to the arcs.  
Models formulated in Alloc are solved by using an optimization procedure, linear 
programming of integers using the Out-of-Kilter algorithm.   
 
Alloc is recommended for the WATMAN DSS, with a copy installed at each of the 11 basin 
offices, at the national ANAR office and at INHGA.  For implementation, the model must be 
made compatible to the ANAR database and Dispatch/ Dispecer software.  Model application 
in the 11 ANAR basin offices will require acquisition of a significant amount of data and 
model calibration.  The ANAR personnel at the national and basin level will have to be 
trained in using the model.  

 
 
Figure 3. 
 
• Mike-Basin – Mike-Basin is coupled to the Geographic Information System ArcGIS of 

hydrological modeling to analyze water availability, water demand, multifunctional 
reservoir operation, transfer/derivation structures and possible environmental restrictions 
in a river basin.  Mike-Basin uses a quasi-stabile mass model with grid representation of 
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hydrological simulations and derivation of river flows, where  the arcs represent flow 
sections and the nodes represent confluences, derivations, reservoirs or water users 
(similar to Alloc).  ArcGIS is used to display and edit network elements. It can model 
water quality simulations assuming advective transport and degradation.  Groundwater 
aquifers may be represented as linear reservoirs.   

 
The basic input data for Mike-Basin consist of data time series for runoff /drainage in the 
basin for each tributary, reservoir characteristics and operating rules, met data time series and 
data on water demand and rights (for irrigations, municipal and industrial water supply and 
power generation) and information describing return flows. The used may define derivation 
and abstraction priorities for multiple reservoirs and priorities for water allocation to multiple 
users.  Reservoir operation policies may be expressed by rule curves defining the preferred 
storage volume, water levels and discharges at any time as a function of the existing storage 
volume, time of the year, water demand and possible inflows. 
 
Water quality modeling using Mike-Basin is based on constant uniform flow in every river 
sector and a mass balance that takes into account constituent input, advective transport and 
reaction in the respective sector.  It assumes complete mix downstream of each source and at 
confluence points.  Non-point pollution sources are also treated by the model as well as direct 
loads from point sources.  The model can calculate the following water quality parameters in 
rivers: oxygen biochemical demand, dissolved oxygen, ammonium, nitrates, total nitrogen 
and total phosphor.  Loads from non-point sources are represented by the use of a surface 
loading method that takes account of nitrogen and phosphor loads from small settlements, 
livestock farming and agricultural land assuming certain unit loads for each category. 
 
For the WATMAN DSS, we recommend the following Mike-Basin package (or equivalent): 
MIKE-Basin Basic, Water Quality, Rainfall-runoff, and Info Land and Water.  A copy of this 
software will be installed at each of the 11 basin offices, at the national ANAR office and at 
INHGA.  For a full implementation of the model, it will need to be made compatible with the 
ANAR database and Dispatch software.  Model application in the 11 basin offices of ANAR 
will require acquisition of a significant amount of data and model calibration.  The ANAR 
personnel at the national and basin level will have to be trained in using the model.  
 
• GMS – The Groundwater Modeling System (GMS) is an integrated set of instruments for 

groundwater modeling, including site characterization, model development, calibration, 
post-processing and visualization.  For the WATMAN DSS, we recommend the 
following GMS package (or equivalent): Map, Grid, Modflow, MT3D, Hardware lock, 
Subsurface Characterization, and Geostatistics.   Câte un exemplar din acest software va 
fi instalat la fiecare dintre cele 11 sedii bazinale, la sediul naţional ANAR and la INHGA.  
Model application in the 11 basin offices of ANAR will require acquisition of a 
significant amount of data and model calibration.  The ANAR personnel at the national 
and basin level will have to be trained in using the model.  

 
The GMS package will include Modflow, a three-dimensional, finite difference groundwater 
model of modular structure.  Modflow simulates constant and inconstant flows in an irregular 
flow system where the aquifers may be closed, open, or a combination of open and closed.  
Flows from external stress, such as well flows, recharging by area, evapo-transpiration, leak 
flows and riverbed flows may also be simulated.  Hydraulic conductivities or transmissivities 
for any layer may differ in space and may be anisotropic (restricted by aligning the main 
directions to the grid axes), and the storage coefficient may be heterogeneous. Heads and 
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specified flow barriers may also be simulated, as well as a head dependent flow throughout 
the outer limit of the model, that allows water supply to a limit block on the area represented 
in the model at a proportionate flow to the current head differential between a water "source" 
outside the modeled area and the limit block.  
 
Besides Modflow, the GMS package will include MT3D, a 3D numerical model simulating 
dissolved material transport de across complex hydrogeological  systems.  MT3D takes into 
account advection in complex fields under constant or transitory flow conditions, anisotropic 
dispersion, first order break down and reaction products and linear and nonlinear absorption.  
MT3D is based on a modular structure that allows simulation of the independent or combined 
transport components.  MT3D has a direct interface with Modflow for head solutions and 
supports all the Modflow hydrological characteristics and of discretisation.  

2.3. Flood Management 
 
Flood control requires larger models with smaller time spans than most other models of water 
resource management.  Flood flows typically occur over very short intervals of time (hours to 
days or weeks).  Calculating flood volumes as a result of flood wave propagation across a 
basin requires bi-dimensional instead of uni-dimensional modeling, which requires the 
collection of detailed terrain and elevation data along the riverbeds.  The following describes 
three modules included in the WATMAN DSS: (1) Vidra – hydrological model for runoff 
and precipitations, (2) ResSim – operational model for reservoirs and (3) Unda – hydraulic 
model for river channels. 
 
• Vidra – Vidra is a runoff and precipitation model at basin where the basin is divided into 

sub-basins based on a topological runoff formation and integration scheme; foe each sub-
basin snowmelt water is calculate with the help of a degree-day method; precipitation and 
thaw water is calculated on average for every sub-basin; the depth of effective 
precipitation (runoff) is determined with the help of a conceptual model of infiltrations 
for each sub-basin. A consistent hydrographic procedure is applied in order to obtain the 
hydrographs of discharge flows by sub-basin, which are then integrated into the nodes 
representing the topological outline of the basin.  This will continue tracing the flow to 
the point of exit from the basin.   

 
The Vidra model was calibrated and tested for almost all the basins in Romania by the used of 
regionalization relations.  An application of the flood forecast model for the Argeş basin is 
shown in Figure 4.   
 
The Vidra (or equivalent) model is recommended for use in the WATMAN DSS.  For full 
implementation of the model, it will have to be made compatible with the ANAR database 
and the Dispatch software.  Model application in the 11 basin offices of ANAR will require 
acquisition of a significant amount of data and model calibration.  The ANAR personnel at 
the national and basin level will have to be trained in using the model.  
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Figure 4.   
 
• ResSim – Reservoir System Simulation (ResSim) was created by the US Army Corps 

of Engineers – Hydrological Engineering Center.  Res-Sim has a graphics interface with 
the operator (GUI) and uses the HEC data storage system (HEC-DSS is used to simulate 
reservoir operation including all the reservoir characteristics and hydrological channel 
derivation downstream).  The model allows user defined alternatives and simultaneous 
simulation thereof to compare results.  Grid elements include reservoirs, derivation 
sectors, inflows and connections.  In ResSim, the basins include creeks, projects (i.e. 
reservoirs and dikes), landmark location, impact zones, location of time series and 
hydrological and hydraulic data for the respective area.  The schematic elements of 
ResSim allow basin representation, reservoir network and data simulation in visual and 
geo-referential context that interacts with the associated data.  The reservoirs are complex 
elements consisting of a pond, a dam and one or several discharge channels.  Criteria for 
reservoir discharge decisions, an operational set, derive from a set of discrete zones and 
rules.  The zones divide the reservoir based on level and contain a set of rules describing 
the objectives and restrictions that need to be met when water levels in the reservoir are in 
the respective zone.  Alternatives are developed for result comparison with the help of 
schematic models (physical properties), operational sets, inflows and/or initial conditions.  
To help review the simulation results, ResSim contains model graphs, a variety of 
summary reports HEC-DSSVue.  ResSim does not treat water quality, ecological, 
recreational inflows, etc.  The only aspect it deals with is power generation as a 
characteristic of the reservoir. 

 
For the WATMAN DSS, the ResSim model (or equivalent) is recommended.  A copy of this 
software will be installed at each of the 11 basin offices, at the national ANAR office and at 
INHGA.  For full implementation of the model, it will have to be made compatible with the 
ANAR database and the Dispatch software.  Model application in the 11 basin offices of 
ANAR will require acquisition of a significant amount of data and model calibration.  The 
ANAR personnel at the national and basin level will have to be trained in using the model.  
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Figure 5. 
 
• Unda – Unda is a model that provides uni-dimensional simulations of inconsistent, free 

surface flows.  It is based on a Saint Venant set of equations, numerically integrated by 
means of finite differences on a rectangular grid in the X-T plane, into an implicit scheme 
of equation linearization.  The initial condition is considered to be constant flow.  An 
example of how model results may be used to forecast various flood waves in the Argeş 
Basin is shown in Figure 6. 

 
For the WATMAN the use of the Unda (or equivalent) model is recommended.  For a 
complete implementation of the model it shall be made compatible with ANAR data base and 
the Dispatch program.  For full implementation of the model, it will have to be made 
compatible with the ANAR database and the Dispatch software.  Model application in the 11 
basin offices of ANAR will require acquisition of a significant amount of data and model 
calibration.  The ANAR personnel at the national and basin level will have to be trained in 
using the model. 
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Figure 6. 
 

2.4. Accidental Spills 
 
Chemical spills are of major concern in the areas of sensitive riverside ecosystems and towns 
with vulnerable water supply and low capacity for pollution response.  To provide emergency 
response capacities for accidental spills, we need to know the time and traveling velocity foe 
every river sector.  A spill response support system must include a database of potential 
pollution sites and the location of chemicals for agricultural use, oil tanks, pesticides and 
hazardous waste stored close to a river throughout the year.  The database must also include the 
bridges and railways that cross watercourses and are often used for the transport of hazardous 
waste. The use of such a DSS tool will enable emergency response personnel to rapidly identify the 
directions to the pollution points, emergency contacts and details on the chemicals in relation to 
how they react to the river water under various conditions. Those who respond to spill 
emergencies may also run computer simulations of spills to drill responses and determine the time 
in which pollution may reach critical points downstream.  During an actual spill situation, the 
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rapid response team will use this data in making decisions on deployment of men and 
equipment.  The following describes a module included in the WATMAN DSS: RiverSpill – 
chemical or biological spill model. 
 
• RiverSpill - RiverSpill is a GIS-based model that represents real time transport of 

constituents across a river system, calculating travel time and concentration in relation to 
real time  flow measurements.  RiverSpill uses an ArcGIS system and the national USA 
(NHD) hydrographic dataset to represent the topology of the river system.  In applying 
RiverSpill to the WATMAN DSS, ArcHydro datasets will be developed for every basin, 
and RiverSpill will be modified to use this as a representation of the basin.  Figure 7 
shows an ArcHydro representation of the  Argeş Basin.  By selecting a point on the river 
where to introduce a chemical or biological constituent, the model fills the following 
functions: tracking the contaminated constituent to a water abstraction point; determining 
contaminant concentration as it breaks don and disperses into the river water; associating 
each abstraction to a water treatment station and identifying the population served by that 
station.   

 

(a)  (b) 
 
 
Figure 7.  Tracking pollution effects downstream (a) or upstream threats (b) with the help 
of an ArcHydro model of the Argeş Basin 
 
For the WATMAN DSS, the RiverSpill (or equivalent) model is recommended.  For full 
implementation of the model, it will have to be made compatible with the ANAR database 
and the Dispatch software.  Model application in the 11 basin offices of ANAR will require 
acquisition of a significant amount of data and model calibration.  The ANAR personnel at 
the national and basin level will have to be trained in using the model.  

2.5  Considerations in model implementation 
 
Significant implementation efforts will be required of the ANAR specialists and staff in 
developing and successfully rolling out the WATMAN DSS and the modules of its 
components.  Many modules will need to be significantly adapted for compatibility with the 
dispatch software and ANAR database.  Deployment at basin level will require development 
of precise models for all the basins in the country, a significant task entailing considerable 
efforts in data collection, calibration and validation.  Moreover, competent personnel will 
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need to be trained for the development, use and maintenance of these models and associated 
interfaces and databases. 
 
For a successful development, and extension of the system substantial resources have been 
allocated to the design of WATMAN DSS development, adaptation, implementation and 
training. 

3.  Water Management DSS Technologies 

3.1  Introduction 
As shown above, a decision support system consists of several components, in particular: an 
interface, a model base and a database.  This section will describe the interface and database.   

 
3.2  DSS Interface 
 
WATMAN DSS will be based on the current display and reporting software Apele Române 
Dispatch (Dispecer Ape) now used by the  dispatcher system of ANAR.  Dispecer Ape is a 
client-server distributed application, based on operational branching flow environmental data 
from Level 4 (sensor level) to Level 1 (national level).  The application was designed to 
perform 2 main functions: 
 

1. Data flow management and operational messages surveillance and control  
• The dataflow consists of hydrological, reservoir and water quality observations 

(see Figure 8); 
• The operational messages consist of ‘system state’ reports (regarding  

meteorological, hydrological, hydro-technical structure, water supply, water 
quality, information system and operation statement data), explicit warnings 
/alarms, events, reports on the effect or damage caused by floods, etc. (see Figure 
9); and 

2. Serve as a framework for the application (reservoir operation, monitoring and 
hydrological and water quality forecasting modules) and studies. 

 
This interface needs to be further improved for a successful development and implementation 
of the WATMAN DSS.  Significant further development will also be  needed to integrate the 
system components within this project and for interfacing with the DESWAT project. 
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Figure 8. Dispecer Ape Data Collection Interface  
 

 
 
Figure 9. Dispecer Ape Interface for messages and operational information 
 
 
3.3.  DSS Information Network 
 
The National Administration "Apele Române" (ANAR) is responsible for the implementation 
of the water management strategy in Romania in 11 Water Directorates (DA), organized at 
river basin level (see Figure 10), and the National Institute of Hydrology and Water 
Management (INHGA).  The water information network in Romania includes 41 water 
management systems (SGA), 58 hydrological stations (SH), 11 DA, the ANAR main office, 
INHGA and the Ministry of Environment and Water Management (MMGA). 
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Figure: 10 
yellow: Level 3 Water Management System (SGA), Hydrological Stations (SH)  
red: Level 2 Water Directorates (DA)  
 
Figure 10. Nodes in the Water information Network 
 
 
Designed and developed on a Microsoft SQL-Server platform, Dispecer Ape is also a data 
feeding system, based on a characteristic of data duplication on servers.  Information is 
directed up and down through this branching system, to meet specific needs (see Figure 11).   
 
Data acquisition follows this sense within the network (see Figure 12a).  Once validated and 
processed, historic and forecast data follow the uncertain path and reach Level 3 (see Figure 
12b).   
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Figure 11.  Water management ata information system  
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Figure 12.  Dataflow within the ANAR network: (a) acquisition, (b) forecast 
 
 
3.4  DSS Database 
 
Operational database – Operational (real time) databases exist at all the dispatcher levels: 
National (including INHGA), Regional and Local (SGA).  The National Dispatcher office is 
the only one to contain data from all the regions.  Regional office databases contain only data 
for the respective region.  A new, SQL database is being developed at the National 
Dispatcher office, to deal with all the necessary data for ANAR.  The database is designed to 
use the ArcHydro data model for hydrological and modeling data.  Currently, ANAR owns a 
SQL database of economic information, used as a model for the hydrological database. 
 
 
 
All the relevant data from the water management system are stored in the ANAR database.  
Stored data include numbers, words and images describing the historic and current state of 
the river basins, riverbeds, water control installations and weather — as well as the future 
state, as the forecasting system is configured to handle water flow, water levels and others in 
the same database.  The structure of the table in which real time information is stored is 
presented in Table 1.  This database is the cornerstone of the WATMAN DSS, which mainly 
relies on the database to establish source conditions for analytical programs. 
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Table1. Structure of the database table 
 
Field Description Format 
ID Unique indicator of 

measurement 
UNIQUEIDENTIFIER 
(global unique identifier) 

ID Data producer Unique indicator of object 
(sensor etc.) generating the 
observation 

UNIQUEIDENTIFIER 

CNP Originator 0 if the observation is 
introduced automatically or 
numerical indicator of the 
technician who inputted the 
data 

NUMERIC 

Date of reading Date and time of observation SMALLDATETIME 
(precision to the nearest 
minute) 

ID Param ID of the measured state. 
Related to a system state  
table that may be stored in 
the database 

INT 

ID Data type Indicator of data property: 
’B’=raw data, ‘C’=corrected, 
‘P’=forecasted; 
‘S’=simulated 

CHAR(1) 

ValParam Actual observation, stored as 
in character format, as it 
may be numerical, text, ate 
and time, etc. 

VARCHAR(4000) 

Validated Validation character of the 
observation: 0=validated, 
1=non validated 

TINYINT 

EditDate Date and time of actual input SMALLDATETIME 
IDInstrument ID of instrument generating 

the observation or 
calculating the value: level 
ruler, flowmeter, speedmeter 
etc, or even models  

SMALLINT 

 
 
Historic database - INHGA is preparing the historic hydrological and meteorological 
database at the national level, based on validated data received in real time from on-site 
measurements.  This is in ORACLE format.  The database is regularly (monthly) updated 
with validated data.  This database generates annual reports of daily data.   
 

3.5. Geographic Information Systems – GIS 
 
Nowadays, database systems provide comprehensive data storage, accessing, display and 
handling solutions, essential for decision making processes.  Two common handling and 
storage systems or instruments are the relational database, relating tabular information so as 
to enable application of relational algebra rules and the geographic database (or geographic 
information system-GIS), relating information on fundamental spatial features such as points, 
lines and polygons.  GIS not only brings the spatial dimension into the traditional water 
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resource database, but, more importantly, allows better integration of various social, 
economic and environmental factors related to the planning and management of water 
resources used in the decision making process.  GIS provides a spatial representation of water 
resource systems, but to date there are too few related predictive and analytical capacities 
available to solve the complex water management planning and management problems.  A 
really useful water management DSS requires a data model with geometrical representation 
and spatial reference and open architecture, to facilitate GIS and model integration.   
 

• ArcHydro – ArcHydro is a water resource data model that uses GIS to capture the 
essence of the water resource systems in a manner suitable for modeling.  ArcHydro 
defines a data structuring by class (e.g. basins, cross sections, monitoring points and 
time series) in a way that reflects the underlying physical basin.  ArcHydro defines 
relations between data, so as to identify which point within the basin represents 
discharge or find the time series of records for the location of a monitoring point.  
ArcHydro also has a set of instruments hat may operate using the time series data and 
data visualization. 

 
ArcHydro may facilitate close coupling of water resource models and GIS by establishing 
connectivity between the hydrological characteristics in the landscape that may be used to 
trace water flow between two physical elements of the model.  The ArcHydro toolkit can also 
calculate certain attributes useful for the models, by attribute accumulation routines, relations, 
network associations, or direct calculation of parameters such as distance from a point in the 
network to the discharge of the river system.  Water resource system modeling may be done 
by data sharing between ArcHydro and an independent model attached to ArcHydro with by 
means of a dynamic link library.  ArcHydro is fully compatible with the RiverSpill and 
MikeBasin models, recommended for the WATMAN DSS.  
 
For the WATMAN DSS we recommend extensive development of the GIS capacities within 
the ANAR system, including by developing the ArcHydro datasets for each basin. In 
particular, we recommend ArcGIS implementation at Level-1 National Dispatcher, Level-2 
Regional Dispatchers and Rapid Response Centers. To derive full benefit from the use of GIS 
in the DSS, the ANAR database has to be compatible with the GIS data and software.   
 
3.6.  Expert Systems 
 
Consisting of a user defined set of rules and data interacting via an inference engine, an 
expert or knowledge based system may derive or deduct new facts or data from the existing 
data and conditions – figure 13.  
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Figure 13.  Aviso Watch configured for ANAR 
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• Aviso Watch – An expert system and database associated to rules was included in the 

DSS. The objectives of the expert system are threefold: 
 

• Librarian function Among other tasks, the expert system analyzes input 
environmental data and compares them to predefined trigger values indicating a 
hazard condition. The trigger values are stored in the expert system database under the 
if-then rules thereof. This requires consistent organization and interpretation of 
information for hazard recognition. 

• Consultant function. The expert system provides a professional experience sharing 
mechanism between water and emergency managers, as such experience is formally 
requested and memorized in the rule content. For example, if the experience of an 
experienced reservoir operator shows that 2 vanes should be open when reservoir 
water level reaches X meters and inflow rises at a speed of Y m3/s per hour, then the 
necessary recommendations may be recorded and memorized as a rule in the expert 
system. 

• Assistant function, taking over routine (possibly boring) tasks, e.g. examining every 
water level observation and notifying the dispatcher when the level reaches a value of 
0.5 m below reservoir complete fill. This frees the true experts for more complicated 
tasks. 

 
As seen in Figure 29, the expert system uses the environmental database as data source. This 
database stores real time observations, forecasts and simulation results. Thus, the expert 
system may apply rules to the observed states of the system and modeling results included in 
the analytical processing components. In the second instance, information needs to go back 
from the analytical processing components to the environmental database. For example, the 
expert system may include monitoring rules for  future inputs forecasted for the reservoir and 
future reservoir storage levels resulting from simulations. Thus the dispatchers may be 
notified via Dispecer Ape on conditions that call for special attention or action. 
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The expert system may take many forms, but a rule-based system such as the flood warning 
system developed and rolled out in the USA by David Ford Consulting Engineers, Inc. is also 
recommended for the WATMAN DSS. That system, now known as Aviso Watch, includes a 
rule editor, an inference engine to “triogger” the rules, its own dispatch application (which 
will be replaced here by Dispecer Ape), flexible connections to a variety of database 
structures and a flexible database for knowledge (rules).  
 
The value of a water management decision support system (DSS) largely derives from its 
capacity to provide the results of informed analysis in a timely, consistent and easy to 
understand manner. Timely provision of information has a very critical role in the DSS 
application of emergency management. For example, correct application of a flood warning 
DSS may bring significant tangible benefits if sufficient warning time is provided for the 
lifting or removal of goods from the flood path. Similarly, the DSS may protect lives if the 
information provided leaves enough time for the exposed population to reach higher ground. 
 
Hazard recognition computer systems are a special category of DSS. Such a knowledge-
based system uses economic rules for the specification of facts related to conditions qualified 
as threatening and the identification of actions to be taken when the threats have been 
identified. The rules are incorporated in what information technology specialists call 
economic management rules or rule database. In the rule database, facts are specified in an 
IF-Then format: IF a certain condition THEN certain actions must be taken. Once the rules 
have been specified, computerized hazard recognition will browse through them in real time, 
comparing the conditions specified in the rules to observed or forecasted conditions. This 
automation helps reduce—without completely removing—the need for human intervention. 
 
Successful implementation and development of the hazard recognition expert system will 
require software installation at 11 Basin Dispatcher offices, the National ANAR Dispatcher 
office and at INHGA.  Software adaptation will be needed to make the programs compatible 
with the ANAR database and dispatch software.  System implementation will require 
extensive data acquisition and model calibration in the basins managed by the 11 basin 
centers.  The personnel of the basin centers, National ANAR Dispatcher office and INHGA 
will have to be trained. 
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