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Implementation of the complex analysis of the effectiveness of application 
of various instruments and measures for water use and protection can be 

done through the integration of technical, economic, environmental, legal 
and social indicators of water status. For this purpose, integrated decision-
making and management modeling systems can be used, with the aim of 
defining effective and sustainable water management strategies. In this 
respect, integrated hydro-economic models can play a key role, primarily at 
river basin level.

Throughout history, the underlying ideas and concepts of engineering and 
economics were often intertwined (1). The complexity of the interaction 
between water resource management and economic indicators can be 
demonstrated through integrated mathematical [hydroeconomic] models 
that link hydrological and biogeochemical processes to economic supply and 
demand laws (2). The use of hydro-economic models in water management 
implies defining the physical behavior of the system, with a realistic 
representation of surface water and groundwater resources, including their 
interaction, and estimating the spatial and temporal variability of their 
availability (3).

The basic and first step in the development of the hydro-economic model 
is to define the main components of the model. Most hydro-economic 
models include hydrological data, water infrastructure, economic water 
demand, operational costs, and operational rules (4). The hydrological data, 
in the broad sense, include hydrological [surface water] and hydrogeological 
[groundwater] parameters, rainfall, inflow and drainage or supply of the 
observed area. The water infrastructure consists of natural and constructed 
facilities [rivers, pipelines, reservoirs, canals, aquifers, waterworks, water 
treatment plants, water drainage facilities, water supply sites etc.] for the 
storage, transportation, treatment and use of water. Defining economic 
water demand can be done with functions that provide information on gross 
economic revenue within a certain timeframe of modeling (5). Operating 
costs include pumping, treating, artificial power, and any other costs related 
to water transport (4). These main components of the hydro-economic 
model can be supplemented by complementary elements of the model, such 
as polluting emissions, environmentally sensitive areas, but also institutional 
and legislative elements, such as constraints stemming from national and 
international agreements and national legislation.

The main features of the model [hydrological, economic, etc.] are defined 
within separate modules, which are integrated into a unique hydro-economic 
model. There are two main approaches to the integration of individual 
modules: modular and holistic (2,4). Modular approach implies the use 
of multiple models, i.e. the output data of one model represents the input 
of another model. The main advantage of the modular approach is that it 
mainly involves a higher probability of convergence towards the optimal 
solution, as well as the ability to use more detailed modules that can be 
independently developed. The holistic approach is based on an integrated 
model that can more effectively display relationships and interdependencies. 
In the holistic approach the greatest problem is finding a solver that can use 
all given variables and take into account simplified hydrological, economic 
and other model components.

The integration of individual modules [hydrological, economic] can be 
carried out by simulation and/or optimization methods. In fact, it is a choice 
between simulation of the behavior of water resources in relation to the 

previously defined set of rules regarding water distribution and infrastructure 
operation and optimization of water distribution over a certain period of 
time based on the function of the target that is subject to defined limitations 
(3). Simulation and optimization actually give answers to different questions. 
Simulation gets an answer to the question "what if?", while optimization gets 
an answer to the question "what is the best?" (4).

When developing a hydro-economic model, it is extremely important to 
define the model scale, because it depends on both the spatial and temporal 
domains of the model as well as its discretization (6). The most common 
spatial domain in hydro economic models is regional, although diverse 
scales can be used, from local [one household] to global scale. It should 
be emphasized that most hydro-economic models are developing at river 
basin level and less on aquifer level. Specifically, River Basin Analysis [RBA] 
enables the definition of a comprehensive framework for determining the 
measures that create an efficient, equitable and sustainable distribution 
of economic costs and benefits caused by certain programs of measures 
(7). The time discretization of the model depends mostly on how the 
management questions are to be answered. If one wants to analyze and 
evaluate management plans at river basin levels, it's enough to use monthly 
intervals (3). However, in cases related to dynamic, no stationary systems [e.g. 
groundwater], models must be based on daily or hourly intervals.

Integration of individual modules within a single hydro-economic model can 
be accomplished through various software packages, such as GAMS, AIMMS 
or AMPL. These packages have the ability to connect algebraic equations 
and solvers by using linear or nonlinear programming (4). Also, the user 
can arbitrarily define and develop his mathematical formulation that he 
will then test on a particular system. There are also other specific software 
that can be used. For example, Harou et al. (8) developed a geographically-
based platform [Hydro Platform] that works with existing hydro-economic 
models, which are made in mathematical modeling systems such as GAMS. 
In addition to the above-mentioned applications, there are many integrated 
decision support systems used in water resource management, for example: 
AQUATOOL (9,10), OASIS (11), AQUARIUS (12) and MIKE BASIN (13). 
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